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Abstract - Internet of Things (IoT) is evolving as the 

technology o the future with the interconnectivity of devices 

over internet. Device to Device communication has sought the 

attention of contemporary researchers due to the increase in 

the number of users, higher bandwidth requirement for 

multimedia applications. The present scenario worsens with the 

limited availability of bandwidth. Hence a new paradigm has 

evolved which utilizes the fact that devices can communicate 

with each other in case the distance between the devices is less 

than a particular threshold. The distance should also take into 

account the effect of outage. The present paper presents a state 

of the art survey of Device to Device (D2D) Communication 

and its related parameters. The parameters focussed upon are 

Quality of Service (QoS), Optimum distance for switching from 

cellular to D2D mode and vice versa. The paper presents a 

survey on the different research aspects presented thus far 

along with the performance evaluation parameters 
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I. INTRODUCTION  

A Internet of things (IoT) and industrial IoT has become 

one of the most important areas of current research for 

several applications. The diagram below explains the 

concept of IoT. Internet of Things (IoT) is an ecosystem of 

connected physical objects that are accessible through the 

internet. Some applications of IoT are: 

 Smart Cities. 

 Healthcare 

 Transportation 

 Traffic Control 

 Manufacturing 

 Large Scale Automation 

 Big Data Applications etc. 

The functional structure of internet of things is shown in 

the figure below: 

In the IoT ecosystem, the different devices are termed as 

things. The connectivity of the devices (things) is made 

over the internet. With increasing users and things, the IoT 

architecture is gaining more popularity due to its wide 

range of applications. However, there are serious 

challenges in the IoT framework due to the following 

constraints: 

1) Increasing number of users leading to more data traffic.  

2) Excessive load on the cellular system for involvement 

in data routing through the base station subsystem (BSS) 

 

Fig. 1.1 The IoT Ecosystem 

II. NEED OF D2D BASED IOT NETWORKS 

The IoT framework can be categorized as  

1) Cellular based IoT 

2) Non Cellular based IoT 

With increasing load on the BSS, the focus has shifted on 

non-cellular based IoT so that devices can communicate 

with each other by completely bypassing the BSS. The 

following diagram renders the visualization: 

 

Fig. 2.1 Conceptual model of D2D Network 
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This above figure describes a simple D2D communication 

system architecture. Here the process starts with the D2D 

mode where the Base station communicates with the 

devices. This device to device communication provides 

the benefit of directly communicating network. 

III. RELATED WORK 

This section presents the previous approaches adopted for 

channel assignment for cognitive radio networks along 

with their salient features.  

In [1]In 2018 IEEE, Sandeep Joshi, Ranjan K. Mallik 

presented Coverage and interference in D2D networks 

with Poisson Cluster Process. In this work the authors put 

forward a novel concept of wirelessly powered D2D 

networks. Already the energy conservation idea is very 

prevalent in today world. With enhancement in demands 

and consumption, there is lot of burden on the network 

architecture. Hence Device to device communication 

networks is very necessary in this pretext. In this 

approach, the energy rate distribution is thoroughly 

analyzed and checked for the randomness and 

performance issues. Over all it showed good throughput 

and accuracy. 

[2]In 2018 IEEE, Xiaofei Wang et al. put forth D2D Big 

Data: Content Deliveries over Wireless Device-to-Device 

Sharing in Large-Scale Mobile Networks et al. The 

authors in this concept proposed a big data allied wireless 

communication where the D2D sharing of data is eased by 

the big data technique. The bid data approach worked well 

with the system model for large mobile network setups. In 

this scheme different analogies were applied and used for 

the correct working of the system. Content and media can 

be easily transferred via this medium and the performance 

was also good for vast networks. This is a relatively good 

concept and use of the big data model. 

[3]In 2018 IEEE, M.Haus et al. proposed Dependable 

Content Distribution in D2D-Based Cooperative Vehicular 

Networks: A Big Data-Integrated Coalition Game 

Approach. In this paper, the authors see the ways to obtain 

dependable content distribution in device-to-device 

(D2D)-based cooperative vehicular networks. The two 

major areas of this proposed system are vehicular 

networks and big data integrated game approach in 

coalition. Initially the path of the vehicular network is 

forecasted based on the GPS and the content delivery 

methods are then evaluated for the best fit. The bandwidth 

need for the D2D networks is enormous. So the uplink 

mechanism using big data provides enormous space for 

the same approach. The distance can fluctuate but the net 

performance remains intact. .    

