Indonesian Journal of Electrical Engineering and Informatics (1JEEI)
Vol. 7, No. 3, Sep 2019, pp. 586~598
ISSN: 2089-3272, DOI: 10.11591/ijeei.v7i3.1199 a 586

Insights on Significant Implication on Research Approach for
Enhancing 5G Network System
Vani B P, R Sundaraguru?

L2Department of Electronics & Communication Engineering,
Sir M. Visvesvaraya Institute of Technology, Bengaluru, India

Avrticle Info ABSTRACT
Article history: With the exponential growth of mobile users, there is a massive growth of data
. as well as novel services to support such data management. However, the
Received Apr 4, 2019 existing 4G network is absolutely not meant for catering up such higher
Revised Apr 30, 2019 demands of bandwidth utilization as well as servicing massive users with
Accepted Aug 29, 2019 similar Quality of service. Such problems are claimed to be effectively
addressed by the adoption of 5G networking system. Although the
Keywords: characteristics of 5G networking are theoretically sound, still it is under the
roof of the research. Therefore, this paper presents a discussion about the
4G, conventional approach as well as an approach using cognitive radio network
5G, towards addressing the frequently identified problems of energy, resource
Resource Allocation, allocation, and spectral efficiency. The study collects the existing, recent
Energy Consumption, researches in the domain of 5G communications from various publications.

Different from existing review work, the paper also contributes towards
identifying the core research findings as well as a significant research gap
towards improving the communication in the 5G network system.

Spectral Efficiency,
Cognitive Radio Network.

Copyright © 2019Institute of Advanced Engineering and Science.
All rights reserved.

Corresponding Author:

Vani B P,

Research Scholar, Department of Electronics & Communication Engg.
Sir M. Visvesvaraya Institute of Technology,Bengaluru, India

Email: vani.smvit@gmail.com

1. INTRODUCTION

At present, the usage of the fourth generation or 4G network is prevalent everywhere globally [1]. However,
there are increasing demands of maximized mobile broadband in order to cater up the dynamic application and
services e.g., interactive media, 4K video streaming, real-time collaboration, remote working environment,
virtual reality, etc. However, with the exponential rise of mobile users as well as application the inefficiency
of the 4G network has already surfaced in commercial markets. This leads to hope of fifth generation (5G)
network [2], which is claimed to overcome the limitation of 4G. It is claimed that usage, as well as the adoption
of the 5G network, offers a new range connection e.g., safer transportation system, smart cities, homes, school,
smart manufacturing units, etc. [3]. Apart from this, it is believed that the 5G network will offer a better form
of connectivity between machine-to-machine and device-to-device. As 5G network offers adoption of machine
learning, it is possible to make the network quite smart and decisive with evolving smart appliances. It also
offers tangible advantages to society by supporting novel IoT technologies, ubiquitous connection, reduced
energy consumption, larger coverage, and smart data management [4]. It offers the capability of massive
machine type communication as well as an ultra-reliable communication system with low latency. It is
interesting to know that the user plane of 5G encapsulates the control plane of 4G, which will mean that both
4G and 5G work together. It is also known that 5G offers a completely standalone operation. The frequency of
the 5G network supports less than 1 GHz coverage for device-to-device communication. The complete
architecture of the 5G network is composed of a radio access network as well as the core network. The radio
access network comprises of towers, cells that bridges communication between the user with the wireless
device and the core network. Basically, the core network will consist of the data network to manage different
communication/connection [5]. It is also believed that the core network of 5G is integrated with cloud-based
services as well as the internet in order to offer distributed servers. The complete 5G technology is designed
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on the top of the conventional antenna system (multiple-input-multiple-output), advanced antenna system
(beamforming), small cells, millimeter waves, etc.

It is anticipated that the commercial launch of the 5G network will be carried out by 2020, and mass
adoption will be carried out in 2025.However, the deployment of the 5G network is associated with the
following factors like data coverage, ultra-dense network, high data rate with uniform speed, vertical handover,
interference issue, etc. [6]. The theoretical claim of the 5G network system is quite challenging to build, but
thousands of dedicated researchers have already started their explorative journey towards investigating the
factors leading to the successful deployment of 5G. As 5G is meant for overwhelming connectivity and catering
up their demands, it is necessary to ensure that it works in that way. There are various impediments towards
this journey. Developing connectivity among the massive number of devices will require innovative planning,
comprehensive communication protocol, risk management, re-consideration of various intrinsic and extrinsic
constraints, re-consideration of essential parameters associated with the investigation. The prime contribution
of this paper is to review some of the significant research work towards improving 5G networks and explore
the true scenario or research world of 5G. The paper is organized as: Section Il and 111 discusses essentials of
5G network followed by a discussion of existing research approaches towards solving problems in the 5G
network . Section 1V discusses research approaches towards 5G network using cognitive radio networks.
Section V discusses research findings, while Section VI discusses the conclusion and future work.

