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Abstract: Device-to-device (D2D) communication is a concept 

that promises the overall performance enhancement by allowing 

direct communication between the devices which are in 

proximity. The idea of implementing in-band and out-band 

spectrums together in a D2D assisted mobile users will be 

relevant to the landscape of the 5G networks. Nevertheless, 

limited research works are available on efficient transmission of 

the data when both spectrums are used simultaneously. In this 

paper, we propose an efficient dynamic spectrum that utilize the 

licensed and unlicensed bands, based on the distance between 

the D2D link, in such a way that it selects the best band for 

establishing the D2D links in the network. The proposed 

algorithm is based on the distance between the D2D link, where 

it selects the most efficient band that reduces the interference of 

the D2D connection and maximizes the network throughput. The 

simulation results show that the proposed algorithm, using 

dynamic spectrum, achieves a higher network performance 

compared with other static spectrums. 

Keywords—Device to device Communication, Cellular 

Networks, LTE, LTE-A, Interference management  

I. INTRODUCTION 

  Due to the explosive increase of the mobile devices and 
the limited bandwidth resources, the mobile broadband 
cannot maintain the high speed of transmission and therefore 
is pushing the limits of 4G LTE systems. The increase in the 
cellular user, results in increase in the workload of the base 
station. Due to this issue, the new paradigm introduced as an 
alternative to the conventional cellular network is the 
device-to-device (D2D) communication, which promises 
high data rate services for a short distance transmission and 
boost the LTE’s overall performance in the future 5G and 
beyond. 
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 In D2D communication mode, the transmitting device in 
the proximity establishes a direct link to the receiving device 
without using the base station and using only a single link to 
deliver the data directly. This lower the power consumption 
as well as conserve the bandwidth resources. However, there 
are certain challenges that is being faced example power 
distribution, resource allocation, channel management and 
energy consumption.  

Based on the advantages and the potentials stated above 
about D2D communication, D2D based transmission 
technology is used in this paper in order to develop a system 
to improve the throughput of the D2D network transmission, 
where it is assumed that each device consist of both the D2D 
as well as the cellular transmission modes. Additionally, 
both, in band as well as the out band spectrum is considered, 
as it is the potentially relevant in the cellular network in the 
future 5G .  

 Recently, there have been very narrow research on the 
usage of in band and out band spectrum, simultaneously.  
Therefore, this paper investigates this gap using the previous 
researches on D2D communications.  

 In this paper, our major contribution is that we proposed 
a dynamic frequency transmission algorithm in which 
efficient transmission of data between the transmitting user 
and the receiving user is achieved, using dynamic frequency 
allocation technique. The D2D mode has been designed to 
assign the in band and out band spectrum for the data 
transmission based on the distance between the D2D link.  
The simulation results for different network set up are 
provided which shows that the proposed algorithm provides 
a higher SINR vs CDF compared to the static spectrum 
results. Furthermore, analysis and investigation of the 
dynamic spectrum shows the higher throughput with regards 
to the distance between the transmitting device and the 
receiving device. 

 The remainder of the paper is organized as follows. In 

the section II, we present the related work done previously. 

Section III presents the system model and the 

configurations for the proposed work. Section IV shows and 

elaborates the simulation results and the analysis. Finally, in 

Section V, conclusion is given.  
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II. RELATED WORK 

Two different mobility managements exist in cellular 

networks: user equipment (UE) mobility with respect to 

spectrum and UE mobility with respect to base station (BS). 

Dynamic Spectrum is more related to spectrum utilization 

in cognitive radio technology [1- 3], whereas mobility with 

respect to BS maintains the connection between UE and BS, 

and the UE moves from one BS to another. 

In [4] by Asadi et al. the overall and a complete 
comprehensive survey of D2D communication is provided.  
Generally, the D2D communication can be categorized into: 
In-band: where the frequency spectrum is licensed and Out 
band: where the frequency spectrum for the cellular user is 
licensed but the frequency spectrum for the D2D 
transmission is unlicensed. 