[4]In 2018 IEEE, Zufan Zhang  et al. presented a paper 

SRSM-Based Adaptive Relay Selection for D2D 

Communications., This paper studies an adaptive relay 

selection method that exploits the social network. The 

relay model is quite substantial as it can aid in the adaptive 

relay selection effectively. In this scheme different 

analogies were applied and used for the correct working of 

the system. As in device to device communication, the 

communication is direct and there is no need of base 

station, this makes it a viable choice in cellular networks. 

In the conventional mechanism, the communication has to 

happen through the base station. In this scenario, there 

happens to be low data rate. SRSM based relay can 

significantly impact the communication space by 

improving the spectral efficiency metric. As mobile 

phones and use of multimedia has increased high speed 

data rates are need of the hour. So this method serves the 

purpose well for better outcomes. 

[5]In IEEE 2018, Elie Cali et al. presented Percolation for 

D2D networks on street systems. In this method the main 

focus was put on the device to device communication 

based on the percolation concept. In this model, the 

devices were distributed randomly on street systems and 

they could exchange information directly whenever their 

distance is lesser than a specific threshold value. The 

percolation graph is also plotted and the analysis about the 

communication metrics is carried out. This showed that 

there was enough of connectivity and quantity of 

bandwidth and the probability of any randomness was 

cancelled out due to various other domains. This system 

functioned n a very robust way and the parameter 

variations were also in proper control. It provided better 

communication strength compared to earlier ones. 

[6]In  2017 IEEE, Rui Wang et al. have provided 

Mobility-Aware Caching in D2D Networks. The concept 

of caching is very crucial and beneficial for the D2D 

networks. It helps in improving the overall spectral 

efficiency and performance of the system. The caching 

process triggers the efficiency and lessens communication 

lags. The mobility goes up in this proposed work by 

eliminating the back links that cause the signal to fluctuate 

and can even produce noise. It is just a concept to increase 

the data offload ratio.  This makes sure that the 

information is shared by the d2d path and not through the 

base stations.  This approach could garner lot of 

performance centric benefits. The throughput achieved 

was really worth taking a note. Different users could 

connect instantly without impacting the quality of the 

signal. 

[7]In 2017 IEEE, Yuan Liu  ; Rui Wang ; Zhu Han have 

provided Interference-Constrained Pricing for D2D 

Networks. The researchers proposed a novel concept of 

constrained pricing for the device to device cellular 

networks. The interference can cause lots of challenges for 

the proper cellular communication for the D2D networks. 

So the management of interference is necessary and has to 
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be taken to consideration. So In this paper the authors 

presented a constraint based pricing structure that could 

handle the interference causing factors. Here the base 

station controls itself by the pricing mechanism and levies 

prices on the amount of interference caused in the cellular 

D2D networks. It is a quite effective method to mitigate 

the interference and ensure a smooth cellular 

communication experience. 

[8]In 2017 IEEE, Rafay Iqbal Ansari ; Chrysostomos 

Chrysostomou  ; Syed Ali Hassan. presented a paper 5G 

D2D Networks: Techniques, Challenges, and Future 

Prospects.  As the world today is moving towards faster 

data rates and multimedia experiences, The technology 

has also become inclined towards the 5G networks and its 

future capabilities. This is being explored extensively in 

the current times.  This paper puts light on the possible 

prospects of cellular D2D communication coupled with 

the 5G technology and its benefits. 

[9]In 2017 IEEE, Chunxiao Jiang ; Haijun Zhang ; Yong 

Ren ; Zhu Han ; Kwang-Cheng Chen et al. describes about 

Machine Learning Paradigms for Next-Generation 

Wireless Networks. In this research work, focus was laid 

on the machine learning concepts for the future wireless 

networks. As today the use of artificial intelligence and 

machine learning is very extensive and vast. The authors 

thought of utilizing the flexibility and merits of the 

advanced high end technologies to create better wireless 

networks of the cellular architecture. The next generation 

schemes of wireless communication would require lot of 

bandwidth and efficiency to operate optimally.  Hence the 

use of deep learning and allied approaches can increase 

the performance of the cellular networks in future. 

