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Abstract — The rapid growth of interconnected networks and
devices inevitably causes the rise of traffic demand and thus
pushes the technologies like long-term evolution-Advanced
(LTE-A) and mobile multihop relay WIMAX networks
technology to move into the fifth-generation (5G). The 5G
network was envisioned to be built to encounter the fundamental
challenges of quality of services in existing networks, such as
allowing higher data rates, enhanced end-user quality of
experience, reduced end-to-end latency, lower energy
consumption, and higher traffic capacity. In order to satisfy and
achieve the vision of the 5G network, extensive debates are in
progress about the numerous techniques to be adapted. The
objective of this study is to analyze various techniques for 5G
networks to achieve the high enhance Quality of Service (QoS)
and Quality of Experience (QoE) for users. Moreover, this paper
also discussed several combinations of techniques for the
upcoming 5G network, such as mmWave with Massive MIMO,
D2D with SDN, D2D with mmWave, and D2D with Machine-to-
machine communication and NFV and SDN hybrid. This study
will be a significant endeavor in choosing possible techniques for
5G networks and further investigating various combinations of
such techniques for future works. To make suitable techniques
for the emerging 5G network, guidelines and challenges are
highlighted to modify the existing techniques.

Index Terms — 5G, Quality of Experience, Quality of Service,
Multi-Tier  Architecture,  Software-Defined  Networking,
Heterogeneous Networks.

1. INTRODUCTION

Existing broadband technologies, such as long-term
evolution-Advanced (LTE-A) and mobile multihop relay and
the technology behind WiMAX networks, are maturing and
have been put into use [1-9]. Nevertheless, existing 4G
broadband technologies are confronting basic challenges with
respect to data rates, efficiency, performance, low latency,
high energy consumption, and high cost. This is because of
the dramatic increase in the volume of data traffic that is
being produced by mobile devices in conjunction with the
appearance of a variety of high-speed multi-media
applications. It is anticipated that evolving cellular networks
of the fifth generation, or 5G, would be able to overcome
these issues. Researchers and engineers from all over the
globe are focusing a lot of attention on the future cellular
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networks such as 5G. It is projected that 5G cellular
technology will achieve a mobile data volume that is one
thousand times higher per unit area, a number of connecting
devices that is ten to one hundred times higher, a user data
rate that is five times lower, a battery life that is ten times
longer, and a reduction in latency that is five times lower. The
future of 5G technologies will include high performance, a
better level of connectivity, and the coverage of cellular
networks [10-11]. To achieve this, a new method of
technologies will be investigated to replace the previous
generation that has low performance and lack of speed of
connectivity. Current interest in 5G is motivated by the rapid
consumption of wireless data in the network and the
emergence of high demand from internet users. According to
the UMTS Forum [12] report, it states that the total
worldwide mobile traffic will reach more than 607 Exabytes
(EB) in 2025, representing a 400 times increase compared 127
EB in 2010 based on the resulting capacity demand
prediction. For 5G, the main idea that is being highlighted is
technologies to upgrade the network's requirements that will
be significantly faster and much smarter and support high user
demand [13, 14].

The researchers need the right technologies to unlock the
potential of 5G that enable faster data access with high
bandwidth and support capacity of the user [15]. Thus, the
technology in 5G is a crucially technical challenge for the
researchers. Even though it is too soon to provide a precise
definition of 5G, recent research trends have shown that the
aforementioned lofty goals may be attainable by refining and
advancing the technologies used in existing and potential
cellular networks. This can be accomplished, potentially,
through the implementation of 5G.

Apart from the advantages offered by 5G such faster speeds,
lower latency, and better reliability. The disadvantages of 5G
are also significant. For example, 5G is not compatible with
older devices and infrastructure, which could lead to
disruption in the supply of 4G services after 5G has been
rolled out. This may mean that people have to buy new
devices or upgrade their internet infrastructure if they want
access to 5G services.
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Several research papers discussed the evolution of 5G
technologies, for instance, massive multiple-input multiple-
output  (massive-MIMOQO), millimeter-wave (mm-wave)
communications technologies, and Device-to-device (D2D)
communications, heterogeneous and multi-tier network as
well as cooperative communications, network coding and full-
duplex (FD). They are proposing more independence for the
massive MIMO due to a single base station planted with
hundreds of antennas.