Till date, most of the work is being done for the in-band 
and very few for out-band. One of the major issues 
challenged in the in-band D2D network is the interference 
control. Doppler et al [5] addressed this issue and proposed 
to reduce the transmission power as well as the distance 
between D2D links.  

In the paper by [6], the authors used linear interference 
alignment techniques in order to solve the joint D2D mode 
selection and mitigate interference, likewise in [7] they 
maximized the mean throughput of the system and 
minimized the average delay by using queuing and decision 
process model. In 2017 [8], the authors proposed a graph 
theory-based solution using concatenated bi-partite matching 
(CBM) method in order to enhance the overall performance 
of D2D in the overall network. Furthermore, this method 
also mitigates the interference. [9] in this paper, the authors 
proposed an interference management system with the 
quality of service (QoS) aware, by applying the graph theory 
based sub-optimal solution for the power adoption and relay 
selection. 

The advantages and disadvantages of device to device 
communication varies when it comes to in-band and 
out-band spectrum. These includes controlling interference, 
the efficiency of spectral use and the complexity of the 
implementation of the system. However, very few researches 
has been done for using both unlicensed and licensed D2D 
communication. Paper by Asadi et al. [10] and [11] focus on 
the heuristic solution called ‘Floating Band D2D’. These 
studies mainly exploit the idea of network with both in-band 
and out-band communication. However, in both works, the 
transmission at different spectrum was subject to the 
selection of the spectrum to be utilize, therefore, the overall 
performance was not affected due to the lack of flexibility in 
the use of two different bands. Furthermore, in the recent 
research by Chung et al. [12] the authors proposed an 
approach to maximize the utilization of the bandwidth, and 
in and [13], he suggested another approach of reducing the 
transmission time in a speedy and efficient way, based on 
the Poisson arrival.  

In the paper [14],  the author presents a study on signal 
strength with frequency approaches from 1.8GHz to 
2.2GHz in indoor environments. It focuses more on 
mobility of the receiver device, where there will be different 
distances. In the paper, an USRP (Universal Software Radio 
Peripheral) device is used as base stations to transmit the 
desired frequency as well as to receive the signal strength at 
certain distances in the indoor environment. 

However, regardless of all the literature presented above, 

the overall improvement in the D2D-assisted cellular 

network using the unlicensed and the licensed bands have to 

be comprehensively addressed. Therefore, this paper 

presents the work by using the licensed and the unlicensed 

bands simultaneously in order to have more efficient 

transmission. To be more defined, this paper showcases the 

idea which will enhance the performance of the D2D 

communication that could eventually improve the 

applications of D2D. In order to fulfil this, this paper 

provides overall background and the literature review of the 

most recent researches., together with the wholesome study 

of the network model, the detailed algorithm and the 

performance results of the simulation. 

III. SYSTEM MODEL 

In this work, the simulation was used to evaluate the 
performance of the proposed dynamic spectrum allocation 
algorithm for D2D communication. We considered a 
network system composed of single-cell network. 
Considering a hexagonal shaped cell with the radius R and a 
single base station located in the middle of the cell. We 
considered n interfering device and m D2D pair, where 
n>>m. We assume only one D2D pair in the cell area. This 

D2D pair includes a transmitting device (
TxDD2

) and receiving device (
RxDD2 ). All the user devices are 

uniformly distributed within the cell area.  

We assumed that all the devices consist of both the 
cellular mode as well as the D2D mode. Two bands, one 
unlicensed band and one licensed band is available for the 

transmission of data., with bandwidth equal to inbandB  and 

outbandB  respectively. Furthermore, the cellular mode can 

only transmit through the licensed band while the D2D mode 
is able to use either of the two bands. In order to simplify the 
model, we assume that all the devices in the cell are 
equipped with only omnidirectional antennas. The set up 
environment is shown in the Fig. 1.  

