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With increasing advancements in the field of telecommunication, the attainment of a higher data transfer rate is essentially a
greater need to meet high-performance communication. The exploitation of the fuzzy system in the wireless telecommunication
systems, especially in Fifth Generation Mobile Networks (or) 5G networks is a vital paradigm in telecommunication markets. A
comprehensive survey is dealt in the paper, where it initially reviews the basic understanding of fuzzy systems over 5G tele-
communication. The literature studies are collected from various repositories that include reference materials, Internet, and other
books. The collection of articles is based on empirical or evidence-based from various peer-reviewed journals, conference
proceedings, dissertations, and theses. Most of the existing soft computing models are streamlined to certain applications of 5G
networking. Firstly, it is hence essential to provide the readers to find research gaps and new innovative models on wide varied
applications of 5G. Secondly, it deals with the scenarios in which the fuzzy systems are developed under the 5G platform. Thirdly,
it discusses the applicability of fuzzy logic systems on various 5G telecommunication applications. Finally, the paper derives the
conclusions associated with various studies on the fuzzy systems that have been utilized for the improvement of 5G
telecommunication systems.
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1. Introduction

5G telecommunication offers a role on high level flexibility
and a high level scalable architecture that allows to connect
all and everywhere. It offers additional support for network
with a core network. It allows the development of new value
by supporting new services based on 3 key usage domains:
massive machine type communication (mMTC), enhanced
mobile broadband (eMBB), and reduction of noise signals
[1-5]. Hard QoS assurances such as bandwidth limits, packet
loss and durability, and a nanosecond-level synchronization
[1] will be accomplished. The support is focused mainly on
integration in the standards set defined by the TSN task
group IEEE 802.1 [6] for the IEEE Time Sensitive Network
(TSN). TSC is a networking facility that offers high efficiency
and availability for decision-making and/or isochronous
communication. Initial deployments of narrowband radio
(NR) have been undertaken at the late 2019, with the focus on
the use of the 3GPP version of Release 15 (Rel-15). For mMTC,
NR is accomplished by Narrow Band Internet of Things (NB-
IoT) machine-type communications technologies in 3GPP that
provide incomparable low-power broad-ranging performances
that cover the wide spectrum of data rates and implementation
scenarios [7-11].

(i) Proximity Services: proximity support services
(ProSe) are useful for both public security and
business services. The key goal of the work of the Rel-
17 in this field [14] is to establish a standard public
security and ProSe commercial architecture. For
public protection, it is crucial to help ProSe explo-
ration and coordination where the EU is not cov-
ered, e.g., in rural regions lacking network access in
cases of disaster relief.

(ii) Multimedia Broadcast Services (MBMS): MBMS
Support for NR will be implemented primarily in
cases including the use of public security [15]. These
cases involve transmission/multidiffusion over a
region that may be broader than a single cell. An
enabling feature will be a content delivery mecha-
nism and content distribution infrastructure for
multibase stations in an MC-PTM area. In the ra-
dios, it ensures wide deployment of user equipment
(UE); hence, autonomous broadcasting is required
to take place in each cell, rather than having specific
support for the service of a broad-based single fre-
quency network (SFN).

2. Fuzzy Logic: Outline

The Fuzzy Logic (FL) method is an input data vector nonlinear
mapping into a scaled output that allows numerical and lin-
guistic information to be processed and handled simulta-
neously. The FL will address true, false, or intermediate truth
value statements. These assertions cannot be quantified with
conventional mathematics. The configuration of the Fuzzy
Logic Controller (FLC) consists of four elements, namely,
tuzzification, knowledge base, inference mechanism, and
defuzzification interface:

Scientific Programming

(i) For mixing crisp values with language variable rules
that have their corresponding fuzzy sets, the fuz-
zifier is essential.

(ii) The rules can be made available by an expert or
derived from numerical evidence. As a set of IF-
THEN sentences, the rules are represented in en-
gineering cases.

(iii) The fuzzy product is inferred by the inference en-
gine based on fused input and fused rules.

(iv) Crisp numbers are given on the defuzzifier map
outputs.

3. 5G Fuzzy Telecommunication Systems

In this section, we discuss the entire fuzzy application on 5G
telecommunication systems over various operations that
include handover management, traffic management, re-
source allocation, optimization models, and its relation with
other technologies.

3.1. Handover Operation. A 5G heterogeneous network
neuro-fuzzy controller was used to enhance the transfer
operation. The controller architecture and variable input and
output were developed. The controller has considered a rule
base and mathematical templates. By conducting the
computer simulation [14], the performance of the neuro-
fuzzy transmission controller was tested.