2. ESSENTIALS OF 5G NETWORK SYSTEMS

It is said that there will be an exponential use of mobile networks by 2020 owing to the growth of application
supporting Internet-of-Things (1oT) [7]. The prime targets to be achieved in 5G communications will be
basically faster data speed, low latency, less power consumption, efficient bandwidth usage, etc. In the present
time, the 10T network is sustained using existing wireless system e.g., IEEE 802.11x, 3/4G, etc. which is never
enough to cater up the needs of communication supported by IoT devices. Hence, the 5G network is mainly
meant for catering up to the communication requirements of large scale 10T system. Fig.1 shows the speed that
is offered by different generations and 5G.

3.5G/DC-HSPA+ || 42.2 Mpbs

4G/LTE | 100 Mpbs

AG/LTE Categ4 l§ 150 Mpbs
4G/LTE Advanced

1000 Mpbs

5G 10,000 Mpbs

Figure 1. Speed offered by different generations & 5G

There are 8 technical specifications of 5G network system i.e., i) it should offer 99.99% of data/service
availability, ii) it should offer 100% of coverage towards various heterogeneous devices, iii) it should offer
90% of reduction in usage of network energy, iv) it should ensure 10 years of network lifetime for all the
energy-constraint 10T communicating device, v) it should offer connectivity to 100 times of wireless devices
as compared to the existing techniques, vi) it should offer 1000 times of channel capacity per unit area to all
the 10T devices, vii) it should offer no more than 1 millisecond of latency, and viii) it should offer up to 10
Gbps of data rate which is basically 10-100 times better than existing approaches. It should be noted that the
5G network is essentially meant for increasing the broadband wireless services for the mobile network over
0T and other critical systems. The operation of the 5G is investigated with respect to different forms of
multiple access technologies as follows:

e Orthogonal Frequency Division Multiple Access (OFDMA): This multiple access scheme was claimed
for higher success rate over 4G deployments; however, the networking communities are also claiming for
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their possible deployment over the 5G network too [8-10]. The prime reason behind this consideration is
that it is independent of OFDM deployment.

e Sparse Code Multiple Access (SCMA): This multiple schemes retains the benefits of both OFDMA and
CDMA scheme [10][11].By appending a spreading code to the carrier, it offers transmission capability to
a higher level. It is also capable of retaining a better form of spectral efficiency level.

¢ Non-Orthogonal Multiple Access (NOMA): This multiple access scheme is designed using OFDMA
and OFDM with a discrete Fourier transform. This technique is claimed to offer better power control
scheme in 5G.

However, there is no standard report to claim that which one out of the above three access scheme is the
best. The radio access of 5G comprises of New Radio and Long Term Evolution [12]. At present, there are
various existing systems that are formed on the basis of cyclic prefixed-OFDM scheme or CP-OFDM. Some
examples are filtered-OFDM [13], Pulse Shaped OFDM [14], Windowed OFDM [15], Unique Word OFDM
[16], etc. The existing system has also formulated some complex waveforms to redesign the radio access e.g.,
Filter-Bank Multi-Carrier waveforms [17]. According to Zaidi et al. [12], CP-OFDM is the most eligible
candidate radio access for 5G. However, this is an ongoing discussion and will consume more time to ascertain
the fact. The challenges involved in construction 5G technology are i) good supportability of multiple-input-
multiple-output, ii) smart usage of spectrum, iii) Fixed Wireless Access, iv) instantaneous deployment of
dynamic architecture, v) retain the same cost and increase network capacity, vi) security. The root causes of
all these problems are associated with resource allocation factor, which is basically a technique to maximize
the efficiency of energy in order to assign effect radio resources. This operation results in increasing energy
conservation. Apart from resource allocation, network planning is another significant challenge in 5G
deployment. The deployments of the nodes are carried out in such a way that coverage is maximized for all the
nodes. Energy harvesting is another essential process that is highly challenging to meet. The primary problems
associated with the 5G deployment are basically i) the requirement of the holistic methods, ii) dealing with the
network interference, iii) dealing with the arbitrariness. The technological challenges associated with the 5G
deployment will be i) interference between same cells, ii) efficient Medium Access Control, iii) effective traffic
management [18]. Apart from these, there are also many other challenges that are also difficult to be addressed
i.e., multiple services, security, and privacy factor, infrastructure, communication, and sensing.