In addition, millimeter-wave communication has offered the
use of more spectrum in telecommunication and device—to—
device (D2D) communication that allows for merging
telecommunication with the cellular network. Cooperative
communications, network coding, and full-duplex (FD) were
the key to physical layer solution to spectrum crunch that
gives more bandwidth resources to the cellular network
communication [16-26]. However, there is a great need to
identify and discuss almost all technologies under one roof
with their strength and weaknesses. This paper will explain
the obstacles and potential, as well as a perspective on the
acceptability of such technologies. The strengths and
limitations of the chosen research findings from diverse
articles are evaluated after a discussion of the results. The
conclusions of this research will provide 5G technological
advantages for all parties concerned, particularly operators
and users.

The remaining paper is organized as: Section 2 presents the
conceptual background of 5G technology and development.
In section 3 the taxonomy of 5G technology is presented. In
section 4 the analysis of 5G techniques for improving the
quality of service is discussed. In section 5 the conclusion,
future trends and recommendation are detailed.

2. CONCEPTUAL BACKGROUND OF 5G
2.1. 5™ Generation Mobile Networks (5G)

5G is a new standard for wireless broadband that improves
the service's data rate, lowers the connection's latency by
order of magnitude from the previous standard, and is
energy-efficient and cost-effective [27]. Some of the usages
of 5G would be for supporting missions such as critical
machine communication and the massive machine type of
traffic.

The major challenges expected from 5G technology
implementation include high data rates, heterogeneous
network architecture, ultra-low latency, and flexible spectrum
use, a larger number of connected devices, more advanced
devices than 3G and 4G, and long battery life for large
machine communication [28]. As opportunities for 5G
infrastructure will be realized, the challenges [29] for the
characteristics of 5G infrastructure that need to be improved
from the current infrastructure would be latency, reliability,
capacity, spectrum, and network agility.

ISSN: 2395-0455

2.2. Development of 5G

The 5G network is being developed to allow for faster data
speeds, improve end-user quality of experience (QOE),
decrease end-to-end latency, and reduce overall energy
consumption [23]. It should also include device-centric
designs, mmWave, massive MIMO, intelligent devices, and
native support for machine-to-machine communications,
including its features and capabilities [30]. Contrasting to the
previous generations of cellular communication, it has to be
extremely integrated for a seamless user experience which
will tie the air medium for LTE and Wi-Fi [27]. Non-
orthogonal multiple access (NOMA) is a technology with a
better future, which can tackle certain challenges for 5G.
Paralleled to orthogonal multiple access technologies, which
are the orthodox method, NOMA can adjust more users via
non-orthogonal allocation [31]. The 5G technology focuses
on changing from a cell-centric network concept to a device-
centric design. The QoE is a method that looks into the users’
perspective of the overall system performance [32]. On the
other hand, according to [33], some of the challenges faced is
to empower element cutting of the systems, end-to-end, to
make the particular physical system able to support a much
more extensive scope of necessities with the capacity to make
a committed network that business clients can control, for
example, through self-administration business portals. The
arrangement’s central component is the capacity to adjust the
infrastructure (counting the air interface and supporting
networks in the frontal, backhaul, accumulation, and center)
to diverse "vertical" application prerequisites. The proposed
solution is a codified packet core architecture that is
represented in 3 layers: access cloud, regionally distributed
cloud, and centralized national cloud [28].

2.3. Device-to-Device (D2D) Communications

According to [34], D2D communication can circumvent the
BS and provide service to any adjacent device. In addition,
D2D communication enables electronic gadgets to talk with
one another directly and independently of any
communication infrastructure. D2D communication is on of
the fundamental technologies for achieving 5G goals. It
performs better than traditional cellular networks [35, 36]. In
D2D concept design, the idea is to enable direct
communication between devices in proximity [37]. This
implementation aims to improve the communication system
between devices by incorporating a direct D2D general
communication concept [38]. For the implementation of this
system concept, there are several objectives that need to be
highlighted which include increasing the network coverage
for the devices, managing the offloading backhaul, providing
a substitute solution, improving the spectrum usage, and
lastly providing new services and experiences for a new
means of communication [35]. The local network traffic
management also obtains the advantage from this
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implementation. It  will offer the short-distance
communication links and decrease the load of traffic and
backhaul caused by congested data traffic through the
network considerably [39]. Moreover, the traffic management
at the central network node will reduce significantly and
efficiently [40].