For mobility control on small-cell networks, a complex
fuzzy Q-learning algorithm is used. Initially, there were no
fluorescent laws. In order to strike the equilibrium between
signaling costs caused by transmission and user experience
influenced by call decreases, the algorithm creates new fuzzy
rules and obtains the necessary parameters through machine
education. The performance is measured in an LTE simu-
lator, and the effect of the EU speed is taken into account.
The simulation findings demonstrate the utility of the al-
gorithm to minimize the number of transmissions while
keeping a minimal call drop ratio [15].

In [12], the optimum weight selection algorithm for
network features, facilities, and consumer preferences is
derived. These weights are used for an optimal applicant list
in an intuitive trapezoidal fuzzy handover system.

A SDN-based transfer architecture is built in [13] that
allows users and applications, including physics, to perceive
global network statements and specifications from all
viewpoints. In order to provide differentiated services, a
context-aware multicriteria transfer process is built into the
SDN controller. In view of the many complicated variables, a
decision to transfer is taken based on a hierarchical fluc-
tuated method of reference to process diverse natural-lan-
guage qualities and fluent knowledge.

In [13], we created a software-defined networking (SDN)
architecture, which allows users and applications to view
global network statements and needs from all angles, in-
cluding the physical layer. Then, the SDN controller is
designed to provide differentiated services through a con-
text-conscious multicriteria delivery system. A hierarchical
fuzzy-inference scheme is used to manipulate diverse
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attributes and fuzzy natural-language knowledge, taking into
account the many complicated variables.

In [16], an empirical model is established for deter-
mining the time spent in the vehicle in a beam coverage. If all
small mmWave cells are available with multiple connections
during a transfer case, then we deduct the longest stay time
from all possible connections that represent the theoretical
limit of the stay time efficiency. We then developed a beam-
centered decision algorithm based on fuzzy logic to maxi-
mize the time spent in the car. Simulation tests are carried
out in order to verify our analytical model and to demon-
strate our FL-based solution performance relative to the
most widely used relation method.

A protocol is built in [17] to mitigate the vulnerabilities
which make it susceptible to jamming, DoS attacks, missing
key confirmatory attacks, traceability attacks, and replay
attacks. Any such attacks were prevented by the developing
specification; the use of that protocol is clear since it
maintains the traditional 5G architecture. In terms of per-
formance, this protocol has comparatively small size com-
plexity and delays in handling.

3.2. Optimization Models. In [18], the approach for the
software-based network controller is defined to resolve
multitarget resource optimization problems for 5G-powered
VANETs: by a hybrid fuzzy logic-directed genetic algorithm.
The suggested solution formulates five separate network
capital optimization scenarios in 5G VANETSs, in order to
realize a service-oriented view. In addition, according to the
type of service needs of users, a suggested fuzzy inference
scheme optimizes the weights of the multitargets. The so-
lution suggested shows the minimum value in comparison
with the GA for the multiobjective cost function. Compared
with other systems, the simulation findings indicate the
minimum importance of end-to-end delays. The solution
would allow network service providers to incorporate a
customized network architecture in accordance with the
diverse customer needs. The methods required to optimize
the models are shown in Figure 1.

In [19], a method for optimizing transfer control pa-
rameters (HPs) using weighed fuzzy self-optimization
(WESO) was developed. The determination of the HO in this
context depends on the three attributes: the signal-to-in-
terference-plus-noise ratio, the service load, and the base
station target traffic, as well as the speed of user equipment.
The self-optimized HCPs (the HO margin and time to
trigger) have been updated to increase the HO value based
on the current state of the attributes. The simulation results
show that, when compared to other literature algorithms, the
WESO solution significantly reduces the rates of HOPP,
radio connection loss, and HOF.

The study of 5G infrastructure for a Microgrid
Shipboard wireless network control system is studied in
[20]. In this analysis, oscillation damping is created using
2™ order fractional fuzzy with an adaptive neuro-fuzzy
inference system (ANFIS) method. The interface pa-
rameters are set at an optimal rate using the Sine Cos
algorithm (SCA).

In [21], a furious logic-based game-theoretical para-
digm is being used to resolve these problems and to
analyze changes in ‘HetNets’ energy production. For
transfer decisions, we design floated inference rules and
the selection of target base stations by means of an effi-
cient ranking methodology that takes into account both
energy/spectral performance and overhead signaling at
the same time.

An energy-efficiency enhancement logic-based game-
theoretical paradigm in HetNets is analyzed [22]. In addition
to consideration of energy/spectral quality and handover
performance, the analysis established flawless judgment
rules for transitions and target base station placement. In
particular, for the limited number of active users and fast
usage speeds, our findings show that energy usage has
significantly increased as well as the management of
handovers and cell loads.