From the application viewpoint, 5G is targeted to support high-speed mobile networks, multimedia, and
entertainment, Internet-of-Things (smart home, logistic, smart shipping, smart cities, industrial application,
automation, smart farming, fleet management, healthcare and mission-critical application, autonomous driving,
drone operation, security, and surveillance system). However, these applications are yet within the boundaries
of the research arena of 5G, and yet it will take more time to see it in real-time. However, there are some critical
problems that are yet to be solved in order to see applications of 5G in reality.

3. EXISTING TECHNIQUES OF 5G

Irrespective of the claimed , as well as its advantage, the practical usage of 5G technologies, is highly
challenging. From commercial usage, still its implementation is shrouded by various pitfalls viz. i) 5G targets
mainly on supporting IoT communication system however, it doesn't offer a robust signaling minimization of
control plane to users as well as it does offer much good access control practices, ii) 5G technology doesn't
claim of its capability to handle massive volume of data over mobile networks, iii) trade-off between the
operating cost and need of exponential rise of data capacity, iv) lack of architecture that offers faster service
deployment, v) unreliable supports to critical services, vi) non supportability on dynamic augmented reality,
vii) less supportability on device-to-device communication system, and viii) usage of old and unsupportive
access scheme. It has also been seen that there are three core problems in the 5G network that are all
interconnected with each other and are yet unsolved. This section highlights some of the critical problems as
well as existing solutions towards addressing these problems:

3.1. Solutions towards Energy Problems

Energy is one of the core problems associated with 5G technologies, and there is various research work that
has already reviewed different solutions to resist unwanted energy draining from a different perspective. In
reality, the problems associated with energy is solved using different approaches e.g., resource allocation,
deployment & planning, hardware solution, and energy harvesting [19]
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Figure 2. Existing Approaches towards energy problems [19]

Literature has a discussion of architectures with supportability of energy efficiency in 5G networks. The
discussion carried out by Abrol et al. [20] has emphasized energy problems where it was discussed that the
selection of an external relay node could assist in energy efficiency. Optimization is another process for
ensuring a better degree of energy efficiency in 5G networks. The work carried out by Cheng et al. [21] have
used a statistical approach in order to emphasize power efficiency considering both single input and multiple
input forms of the signal improving the throughput. The work of Reyes et al. [22] has discussed the impact of
aggregation of the carrier within efficient bandwidth resulting in energy efficiency. The work carried out by Zi
et al. [23] has offered an optimization principle on energy efficiency problems considering chains of radio
frequency. The study has used the millimeter wave and iterative precoding operation in order to save energy.

It was also discussed that the devices used in 5G networks are too much depending on charging operations
in order to boost up maximum residual energy. However, it also demands a high grade of synchronization with
other nodes in the mobile network too. A new conceptualized problem of charging the mobile devices over 5G
has been evolving in the existing system. The recent research work carried out by Ai et al. [24] has introduced
a distributed algorithm for assisting in mobile charging using an energy transfer process that also promotes the
capacity of the network. The assessment of the study shows lesser dependencies of chargers with an increase
of communicating devices. The similar direction of charging technology was also put forward by Galinina et
al. [25]. Apart from the charging-based concept, energy harvesting is also found to be used for boosting the
energy performance of 5G networks. Usage of Beamforming is another practice to control energy consumption
in 5G networks. Approaches like power transfer over macro-cell were proven to be improved using harvesting-
based approaches. The study carried out by Sheng et al. [26] have used fractional programming for developing
zero forcings and mixed Beamforming. According to the recent study of Huang et al. [27], energy harvesting
over software-defined radio architectures offers better energy efficiency. The authors have applied a stochastic
approach for computing the level of energy. The allocation mechanism of power also assists in solving energy
problems. However, dynamic allocation offers much better benefits to deal with uncertain traffic. This problem
was addressed by AlQerm [28] where a learning mechanism has been discussed in order to enhance the
dynamic power allocation, especially for multi-tier networks. Energy problems have also been investigated
with respect to the reconfigurable networks owing to maximum power consumption on them. Study towards
such issues concerning of usage of the radio access network and the optical network was carried out by Fiorani
et al. [29]. The study findings suggest that transport network leads to lots of power consumption that can be
resisted using radio networks and transport network together. Study towards the usage of transport network
was also emphasized by Wong et al. [30] where a ring network was chosen for energy efficiency. Another
recent trend of wideband broadcasting is found to offer control over the power consumption over devices
working in 5G networks. This concept controls power consumption by defining frequency reuse. According to
Gimenez et al. [31], this concept assists in practical frequency reuse for potential power saving.