2.4. Millimeter Wave (mmWave) Communications

mmWave based communication is considered as one of the
technologies that have a lot of potential for use in 5G cellular
networks [35]. A mmWave based communication system has
a broad bandwidth, which may be converted into much
greater data rates and overwhelming capacity. This is because
mmWave systems have many gigahertz. It has been shown
that the mmWave band can transmit several gigabits per
second in both indoor (through WPA networks, for example)
and outdoor (via wireless mesh networks, for example)
systems. D2D communications allow for the link to be created
between two wireless devices either directly or indirectly via
hopping, and the BS enables them in conventional cellular
networks. Recent research has focused on local D2D
communications as an underlay for LTE-Advanced (LTE-A)
4G cellular networks. This research was prompted by the
rising popularity of high-rate local services, such as the
distribution of big files among wireless devices located in the
same cell. [41].

The mmWave communication has many propagation features
that will increase the difficulty in achieving seamless
coverage and reduce the reliability of the communications.
These features are propagation loss is high, mmWave bands’
wavelengths are short, and mmWave signals are hard to
penetrate through solid materials [35]. However, those
propagation features can bring many advantages in enabling
D2D communication over the mmWave network with the use
of directional antennas. The mmWave 5G cellular network
architecture consists of directional links, wired links, wireless
links, 4G BSs, mmWave BSs, and mobile devices. It is the
hybrid of 4G cellular networks and mmWave. There is a
directional link between the mobile device and mmWave BS
to reduce the interference and return high gain links between
them [42]. Moreover, the directional antennas replace the
fiber links and serve as a wireless backbone for 5G cellular
networks to provide high data rate wireless connections
between the BS. In short, enabling D2D communications
over the mmWave networks can increase the capacity of the
network and improve spectrum efficiency [41].

2.5. Cognitive Radio (CR)

Intelligent wireless communication may be achieved via the
use of cognitive radio [43]. Users, even though they only
have localized information of the circumstances of the
wireless network, are expected to consider the operator's
rules and preferences when making the ultimate choice [44].
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Integration choices are accessible inside the Radio Access
Network (RAN), which has an all-encompassing
understanding of the radio connection information. It is
possible that cross-RAT information exchange between base
stations and access points for WiFi will be accessible with the
assistance of user equipment (UE), or that an appropriate
interface needs to be established between WLAN and the
infrastructure of the 3G partnership project (3GPP) [45].
Because of this, it is now possible to manage radio resources
in a more dynamic manner, which results in enhanced system
and UE performance, reduced WiFi latency, and the absence
of severe session interruptions and packet loss. Offload
performance is another area that might benefit from some
straightforward support information from the radio network
[46].

2.6. Software-Defined Network (SDN)

SDN is used in mobile networks to meet communication
application challenges while controlling non-related traffic in
some environments, such as mobile devices [47]. SDN
assigns traffic to network components in the network's distinct
data plane [48]. The intelligent network controller enables the
controller to generate flow routing rules with the finest
granularity for heterogeneous network devices. [49]. SDN can
create a QoS, which refers to some kind of methods used to
make sure the bandwidth is shared and divided equally among
users. Hence, the creation, testing, and deployment of novel
network applications can be done in a short period. The SDN
application can operate smoothly with the Backhaul concept,
which contains:

1) Mobile Backhaul Scaling: It is to optimize and manage
the supply of connection for backhaul to Access App
from BS [47].

2) Mobility Management App: This tool is to select the
device’s path.

3) Access App: This App is to do an assignment of IP
addresses to the mobile device. The firewall is used in the
final admission decision [50]. In addition, The Realm
Gateway is used to do traffic admit from legacy Internet
[51].

