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Abstract—Device-to-Device (D2D) communication is an important compo-
nent of the 5G mobile networks. D2D communication enables users to com-
municate either directly without network assistance or with minimum signalling
information through a base station (BS). Hence, D2D communication can en-
hance system capacity, increase spectral efficiency, improve throughput and re-
duce latency. One of the main challenges in D2D communications that when a
potential D2D pair can switch between direct and conventional cellular com-
munications, there lies a challenge in identifying D2D mode selection between
communicating devices (i.e. a D2D pair). This paper aims to evaluate the mode
selection mechanism in different environments (indoor, outdoor). The mode se-
lection mechanism is proposed using multi-criteria for decision-making tech-
nique, the mode selection mechanism based on Simple Additive Weighting
(SAW) algorithm is used to wisely connect and switch between the available
modes. The evaluation of the proposed mechanism for indoor environment and
outdoor environment shows better performance based on user preferences.
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1 Introduction

As wireless communication technology continues to evolve from one generation to
another, the connection systems’ requirements develop alongside to meet the expecta-
tions of users. Such expectations are brought about by the entire evolution process,
which represents the ever-increasing demand for a higher system throughput. Nowa-
days, as the demand for higher transmission rates continues unabatedly, a new genera-
tion of wireless technologies is being introduced into the communication society to
meet the insistent demands of users [1]. The key differences among the various gener-
ations of wireless communication systems (i.e., starting from the first generation 1G
to the upcoming fifth generation systems) are manifested in variations in data rates,
data security, latency, and the quality of services (QoS) [2][3]. These are often im-
proved in successive generations for a more efficient system throughput, as well as
QoS performance.

iJIM - Vol. 13, No. 4, 2019 33



In this paper, we focus on evaluating the proposed Multi-Criteria Mode-Selection
for D2D (MCMS-D2D) mechanism. The main contributions of this paper can be
summarized as follows:

o We evaluate the proposed MCMS-D2D mechanism MADM-based for assist the
user and network to choose the best communication mode.

e We test the performance in the different environments; the first being an indoor
environment and the second; an outdoor environment, showing better performanc-
es relative to the other approach mentioned before.

The rest of this paper is organized as follows:

2 D2D Mode Selection Mechanism

The random movement of mobile devices along with availability of a variety of
communication modes at particular areas such as WLAN, LTE-A and D2D direct
connection cause another challenge to establishing robust D2D connections. One of
the relevant difficulties is how to keep providing a very stable connection for users
even when the connection is switching between different modes either through D2D,
LTE-A or WLAN [11]. This makes it difficult to select the best mode and requires
wise switching between modes as well [8], [9]. For instance, when several networks
are existing at a particular area like WLAN, LTE-A and D2D networks for instance,
the mode selection procedure should be able to select the optimal connection mode to
prevent the loss of connection.

As shown in Figure 1 the MCMS-D2D mechanism goes through a number of main
steps. First, the MCMS-D2D mechanism defines the selected parameters to use it in
the evaluation stage which are RSS, delay and bandwidth. The previous criteria are
considered to help in selecting the suitable mode by giving every parameter the
weight based on its importance based on users’ preferences. Then the mechanism is
finding the available modes to establish the connection. After finding the available
modes the mechanism will do the calculation of the available modes based on the
given weights in the previous step by adopting a simple additive weighting method
(SAW) algorithm for accurate mode selection. Then the mechanism evaluates the
modes to rank them based on the values. If the selected mode is D2D connection,
directly it connects using direct D2D communication. If it is not D2D connection will
be connected either to LTE-A or WLAN.
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Fig. 1. MCMS-D2D Mechanism steps

3 Simulation Result and Analysis

In this paper, the both environment (i.e. indoor, outdoor) will be tested based on its
condition. In general, the network contains many cells which have different mode of
communication and different number of users. The proposed MCMS-D2D mechanism
will assist in selecting the best available mode. It can switch between different tech-
nologies where the efficiency of selection can be different in diverse types of net-
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works’ topologies as proposed in this paper outdoor environment and indoor envi-
ronment which will have different conditions of the communications link. In future
network, it is very important to give the user a stable connection every second and the
ability to communicate in different modes to choose always best available mode of
communication.

