
Performance Evaluation of 5G/WiFi-6 Coexistence 
 

Aymen Zreikat  
Department of Information Systems and Technology/Telecommunications and Networking 

Technology   
College of Engineering and Technology  
American University of the Middle East   

 Block 6, Building 1, Egaila  
Kuwait  

aymen.zreikat@aum.edu.kw   
 
Received: September 25, 2020. Revised: October 27, 2020. Accepted: November 20, 2020.  

Published: December 10, 2020.    
 

Abstract—The fifth-generation mobile 

communication network (5G) is the promising 

technology nowadays to provide not only a higher 

speed compared to 4G but also a revolution of 

services to cover different industrial sectors such 

as health, production, energy, and many. WiFi-6 

is a new wireless local area network (WLAN) 

technology that is suitable to work in an office, 

home, and dense areas. As a new technology, 5G 

has some limitations concerning coverage and 

capacity. To overcome these limitations, one 

possible solution is to use the free unlicensed 

spectrum available in Wi-Fi technology, 

therefore, a complement solution of 5G/WiFi-6 

coexistence is proposed to make both technologies 

complement each other in providing a better 

quality of service for the end-user concerning a 

higher speed, low latency, and higher capacity. 

According to OFDM modulation, the proposed 

model divides the cell into two virtual zones, the 

inner zone represents WiFi-6 technology 

surrounded by 5G technology. All resources will 

be shared between the two technologies taken into 

consideration that more bandwidth should be 

given to the most inner zone with high intensity of 

traffic. The call admission control algorithm will 

be based on a minimum bit rate to be given to each 

zone that should be satisfied to admit the call. The 

model is solved using MOSEL-2 simulation 

language, to study different performance 

parameters such as BER, utilization, blocking 

probability, latency, throughput, and aggregate 

average bit rate in both zones. The simulation 

results show that coexistence causes some 

degradation in 5G performance, however, a 

positive effect on the overall cell performance is 

achieved by balancing the load all over the whole 

cell. 

 

Keywords—5G, Coexistence, MOSEL-2, 

Performance Evaluation, WiFi-6. 
 

I. INTRODUCTION 
 
Due to the increasing demand for higher data rates 
and less buffering times, 5G cellular communication 
technology will continue evolving to provide the end-
user with the promises services that improve 
performance to the best level and deploy handsets for 
users much faster than the previous cellular standards 
as the existing devices will not be completely 
compatible with the new services provided by 5G [1]. 
5G is a wide area network (WAN) technology that is 
available for diverse applications starting from 
cellular data, edge computing, internet of things (IoT) 
as well as different industrial, production and health 
services. According to [2], people feel excited about 
5G technology because they will enjoy a download 
speed of 1 Gbps to 10 Gbps as well as low latency of 
less than one millisecond. However, the speed of 5G 
connection will depend on many factors such as; the 
used network, the number of people who are 
connecting simultaneously as well as the type of 
device being used. The 5G New Radio (NR) 
specifications provided by the 3GPP group include 
millimeter wave (mmWave) to achieve high data 
rates.  According to 3GPP [3], Release 17 is 
introduced to enhance additional features of the 
physical layer of 5G (physical layer enhancements 
(RAN1, RAN2, and RAN3)). In RAN1, the features 
include the efficiency of 5G NR performance: 
MIMO, spectrum-sharing enhancements, UE power-
saving, and coverage enhancements. Therefore, the 
enhancement of the physical layer will increase the 
frequency band for 5G networks to reach up to 71 
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GHz. Another significant feature of RAN1 is the 
support of low mobility large cell (LMLC) scenarios. 
This scenario is important for the global success of 
5G NR in developing countries. According to 3GPP-
Release 17, RAN2 and RAN3 releases will start in 
the second quarter of the year 2020 to provide 
additional features for the new generation. On the 
other hand, Wireless Fidelity version 6 (i.e. WiFi-6) 
is the new version of wireless local area network 
(WLAN) that comes after WiFi-4 and WiFi-5 but 
with higher speed than the previous versions to be 
operated home, in the office workplace, in the 
conference room and other dense areas where the 
traffic is heavily loaded. Therefore, the 5-GHz WiFi-
6 with different versions (802.11a/ac/ax) has been 
implemented in the user equipment (UE) worldwide 
to replace the old 2.4 GHz. The above features of 
WiFi-6 will enable operators to connect multiple 
devices at one time with one router. Many 
applications in the literature support the use of WiFi-
6 due to its features in providing long battery life, 
supporting multiple devices at the same time because 
of OFDMA modulation, improved data rate by using 
MU-MIMO, as well as providing a fast and reliable 
connection to the end-user [4][5][6]. Based on 
international reports [1], 92% of the future 
smartphone data usage will be utilized by the Wi-Fi 
network. Therefore, as the 5G smartphones are 
increasingly released nowadays, efficient 
coexistence between 5G and WiFi-6 technologies in 
a complementary way will enhance the end-user 
experience in different real-life applications. This 
complementary deployment will have a positive 
effect on the network performance by providing 
better services for users while maintaining coverage 
and capacity improvement of the network. 