4) Secure Service Delivery App: It is the final SDN App on
the communication path. It is to secure the service
delivery process.

2.7. Software-Defined Radio (SDR)

The idea of integrating SDR and SDN was proposed as an
advanced technology used in developing a 5G network [48].
SDN is commonly known to be an intelligent architecture
because it is directly programmable [52]. The control and data
plane in SDN architecture are decoupled [53, 54]. SDR is a
group of hardware and software technologies. It uses
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modifiable dynamic software or firmware operating on
programmable processing technologies to operate the radio
operating function in SDR. The cross-layer controller acts as a
vital element in integrating both SDN and SDR layers. It is
the decision-maker between the two layers, and because both
SDN and SDR are from different layers, the cross-layer
controller is needed to allow communication between these
layers. It acts as a bridge between the two layers to enable
interaction and permit one layer to access the data in another
layer to exchange information. Cross-layer signaling is part of
the cross-layer controller process. Although it is not defined
in the protocol architecture, these signaling methods should
consume as scarce resources to reduce overhead.

2.8. Ultra-Dense Network

Ultra-dense deployment is another promising technology for
the 5G cellular networks [35]. Ultra-dense deployment is
taking the concept of a small cell to develop smaller and more
active cells per unit area and Hz in order to increase the
network capacity over the cellular networks. The ultra-dense
deployment works well with the D2D communications. The
small cells are concentrated on offloading the hot-spot traffic,
while the D2D communications are concentrated on
offloading the proximity services. Although it is clear that
UDN is able to self-organize, self-optimize, and save cost
[56], at the same time, high-frequent measurement, intolerable
handover failure (HOF), and high power consumption have
introduced new challenges. Hence, mobility enhancements in
the UDN scenario are considered to improve its performance.
Consequently, the control plane and user plane split concept is
more flexible and allows better service control schemes.

3. TAXONOMY OF 5G TECHNOLOGIES

This section discusses the taxonomy of 5G technologies, as
shown in Figure 1. Each paper being discussed is summarized
in terms of the problem statement, a technique used to solve
the problem, the strength of the technique, the weakness of
the technique, and suggestions and recommendations.
Combinations of various techniques were also discussed in
the paper. As stated in [58], a new network is needed as the
current network has demonstrated severe weaknesses in this
aspect. With respect to the network infrastructure, the 5G
public-private partnership (5G PPP) set up in late 2013 with
its Technical Annex of the agreement provides a good
overview [59]. The 3GPP [60], which started as an ETSI
project, has become the global arena for developing the new
standards of mobile communication with participation from
all-important regional organizations. The 5G network is being
developed to allow for faster data speeds, improve the end-
user quality-of-experience (QOE), decrease end-to-end
latency, and lower energy usage [32] [61]. Device-centric
architectures, mmWave, massive multiple input/output
(MIMO), intelligent devices, and native support for machine-
to-machine communications should be included in it [39].
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Comparing the earlier cellular generations, it has to be highly
integrative for a seamless user experience which will tie the
air medium for LTE and WiFi [36]. 5G wireless networks
have three main requirements, which are [62]: supporting
huge capacity and connectivity; carrying a diverse set of
services, applications, and users in which the requirements
diverge extremely; and using the available spectrum in a
flexible and efficient manner, regardless of if it is contiguous
or not in order to support various network deployment
scenarios.

3.1. Intelligence Incorporation

According to [63], Intelligence should assist in decision-
related to 1) cells’ configuration, traffic distribution, and
resource assignment; 2) handling the situation by activating
the proper type of functional or software components and
volume required; 3) functional components allocation to the
physical elements, and 4) the best interconnections between
physical elements and between physical elements and
transceivers. In terms of heterogeneous network elements, the
introduction of intelligence is expected to assist in decisions
associated with the: 1) handling of a situation by involved
transceivers; 2) allocation of operated spectrums by
transceivers; 3) allowed transmission powers per transceiver;
and 4) traffic allocation to the resulting cells which are
involved in the situation handling.