The indoor environment can exist in many cases such as shopping centers, offices,
internal buildings or any airports halls. The indoor environment has open cubicle
areas and walled areas, where the walls are different and the materials of walls are
comprised of a mix of different types of materials, which may change the channel
condition in this area [10]. For validation in this research, the study was applied on a
shopping mall, which has six floors for offices and stores with two basement floors,
and underground and many upper ground parking lots. Figure 2 shows the floor plan
for the shopping centre.

Fig. 3. Outdoor environment
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The outdoor environment is considered for this study such as a university campus
as an outdoor scenario (open areas and outside the buildings’ areas), or open sport
areas, public parks and an outdoor shopping area. The outdoor areas may have differ-
ent types of materials, which can affect the channel conditions such as trees, cars,
buildings in the area, and weather conditions [12]. For the validation of this research,
the study was applied in an open area around a shopping centre. Different activities
take place in this area such as parking, sport activities, open restaurants, and cafes.
Figure 3 shows the open area plan. A variety of activities can be performed in this
area, which means that the users’ conditions and status are different as they require a
high data rate and a stable connection. For public safety purposes, it is therefore, high-
ly important that users have good and stable connection, which can be supported by
using the MCMS-D2D mechanism.

For the simulation, we consider aforementioned two types of environment and the
user moving in network among different cells which consisting of 7 LTE-A cells and
6 WLAN access points. The inter-site distance of LTE-A network is 500m. The
bandwidth is SMHz. The random distribution of 1000 users in the network is based on
Poisson Point Process (PPP), which reflects ultra-dense users’ distribution in the net-
work. The evaluation steps of the proposed mechanism are carried out by MATLAB
simulator.

In this evaluation stage, a comparison was made between the results of the pro-
posed mechanism and other approaches’ results when the user is moving in different
environments. We compared theMCMS-D2D mechanism with RSS conventional
approach which is focuses on received power

For both environments the evaluation part will compare the results between both
approaches based on SINR, delay, throughput and delivery ratio.

3.1 First Case: Outdoor Environment

The implementation of this case showed the performance validation for the mode
selection mechanism in the outdoor environment. This test underwent a lot of tests
and simulations to ensure reliability of the validation and the results’ values.
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Fig. 4. Delay during Outdoor Phase
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The RSS approach is considered only on the highest received signal, whereby all
devices may be connected to the same network, which can provide the highest re-
ceived signal (this network can be LTE-A or D2D connection in this case). The con-
nection ranged from 0 to 600 seconds. The RSS approach always showed higher delay
than the MCMS-D2D mechanism. This happened because all packets were transmit-
ted through one network, which can provide the highest RSS the packet queues. This
network was highly congested (the buffer was full with the packet). Therefore, the
buffering delay and scheduling delay were much higher than the MCMS-D2D mech-
anism. On the other hand, the MCMS-D2D mechanism distributed the load over the
whole network for each data transmission, which evaluated the delay performance
among available network modes as shown in Figure 4.
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Fig. 5. SINR during Outdoor Phase

Based on Figure 5, the performance validation regarding SINR metric is clear, the
time range from 0 to 70 seconds the SINR for both MCMS-D2D mechanism and RSS
approach showed similar levels of performance and both of them were connected
using D2D connection. From 70 to 220 seconds, the RSS value dropped near 0. How-
ever, it was still connecting, while the MCMS-D2D mechanism kept connecting using
D2D link with a better value in SINR compared to the RSS approach. From 220 to
330 seconds, both approaches showed a similar performance. From 330 to 480 sec-
onds, MCMS-D2D mechanism showed more robust against interference affected by
the connection using the D2D communication system. Accordingly, the performance
in this period showed better performance in MCMS-D2D mechanism approach,
which was roughly 45% better compared to RSS approach. It proved that the MCMS-
D2D mechanism selected the mode, which provided the lowest interference level.
From 480 to 580 seconds, the connection used D2D communication system and both
approaches showed a similar performance. From 580 to 600 seconds, the value of
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RSS approach dropped, while MCMS-D2D mechanism kept showing a better value
than RSS. The results in this period showed better performance in MCMSD2D mech-
anism approach, which was roughly 40% better compared to the RSS approach. This
clearly showed that the MCMS-D2D mechanism provided better performance than
the RSS approach.
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Fig. 6. Throughput Validation for Outdoor Phase

