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Abstract: Internet of Things (IoT) can be defined 

as the interconnectivity of different devices over 

internet. IoT is based on the use of internet 

through cellular systems.  With increasing 

number of users, increasing bandwidth 

requirement due to multimedia and big data 

applications, IoT systems based on cellular 

systems are getting heavily loaded. The reason for 

this is the fact that data is sent through the base 

station (BS). Hence a new type of technology 

called Device to Device (D2D) communication has 

become an active area of research in IoT based 

applications. In this case, data is shared between 

devices directly without involving the base station. 

The proposed work investigates different 

parameters viz. outage probability and optimum 

distance based on which one can switch from D2D 

mode to cellular mode and vice versa for 

maintaining satisfactory Quality of Service (QoS).  

Keywords: Internet of Things (IoT), Software 

Defined Networks, Channel State Information 

(CSI), , Outage Probability, Optimum Distance, 

Error Rate. 

INTRODUCTION 

Internet of things (IoT) can be defined as the 

connection of several devices (called things) over the 

internet. To use internet connectivity, the devices are 

required to transmit their data to a base station which 

relays the data to some other device  

IoT can be further classified into: 

   1) Cellular based Networks 

   2) Device to Device (D2D) networks 

With increasing number of devices, the load on the 

base station and so the data traffic load increases on 

the Cellular based IoT Networks. Therefore D2D 

based IoT networks are being designed.  D2D 

communications is one of such prototype that has 

been introduced to harness these increasing 

bandwidth requirements. D2D communication in 

cellular networks is capable of direct communication 

between two cellular devices located in vicinity of 

each other. One of the main functions of cellular base 

station (BS) in conventional cellular networks is to 

relay traffic between cellular users. In D2D 

communication, the data bypasses the BS and it is 

instead sent using a direct communication link 

between the users. By-passing the BS allows D2D 

communications to significantly increase the spectral 

efficiency of the dense cellular network.  

 

Fig.1 Example of D2D Mode and Cellular Mode 

IoT Networks. 

The direct communication mode requires half of the 

resource as compared to cellular communication 

mode thus offering double spectral efficiency per 

connection typically. Also if devices in direct 

communication mode are closer to each other than 

transmission power could be lower than in cellular 

mode which can be then turned into battery savings at 

the device and reduced interference levels in the 

system. Further, reduced interference levels in system 

lead to higher system capacity and spectrum 

efficiency. Furthermore, D2D communications can 

improve the throughput, power efficiency and cell 

coverage. D2D users can either reuse the cellular 
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network resources in the licensed spectrum (i.e., in 

band D2D) or use the resources from the unlicensed 

spectrum (i.e., out band D2D). 

HANDOVER 

In-band D2d Communication 

In-band D2D can be further classified as underlay 

and overlay. In overlay D2D communication, a 

portion of cellular resource is solely dedicated for 

D2D communication. Underlay D2D communication 

allows each D2D pair to reuse the same resource 

which are simultaneously being used by another 

cellular user. Overlay D2D improves both spectral 

and power efficiency because communication is done 

through single transmission instead of one uplink and 

downlink transmission. Underlay D2D has higher 

spectral efficiency than Overlay D2D due to reusing 

cellular resources. Underlay D2D improves energy 

efficiency as well as spectrum efficiency of cellular 

networks. In out-band D2D communication, 

communication occurs under unlicensed spectrum. 

The main aim of out-band D2D communication is to 

eliminate the interference issues between D2D and 

cellular links. Transmission distance and data transfer 

rate is extremely lower than In-band D2D 

communication. 

Mode Selection 

It is the process of finding whether to operate UE in 

Cellular Mode or D2D Mode. It depends on the 

proximity of devices, inter-cell and intra-cell 

interference conditions, channel condition and 

instantaneous load condition on the network. Mode 

selections are basically of three types: 

 Reuse Mode Selection: 

This mode is also known as Non-orthogonal sharing 

mode, in this mode D2D Communication will share 

the same resources with existing CUEs and hence 

may cause interference. 

Dedicate Mode Selection: 

This mode is also known as orthogonal sharing mode, 

in this mode cellular network has abundant channel 

Resource, so that the DUEs can use dedicated 

resources that are orthogonal to CUEs. 

Cellular Mode Selection: 

In this mode two UEs will communicate as 

traditional CUEs, that is, communicate with each 

other through the eNB. 

Power Control 

Power control is an important RRM function. In D2D 

communication, CUEs are act as primary users and 

its Quality of Service (QoS) requirements are 

delivered with priority. In such network power 

control, at first control the transmission power of 

DUEs, such that the interference from DUEs to CUEs 

can be reduced. Distributed power control algorithm 

allocates power in mixed cellular and D2D scenario 

so that overall throughput is maximized with 

minimum overall power consumption [15]. With 

proper power control, the interference between 

cellular and D2D can be coordinated for better 

overall performance [11]. 

Resource Allocation 

In 3GPP-LTE specification UEs are assigned with a 

specific number of subcarriers for a predetermined 

amount of time duration, which are referred as 

Physical Resource Blocks (PRBs). PRB have a 

frequency range of 180 kHz and also 12 consecutive 

subcarriers. PRB is the smallest element of Resource 

Allocation by the eNB. 

Resource Allocation should be jointly considered 

with mode selection i.e. whether the PRB or shared 

PRB pair will obtain, if it is a shared case, which 

cellular UEs resource Network can allow some 

channel resources to D2D pair, if so, whether some 

dedicated block should be shared with this D2D pair, 

if it is a dedicated case how many PRBs should be 

permitted for this D2D communication. 