3.2. Millimeter Wave (mmWave)

According to the research done by [64] and a team from
Samsung, mmWave is one of the alternatives to increase
bandwidth because of the flexibility of the frequencies. It
enables the redirection of its narrow beam towards a particular
direction through an array of various components. Besides
that, adaptive array processing would also be able to redirect
the direction of the spatial beam and increase the data rates.
Radio frequency (RF) capacity estimate for millimeter-wave
(mmWave)-based 5G cellular networks was suggested in
research by [65] that used field level network modeling.
Radio capacity is an important consideration in cellular
networks because of its direct influence on the maximum data
rates that may be achieved. By using an antenna with a
narrow beamwidth for transmission, it is possible to increase
the capacity of the microwave. The antenna's beamwidth is
reduced from 65 degrees to 30 degrees to increase the
capacity of mmWave cellular networks by a factor of three at
a distance of 220 meters from the base station (BS). They
perform network simulation, which mobile radio operators
typically use for cellular planning to determine the level.

The mmWave bands have the potential to become frequency
bands for fifth-generation mobile communication systems.
These bands are located between 28 and 38 gigahertz (GHz)
[65]. In contrast to the 60 GHz and 380 GHz, mmWave
bands, the 28 GHz and 38 GHz mmWave bands do not
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experience a large contribution to extra route loss from air
absorption, making them appropriate for use in outdoor
mobile communications. [66-68]. The authors of the study
[64] introduced a new design of mmWave cellular 5G
systems and conducted various measurements. The team tests
the main factor for designing 5G cellular in an urban area.
They found that the small-scale fading shows mild changes
when receiving impulse response and power from 400 Mbps
signals and highly directional antennas. These measurements
show that frequencies of 28 GHz and 38 GHz can be used in
5G communication. The instabilities of path and penetration
of mmWave bands are the vital problem for this project as the
path and penetration loss cause the failure of signal
propagation. Besides, the buildings around urban areas can
cause the spreading of multipath delay.

Similar to researchers in [67] also conducted several
measurements for future cellular systems. They carried out the
measurements by considering possible communication
scenarios of microcellular and found that path loss is still the
problem of the model. They suggested mobile devices should
be installed with higher gains antennas in the future to deal
with the path loss problem. They added that the leap of
frequency from low microwave to the regime of mmWave
causes the loss of path. Researchers believed that wide
bandwidth would be straightforward and effective method to
provide 5G cellular services in the future. They had
successfully developed a prototype of mmWave bands for 5G
communication.

3.2.1. Massive MIMO-MM Wave Integration

A study by [70] shows that transmission technology uses a
dense antenna array. The high-frequency band and an
appropriate amount of antennas maximize the functioning of
massive MIMO with low complexity. Controlling radiation to
unsought directions can reduce co-channel interference. A
narrow beam in massive MIMO can lower interference to
neighboring cells and boost the number of multiplexing. Thus,
massive MIMO effectively increases SNR (Signal-to-Noise
Ratio) and reduces co-channel interference. Since a higher
frequency band is desirable, a small cell application is suitable
for massive MIMO.

3.3. Heterogeneous Network (HetNet)

By 2025, the number of LTE users is predicted to surpass
10.10 billion, and this has opened the industry's eyes to a new
reality [71]: the mobile sector must provide greater coverage
and performance at a lower cost [72]. Utilizing a mix of
innovative network architecture and new terminal capabilities,
as well as monetizing the user experience with new services,
apps, and possibilities, the strategy is developed.

According to researchers [41], a single cellular connection
and a single local D2D connection must share resources.
Resource sharing for concurrent D2D communication over
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mmWave 5G cellular networks may significantly increase
network capacity while preserving network connection.
Previous research on resource sharing in D2D
communications has considered the potential of having just
one local D2D connection and one device-to-base-station
(D2B) link to decrease interference complexity [73]. In order
to maximise the use of available bandwidth in WLAN and
WPAN networks, concurrent broadcasts may be permitted
[74, 75]. It is necessary to consider the likelihood of
interference from omnidirectional antennas while sharing
resources for D2D communications. mmWave 5G networks
may enable more D2D connections inside each cell by
leveraging high propagation loss and directional antennas.
This will significantly increase network capacity and enhance
spectrum use efficiency. To enable simultaneous D2D
discussions over mmWave 5G cellular networks, a unique
resource-sharing approach that takes directional interference
into account is necessary. According to the debate in [41],
resource sharing is the key barrier that must be solved to
allow concurrent D2D communications in mmWave 5G
cellular networks. As in the distributed model, the mechanism
for sharing resources may be decentralised and controlled by
the wireless devices themselves, or it may be centralised and
managed by the base station. Due to the centralised nature of
mmWave 5G cellular networks, the BS is in charge of setting
the resource allocation system. This approach takes into
consideration the likelihood of D2B and local D2D
connections interfering with one another.