3.3. Fuzzy Resource Allocation. A user-driven context-
aware architecture is developed in [23] for the selection of
networks in multiradio access (MRA) technologies. It
depends on fuzzy reasoning to deal with the loss of
knowledge normally linked to the end point and the
radio environment inherent randomness. In particular,
the first step of a fuzzy logic controller is to estimate that
each RAT is out of context suitable to meet the QoS needs
of a number of heterogeneous applications. In order to
merge these calculations with different context compo-
nents (e.g., terminal capacities, user needs, and operator
policies), the fuzzy multiattribute decision-taking
(MADM) technique is introduced in order to infer the
in-context adequacy of each RAT. Based on this new
metric, the best RAT in a given setting can be selected
using two spectrum selection and spectrum mobility
functions. The fuzzy MADM method is validated to carry
out a context-aware download for a mixture of time-
sensitive and efficient applications in a dense small-cell
setting.

The mmWave network in [24] has a jumbled logically
dependent relay selection system. The Flu-cyclical logic
system is used for relay selection systems that select the best
relay mechanism among the access point neighbors based on
the three parameters that include data rate, node speed, and
battery level when the mmWave link is blocked between the
AP and the mobile node.

A mechanism for spectrum sharing is focused on furious
software to enable MNOs to choose the most appropriate
means of resource sharing to maximize the distribution of
resources [25]. A new collaboration mechanism allows
MNOs and other spectrum licensees to share information on
spectrum infrastructure and to share several options for the
potential solution.

3.4. Traffic Management. In [26], the user equipment
services in the 5G wireless network are allocated by the
fuzzy control algorithm. Multimedia data are nowadays
the preferred traffic on the Internet and have helped to
increase the amount of data. In this investigation,
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FIGURE 1: Optimistic approaches in various domains of 5G.

however, forms of inquiries are examined in real time
(RT) and nonreal time (NRT). A cellular base station
gNodeB (gNB) of 5G networks is used for the Radio
Resource Control (RRC) connectivity and collaboration
protocol. RRC operations are managed by the fuzzy al-
gorithm management. For various configurations of in-
puts and outputs, fuzzy rules are planned, implemented,
and evaluated. The first queue planning of RT and NRT
requests is used for processing. It is compared with the
programming for First Come First Service (FCFS). The
average reaction time is 40 percent less than FCFS for RT
First queue scheduling.

A network selection system is to adjust the relevance of
each provider to the patient’s health status [27]. The scheme
consists of two FMADM algorithms: the Trapezoidal Fuzzy
Adaptive Analytical Network Process (TF-AANP) estimates
the speed of vehicle movement and rates it based on
Trapezoidal Fuzzy TOPSIS with Adaptive Criteria Weights
(TFT-ACWs) for achieving the rating of the applicant
network. The scheme is based on two different FMADM
algorithms. Both algorithms use trapezoidal fuzzy numbers
with an interval value (IVTENs).

The Enriched Neuro-Fuzzy (ENF) classifier is sug-
gested to be used in traffic analysis in [28]. The primary
load balancing machine and the secondary load balancing
machine are used. This aircraft balances the load between
the controllers. Switch conversion is presented for con-
troller load balancing. The entropy feature predicts the
overloaded controller. The Fitness-Based Reinforcement

Learning (F-RL) algorithm then makes a decision about
migration.

3.5. Other Technologies. The method in [29] examined the
fuzzy model of a power buffer prediction control synthesis,
which is operated by a network of low latency contact such as
that imagined in the 5th generation. A DC microgrid is
dynamic stable. The solution developed is based on a Takagi-
Sugeno fuzzy model, a floating observer, and a model
predictive system to mitigate the impact on DC MG plant
reaction of the 5G network. The solution is resilient to
network delays because of the use of two NDCs and results
in little computational pressure.

The cluster, aggregate, and classification framework of
[30] means that the mobile network radio resource is used
more efficiently, that the signal charge to the base station
is reduced, and that M2M devices are powered. The new
feature of the algorithm is that it selects the principal
mobile node based on the Voronoi chart and on the fuzzy
logic methods. In order to move data into 4G/5G base
stations, the latest algorithms are introduced on M2M
gates that carry out the main node selection functions,
divide different data into service groups, and balance
loads from gates.

The Network Selection Algorithm was introduced by
Skondras et al. [31] and is called the Dynamic Trapezoidal
Fuzzy TOPSIS. In accordance with the seriousness of a
natural catastrophe, the corresponding selection criteria into
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the ranking model candidate networks take each operation.
The criterion assessment is based on interval-valued trap-
ezoidal fuzzy numbers.