3.2. Solution towards Resource Allocation Problem

The 5G network is actually meant for supporting 10T application where massive data, as well as service
offerings, will be made. In order to offer a QoS based communication system, it is necessary to ensure that
resource allocation problem is mitigated or addressed in an effective manner. By allocation the precise amount
of network/computational resource, it is feasible for maintaining better communication performance with lower
wastage of resources. Irrespective of various research work towards resource allocation over the ubiquitous
network [32]-[35], the problem is very different in the case of the 5G networks where millions heterogeneous
devices will be connected using different communication protocols [36].
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Resource allocation problem is closely linked with the transmission patterns depending upon the usage of
the relay channel. This problem was studied by Chen et al. [37] who have introduced a decode-forwarding
scheme for improving the relay performance. The study outcome exhibits better bandwidth usage with efficient
power utilization. Downlink scheduling is another essential factor controlling the resource allocation
performance within the device running on 5G networks. However, there is quite a contradiction of usage of
OFDM and FBMC to be restricted over physical layers only. Therefore, this issue was investigated by Femenias
et al. [38] who have presented a cross-layered model for improving the scheduling performance of 5G
networks. The study has also used different forms of performance parameters over challenging networks using
greedy-based approach. The study has also proved that hybridization of OFDM could offer better result
compared to the legacy version of OFDM. It was also seen that the selection of mode for assisting in better
transmission form also helps in a better form of resource allocation in device-to-device networks. A study
carried out by Jiang et al. [39] have introduced a scheme to allocate resource considering the mode selection
process. The study outcome shows that switching operation is highly affected by the presented technique.
More recently, a discussion presented by Feng et al. [40] has stated that 5G will encourage the exponential
usage of social network with a more massive number of devices. Therefore, managing the dynamic contents is
a highly problematic task in this perspective. Therefore, the study has presented a content sharing mechanism
that is capable of performing resource allocation. Social aware factor has also been considered in the study of
Zhao et al. [41] that is meant for performing multicast communication for effective power control.

In a similar line of research, it was found that quality of service is very hard to maintain in resource
allocation process in 10T communication system using 5G. It was discussed by Gandotra et al. [42] that usage
of a sectored antenna will significantly boost the QoS performance in 10T communication system. However,
such a scheme doesn't assist in using common resource existing over different cells. Therefore, the work carried
out by Huang et al. [43] has presented a game-based model to improve the performance of resource allocation
and address this problem. The game-based approach was also discussed by Yu et al. [44] who have used
nonlinear complementary approach for integrating mobile networks with a software-defined network.

Most recently, resource allocation was also investigated with respect to the energy factor over 10T. Li et
al. [45] have developed a mechanism where the resource allocation is studied with respect to power and
channel. The authors have presented a solution using game theory, and its outcome was claimed to cater up the
QoS demands. A unique mechanism for resource allocation has been developed by Liu et al. [46] where non-
orthogonal multiple access has been adopted for accelerating the transmission rate in 5G networks. The system
is capable of resisting all sorts of channel variation occurring due to constraint over hardware design. A
collaborative approach was designed for improving relaying performance. Usage of non-orthogonal multiple
access was also investigated by Wu et al. [47] focusing on boosting up resource allocation performance of loT
system. Apart from the collaborative approach, convex programming is also found to be assistive of resource
allocation. The works of Tang et al. [48] have presented a sequential convex programming approach for
achieving better admission control over 5G networks.