Advantages of D2d Communication  

Data rates: Devices may be remote from cellular 

infrastructure and may therefore not be able to 

support high data rate transmission that may require. 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                    Volume: 08 Issue: 01 | January - 2024                    SJIF Rating: 8.176                                     ISSN: 2582-3930                                                                                                                                               

 

© 2024, IJSREM      | www.ijsrem.com                                                                                                                 |        Page 3 

Reliable communication: D2D can be used to 

communicate locally between devices to provide high 

reliability communication especially if LTE is failed 

for any reason. 

Instant communication: As D2D communication 

does not rely on network infrastructure the devices 

could be used for instant communications between a 

set numbers of devices in the same way that walkie- 

talkie are used. 

Interference reduction: As base station is bypassed 

in D2D communication, so fewer links are required 

in communication process and this has an impact on 

the amount of data being transmitted in the given 

spectrum allocation. This reduces the overall level of 

interference. 

Power saving: As in D2D communication, 

communication occurs between the devices of closer 

proximity, thus overall transmission power 

requirement is very low. 

Spectrum reuse: D2D enables tighter reuse of 

spectrum by confining radio transmissions to the 

point to point connection between two devices. 

Security: D2D can take the advantage of key 

generation and distribution mechanisms available in 

LTE to achieve higher security. 

Disadvantages of D2d Communication 

D2D devices cause interference to the cellular users 

which affect the performance of the network devices. 

 D2D communications define new QoS requirements 

that must be addressed. 

PROPOSED APPROACH 

The proposed threshold based handover mechanism 

based on CSI needs the computation of the following 

parameters.  

1) Optimum Distance: The distance at which 

we can switch from cellular mode to D2D mode 

maintaining satisfactory (QoS).  

The minimum distance at which such a switching 

can take place termed as rd can be expressed as: 

rd = d0. 10
[

Ptd−Prmin+20log10(
λ

4πd0
)

10η
]

×exp(k) 

 

where 

exp(k) = 𝑒𝑥𝑝 [
𝜉𝑒𝑟𝑓−1(1−2𝑃𝑑)

𝛼
] 

here Pd stands for power received at a distance ‘d’ 

and d0 stands for a constant reference distance. 

Outage Probability: It’s an indication of the Quality 

of Service (QoS) and helps in deciding the mode of 

operation. The outage probability of the system can 

analyzed with respect to UE density, distance and 

SINR 

The Outage probability as a function of the above 

parameters can be given by: 

q(λ) = exp {−
2π2

η sin (
2π
η

)
Rk

2Vk
2/η

λ} 

where the successful transmission probability can be 

given by: 

P(SIRk ≥ Vk) = exp {−Kk ∑ γ
kj

λjjϵϕ }       

where, Kk = CkRk
2Vk

2/η
 

here Rk stands for distance 

Vk stands for SINR and 

λ  stands for UE density 

Thus the analysis of optimum distance and outage 

probability helps in deciding the optimum mode of 

operation. 

Channel State Information 

The medium between the transmitting and receiving 

device is called the channel. The Channel State 
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Information (CSI) is the information about the nature 

about the state or condition of the channel. Different 

devices are allocated different frequencies for data 

transmission. The channel generally behaves 

differently for different frequencies.  Some 

frequencies face heavy or severe fading (decrease in 

strength). This causes low signal strength which 

causes high bit error rate (BER) and poor quality of 

service. Hence it is necessary to use the channel state 

information (CSI) to select frequencies with good 

response and reject the frequencies with poor 

response. This can reduce the errors and hence 

improve the quality of service. 

 

Fig.2 Channel Response of a Practical Channel 

 

The Poisson Cluster Process 

The Poisson cluster process is a commonly used 

channel model for analyzing D2D based IoT 

networks. It tries to design a practical channel like 

scenario by considering that:  

1) Devices care distributed in different groups (also 

called clusters) 

2) The data travels from sender to receiver through 

different paths. 

3) The different group of data at the receiving end 

often interfere with each other. This causes decrease 

in signal strength called fading. This type of fading in 

device clusters is called Poisson Cluster Process. 

Results: 

The results obtained using the proposed techniques 

are given below. The effect of shadowing has been 

clearly cited using the parameter σ. 

 

Fig. 2 Graph for optimum distance 
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Fig.3 Graph between prmin and rd under varying 

shadowing effects 

 

 

Fig.4 Graph between exponential constant and 

optimum distance under varying shadowing 

effects 

 

Fig.5 Graph between outage probability and 

distance 

 

 

Fig.6 Graph between outage probability and SINR 
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Conclusion: 

In this work, we have analysed the optimum 

distance for D2D communication in terms of 

transmitted power, minimum received power and 

exponential constant k. In transmitted power case, 

the optimum distance increases as transmitted 

power increases. In minimum received power 

case, the optimum distance decreases as minimum 

received power increases. As we know that outage 

means fading in the signal. So to overcome this 

problem, we analysed outage probability in 

respect of SNR. We observed that as the strength 

of signal increases than the outage probability 

reduces. So there would be less chances of signal 

degradation at the receiver side which would 

result in increasing the reliability of 

communication. The analysis of the outage 

probability with respect to distance between 

devices, device density in the network and Signal 

to Noise and Interference Ratio (SINR) gives a 

clear picture about switching from cellular to D2D 

mode and vice versa.  
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