According to 3GPP [7][8], the International 
Telecommunication Union (ITU) has created the 
most important key indicators for 5G in Release 15 
as shown in Table 1: 

 
Table 1: 5G Service Categories [7] [8] 

 
The 3GPP divides 5G into two releases: Release 

15, the new radio (NR) phase 1, which has common 
features with LTE such as using orthogonal 
frequency division multiplexing (OFDM). Besides, 

to differentiate between nodes B (NB) for both cases, 
LTE uses (eNB) and 5G uses (gNB).  
 

 

II. RELATED WORK 
To solve the issue of the shortages of resources in 
wireless networks, coexistence between different 
technologies has been proposed and studied 
intensively in the literature. The main objective is to 
find possible solutions to increase the coverage of the 
network by providing an interoperability model 
between different technologies; hence, the overall 
network performance will be improved while the 
end-user enjoys the requested quality of service. One 
possible solution is to utilize the unlicensed 
spectrum, which is available for free in other 
technologies such as Wi-Fi.  For example, the study 
of coexistence between LTE-U and Wi-Fi is 
investigated in [9] for 5.8 GHz unlicensed spectrum 
in the real environment. By simulation results, it is 
shown that significant improvement in system 
throughput is achieved for both coexisted systems 
under enhanced ON/OFF cell scheme. The 
coexistence between different homogeneous Wi-Fi 
devices is discussed in [10]. Different use cases are 
investigated taken into consideration the coexistence 
with inter-networking interference. It is shown in this 
paper that the 802.11ax version of Wi-Fi will provide 
future special reuse along with the ability of Wi-Fi 
networks to provide an interoperability framework 
for future research direction. In [11], the authors 
present the coexistence between licensed assistant 
access of LTE LAA-LTE and Wi-Fi in an unlicensed 
spectrum, to show that fairness coexistence can be 
achieved for different single and multi-carrier cases. 
The results of this research are used to guide 
researchers towards the future possibility of 
coexistence between Wi-Fi and 5G. The research 
work in [12] shows the possibility of collaboration 
between Light Fidelity (Li-Fi) and Wireless Fidelity 
(Wi-Fi) technologies to create coexistence between 
them. It is shown that the throughput values have 
increased dramatically where high coverage and high 
data rate have been achieved while coexisting and 
therefore, this achievement will be proving the ability 
to achieve high data rate needed in the fifth 
generation of mobile networks (5G) while different 
technologies are coexisting. In [13], the authors 
introduce a co-design of different cellular Wi-Fi 
cooperated within heterogeneous 5G networks. 
Under this architecture, different 5G applications and 
scenarios are investigated and facilitated to overcome 
many future challenges facing 5G networks. The 
authors in [14] presented a four-port multiple-input 
multiple-output (MIMO) Antenna operating on 2.5/5 
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GHz Wi-Fi and 6 GHz 5G. The authors discovered 
that the complete Antenna match has occurred 
between both bands with efficiency reached to 39.6% 
in Wi-Fi and 60.7% in the 5G. Again, this is another 
evidence about the compatibility between the two 
technologies. As LTE licensed assisted access LTE-
LAA is considered the promising solution for the 
coexistence with Wi-Fi in the 5G NR unlicensed 
according to 3GPP, in [15], the author study the 
possibility to maximize the total network sum rate by 
changing different network parameters while 