3.3. Solution towards Spectrum Efficiency Problem

Spectrum efficiency is one of the essential criteria for the standard performance of 5G networks. Many
existing mechanisms make use of refarming of the existing spectrum for exploring more number of spectrum
resources. It is said that spectrum efficiency will take another decade to fulfill the practical demands of existing
users. However, the 5G network is claimed to address this problem. The technical claims of a 5G network to
offer 1000 times of enhanced throughput with 10 times of spectral efficiency [49]. There are various problems
associated with improving spectral efficiency. Spectrum sharing is one of the core processes in improving
spectrum efficiency. The study carried out by Ercan et al. [50] has discussed the impact of network utilization
in 10T over the gain of multi-user. The study outcome discussed all the dependency factors for improving the
spectral efficiency in 5G. Network density is another factor that affects the spectrum efficiency to a large extent.
The work of Koudouridis et al. [51] has presented an integrated framework that uses both frequency spectrum
as well as network density for optimizing the performance of network spectrum efficiency. Apart from this,
channel hopping is another process to boost up the performance. The work discussed by Li et al. [52] has a
discussion of the channel hopping protocols for assisting in dynamic spectrum management. Study towards a
similar approach is carried out by Tsiropoulos et al. [53] where the cooperative framework is discussed for
better support of heterogeneous network on 5G. Some more approaches on spectrum efficiency along with
energy efficiency consideration were presented by Wu et al.[54], Wu et al. [55], and Zhou [56].
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Table 1. Summary of Existing Research on 5G
Authors Problem Technique Advantage Limitation
Abrol [20] Energy efficiency Conceptual Simplified architecture No discussion of

Cheng et al. [21]

Reyes et al. [22]

Zietal. [23]

Ai. [24], Galinina
etal. [25]

Sheng et al. [26]
Huang et al. [27]
AlQerm [28]
Wong et al. [29]
Fiorani et al. [30]
Gimenez etal. [31]
Chenetal. [37]
Femenias et al.
(38]

Jiang et al. [39]
Feng et al. [40]
Zhao et al. [41]
Gandotra et al.
[42]

Huang et al. [43]
Tang et al. [48]

Li et al. [45]

Liu et al. [46]
Tang et al. [48]

Ercan et al. [50]

Koudouridis et al.
[51]

Lietal. [52]

Tsiropoulos et al.
[53]

Energy efficiency

Energy saving

Power optimization

Mobile charging

Energy efficiency

Energy efficiency
Power allocation
Energy performance
Improving

performance
Power efficiency

energy

Resource allocation
Resource allocation
Resource allocation
Content sharing
Resource allocation
Quality of service
Resource allocation
Optimization of
sharing a resource
Energy, channel
allocation

Resource allocation
Resource allocation
Spectral efficiency
Spectrum efficiency
Spectrum

management
Spectrum access

Statistical optimization

Multi-objective
optimization
Radiofrequency chain,
hybrid precoding
Distributed charging

Fractional ~ programming,
harvesting
Energy harvesting,

stochastic, game theory
Online learning

Ring network, analytical

Quantitative analysis, radio
access network
Wideband broadcasting

Decode and forward

Hybridizing OFDM and
FDMC

Mode selection
Joint optimization
Social

multicasting
Sectored antenna

awareness,

Game theory

Game theory, software-
defined network
Game theory
Access technique,
collaborative approach
Optimization, convex
programming

Energy transfer system
Joint  management  of
network density and
spectrum

Channel Hopping

Cooperative modeling

Enhance power efficiency

Balances energy
minimization and capacity
maximization

Reduced cost of circuits

50% of
optimization
Power optimization

energy

Good
perspective
Faster convergence

modeling

Lower power consumption
in the transport network
Lower power consumption
in the transport network
Optimal frequency reuse

Improves rate

Throughput gain
Enhanced switching
operation

Better throughput
performance

Effective power control

Supports bother quality for
service/experience
Offers stability

Effective resource
management
Enhanced QoS
performance

Reduced complexity

Better admission control

Offers multi-user gain

Supports distributed

architecture

Good theoretical outline

Supports distributed

architecture

practical constraints
Didn’t
complete scalability

The real-time constraint
in energy modeling not
considered

Iterative operation leads
to complexity

Network heterogeneity is
not considered.

No comparison with
existing standard
approaches

Doesn’t support complex
problems

Complexity justification
not discussed

achieved

Higher hardware
dependencies

Higher hardware
dependencies

Not  assessed  with
practical networks
Highly  specific to
transmission type

The complex  and

iterative process
Less extensive result

Only applicable  for
social networks

Only applicable for
social networks
Non-scalable modeling

Doesn’t support complex
problems
No benchmarking

Iterative approach

Scalability assessment is
not discussed
Complexity analysis not
carried out.

Practicality is  not
discussed.

Practicality is  not
discussed.

-N/A-

Practicality is not
discussed.
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Wu et al. [54] Spectrum efficiency  Analytical approach Balances both energy and  Practicality is not
spectrum discussed.