 

Fig. 1. Simulated Set-up Environment 

We ran the simulation 300 times to evaluate the performance 

according to 300 different distance between the 
TxDD2

and  
RxDD2 . The transmitting power of D2D user (

DD

TxP 2
) and the interfering 

users (
Int

TxP ) users is 24dBm 

and 23dBm respectively. Other 
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simulation parameters are shown in the Table 1. In the 
proposed algorithm, two different spectrums are allocated to 
D2D user equipments (UEs) according to the distance 
between them. If the D2D UEs are located nearby, that is if 
less than 15m, D2D UEs can use the out-band spectrum.  

The out-band spectrum for the system is mm wave, 
therefore the system will cause minimum interference for 
short distances. In case the D2D UEs are located far away 
from each other, they will be allocated with the in-band 
spectrum, that is 2GHz. Fig. 4 shows the procedure of how 
the dynamic spectrum is allocated to the D2D UEs in the 
proposed algorithm. 

TABLE I.  PARAMETERS  

 

 

Fig. 2. Flowchart of the procedure of dynamic spectrum D2D UEs 

The path-loss are modelled according to the free space, 
urban and indoor (LOS) models. We apply different 
path-loss models to D2D UEs for long and short distance as 
well for the interfering UEs for long and short distances as 
shown in (1) [1], (2) [16],  (3) [16] and (4) [16].  
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Where and   is the link between the 
D2D sender and receiver at the long distance and short 

distance respectively. and   is the link 
between the D2D receiver and the interfering UE at the long 
and short distance respectively. d represents the distance 

between a sender and a receiver in meters and the cf  is the 

carrier frequency in kHz. 

Now we assume that the strength of the received signal is 
long

dd 2 and 
short

dd 2 from the 
thj  to the  

thh TxDD2 for the 

long and short distance respectively.  The SINR of the
R
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Parameters  Values 

Carrier Frequency – Out-band  60GHz [14] 

Carrier Frequency -In-band [12] 2.0GHz[15] 

Out-band Bandwidth
outbandB  1.5GHz[14] 

In-band Bandwidth 
inbandB  5MHz 

Number of Interfering users 20 

Number of D2D links 1 

Cell Radius  500m 

Noise power density  -174 dBm/Hz 

DD

TxP 2  24 dBm 

Int

TxP  23 dBm 

Initializing the network 

parameters 

Establish a direct D2D using 

In-band spectrum 

Are D2D UEs 

located at > 15m? 

Establish a direct 

D2D using 

Out-band spectrum 

Start 

End 

No 

Yes 

Calculate the distance 

between D2D link 
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Algorithm 1: Proposed Dynamic Spectrum 

1. Initialize: 
DD

TxP 2
, 

Int

TxP   

2. m: Number of D2D pair,  

3. n: Number of Interfering devices 

4. Distance Arrays:  Rx
TxDD

Dis
2

 (between  
TxDD2 and  

RxDD2 )  
Rx

Tx

DD

Int
Dis 2

 (between inference UE and DUE)  

5. for m = 1 to M;  

6.       if  distance > 15 then 

7.            calculate  

8.            calculate 
long

dd 2   

9.                for n=1 to 
maxn  ;  

10.                      calculate  

11.                     calculate 
long

int ,   

12.                        

              end  

13.       else if   

14.              calculate   

15.              calculate  
short

dd 2   

16.                 for n=1 to 
maxn  ; 

short

int  

17.                        if distance <15 then 

18.                        calculate  

19.                             calculate ,   

20.                        end if 

21.                 end 

22.      end if 

23. end 

Fig. 3. Proposed Algorithm 

oN is the white noise. 
long

int and 
short

int is the strength 

of the interfering signal from the interfering UE to the
RxDD2 . We can also analyse the throughput of the 
R
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by using the Shannon 

theorem as: 
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 Fig. 3 shows the algorithmic methodology of the 
proposed system. First, when the data is ready to be 
transmitted through D2D transmission, the distance between 
the devices is calculated. The system determines whether the 
pair can use D2D transmission over unlicensed band or 
licensed band; in other words, it compares the interference 
caused at licensed and unlicensed bands. If the distance is 
greater than 15m, the system allocates licensed band for the 
transmission, likewise if the distance is less than 15m, the 
unlicensed band is set for the data transmission. 