maintaining coexistence between LTE-LAA and Wi-
Fi in 5G NR unlicensed spectrum. The analysis and 
verification of the results via simulation help the 
author to come up with guidance for network 
optimization and protocol design for such cases of 
coexistence. To cope with 5G requirements for 
higher bandwidth, In [16], the authors suggested that 
the Wi-Fi spectrum should be utilized for the new 
generation of mobile networks through coexistence 
between different technologies such as LTE and Wi-
Fi or 5G and Wi-Fi where the existing Wi-Fi 
spectrum can be used with no need to expand the 
existing technologies or changing the network 
infrastructure. The idea of this paper is similar to the 
idea of the proposed model in our research work. 
However, our research work is based on the idea of 
dividing the cell into two virtual zones and their work 
is based on neural networks based approach. This is 
why it is not possible to compare our results with 
their results. Besides, no similar work is found in the 
literature for comparison. In [17], the authors 
suggested a new mechanism based on neural 
networks for the coexistence of an LTE-U base 
station in the unlicensed spectrum accompany by 
WiFi-6 access points. The obtained numerical results 
in this paper show that the suggested algorithm can 
provide the way for LTE-U base station to work 
efficiently in the unlicensed spectrum while 
protecting Wi-Fi users with 90% fairness. 5G NR 
guarantees a higher data rate for users by working on 
an unlicensed millimeter wave (mmWave). In this 
regard, in [18], different channel access schemes are 
compared such as listen before talk (LBT) and listen 
before receive (LBR) with fair coexistence with 60 
GHz Wi-Fi called WiGig. The provided simulation 
results and analysis in this paper show that directional 
LBT combined with directional LBR and Omni-
directional LBT schemes outperform other schemes 
concerning the following performance parameters: 
sum rate, mean rate, and minimum rate.  
 
 
 

 

 
III. MODELING 

This section is divided into two subsections: 
modeling assumptions and performance parameters. 
 
 
A. Modeling Assumptions  
The numerical solution of the model is produced 
using MOSEL-2 simulation language [19] [20]. 
MOSEL stands for modeling specification and 
evaluation language developed by the group of 
MOSEL [20] in the operating system department, 
university of Erlangen, Germany. MOSEL-2 is an 
extension of the old version MOSEL to include new 
features for modeling and evaluation processes. 
 

Fig.1:Modeling and Evaluation process in MOSEL-2 
 

Fig. 1 explains the modeling and evaluation 
process of MOSEL-2 as follows: 

In step 1, the proposed model is described easily 
using MOSEL-2 as it is a C-like simulation language.  
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In steps 2 and 3, the MOSEL-2 program will be 
translated into a specific tool (i.e. SPNP or Time 
NET) incorporated into the package of MOSEL-2.  

In steps 4 and 5, and via some options in the 
command line, the model can be solved either by 
numerical analysis or discrete-event simulation.  

Once steps 4 and 5 are done successfully, then the 
generated results are stored in two file types 
according to step 6; numerical results in a result file 
(“.res”) and other file contains all generated figures 
in (“.igl”) file. IGL means intermediate graphical 
language package, which is automatically installed 
with MOSEL-2 to generate the figures and nicely edit 
them to meet the needs of the users. As MOSEL-2 is 
working only with Linux operating system, all 
generated figures can be converted into versions that 
are compatible with windows (“.eps” and “.pdf”) 
files.  