Wu et al. [55] Spectral efficiency Simulation-based Good theoretical outline Practicality is not
discussed.

Zhou et al. [56] Spectral efficiency Non-orthogonal access Improves efficiency No benchmarking

scheme, radio networks

4., RESEARCH TRENDS IN 5G

From the prior section, it can be seen that there is enough effort that has been put forward by the various
researcher in order to address the potential problems associated with 5G networking system. The existing
solution is yet not optimal, and more effort is required for further making the 5G suitable for offering QoS-
based performance to the 10T system. The major problem associated with the 5G networking system is
spectrum utilization owing to the growing rate of mobile users as well as services. The dynamic traffic results
in spectrum holes where the spectrum is subjected to either over or under-utilization. This problem was found
to be significantly addressed by cognitive radio network by autonomously identifying such spectrum holes that
offer a better form of spectrum management [57]. Another interesting part of the cognitive radio networks is
that it can offer more capabilities to the networking system as it utilizes varied principles of optimization
techniques, game theory, genetic algorithm, machine learning, etc. This adoption of diverse techniques
significantly assists in offering effective resource optimization. Another essential feature of the cognitive radio
network is that it offers its cognitive cycle to build up by learning the network condition in real-time effectively.
Moreover, it uses two forms of open system interconnection layer, where the first one is allocated for cognitive
medium access control and another for MAC. For the purpose of offering optimal networking performance,
cognitive radio network carries out a higher degree of interaction among the layers. The architectural view of
cognitive radio is shown in Fig.3. Using this architecture, the cognitive radio assists in leasing all sorts of
under-utilized bands of frequency by ensuring zero harmful effects of interference. It is also usual that such
forms of the leased spectrum are usually not trusted and is highly opportunistic. This also results in an
anticipated reduction in leasing cost in contrast to the purchasing cost of any licensed band. Therefore, this
architecture is utilized to offer cognitive radio to lease additional spectrum apart from that offered in licensed
bands. The architecture of cognitive radio used over the 5G network is basically classified into two forms viz.
i) non-cooperative architecture and ii) cooperative architecture [57]. Both the types of 5G cognitive radio
architecture emphasizes on the bandwidth as well as power utilization. However, there are many possible
scenarios where the level of resource availability significantly controls the power as well as the bandwidth
factor in communication performance of 5G networks. Another essential parameter that cognitive radio
introduces in the 5G network system is its usage of the antenna. Normally, the antenna used in the 5G network
system has various problems that are connected with a small aperture as well as array design and impedance
bandwidth. There have been various research works where researchers have presented various solutions to
improve the antenna design principle.

Application Layer

=
[<3)
= [E|&
o |25
Transport Layer £ g|S
= (S ©
< (S E
S | &[5
Network Layer e |El=
£ |23
SEE
LLC HEE
o o
n (g]|3]
)
(%)
Upper MAC g
A
Lower Lower .
MAC MAC /
PHY PHY

Figure 3. Cognitive Radio Architecture
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Hence, it is necessary to understand the effectiveness of the approaches presented by various researchers
adopting a cognitive radio network. This section also reviews all the existing approaches and its successful
and limiting factors with respect to potential problems over 5G network systems.

4.1. Solution towards Energy Problems

Owing to the efficient balancing capability of the cognitive radio network, it is expected to solve the
problem associated with energy consumption in the 5G network. Power allocation in an optimal manner
significantly assists in improving the performance of the cooperative network in 5G. The work discussed by
Diamantoulakis et al. [58] has emphasized this fact and has presented a technique to select the relay node in a
cooperative network of cognitive radio system. The study implements amplify and forward as well as decode
and forward mode for performing relay operation. Convex optimization approach was implemented for this
purpose. With a similar direction to the problem, it was also investigated that spectrum sharing is highly
influenced by the energy factors involved in cognitive radio nodes in the 5G system. The research work of
Mach and Becvar [59] has presented a centralized method that is capable of sharing the spectrum with a target
of minimizing the energy consumption at the small cell base station. The study also reduces the overhead as
well as control the complexity to a large extent. Just like conventional power transfer scheme, there is a
certainly improved technique that uses energy harvesting mechanism. Such a study is carried out by Verma et
al. [60] where decode and forward scheme has been used for energy saving in cognitive radio network over the
5G system. A feedback-scheme is developed in the study that takes input of all the energy readings to show
that the presented system offers higher network capacity. The density of the network in 5G also affects the
energy consumption of the devices considerably. The study carried out by Yang et al. [61] has used a game
theory for increasing the energy efficiency associated with dense networks in 5G. Access technology also
influences the energy efficiency. This fact was investigated by very less number of researchers. The study
carried out by Zhai et al. [62] has proved that usage of orthogonal frequency division multiple accesses as well
as sparse code multiple accesses. The study has presented an integrated resource management scheme that is
capable of reducing the transmit power for the device-to-device communication system.