[10]In 2016 IEEE, Yuanwei Liu ; Lifeng Wang ; Syed Ali 

Raza Zaidi ; Maged Elkashlan ; Trung Q. have provided 

Secure D2D Communication in Large-Scale Cognitive 

Cellular Networks: A Wireless Power Transfer Model. In 

this structure of proposed system, the wireless power 

transfer model has been given major weight age. The large 

scale networks of cognitive nature are very useful for 

distant and quality communication. The networks also 

need to have a proper interference management in place to 

combat disturbances and network glitches. The 

interference can cause lots of challenges for the proper 

cellular communication for the D2D networks. Hence 

security is also an aspect. Secure device to device 

information exchange has been obtained in this 

methodology with greater spectral throughput. It is meant 

for large scale cellular networks. 

IV. PROPOSED METHODOLOGY 

The proposed algorithm for enhancing the performance of 

the D2D network can be explained in the following steps: 

 

Step 1: Design a D2D under lay network in which devices 

D1 and D2 have the choice of working in cellular mode or 

D2D mode. 

 

Step 2: Design a channel depicting the actual wireless 

channel between the sender and receiver. For this, the 

following 3 aspects need to be designed critically: 

1)  Poisson cluster process: In this process, a multi-path 

data transmission environment is to be designed with the 

same data reaching the receiver through different paths 

designated by d1, d2.. dn depicting a real life scenario. 

The different paths have different delays corresponding to 

the different path lengths. The different data streams reach 

the receiving end at different times to create interference 

„I‟. Mathematically: 

           𝑦 =  𝑥(𝑑, 𝑡)𝑛
𝑖=1                                (1)                

Here, 

d represents the distance variable 

t represents the time variable 

x represents the data stream 

2)  Frequency Dependent Channel Model: In this model of 

the channel, the attenuation or loss in signal strength 

depends on the frequency of data transmission which can 

be mathematically represented as: 

          𝑚𝑜𝑑(𝑥) = 𝑓(𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦)                        (2)           

3) Noise addition in the channel: In any practical system, 

unwanted signals or noise get added in the system which 

is called noise. The overall system output is given by: 

              𝑦 = 𝑥 + 𝑛                                     (3) 

Here, 

x represents the channel input  

y represents the channel output 

n represents added noise 

Step 3: Sense the channel state information  (CSI) i.e. 

obtain the frequency dependent fading characteristics of 

the channel mathematically represented as: 

                      Ƞ = 𝑓(𝑓𝑟𝑒𝑞𝑛𝑒𝑐𝑦)                                   (4) 

Here, 

Ƞ is the channel response for each frequency given by: 

                    Ƞ =
𝑂𝑢𝑡𝑝𝑢𝑡  𝑝𝑜𝑤𝑒𝑟  𝑜𝑓  𝑐ℎ𝑎𝑛𝑛𝑒𝑙

𝐼𝑛𝑝𝑢𝑡  𝑝𝑜𝑤 𝑒𝑟  𝑡𝑜  𝑐ℎ𝑎𝑛𝑛𝑒𝑙
                          (5) 

Step 4: Based on the above CSI, decide a threshold „T‟ 

which would decide which frequencies to be transmitted 

and which are to be rejected. The value of T in this case is 

taken to be 0.6. 
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Step 5: Based on the channel mode of step 2, design a 

direct device to device (D2D) link and also a cellular link. 

Step 6: Simultaneously analyze the signal strength for 

both D2D and Cellular modes. The point of intersection of 

the powers of cellular mode and D2D mode decides the 

optimum distance for switching „d0‟. 

Step 7: The mode selection is based on the following 

inequality: 

if ( P(D2D)>P(Cellular) 

{ 

Transmit using D2D mode 

Compute Outage and BER 

} 

else if 

{ 

Transmit using Cellular mode 

Compute Outage and BER 

} 

 

Step 8: Compare the Outage probability and BER of the 

proposed system with previously existing system [1].  