 The proposed coexistence model is shown in Fig. 
2. As 5G NR still supporting the OFDM modulation 
technique [7], the cell is divided into two virtual 
zones: the inner zone (Zone 1, WiFi-6 zone) 
represents an area with high traffic density such as 
home, business, and areas close to the base station 
with 64-QAM, whereas Zone 2 (5G zone) represents 
the outer zone with 16-QAM and lower traffic 
density such as Pico and Macro areas. The following 
modeling assumptions are considered in the analysis:  

a. One cell is assumed in the simulation with two 
virtual zones. The inner WiFi-6 zone is surrounded 
by the outer 5G zone.  
 

 
Fig. 2: 5G/WiFi-6 Coexistence Model 

b. The maximum bandwidth capacity for the 
whole cell is assumed. The cell bandwidth is divided 
between the inner and the outer zone. As the inner 
zone is closer to the base station (BS) and has more 
traffic intensity, it is given double the bandwidth 
given to the outer zone. 

c. The minimum bandwidth threshold for call 
admission is assumed for both the inner and outer 
zone. 

d. In the simulation scenario, the call admission 
control algorithm (CACA) admits the user either to 
WiFi-6 zone or 5G zone depending on the minimum 
threshold criterion given to each zone, however, in a 
real-life scenario, the admission control depends on 
the location of the user in the cell and the power of 
the signal. Fig. 3 shows the CACA used in the 
simulation. 

e. The arrival of the call to the cell is assumed to 
be Markovian Modulated Poisson Process (MMPP) 
[21] with inter-arrival time, λ which is calculated 
concerning the areas of the zones (αi * λ, i = 1, 2 for  
two zones), the density of the users, and the 
modulation schemes used in each zone.  

  
Fig. 3: CACA flowchart for the simulation 

 
f. To meet the challenges of 5G technology, five  

different groups of service categories are suggested 
in [22]. Detailed explanations of the categories and 
related services are given in Table 2. The first 
category is the immersive 5G services, these services 
are the most frequent services used by people which  
includes virtual and augmented reality and 3D 
applications as well as real-time video streaming 
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through the web. The second category of service is 
intelligent 5G services. These services include slice-
based services such as 4k video streaming, 
broadcasting, and internet-of-things (IoT). The third 
category is omni-5G services. These types of services 
will include all smart applications such as smart 
cities, health smart buildings. The fourth category is 
the autonomous 5G services. These types of services 
will increase people's accessibility via connected 
appliances such as self-driving smart cars so that the 
cars will be able to communicate and share traffic 
conditions and distribution, on the other hand, other 
applications related to robots are included in this 
category. The last service category is called public 
5G services. These services are related to people's 
public safety, private security, and emergency 
services. Based on the above 5G service categories 
and according to [23], three types of services are 
assumed in the numerical results:  

 1. Web content browsing and downloading over 
5G (WBDo5G). This type of service includes all 
types of high-quality browsing and downloading 
documents from the web.    

 2. Video streaming over the Web over 5G 
(STRWo5G). This includes 4k high-quality video 
streaming and video on demand (VoD). 

 3. Voice emergency services over 5G (VEo5G). 
This type of service includes emergency calls that 
should take higher priority overall services. 

 

Table 2: 5G Service Categories [22] 

 
B. Performance Parameters  
The following performance parameters are used in 
the simulation to study the effect of 5G/WiFi-6 
coexistence on cell performance. The performance 
parameters are produced by MOSEL-2 simulation 
which is based on a continuous-time Markov chain 
(CTMC) solution. 

1. Bit error rate (BER): is the ratio of the number 
of bits received by a receiver in error, e to the total 
number of bits received, N,  𝐵𝐸𝑅 =  

𝑒

𝑁
. 

2. Blocking probability: is the percentage of calls 
that are blocked since their bit rate is below the 
required minimum threshold according to the CACA. 

