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Abstract

This paper investigates the comparative analysis of two In-band Device to Device (D2D) 
modes, namely Underlay and Overlay in the future 5G cellular wireless systems laying D2D 
networks. Different resource allocation algorithms, Round Robin (RR), maximum SNR (MS) 
and Proportional Rate (PR) are investigated. Three modes of resource allocation namely 
Reuse Mode, Dedicated Mode-I and Dedicated Mode-II are presented for Underlay and 
Overlay D2D communication simultaneously. System throughput has been maintained 
between cellular users and D2D users through these schemes. Further all three schemes 
are compared in Reuse mode. Simulation results have been presented to verify the 
investigated algorithms.

1. Introduction

In modern technology, there is a fast growth in wireless communication system from last two 
decades, starting from analog mobile radio systems as 1st Generation (1G) to current 4th 
Generation (4G). A lot of work has been done on the development of Third-Generation 
Partnership Project (3GPP), Long term Evolution (LTE) and LTE-Advanced (LTE-A) for 
higher system capacity, higher data rates and improved spectral efficiency [1]. 
Aggrandization of cellular users has forced telecom operators to put attention towards 
device to device (D2D) communication. It is basically a wireless transmission in which one 
device is connected to base station (BS) and other devices gain signal from the connected 
one. It is a non-transparent procedure to cellular operators. It creates an infrastructure-less 
environment which attract the operators most. Researchers want to utilize its full 
advantages. So, they have further classified D2D into two flavors i.e. In-Band and Out-Band. 
In-Band deals with cellular spectrum while Out-Band deals with cellular Spectrum and 
Industrial, scientific and Medical Radio Frequency band (ISM). In former type of D2D, it is 
again categorized into two types; underlay [1] and overlay [2]. In underlay, Cellular user and 
D2D are both using the same resources while in overlay cellular user and D2D both uses 
dedicated resources. Its implementation is still facing many issues i.e.  interference [3],[4] 
and power consumption[5],[6]. In cellular networks, users of mobiles use high data rate 
services (e.g., public networking, betting, sharing of video, gaming etc.) these services are in 
the range of direct communications (i.e., D2D). Communication between D2D is one that 
comes in next generation. So, Device-to-Device communication is the direct communication 
among two users of mobile with no or minor involvement of BS. The advantages of D2D 
communications are increasing spectral efficiency, enhancing throughput, energy and 
power efficiency, improve interference and networking performance [1-2].
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In D2D communications the interference is a challenging factor for both cellular and D2D 
communication and leads to low Quality of Service (QoS) and high packet loss rate. To 
solve these issues by many possible remedies have been proposed on interference 
management, power control, resource allocation, various interference avoidance, proper 
mode selection and advanced coding schemes [3-7]. D2D communications perform as 
an underlay to the modes of operation in cellular network, which can attain restricted 
short-range direct transmission of data for local region services by reusing the spectrum, 
it is important to improve the spectral efficiency and throughput. Dedicated mode is used 
to optimize the sum rate of transmission between D2D [8]. However, selection of modes 
and reusing of resources are the challenging factors for D2D communication. 

 
Figure 1.  D2D-enabled Cellular Network 

Despite all this, studies fail to provide comparative analysis of underlay and overlay D2D 
communication in cellular networks. In this paper, motivated by the promising 
performance of D2D communication we provide comparative analysis of both In-band 
techniques using proportional fairness allocation of resources. The paper is organized as 
follow. Section II provides some insight about the research work done related to the 
topic. We describe the system model in Section III. While and problem formulation is 
presented in Section IV. Different algorithms are also presented in section IV. In section 
V, we present numerical result followed by conclusions in section VI. 

2. Related work: 
Recently, there has been a huge interest in increasing the network throughput of D2D 
communication in cellular networks, which is treated as a fundamental performance 
metric.  Interference is a major challenge in underlay as both the users are using same 
resources. Researchers have done a lot of work in term of different strategies to solve 
this problem. Authors of [7] have resolved the problem through game theory. It is 
sequential second price auction method in which a unit is further divided into small 
homogenous units. Then, it will be easy to make a bid on each block and to sale it. 
Authors of [8] have alleviate the problem through location strategy. In this scheme, 
Global positioning system gathers the information of free users. Then, it detects how 
much D2D’s are linked. Graph theory is another technique to analyse resource allocation 
problem. Researchers of [9] have used graph theory to reduce interference level 
between different D2D broadcast group. Interference avoidance has done in [10] through 
frequency domain scheme where orthogonality of users are offer. The authors in [11] 
have dealt through interference coordination mechanism in which cellular users are 
given priority. It also controls power with maximizing D2D links.  Further, quality of 
service and throughput can be maintained through resource allocation algorithm in which 
a single user is sharing resources with one or more D2D [12]. Distance based algorithm 
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is proposed in [13] to measure the distance between D2D, CU and base station. 
Distance measurement is done to remove interference between them. Other parameters 
like system throughput and spectrum efficiency [14] is improved in order to get maximum 
sharing of resources. Lagrangian dual method and karush Kuhn-Tucker method is used 
to increase resource blocks utilization which results in system throughput and increased 
sum-rate. Three in one solution i.e. power control, mode selection and resource 
allocation is controlled through poison point process and Rician fading scheme. 