The evaluation parameters for the evaluation of the system 

are: 

The parameters for the evaluation of the performance of 

the D2D based IoT networks with the perspective of 

enhancing the quality of service needs the computation of 

the following parameters: 

1) Optimum Distance of Switching 

It is obvious that the D2D mode‟s coverage or range in 

any underlay network would be governed by the switching 

distance (d0). The mathematical relation between the 

various parameters pertaining to the optimum distance is 

given by [14]: 

 r = d0. 10
 

P txd −P rminimum +20log 10 
λ

4πd 0
 

10η
 exp (k0)

        (6)                           

Here, 

 𝑟 is the distance between device 1 and device 2 

d0 is the optimum desistance for switching 

Prminimum  represents the minimum power needed to 

establish a D2D connection 

ko is a constant depending on system parameters 

Ptxd  is the transmitted power in Watt by the transmitting 

device D1 

2) Bit Error Rate (BER) 

The computation of the bit error rate (BER) of the system 

is done on the basis of the condition of mismatch among 

the bits which are transmitted and the bits which are 

received. Mathematically, a bit error occurs if the 

following condition holds true: 

 𝑏𝑇𝑥 ≅ 𝑏𝑅𝑥  

Here, 

 𝑏𝑇𝑥  is the transmitted bit 

 𝑏𝑅𝑥  is the received bit 

 

For a stream of bits, the total BER is computed as: 

𝐵𝐸𝑅 =  𝑏𝑖
𝑇𝑥 ≅ 𝑏𝑖

𝑅𝑥𝑖=𝑛
𝑖=1                           (7)      

Here, 

I is the bit index 

n is the total number of bits transmitted 

the bit error may arise in 2 cases, either a zero is received 

as one or a one is received as zero. Both cases may result 

in an error. The comparator is responsible for the decision 

of 0 or 1 depending on the threshold set for the decision 

for 1/0 bit reception at the receiving end. 

3) Outage Probability 

In case the system is affected by interference as well as 

noise effects, then a term called SINR is computed which 

is the signal to interference plus noise ratio (SINR). For a 

system with clustered wave reception, there must exist a 

threshold Vk above which the signal quality must hover so 

as to receive satisfactory quality. The mathematical 

expression for the outage probability in terms of the 

CCDF is given by the following expression: 

Prob SIRk ≥ SINR = exp −Kk  σkj λjjϵϕ                  (8)                

Te outage in terms of absolute parameters q(λ) is given 

by[1]: 

 q λ = exp  −
2π2

sin  
2π

η
 

Rk
2 SINRk

2/η
λ                              (9)          

Here, 

Kk = CkRk
2 SNRk

2/η
  is a constant depending on system and 

channel parameters 

SINR represents the signal to noise plus interference ratio 

R is the distance 

λj is the D2D device density 

σkj  is the shadowing factor 

q λ  is the absolute outage in terms of node density 

The CCDF function can be defined as the complementary 

cumulative distribution function and mathematically 

governed as: 
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𝐶𝐶𝐷𝐹 𝑥 = 1 − 𝐶𝐷𝐹(𝑥)                                               

(10)              

Here, 

CCDF represents complementary cumulative distribution 

function 

CDF represents cumulative distribution function 

x is the random variable 

V. SIMULATION RESULTS 

The simulations presented compute the variation of 

distance on the need for power transmission versus 

distance under the fading conditions, the optimum 

distance for switching from D2D mode to cellular mode 

and vice versa and the nature of ideal and practical 

frequency selective channels with their channel frequency 

response. The simulations have been carried out on Matrix 

Laboratory (Matlab). 

 

Fig.5.1 Transmitted Power needed versus D2D distance 

 

Fig. 5.2 Minimum Power Required to establish D2D link 

as a function of distance and fading (sigma) 

 

Fig.5.3 Computation of Optimum Distance 

 

Fig.5.4 Subcarrier Gain of an ideal channel 

 

Fig.5.5 Sub-carrier gain of a practical channel 



INTERNATIONAL JOURNAL OF SCIENTIFIC PROGRESS AND RESEARCH (IJSPR)                                           ISSN: 2349-4689 

Issue 163, Volume 63, Number 01, September 2019 

 

www.ijspr.com                                                                                                                                                                                  IJSPR | 18 

VI. CONCLUSION 

It can be concluded from the previous discussions that the 

concept of device to device communication is briskly 

catching up as the new approach for IoT networks due to 

the fact that cellular based IoT networks are facing 

extreme loading due to increase in number of users and 

need for enhanced bandwidth. Prior to actual hardware 

level implementation, it is mandatory to evaluate the 

performance of D2D based IoT networks in terms of bit 

error rate, coverage and outage. The present paper presents 

a comprehensive survey on D2D based IoT networks. 
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