3. Latency (milliseconds, ms): is the time required 
for a set of data to travel between two points. 
Therefore, this value depends on different 
parameters: the maximum available bandwidth in the 
network, the speed and the size of data to be 
transmitted. In the simulation, it is calculated as the 
available average bit rate concerning the maximum 
cell bit rate. 5G applications are targeting latency of 
less than 1 ms. 

4. Utilization: is the performance parameter that 
shows the best allocation and utilization of the 
bandwidth in the cell. It is calculated as the 
percentage of the total mean bit rate concerning the 
maximum cell capacity. 
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5. Throughput: in a communication network is the 
total bit rate of successful message delivery over a 
communication channel. In the simulation, it is the 
mean total bit rates that are transmitted successfully. 

6. Aggregate average bitrate: refers to the total 
number of data bits that are transmitted successfully 
through the communication media. The aggregate 
average bit rate is calculated in the simulation for 
each zone and each service. 
 
 

IV. NUMERICAL RESULTS AND 
DISCUSSION 

The numerical results are produced and prepared 
using MOSEL-2 simulation language and its 
associated package IGL [20] to assess the evaluation 
of the suggested model. All figures are generated 
against the offered bit rate (from 7-76 Mbit/s). The 
graphs are divided into two groups. The first group of 
results (Fig.4-Fig.10) is to show the performance of 
both technologies with coexistence as well as the 
effect of this on overall cell performance. The second 
group of results (Fig. 11 -Fig.14) is comparative 
results to show 5G performance with and without 
coexistence. All performance parameters are shown 
against the offered traffic bit rate in the cell. Fig. 4 
represents the blocking probability for both 
technologies. In this figure, 5G has shown better 
performance than WiFi-6 at different traffic loads. 
This happens because the inner zone is given double 
the bandwidth of the outer zone, therefore, most of 
the traffic is served successfully by the inner zone, 
and hence not many calls are transferred to the 5G 
zone. This situation occurs in real-life status when 
there are applications in homes, offices, or even 
inside a department. On the other hand, overall cell 
performance is improved dramatically since most of 
the requests are served successfully either by zone 1 
or by zone 2. Most achieved results of blocking 
probability values are less than 9e-4. The bit error 
rate (BER) measures the number of bits received by 
a receiver with an error. In this regard, the BER for 
both technologies is shown in Fig. 5 along with the 
BER in the whole cell. Looking at Fig. 5, one can 
notice that very low values for BER are shown for 
both technologies and all BER values are almost 
similar and therefore, the BER values for the whole 
cell are almost similar at different traffic values (i.e. 
less than 1e-6). According to 3GPP standardization, 
the latency values for 5G applications should not 
exceed 1 ms. 
 

 
Fig. 4: Blocking probability for different 

technologies 

Considering 3GPP standardization, in Fig. 6, the 
latency performance of the cell is shown. Both 
technologies have similar values for the latency at 
different traffic values which starts from 0.07 ms at 7 
Mbit/s offered bit rate and ends with around 0.10 ms 
at 76 Mbit/s offered bit rate. 
 

 
Fig. 5: The bit error rate for different technologies 

These optimal values for latency have a positive 
reflection on the latency values for the whole cell as 
the latency results improved even at higher traffic 
loads, which are still below the minimum values 
given by 5G standards. Besides, interesting behavior 
is shown in this figure. When the offered bit rate 
increased, the latency values for both technologies 
and the cell become very close at around 0.10 ms. 
Utilization is a performance parameter that describes 
the best allocation and utilization of the bandwidth in 
the cell. It seems from Fig. 7 that the 5G zone has 
better utilization than the WiFi-6 zone. The reason 
for this is that many requests are supposed to be 
served by zone 1 (i.e. WiFi-6 zone) as zone 1 has 
higher traffic density than zone 2, however, some of 
these calls are already blocked and other calls will be 
forwarded to be served by the outer zone (i.e. 5G 
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zone). As a result of this competition between both 
technologies, cell utilization is optimized for better 
performance. The utilization of the whole cell in Fig. 
7 reaches 98% at the maximum traffic load.  
 