4. Limitations

As a result of this, most soft computing strategies con-
centrate on training data that include ambiguous or in-
complete information. In a sense, the human mind serves as
a model for soft computing. There are three principles that
guide software development: utilize tolerance for ambiguity,
uncertainty, and partial truth for tractability and low-cost
solution. When used in conjunction with other soft com-
puting approaches such as visualization, this technique can
be quite useful because of the complementary nature of
them. The two can work together to solve issues that tra-
ditional mathematical methods cannot handle because they
are either too intricate or noisy.

The design of self-healing and intelligent networks has
been examined from many angles; however, there are still a
number of outstanding issues: how can you get to a network
that is completely self-sufficient? How might the trade-offs
between efficiency and cost/complexity be best explored?

5. Future Work

The demand on 5G telecommunication networks in pro-
viding access to new applications and mass connectivity can
be presented in terms of directions for future scope. Hence,
the challenges related to the driving technologies and
support systems or hardware should enable a higher level of
QoS.

The 5G high-speed network architecture enables infor-
mation transfer and network communication. A new archi-
tecture for big data needs to get developed to leverage the
future gain from big data in 5G IoT. This architecture can
handle a vast volume of data and incorporate the big data
chain into the network through data collection, storage, re-
trieval, and analysis to improve the network operation. Under
this new system, unused data should be ignored, and the
desired services should get processed at the appropriate
position. The other part of big data science is personalized big
data processing networking. With this Service Function
Chain (SFC) solution or network slicing, many large data
networks may be supported by providing service-oriented
networking across a physical network infrastructure. A part of
the end-to-end network may also be customized to meet the
service specifications. Service Feature Chain (SFC) should get
tuned to allow the optimal use of networking tools. The SFC
needs to be in a position to respond and assess improvements
in network and infrastructure conditions in favor of 5G.

The collection of waveforms is one of the most difficult
tasks for developing modern 5G radio (NR). Due to its high
interchannel (ICI), high intersymbol interference (ISI), and
high PAPR, OFDM was the first choice in developing LTE,
but it cannot be appropriate for the 5-G waveform. The
research obstacles for 5G waveforms are the constraints of
OFDM-based waveforms. A shorter latency of less than 1m
is the first feature of the modern waveform for new services

and applications. Low latency in IoT is used, and high la-
tency is used in eMBB and critical connectivity, such as
automotive autonomy and Internet of vehicles. The current
waveform is also designed to operate a cyclical prefix. In two
standard and expanded modes, the cyclic prefix can be used.
The cyclic prefix alternative provides a short-lived structure.
The selection of numerology is considered in 5G waveform
architecture and uses various numerical values.

Due to an intensive study of energy use, the 5G wireless
communication network has been a central pillar. Millions
of devices will connect to more base stations than existing
LTE networks in a single network architecture with 5G.
Thus, the energy-efficient architecture and operation of the
system are vital needs to accommodate this huge unit. The
only way to solve energy efficiency is to use small-cell base
stations. In the large-density consumer zones, the small base
station aims to maximize power. The coverage is also im-
proved; the data rate is increased, and the battery capacity is
increased by lower power usage.

A heterogeneous network comes into being on the 5G
broadband network. Catching and computing capital should
be intelligent in favor of big data in heterogeneous networks
in the form of 5G IoT. Competition in connectivity, capture,
and computational capital is also important. To cut the
coordination link, all these properties are used. The final
calculation results should be temporarily stored, reducing
the cost of storage. For optimal resource supply, the com-
promise in the 5G network between the ‘HetNets’ resources
is thus essential. Because 5G IoT develops with a lot of data,
these data are obtained from various resources, which result
in an uneven distribution of data load. The solution for
storing, recovering, and manipulating such a large volume of
information is then cooperative edge capturing. The edge
data processing capabilities are available.

To reduce the cost and physical size of the base station, a
multiband power amplifier is needed for 5G IoT. This allows
all wireless functions to operate concurrently, allowing
multiband power amps to accommodate multiband fre-
quency signals at the same time. The powerful power am-
plifier in the base station is an important element in mobile
device growth.

6. Conclusions

This study presents a survey on various reviews that present
the understanding of fuzzy systems over 5G. It further deals
with the scenarios in which the fuzzy systems are developed
under the 5G platform. It discusses the applicability of fuzzy
logic systems on various 5G telecommunication applica-
tions. Furthermore, the study derives the conclusions as-
sociated with various studies on the fuzzy systems that have
been utilized for the improvement of 5G telecommunication
systems. We have shown how machine learning techniques
can be used to design smarter future networks. Researchers
looking at the usage of ML in future 5G networks will find
our references to be particularly helpful in this regard. In
addition, we have finished by pointing out the computa-
tional conditions for ML apps. In addition, the study raised a
slew of questions for future networks that need answering.
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