3.3.1. Multiple-Input Multiple-Output (MIMO)
3.3.1.1. Massive MIMO

According to [76], Massive MIMO is the main technique in
achieving higher capacity in a cellular network and is
beneficial for future 5G technology. Massive MIMO is
wireless research to do massive on required capacity [77, 78].
It is based on the Multi-user MIMO due to the increase in
multiplexing gains [79], and it is related to the 3GPP LTE-A
standard. The very large MIMO (VLM) arrays help reach the
higher capacity deployed at the BS [80]. This technique helps
increase the array size of transmission to implicate various
aspects such as inter symbol, coverage, and power budget
optimization’s transmission [81, 82]. The Massive MIMO
creates a higher capacity in the form of radio heads
(distributed) or antenna element’s deployment (higher
frequency bands) [83].

3.3.1.2. Very Large MIMO

According to [84], MIMO is a technology that can transmit
different signals on the same frequency simultaneously from
multiple antennas. In MIMO, the high transmission rate is
possible by increasing the number of spatially multiplexed
signals according to the number of transmitter antennas.
Besides that, this technology is promising in enabling low-
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cost services to provide users with a large content volume.
However, this requires receivers capable of high-performance
signal detection.

3.3.2. Cloud RAN

HetNet architecture had been chosen since it increases the
scalability of the network [85], cloud RAN promotes
centralization by making use of low latency and high rate
network [86], multi-RAT enables overlapping coverage,
which appears as a single RAT and can apply for high latency
network D2D connection using peer to peer (P2P) connection.
Moreover, in order to ensure this implementation’s success,
several issues need to be solved to improve network
efficiency. The issues are interference mitigation [80], an
adaptation of Massive MIMO for broader capacity [76],
simultaneous connection through multiplexing [87], context-
awareness based on network, and devices and spectrum that
existed in the 5G technology.

3.3.3. Device-to-Device (D2D) Communication

D2D communication is a kind of technology that allows the
devices to communicate with each other directly and does not
rely on any communication infrastructure [35]. These days,
most researchers are looking forward to the 5G cellular
networks, even though the deployment of the 4G cellular
networks is still ongoing [88]. This shows the needs and
demands of the 5G cellular networks. Both D2D
communications and cellular terminals concentrate on the
physical layer (PHY) performance metric optimization. The
critical performance measured in a 5G cellular network
includes reliability and latency. The reliability and latency are
both measured by using the delay and packet dropping rate
under a bursty traffic model [55]. Bursty data traffic is
inconsistent traffic levels, which may consume more power to
transmit and indirectly reduce the battery life and increase the
interference to the cellular network [36, 89]. Furthermore,
D2D communications have a higher degree of freedom
because communication between the D2D terminals can be
carried out directly, radio resources can be reused, and
signaling can be swapped directly [35].

3.3.3.1. Service Discovery Protocol

According to 25], D2D communication bypasses the BS to
provide service to local devices. There are several benefits to
using this mode of communication. This communication
requires a high data rate, unloading of traffic, range extension,
proximity service, and social networking. There have been
two kinds of service discovery approaches studied. They are
reactive (pull) and proactive (push) discovery in a D2D
network with infrastructure coordination. As 5G mobile
communication expands, D2D communication also gets
considerable focus. Since 3GPP presents D2D communication
as a solution for a direct access network, it allows
sophisticated communication technologies with high
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transmission data rates, improved efficiency, and network
application implementations [90]. The D2D structure
necessitates BS cooperation. The purpose of BS is to provide
direct communication and assistance amongst users. If no
support is obtained from the infrastructure, the user
equipment will look for and broadcast to its immediate
neighbour. Several strategies have been presented in [91] for
maximizing service. In addition, researchers in [92,93] have
previously categorized a number of techniques to ensure the
service's excellent condition in order to optimise its
performance.