 
Fig. 6: Latency for different technologies 

 
Fig. 7: Utilization of different technologies 

 
In Fig. 8, the throughput is shown. Throughput is 

the measure of the total bit rate of successful message 
delivery over a communication channel. As shown in 
the figure, with coexistence, WiFi-6 has less total bit 
rate for message delivery than 5G, however, the cell 
overall total bit rate has been improved dramatically. 
Fig. 9 and Fig. 10 demonstrate the aggregate average 
bit rate per service for both zone 1 and zone 2. Three 
types of services are assumed in the analysis: 
WBDo5G, STRWo5G, and VEo5G. 

 

 
Fig. 8: Throughput for both technologies 

According to Fig. 9, for low traffic loads, the 
aggregate average bit rate is higher for STRWo5G 
and emergency calls, VEo5G. When the traffic load 
goes up, web content downloads and browsing users 
are consuming most of the bit rate as most real-life 
daily applications are based on this type of service. 
 

 
Fig. 9: Aggregate Average bit rate per service in 

Zone 1 
 

Different behavior is shown in Fig. 10. Most of 
the requests that are not served by the inner zone are 
forwarded to be served by the outer zone. Therefore, 
the requests are divided between both technologies, 
and hence, the load is balanced all over the whole 
cell. Consequently, all types of services have equal 
bit rate values at low traffic loads, when the load 
increased, zone 2 will give priority for emergency 
requests over other requests as those types of services 
are given higher priority in the model simulation. The 
second group of results is divided into four figures. 
From Fig. 11 to Fig. 14. This group demonstrates 
comparative results to compare 5G performance with 
and without coexistence. Fig. 11 shows the blocking 
probability results. Looking at Fig.11, one can notice 
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that 5G performance degrades with coexistence at 
different traffic loads. 
 

 
Fig. 10: Aggregate Average bit rate per service in 

Zone 2 

 
Fig. 11: 5G blocking comparison with and without 

coexistence 
 

Nice behavior is shown in Fig. 12 for BER. It can 
be seen from this figure that although 5G 
performance is degraded with coexistence at lower 
traffic loads, at some level of the traffic (i.e. between 
34 Mbit/s and 62 Mbit/s), it appears that BER results 
of 5G become equal regardless of the coexistence, 
but still within an optimal value of BER (i.e. close to 
1e-6). This situation can be explained as follows: as 
both technologies are sharing resources, at some 
point in time they will have equal opportunities to 
successfully serve the same number of requests 
whether they coexist or not. Another comparative 
performance parameter is shown in Fig. 13 for 
latency and Fig. 14 for throughput. 5G performance 
for latency values is improved with coexistence 
compared to degradation in performance for 
throughput. While coexisting with WiFi-6, the 
performance of the whole cell is improved. 
Therefore, the 5G coexistence scenario with WiFi-6 

has a positive effect on cell performance by dividing 
the load between both technologies, and hence the 
load is balanced overall the whole cell. 

 

 
Fig. 12: 5G bit error rate comparison with and 

without coexistence 

 
Fig. 13: 5G Latency comparison with and without 

coexistence 
 
 

V. CONCLUSIONS AND FUTURE WORK 
In this paper, a new model of coexistence between 
5G and WiFi-6 technologies is proposed. The cell is 
divided into two virtual zones according to OFDM 
modulation. The inner zone represents WiFi-6 
technology, whereas the outer one is a 5G 
technology. The provided numerical results show 
that the proposed model has a negative effect on 5G 
performance. However, the coexistence principle 
between the two technologies provides a 
complementary solution that has a positive effect on 
whole-cell performance since all requests are served 
by both technologies by balancing the load over the 
whole cell. In future work, the same model can be 
extended to a more realistic multi-cell scenario where 
handover between different cells should be 
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considered and therefore, comparison with other 
research work in the literature will be more practical. 
 