3. Frame work: 
A. System Model: 

In this paper, we consider a scenario as shown in Fig. 1, where mobile users are divided 
into two categories, cellular users (CUEs) and D2D users (DUEs). Conventional CUs 
communicate directly to Base station (BS). In comparison, two nearby DUs 
communicate locally to exchange information with each other. For underlay D2D 
communication reuse mode is used for D2D link and there are no dedicated resources 
available for D2D link. While two dedicated modes are introduced when D2D devices are 
in overlay mode. Totally, N CUEs, and M DUEs are being considered in a single cell 
environment.  

B. Mathematical Formulation 

For convenience, uplink transmission is only considered in this paper for both underlay 
and overlay communication. In underlay communication let, 𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐,𝑛𝑛 and 𝑆𝑆𝑆𝑆𝑆𝑆𝑑𝑑,𝑚𝑚 are the 
received signal to Interference-noise ratio (SINR) at BS and at mth DUER and can be 
expressed by: 

𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐.𝑛𝑛 =  
𝑃𝑃𝑐𝑐,𝑛𝑛�𝐻𝐻𝑐𝑐,𝑛𝑛�

2

𝑃𝑃𝑑𝑑,𝑚𝑚�𝐻𝐻𝑑𝑑,𝑚𝑚�
2 + 𝑛𝑛0

            (1) 

𝑆𝑆𝑆𝑆𝑆𝑆𝑑𝑑,𝑚𝑚 =  
𝑃𝑃𝑑𝑑,𝑚𝑚�𝐻𝐻𝑑𝑑,𝑚𝑚�

2

𝑃𝑃𝑐𝑐.𝑛𝑛�𝐻𝐻𝑐𝑐,𝑛𝑛�
2 + 𝑛𝑛0

            (2) 

The sum-rate in uplink transmission for underlay can be expressed as; 

  

𝑆𝑆𝑚𝑚,𝑛𝑛  
𝑢𝑢𝑛𝑛𝑑𝑑𝑢𝑢𝑢𝑢 = 𝑙𝑙𝑙𝑙𝑙𝑙2(1 + 𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐.𝑛𝑛) + 𝑙𝑙𝑙𝑙𝑙𝑙2�1 + 𝑆𝑆𝑆𝑆𝑆𝑆𝑑𝑑,𝑚𝑚�    (3) 

In overlay communication, the signal-to-noise ratio (SNR) at BS and at mth DUER can be 
expressed as 𝑠𝑠𝑛𝑛𝑠𝑠𝑐𝑐,𝑛𝑛 and 𝑠𝑠𝑛𝑛𝑠𝑠𝑑𝑑,𝑚𝑚 respectively and given by: 

𝑠𝑠𝑛𝑛𝑠𝑠𝑐𝑐𝑢𝑢.𝑚𝑚 =  
𝑝𝑝𝑐𝑐,𝑛𝑛�ℎ𝑐𝑐,𝑛𝑛�

2

𝑛𝑛𝑜𝑜
           (4) 

𝑠𝑠𝑛𝑛𝑠𝑠𝑑𝑑𝑑𝑑𝑑𝑑,𝑛𝑛 =  
𝑝𝑝𝑑𝑑,𝑛𝑛�ℎ𝑑𝑑,𝑛𝑛�

2

𝑛𝑛𝑜𝑜
           (5) 

The sum-rate in uplink transmission for overlay can be expressed as 
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             𝑆𝑆𝑚𝑚,𝑛𝑛  
𝑜𝑜𝑜𝑜𝑢𝑢𝑢𝑢 = 𝑙𝑙𝑙𝑙𝑙𝑙2(1 + 𝑠𝑠𝑛𝑛𝑠𝑠𝑐𝑐.𝑛𝑛) + 𝑙𝑙𝑙𝑙𝑙𝑙2�1 + 𝑠𝑠𝑛𝑛𝑠𝑠𝑑𝑑,𝑚𝑚�                        (6) 