IV. PERFORMANCE ANALYSIS 

This section includes the detailed examination of the  
evaluation of the performance of the proposed dynamic 
spectrum transmission algorithm in D2D assisted cellular 
network, along with the simulations that was performed for 
different set of UEs. The dynamic proposed algorithm was 
compared with in-band and out-band spectrum. In this 
simulation, we consider three performance metrics to 
evaluate the proposed algorithm: SINR, throughput and 
interference. 

Fig. 4 shows the performance of the proposed algorithm 
in terms of SINR vs CDF. It provides a comparison of the 
approach proposed herein with two different approaches 
using static licensed and unlicensed bands. In the proposed 
algorithm, the D2D transmission is permitted to use the 
in-band or the out-band spectrum based on the distance 
between the transmitting and the receiving device. The 
results demonstrate that the proposed dynamic spectrum 
obtains a significant SINR improvement in comparison with 
the static in-band and out-band spectrum. As the device can 
select the spectrum based on the distance between the 
transmitter and the receiver and the SINR between the 
devices, it mitigates the interference that occurs from the 
interfering devices surrounding the receiver. Thus, effecting 
the overall SINR for the specific data transmission. For 
example, when at CDF = 0.7; SINR at proposed system is 
-8.497 dB, while in-band and out-band spectrums achieve 
SINR of -13.92 dB and -15.13dB, respectively.  

Furthermore, at the CDF = 0.4 the SINR of proposed 

system is -10.79, while at in-band and out-band spectrum 

the SINR is -16.49 and -133.3db respectively. It can be 

observed that SINR of the out-band spectrum below 0.7 is 

below -120dB. This shows that using static out-band 

spectrum mm-wave, the SINR affects due to the 

interference factor and path-loss between the D2D link due 

to short wavelength.  
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The circle in Fig. 4, shows the part where there is no 

received power. In the figure our 

proposed algorithm outperforms basic scheme in terms of 

SINR. 

 

 

Fig. 4. System SINR CDF compared to Static Spectrum SINR CDF 

Fig. 5 shows the throughput of the D2D UE located in 

the cell area, with respect to the increase in the distance 

between the D2D link. In static spectrum system, the 

performance of the user is poor due to the interference and 

in the out-band spectrum, the path-loss is very high at a 

certain distance that the receiving power becomes zero. The 

proposed algorithm allocates the resource according to the 

distance therefore, the throughput of the users is greatly 

improved. 

.

 

Fig. 5. The overall System throughput for different approaches 

Fig. 6 shows the evolution of throughput of the 

proposed algorithm when the distance between the D2D 

link is increased. For the performance analysis, 

the interfering devices for each run was increased from 5, 

10, 15 to 20. When the transmitting power of the D2D 

transmitter is set as 24 dBm, it can be seen, the throughput 

of the system increases as the number interfering devices 

decreases. Also, the throughput of the overall system 

decreases as the distance between the D2D link is increased. 

The proposed algorithm can sustain more than 5 Mbps at 

the distance of 3 m, when the total interfering devices are 

5, while the system can sustain about 4 Mbps at the same 

distance when the total interfering devices is 10. 

 

 

Fig. 6. Throughput analysis of proposed algorithm 

Fig. 7 shows the interference induced from the interfering 

devices with different distance between the D2 D2D 

transmitter and receiver. It indicates the distance between 

the devices and the number of interfering devices influences 

the overall interference of the system heavily. When the 

D2D receiver gets closer to the D2D transmitter, the 

interference will be lower and therefore the throughput is 

more. This phenomenon is mainly because of the path-loss 

between the long distance D2D link and the transmission 

signals from the interfering devices. 

  

 

Fig. 7.  Interference versus No. of  interfering devices with different 

D2D distance 
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