4.2. Solution towards Resource Allocation Problem

The approaches used for addressing resource allocation problem in 5G were quite high as compared to
that using cognitive radio network. With the adoption of the cognitive radio network, it has been seen that it
evolves up with a new problem of optimization that is related to computation of least number of the channel to
be identified and send by the devices in 5G networks. This problem was found to be addressed by Ejaz and
Ibnkahla [63] by introducing a cross layer-based modeling for assisting in dynamic allocation of resources for
10T networks. The study outcome was found to be further improved by applying game theory over the cross-
layer scheme in order to fulfill the QoS requirement. Another work carried by Liu et al. [64] has investigated
the impact of using non-orthogonal multiple access schemes over the 5G network for assessing resource
optimization performance. The study outcome has shown a reduction in energy consumption and enhanced
transmission performance.

4.3. Solution towards Spectral Efficiency Problem

It is already known that usage of the cognitive radio network is basically meant for addressing the spectral
efficiency problem that normal approach is incapable of. However, the rate of research work in this direction
is quite less. Usage of sparse access policy was claimed to offer better accessibility over 5G networking system.
This claim was investigated by Hosseini et al. [65] where an adaptive policy was introduced using wavelets
for precise frequency estimation. The study outcome was found to offer better accuracy with less error. The
evidence-based theory was another implementation-based technique in order to enhance spectral efficiency.
The work carried out by Liu et al. [66] has used the Dempster-Shafer principle for assisting in multi-modal
sensing method. The study outcome was claimed to offer to enhance sensing performance in the presence of
challenging channel condition. The work carried out by Song et al. [67] has used the optimization-based
principle in order to balance the better performance of spectrum and resource allocation. The mechanism of
joint resource allocation is found to improve spectral sharing by enhancing non-orthogonal multiple access
policies significantly.
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Table.2 Summary of Existing Research on 5G using Cognitive Radio Networks

Authors Problem Technique Advantage Limitation
Diamantoulakis et Power allocation Convex optimization Increased rate Highly iterative process
al. [58]

Mach and Becvar Energy awareness The centralized  Low overhead Narrowed study scope
[59] scheme, distributed, a
section of small cell
base station
Verma et al. [60] Energy efficiency Feedback-scheme Increased network  Less emphasis on
enhanced decode and  capacity transmittance power
forward
Yang et al. [61] Maximizing energy  Game theory Improved fairness Lesser extensive analysis
efficiency
Zhai et al. [62] Impact of access Integrated resource  Enhanced network  Lesser extensive analysis
technology on energy management capacity

Ejaz and Ibnkahla
[63]
Liu et al. [64]

Hosseini et al. [65]

Liu et al. [66]

Song et al. [67]

Resource allocation
Optimization of
resource

Spectral efficiency

Spectrum sensing

Spectrum utilization

Game theory

Non-orthogonal
multiple access
Wavelets,
coding

sparse

Dempster-Shafer

Optimization
approach

Better control of energy
reduction

Better control of energy
reduction

Good accuracy, reduced
error

Improved decision
performance

Effective spectrum
sharing

Cannot  solve
network problems
No benchmarking

complex

Iterative process and not
applicable  to  dynamic
networks

Narrowed study scope, less
practical approach.

Involves computational
complexity and is not energy

efficient

5. CORE RESEARCH FINDINGS

After reviewing the existing approaches (normal approaches and cognitive radio network based
approaches) for improving the communication performance of 5G networking system, it is found that there are
potential breakthrough findings as well as potential research problems. Both the information is equally
important in order to formulate a new study towards addressing similar problems.