 
Fig. 14: 5G Throughput comparison with and 

without coexistence 
 
 

VI. ACKNOWLEDGMENT 
Some of the simulations results have been partially 
performed using the Phoenix High-Performance 
Computing facility at the American University of the 
Middle East, Kuwait. 
 
 

References: 

[1] 5-GHz Wi-Fi Coexistence with 5G Cellular 
Improves the User Experience: 
https://www.mwrf.com/technologies/systems/art
icle/21125061/5ghz-wifi-coexistence-with-5g-
cellular-improves-the-user-experience 
(Accessed, April 2020) 

[2] Digital trends: 
https://www.digitaltrends.com/mobile/5g-vs-wi-
fi/ (Accessed: 06/09/2020). 

[3] 3GPP Release 17: https://www.3gpp.org/release-
17. (Accessed: 06/09/2020). 

[4] Tarish Ahmed B., M. Soumya Krishnan; Athul 
K. Anil,  A Predictive Analysis on the Influence  
of WiFi 6 in Fog Computing with OFDMA and 
MU-MIMO, in 2020 Fourth International 
Conference on Computing Methodologies and 
Communication (ICCMC), 11-13 March 2020, 
Erode, India, India, pp. 716-719. 

[5] Gerasimos Vlachogiannakis, et al., A Self-
Calibrated Fractional-N PLL for WiFi 6 / 
802.11ax in 28nm FDSOI CMOS, in ESSCIRC 
2019 - IEEE 45th European Solid-State Circuits 

Conference (ESSCIRC), 23-26 Sept. 2019, 
Cracow, Poland, pp. 105-108. 

[6] Assaf Ben Bassat, et al., 10.5 A Fully Integrated 
27dBm Dual-Band All-Digital Polar Transmitter 

Supporting 160MHz for WiFi 6 Applications, in 
2020 IEEE International Solid-State Circuits  
Conference - (ISSCC), 16-20 Feb. 2020, 
Francisco, CA, USA, pp. 180-182. 

[7] 3GPP Release 15 Overview: 
https://spectrum.ieee.org/telecom/wireless/3gpp
-release-15-overview   (Accessed, April 2020).  

[8] The Mobile Broadband Standard: 
https://www.3gpp.org/news-events/1789-
laa_update.(Accessed, April 2020) 

[9] Xu  S.; Li Y.; Gao Y.; Liu  Y. ; Gacanin  H., 
Opportunistic Coexistence of LTE and WiFi for 
Future 5G System: Experimental Performance 
Evaluation and Analysis, IEEE Access, 2018, 
Vol. 6, pp. 8725-8741.  

[10] Kosek-Szott, K.,  et al., Coexistence Issues in 
Future WiFi Networks, IEEE Network, Vol. 31, 
No. 4, 2017, pp. 86 – 95.  

[11] Mukherjee, A., et al., Licensed-Assisted Access 
LTE: Coexistence with IEEE 802.11 and the 
Evolution toward 5G, IEEE Communications 

Magazine, Vol. 54, No. 6, 2016, pp. 50 – 57. 
[12] Ayyash, M., et al., Coexistence of WiFi and LiFi 

toward 5G: concepts, opportunities, and 
challenges, IEEE Communications Magazine, 
Vol. 54, No. 2, 2016, pp. 64-71. 

[13] Yiming H.; Xiaodai D.; Wei X.; Marvin Y., 
Cellular and WiFi Co-design for 5G User 
Equipment, 2018 IEEE 5G World Forum 
(5GWF), Silicon Valley, CA, USA, 9-11 July 
2018, pp. 256-261.  

[14] Haskou, A.; Pesin, A.; Le Naour, J.-Y.; Louzir, 
A., Four-port, broadband, compact antenna for 
5G indoor access and content distribution over 
WiFi, International Conference on High-
Performance Computing and Simulation, HPCS  
2018, 29 October 2018, pp. 51-56.  