Where  𝑃𝑃𝑐𝑐,𝑛𝑛,,𝑝𝑝𝑐𝑐,𝑛𝑛,: Power of CUEs  

𝐻𝐻𝑐𝑐,𝑛𝑛 , ℎ𝑐𝑐,𝑛𝑛: channel vectors for CUEs Transmission 

𝑃𝑃𝑑𝑑,𝑚𝑚 ,𝑝𝑝𝑑𝑑,𝑚𝑚: Power of DUEs 

𝐻𝐻𝑑𝑑,𝑚𝑚, ℎ𝑑𝑑,𝑚𝑚: channel vectors for DUEs Transmission 

𝐷𝐷𝑑𝑑𝑑𝑑𝑑𝑑,𝑚𝑚: Symbol of mth DUET data 

𝑛𝑛𝑜𝑜: Noise Factor 

4. Problem Formulation: 
A. Overlay D2D Communication  

In order to maximize the sum-rate of Overlay D2D system, both cellular and D2D users 
have supposed same goal rates. Several RBs are considered with OFDM system and 
devised through Binary Linear Programming (BILP) method which is defined as 

Maximize: 

� � 𝛿𝛿𝑛𝑛,𝑚𝑚
𝑑𝑑

𝑀𝑀

𝑚𝑚=1

𝑁𝑁

𝑛𝑛=1

𝑆𝑆𝑛𝑛,𝑚𝑚  
𝑜𝑜𝑜𝑜𝑢𝑢𝑢𝑢                                          (7) 

Where x indicates the xth term of RBs. RB allocation index is indicated by binary integer 
𝛿𝛿𝑛𝑛,𝑚𝑚
𝑑𝑑  

Subject to: 

� � 𝛿𝛿𝑛𝑛,𝑚𝑚
𝑑𝑑 ≤ 1,∀𝑥𝑥,                               (7 − 𝑎𝑎)

𝑀𝑀

𝑚𝑚=1

𝑁𝑁

𝑛𝑛=1

 

𝛿𝛿𝑛𝑛,𝑚𝑚
𝑑𝑑 ∈ {0,1},∀(𝑛𝑛,𝑚𝑚, 𝑥𝑥) 

These limitations provide a result that there is only one CUE or DUE per RB. The 
homogenous interference is mitigated by this limitation. 

� 𝑙𝑙𝑙𝑙𝑙𝑙2
𝑝𝑝𝑐𝑐,𝑛𝑛,𝑑𝑑�ℎ𝑐𝑐,𝑛𝑛,𝑥𝑥�

2

𝑝𝑝𝑑𝑑,𝑚𝑚,𝑑𝑑�ℎ𝑑𝑑,𝑚𝑚,𝑥𝑥�
2+𝑛𝑛𝑜𝑜

 ≥  𝑠𝑠𝑐𝑐𝑜𝑜𝑜𝑜𝑢𝑢𝑢𝑢
  𝑋𝑋

𝑑𝑑 =1

             (7 − 𝑏𝑏) 

�𝑙𝑙𝑙𝑙𝑙𝑙2  
𝑝𝑝𝑑𝑑,𝑚𝑚,𝑑𝑑�ℎ𝑑𝑑,𝑚𝑚,𝑥𝑥�

2

𝑝𝑝𝑐𝑐.𝑛𝑛,𝑑𝑑�ℎ𝑐𝑐,𝑢𝑢,𝑥𝑥�
2+𝑛𝑛𝑜𝑜

 ≥ 𝑠𝑠𝑑𝑑𝑜𝑜𝑜𝑜𝑢𝑢𝑢𝑢
𝑋𝑋

𝑑𝑑=1

               (7 − 𝑐𝑐) 

 

Where 𝑠𝑠𝑐𝑐𝑜𝑜𝑜𝑜𝑢𝑢𝑢𝑢and 𝑠𝑠𝑑𝑑𝑜𝑜𝑜𝑜𝑢𝑢𝑢𝑢 are minimum rate requirements for CUE and DUE in overlay 
communication, respectively. 

B. Underlay D2D Communication 

For underlay, reuse mode is used and it is assumed that there are no dedicated 
resources available for DUEs or CUEs. In Reuse mode interference between a DUE and 
CUE plays a vital role in the allocation of resources. DUEs are assumed to work in the 
same uplink band as CUEs and can reuse RBs of CUEs with least interference. With 
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known channel conditions, BS can assign RBs to certain DUEs by keeping the 
interference level for CUEs to such extent that it is not harmful for CUEs links. The 
individual threshold SINRs are set for DUEs and CUEs to keep interference at control 
level. Uplink transmission throughput as a sum rate in reuse mode can be given by (3): 
To limit the level of the interference on CUE and DUE, the SINR at both selected DUE 
and CUE must be higher than some threshold value of SINR. 

𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐.𝑛𝑛 = ≥ 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑢𝑢𝑑𝑑ℎ      (8-a) 

𝑆𝑆𝑆𝑆𝑆𝑆𝑑𝑑,𝑚𝑚 =  ≥ 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑑𝑑𝑢𝑢𝑑𝑑ℎ              (8-b) 

The problem formulation for reuse mode is same as earlier except the constraint in (7-a) 
is replaced with (8-a) and (8-b). 

5. Simulation and Results 
This section estimates the excellence of intended algorithms. The simulations are 
performed in MATLAB to prove the results. BS is considered as core in a single cell to 
serve CUEs and DUEs. All nodes are supposed to be familiar with Channel state 
estimation (CSI). Then, its estimation is done for individual and overall throughput of 
CUEs and DUEs. Other simulation variables are depicted in Table 1. 

Variables Values 

Nominal SNR 20 dB 

Available Channel Realization 1000 

Channel Scheme 

Available CUEs 

Available DUE Pairs 

No. Of RBs 

Rayleigh 

3 

3 

12-72 

Table 1.  Simulation Variables 

Three modes are investigated using simulation in this paper as presented by Figure 2. 

1. Reuse mode 

In reuse mode, each CUE occupies one resource block and one DUE pair can only 
reuse resource block of CUE. In this mode D2D networks operate in underlay mode. 

2. Dedicated Mode I 

In dedicated mode, all resources are equally distributed among all users irrespective 
of their communication method either in cellular or D2D.  

3. Dedicated Mode-II  

In dedicated mode II, more resources are allocated to conventional cellular users. In 
our simulation, we allocate 3/4 resources to CUEs while only 1/4 for D2D users. 
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Figure. 2: Resource Allocation Modes 

Figure 3, Figure 4 and Figure 5 present the sum-rate of system, individual throughput for 
DUEs and CUES for three resource allocation algorithms respectively.  Figure 3 (a) is 
depicted between overall throughput and diverse number of given RBs for round robin 
allocation.  
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(c) 

Figure 3. Round Robin Allocation (a) Throughput of a system versus number of RBs (b) 
Individual Throughput for Each DUEs (c) Individual Throughput for Each CUE 

Analysis has shown that Reuse mode has least as compared to overlay modes, this is 
happening because DUEs are assigned the same channels as CUEs.  The same is 
happening in MSA and PRA methods.  The overall sum-rate is enhanced in MSA 
method but at the same time RPA method also has significant enhancement as 
compared to RRA method. It can be seen from figure 4(a) and figure 5(a) by comparing 
with figure 3(a).  Even though MSA has highest system throughput as compared to other 
methods but it lacks in providing fairness among users in terms of data rate. Figure 4 (b) 
and figure 4(c) are the clear evidence of it, where some DUEs and CUEs are not able to 
get resources due to bad channel or other condition. On other hand PRA algorithms 
meets fairness requirements, both CUEs and DUEs can meet this requirement in any 
scenario and the overall throughput is also enhanced as already shown in Figure 5. 
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(b) 

 
(c) 

Figure 4: Maximum SNRs Allocation (a) Throughput of a system versus number of RBs (b) 
Individual Throughput for Each DUEs (c) Individual Throughput for Each CUE. 
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(b) 

 
(c) 

Figure 5: Proportional Rate Allocation (a) Throughput of a system versus number of RBs 
(b)Individual Throughput for Each DUEs (c) Individual Throughput for Each CUE. 

 
Figure 6: Throughput of a system versus number of RBs in Reuse Mode 
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Figure 6 shows the comparative analysis of three algorithms in Reuse mode. It can also 
be seen that the performance of RPA is very near to MSA. But same time it provides all 
the users with their rate requirements which is indicated in figure 5 (b) and Figure 5(c).   
The simulation results show nearly optimum throughput when commensurate allocation 
intended is made in both scenarios i.e. in cellular network overlay D2D communication 
or cellular network underlay D2D communication.  

6. Conclusion: 
D2D communication is a key feature of all future technologies. It provides high spatial 
efficiency and advantageous for catastrophe condition. This paper provides some insight 
in In-band D2D communication. Resource allocation problem is addressed in both 
Overlay D2D and underlay D2D. Moreover, the optimization problem for maximum 
throughput is explored for a Multi-user Cellular system for both D2D systems. A rate 
proportional resource allocation scheme is analyzed in correspondence with traditional 
maximum SNR and Round robin allocations. Simulation results verified the increased 
gain of the rate proportional resource allocation algorithm in terms of proportional 
fairness between CUEs and DUEs. Simulation results have validated its effectiveness. 
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