In D2D concept design, the idea is to enable direct
communication between devices in proximity. This
implementation aims to improve the communication system
between devices by incorporating a direct D2D general
communication concept. For the implementation of this
system concept, the are several objectives that need to be
highlighted, including increasing the network coverage for the
devices (which affects the availability and reliability),
managing the offloading backhaul (which affects the cost
efficiency), providing a substitute solution (which affects
reliability), improving the spectrum usage (which affects
spectrum efficiency), the user data rate and capacity per area
(which affects capacity density) and lastly providing new
services and experiences for a new mean of communications.
The local network traffic management also has the advantage
of this implementation as it will offer short-distance
communication links and considerably decrease the load of
traffic and backhaul caused by congested data traffic through
the network. Moreover, the traffic management at the central
network node will reduce significantly and efficiently. There
are several challenges that need to be considered in the D2D
system-relevant situations, for example, Device Discovery.
The D2D device discovery, which is utilized to know the
proximity between devices to create a direct D2D connection,
is the main component of allowing the D2D communication.
The problem with the detection of new devices within the area
can be solved by applying this concept without disregarding
the latency and resource efficiency between the Key
Performance Indicators (KPIs).

3.3.3.2. D2D Communication in Near Proximity

Communication Mode Selection technical issue is the next
technical issue regarding Communication Mode Selection
[94]. The communication mode selection in direct D2D link
controls the availability of the communication between
devices in direct D2D mode or in traditional cellular mode. In
direct mode, the device will have the benefit within their
proximity and might reuse the cellular resources. In cellular
mode, common or separate serving BS is a way of
communication [95]. For example, Distributed CSI (Channel
State Information) Based Selection Mode is D2D specific,
Location-Based Mode Selection, which is based on users’
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location information, and Combined Resource Allocation and
Mode Selection in Multi-cell, which takes advantage of the
different degrees of coordination between the cellular devices
and different time scale mode switching based on path loss.
The next issue is the Co-existence and Interference
Management [96]. This technical concept utilizes resource
allocation to handle interference problems [97]. The expanse
between the users and from the users for approximating the
path losses and the signal-to-interference ratio (SIR) is
applied for location-based resource allocation to counterpart
the issue. For centralized resource allocation, the distributed
resource allocation is important because of the responsive
scheduling for D2D in decentralized interference. Power
control of distributed iterative is considered, exploiting the
measurements implemented by D2D receivers and sending
feedback to the respective transmitter to change the
transmission power to handle the adjacent band interference.

3.3.3.3. D2D Communication Network

Next, the Mobility management is measured as the D2D
communication system is still a new transmission mode.
Therefore, optimized mobility management is proposed,
which is crucial to the latest D2D handover standard and the
older cellular handover criteria. Under these criteria, the
number of BS should be in minimum number to deliver
efficient usage for the end-users, which lowers the latency
during the information exchange among BSs [98].

Thus, two mobility managements are proposed: controlling
the D2D handover and cell selection during the mobility of
D2D UEs. Based on METIS solutions, there are different
forms of D2D relays. The first form is the D2D relay. It is a
multiple-stream-based relay where multi-antenna BS and
multi-antenna UE are communicated and aided by other
multi-antenna UEs as relay nodes [99]. Another form is
Relayed D2D, in which the relay station assists the device
pairs consisting of two or more communication devices.

The spectrum management and sharing identify the best band
or range of transmission for D2D operation that can give
performance enhancement for the communication of the
whole system [100]. A suitable spectrum can be identified by
analyzing the pros and cons and the ways of spectrum
sharing.

3.3.3.4. D2D Communication Pricing Technique

According to [101], pricing is the main challenge in
implementing D2D practice the network operator must choose
how to govern and charge for D2D services. The price models
must be created so as to encourage devices to engage in this
communication. By providing a secure environment for the
sale and purchase of resources between devices, the operator
may anticipate payment from the devices. Further discussion
on pricing issues and proposed solutions for solving it based
on game theory and auction theory are as follows.
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3.3.3.4.1. DR-OC

Challenge:
devices.