Based on Figure 6, the results can be divided into four phases as follows:

e Phase 1: From 0 to 70 seconds, both approaches showed similar performance in
terms of connecting using the same mode, which they obtained it, because
MCMSD2D mechanism and RSS approach had selected the D2D communication
mode, while the mobile station started moving in the area and communicated with
devices in the surrounding area.

e Phase 2: From 70 to 220 seconds, the mobile station was moving in a particular
area, where the number of devices was not stable. The MCMS-D2D mechanism
showed better performance than RSS as it kept connecting using D2D connection,
whereas the RSS approach moved to connect using LTE for this period of time.

e Phase 3: From 220 to 330 seconds, both approaches showed similar performance
in terms of connection. This is because both the MCMSD2D mechanism and RSS
approach had selected the LTE communication mode.

e Phase 4: From 330 to 480 seconds, the MCMS-D2D mechanism selected to com-
municate using D2D link, while RSS kept connecting using LTE. The MCMS-
D2D mechanism showed better performance than RSS by connecting using D2D
connection, whereas the RSS approach connected using LTE for this period of
time.

e Phase 5: From 480 to 580 seconds, the mobile station kept moving in the network,
where the number of devices increased. Both approaches showed similar perfor-
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mance in terms of connecting using the same mode, which is the D2D communica-
tion mode.

e Phase 6: From 580 to 600 seconds, the mobile station kept moving in the network,
where the number of devices was different. The MCMS-D2D mechanism showed
better performance than the RSS approach, because MCMS-D2D mechanism
chose to keep connecting using the D2D connection, whereas the RSS approach
chose to connect to different modes using LTE-A.
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Fig. 7. Delivery Ratio for Outdoor Phase

The delivery ratio by using MCMS-D2D was found to be better than RSS approach
most of the studied period or at least same to the RSS approach; it was between
96.5% and 100% as shown in Figure 7.

3.2 Second Case: Indoor Environment

The implementation of this case showed the performance validation for the mode
selection mechanism in the outdoor environment. This test underwent a lot of tests
and simulations to ensure reliability of the validation and the results’ values. The
mobile station kept moving in the network, where the number of devices was in-
creased. The MCMS-D2D mechanism showed better performance than the RSS ap-
proach by 10%. This is because MCMS-D2D mechanism chose to connect using D2D
connection, whereas the RSS approach kept connecting to LTE for more time.
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Fig. 8. Delay during Indoor Phase

Figure 8 shows the delay validation value for the proposed mechanism compared
with that of the RSS approach. The RSS approach is considered only on the highest
received signal, whereby all devices may be connected to the same network. Figure
5.9 shows that the connection ranged from 0 to 200 seconds, whereby the RSS ap-
proach always showed higher delay than MCMS-D2D mechanism. This happened
because all packets were transmitted through one destination, which provided the
highest RSS for the packet queues. This network was highly congested and, therefore,
the buffering delay and the scheduling delay were much higher than that of the
MCMS-D2D mechanism. On the other hand, the MCMS-D2D mechanism distributed
the load over the whole network for each data transmission. This evaluated the delay
performance among the available networks as shown in Figure 7.
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iJIM - Vol. 13, No. 4, 2019 41