[15] Saliba, D., Imad, R., Houcke, S., Hassan, B. E, 
WiFi dimensioning to offload LTE in 5G 
networks, In 9th IEEE Annual Computing and 
Communication Workshop and Conference, 
CCWC 2019; University of Nevada Las Vegas; 
US; 7-9 January 2019, pp. 521-526. 

[16] Gao, Y., LTE-LAA and WiFi in 5G NR 
unlicensed: Fairness, optimization and win-win 
solution, 2019 IEEE Smart World, Ubiquitous 
Intelligence and Computing, Advanced and 
Trusted Computing, Scalable Computing and 
Communications, Internet of People and Smart 
City Innovation, Smart 
World/UIC/ATC/SCALCOM/IOP/SCI, 2019, 
Leicester, United Kingdom; 19-23, August 
2019, pp. 1638-1643. 

[17] Alsenwi, M., et al., towards coexistence of 
cellular and WiFi networks in unlicensed 

INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING 
DOI: 10.46300/9106.2020.14.116 Volume 14, 2020

ISSN: 1998-4464 911

https://www.mwrf.com/technologies/systems/article/21125061/5ghz-wifi-coexistence-with-5g-cellular-improves-the-user-experience
https://www.mwrf.com/technologies/systems/article/21125061/5ghz-wifi-coexistence-with-5g-cellular-improves-the-user-experience
https://www.mwrf.com/technologies/systems/article/21125061/5ghz-wifi-coexistence-with-5g-cellular-improves-the-user-experience
https://www.3gpp.org/release-17
https://www.3gpp.org/release-17
https://spectrum.ieee.org/telecom/wireless/3gpp-release-15-overview
https://spectrum.ieee.org/telecom/wireless/3gpp-release-15-overview
https://www.3gpp.org/news-events/1789-laa_update
https://www.3gpp.org/news-events/1789-laa_update


spectrum: A neural networks based approach, 
IEEE Access, 05 August 2019, pp. 110023-
110034.  

[18] Ramisetti, B., Kumar, A., Methods for cellular 
network's operation in unlicensed mmWave 
bands. In proceedings of 6th National 
Conference on Communications, NCC 2020, 
Kharagpur; India; 21-23 February 2020, pp. 1-6.   

[19] AL-Begain K., Bolch, G., & Herold, H. (2001). 
Practical performance modeling. Application of 

MOSEL language. Dordrecht: Kluwer. p. 410. 
[20] MOSEL-2 Language: http: 

//www4.informatik.uni-
erlangen.de/Projects/MOSEL/.(Accessed 1 Apr. 
2020). 

[21] El Abdelali, B., El-Said, K., & Abdelkrim, H., 
Modeling and analysis of connection admission 
control in OFDMA based WiMAX system with 
MMPP Queuing, World of computer science 

and Information Technology Journal (WCSIT), 
Vol. 1, No. 4, 2011, pp. 148–156. 

[22]  Zikria, Y.B.; Kim, S.W.; Afzal, M.K.; Wang, 
H.; Rehmani, M.H., 5G Mobile Services and 
Scenarios: Challenges and Solutions, 
Sustainability 2018, 10, 3626.  

[23] Zreikat A. I. Mercan S., Performance Study of 

5G Downlink Cell, Part of the Lecture Notes in 
Computer Science book series (LNCS), Vol. 
11660, pp.  377-389. 
 
 

Sources of funding for research 

presented in a scientific article or 

scientific article itself 

The research work is fully supported by American 
University of the Middle East, Kuwait. 

INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING 
DOI: 10.46300/9106.2020.14.116 Volume 14, 2020

ISSN: 1998-4464 912



Creative Commons Attribution License 4.0  
(Attribution 4.0 International, CC BY 4.0)  

This article is published under the terms of the Creative  
Commons Attribution License 4.0  
https://creativecommons.org/licenses/by/4.0/deed.en_US 

INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING 
DOI: 10.46300/9106.2020.14.116 Volume 14, 2020

ISSN: 1998-4464 913

https://creativecommons.org/licenses/by/4.0/deed.en_US