5.1. Core Potential

It has been seen that there are good practice of computational model like game theory (Ejaz and Ibnkahla
[63], Li et al. [45] Huang et al. [27], Tang et al. [48], Yang et al. [61]), analytical modeling (Cheng et al. [21],
Sheng et al. [26], Gimenez et al. [31], Tsiropoulos et al. [53], Wu et al. [54]), evidence theory (Liu et al. [66])
etc. There are various models that have been proven to offer better decision making concepts that are useful
for exploring the true cause of problem associated with the power problem, resource allocation problem, and
spectral efficiency problem in proposed techniques. Various optimization principles (Reyes et al. [22], Feng et
al. [40], etc.) are also found to be testified for both the existing approaches on a 5G network system, which
opens up the avenue of research towards using cost-factor controlling on 5G device utilization. There are also
existing approaches that supports different forms of forwarding scheme (Verma et al. [60], Chen et al. [37],
etc) as well as access scheme (Liu et al. [64], Zhou et al. [56], etc) which also gives an interesting idea that
future work must be carried out towards these scheme for an alternative means of energy saving as well as
spectral efficiency. However, all these schemes are associated with the specific case study as well as beneficial
points that is not totally applicable to real-time devices with practical constraints over the 5G network.

5.2. Research Gap

The research gap will mean that there exist certain problems in existing systems (out of many problems)
which are highly essential to be addressed in order to pave the path of effective research direction towards 5G.
The important points of the research gap are as follows:

e Alesser study using Cognitive Radio Network: The data collected from known publications like IEEE,
Springer, Elsevier, Hindawi, etc., by providing the keyword of Cognitive radio + resource allocation +
energy + spectral efficiency and conventional approach. Based on these data, it is observed that researched
published on conventional approaches are higher than that of cognitive approaches. It has been theoretically
expressed everywhere the beneficial part of using cognitive radio networks on the 5G system. However,
in reality, the facts are quite different. A closer look into the existing trend (Fig.4) shows that there is very
less number of research work is focused on towards adoption cognitive radio network in spite of its
reported advantages in 5G.
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e The tradeoff between Optimization and Actual Demands: Optimization is perhaps one of the best
approaches towards developing a model addressing the problems associated with 5G networks. However,
the existing optimization-based approach is highly recursive as well as iterative with a target to obtain the
best result but at the cost of computational complexity. Hence, such optimization approaches are less
progressive and more iterative in nature where the iteration is controlled by the hard-thresholding
mechanism. Such approaches can be theoretically sound but are not practical.

e Ignorance of Constraints in Modeling: It was also seen that there are various approaches that are
repeatedly used e.g., game theory. Usage of such an approach can only offer a symptomatic solution and
doesn't address the full problem as they never consider probability as well as they never consider any form
of real-time constraint or risk associated with 5G networks. Existing approaches using non-orthogonal
access policies delivered better performance using , but they have higher dependencies over pre-defined
information of channel gain from the base station, which is not practical. A similar problem is also
associated with the sparse code multiple access schemes i.e.; they are dependent over predefined
information of sparsity. Such kinds of information are not feasible to be given in dynamic networks like
10T in 5G networks.

e Lack of consideration of real parameters: It is well known that 5G was designed to support 10T that
works on the basis of sensor and multiple-input-multiple-output. At present, there are no more studies that
define the traffic level optimization considering these parameters that offer a true simulating environment
to perform analysis of 5G with respect to resource allocation, energy problems, spectral efficiency, etc.

6. CONCLUSION

From the discussion presented in this review work, it is attempted to highlight that in order to retain the
theoretical claim of a 5G network, the cognitive radio network is highly essential as well as mandatory.
Adoption of a cognitive radio network is the only mechanism with the help of which it is feasible to offer a
better form of spectral efficiency. From the existing patterns of approaches, it is understood that researchers
have classified their approaches towards enhancing the 5G communication performance into three types viz.,
approaches towards solving energy problems, resource allocation problems, and spectral efficiency problem.
However, it is also clear from the discussion that all these problems are highly linked with each other and
isolated mechanism of addressing such problems will never offer a full fledged solution. The paper has also
highlighted the potential as well as limiting features of the existing approaches that assist the readers in
concluding the exact scenario and will assist them in shaping their implementation ideology likewise.

The future work will be in the direction of bridging the research gap. The first initiative could be taken
towards considering a highly distributive and heterogeneous 5G network with cognitive radio focusing on
resource efficiency as well as optimal allocation. The second initiative of future work will be carried out
towards addressing the problem associated with understanding and realizing the dynamic size of incoming
traffic. This will assist in solving the scheduling as well as resource allocation problem, which will also
indirectly assists in energy saving and spectral efficiency. The throughput could be enhanced by working with
the multiple-input-multiple-output principle in a cognitive radio network with a sole motive of cost-effective
optimization.
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