Figure 9 shows the performance validation regarding the SINR metric. From 0 to
25 seconds, the SINR for both RSS and MCMS-D2D mechanism showed similar
performances and both of them chose to connect using D2D link, which gave a high
value of the SINR. From 25 to 40 seconds, MCMS-D2D mechanism proved more
robust against interference affected by keeping the connection using the D2D com-
munication system, while the RSS dropped the value for this period. Accordingly, the
performance during this period showed better performance in the MCMS-D2D mech-
anism, which was roughly 20% compared to the RSS approach. This proved that the
MCMS-D2D mechanism considered selecting the mode, which provided the lowest
interference level. From 40 to 90 seconds, the SINR dropped as the mobile station
connected back to LTE network. However, it remained within the accepted level and
showed similar performance value with the RSS approach for this period. From 90 to
120 seconds, the MCMS-D2D mechanism proved more robust against interference
affected by keeping the connection using the D2D communication system, while the
RSS dropped the value for this period. Therefore, the performance in this period
showed better performance in the MCMS-D2D mechanism, which was roughly 25%
compared to the RSS approach. This proved that the MCMS-D2D mechanism consid-
ered selecting the mode, which provided the lowest interference level. From 120 to
160 seconds, the SINR for both RSS and MCMS-D2D mechanism showed similar
performance and both of them chose to connect using D2D link, which gave a high
value of the SINR. From 160 to 180 seconds, the MCMS-D2D mechanism showed
more robust against interference affected by keeping the connection using the D2D
communication system, while the RSS drooped the value for this period. Accordingly,
this period showed better performance for the MCMS-D2D mechanism, which was
roughly 30% higher than that of the RSS approach. This proved that the MCMS-D2D
mechanism considered selecting the mode, which provided the lowest interference
level. Finally, from 180 to 200 seconds, the SINR dropped since the mobile station
connected back to LTE network. However, it remained within the acceptable level
and showed similar performance value with the RSS approach for this period.
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Fig. 10.Throughput during Indoor Phase

42 https://www.i-jim.org



Figure 10 shows the performance validation with regard to the throughput valida-
tion. From 0 to 25 seconds, the throughput for both RSS and MCMS-D2D mechanism
showed similar performance and both of them chose to connect using the D2D link,
which gave a high value of throughput. From 25 to 40 seconds, the MCMS-D2D
mechanism proved more robust against interference affected by keeping the connec-
tion using the D2D communication system, while the RSS dropped the value for this
period. Therefore, the performance in this period showed better performance in
MCMS-D2D mechanism, which was roughly 20% better compared to the RSS ap-
proach. From 40 to 90 seconds, the throughput dropped as the mobile station connect-
ed back to LTE-A network. However, it remained within the accepted level and
showed similar performance value with the RSS approach for this period. From 90 to
120 seconds, the MCMS-D2D mechanism proved to be more robust against interfer-
ence affected by keeping the connection using the D2D communication system, while
the RSS dropped the value for this period. Accordingly, the performance in this peri-
od showed better performance for the MCMS-D2D mechanism approach roughly
25% better compared to that of the RSS approach. This proved that the MCMS-D2D
mechanism considered selecting the mode, which provided the highest throughput
level. From 120 to 160 seconds, the throughput for both RSS and MCMS-D2D mech-
anism showed similar performance and both of them chose to connect using the D2D
link, which gave a high value for throughput. From 160 to 180 seconds, the MCMS-
D2D mechanism showed to be more robust against interference affected by keeping
the connection using the D2D communication system, while the RSS dropped the
value for this period. Therefore, the performance in this period showed better perfor-
mance in MCMS-D2D mechanism, which was roughly 30% better compared to the
RSS approach. This proved that the MCMS-D2D mechanism considered selecting the
best available mode, which provided the highest throughput level. Finally, from 180
to 200 seconds, the throughput dropped as the mobile station connected back to LTE-
A network. However, it remained within the accepted level and showed similar per-
formance value with the RSS approach for this period.

The delivery ratio by using MCMS-D2D was found to be better or same to the RSS
approach; it was between 99.5% and 100% as shown in Figure 11.
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Fig. 11.Delivery Ratio Indoor Phase
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4 Conclusion

This study aimed to design and evaluate the MCMS-D2D mechanism that serve the
D2D communication system. The first part discusses issues and challenges, which are
related to have efficient mode selection mechanism to have efficient D2D communi-
cation system. An evaluation of the proposed mechanism is carried out in this paper in
two different environments to guarantee that the MCMS-D2D mechanism is provid-
ing smooth and wise switching between different modes and choose always-best con-
nection mode. The obtained results showed that the proposed mechanism outperform
better than other approaches in terms of signal to noise ratio, delay delivery ratio and
throughput. The proposed mechanism will assist users to meet their demands for dif-
ferent types of applications by serving them in any predictable situation and any-
where. Finally, the author has proposed approaches will serve users in the different
environments, which can be find in different places such as shopping centre for indoor
environment and Public Park for outdoor environment.
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