Providing sufficient incentives for relaying

Proposed solutions: The quantity of data that customers
transmit via their devices might earn them savings on their
monthly fees from the service provider. The operators will
gain from this approach since it will allow them to deliver
service to devices that either do not have coverage or need
greater data rates than those available in the macro-cell tier. \

3.3.34.2. DC-OC

Challenge: In order to entice users to utilize this service rather
than Bluetooth or free Wi-Fi, there has to be an attractive
price structure. The formulation of the pricing model is seen
as a spectrum trading issue, and the goal of this problem is to
maximize the profit for the seller while simultaneously
maximizing the utility of spectrum consumption for the buyer.
Various suggested remedies: The Auction theory offers a
helpful framework of mathematical tools that may be used to
create price models. The game theory is an appropriate tool
for developing an efficient system for resource distribution in
an environment with low disturbance. The sealed-bid-first-
price is a suitable tempting pricing scheme for a monopoly
market, while Bertrand Game is suitable for an oligopoly
market where there exists more than one seller [102].

3.3.3.4.3. DR-DC

The operator cannot anticipate a profit since they have no
control over this form of relaying. Since the devices in a
closed access DR-DC are familiar with one another, they are
able to negotiate a pricing scheme or simply communicate
information with one another. In contrast, when open access
is provided, users have the freedom to choose from a variety
of price models, including market equilibrium, cooperative
game, bargaining game, and double auction, among others.

3.3.3.5. Multi-RAT

According to [45], virtual RAN designs will perform an
essential part in the development of 5G multi-RAT networks,
To accommodate the rising demand for mobile traffic,
significant gains in network capacity, as well as
improvements in service quality, are required. Gains in
interference management and avoidance and improvements in
quality of service are brought to light while concentrating on
the "timely throughput" [103]. The examination of the results
also takes into consideration the findings that have been
discussed in [46, 104].

3.3.4. Non-Orthogonal Multiple Access (NOMA)

Non-orthogonal multiple access (NOMA) [32, 105], is a
technology that has a promising future and has the potential to
solve some of the problems that 5G will face. Compared to
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orthogonal multiple access technologies, which are examples
of conventional approaches NOMA, can contain a larger
amount of users via non-orthogonal allocation [32]. NOMA
architecture is based on intra-cell multi-user multiplexing
method that makes use of the power domain, as stated by
researchers in [84, 106]. The power domain is something that
was not completely exploited in the previous standards,
including 2G, 3G, and 4G. The user demultiplexing process
may be enabled by allocating the considerable power
differential that exists between paired users on the transmitter
side. On the other hand, the receiver uses a technique called
sequential interference cancellation (SIC), which is an entirely
new method of multiple access for Future Radio Access
(FRA) [70, 107-111]. In NOMA, the superposition of many
users with high channel gain differences in the power domain
permits the conversion of the multiple users' channel gain
differences into multiplexing gains.

3.3.5. Machine-Type Communication (MTC)

Machine-to-machine communication in its present state as
well as its potential in the future in relation to 5G networks,
was the subject of research conducted by [112]. The authors
provide a straightforward mapping between the primary
machine-type communication (MTC) service needs and the
difficulties that are associated with those requirements. In
addition, the path that the currently available cellular
technologies will take to become fully MTC-capable in a 5G
mobile system is outlined in a roadmap. The study further
discusses about communication between two MTC devices as
well as communication between an MTC device and a server
[113]. They offered a conventional MTC architecture as the
foundation for the existing design of an LTE network and
various modifications that might be included in 5G mobile
systems. It is made up of three distinct components, namely, a
network domain, an MTC application domain, and an MTC
device domain. MTC devices may link either directly or
indirectly to base stations (e.g., eNodeBs) through MTC
gateways (MTCGs). By using MTCGs, MTC devices may
form capillary networks that can leverage other wired or
wireless communication methods. [114] The MTCGs are in
charge of data transmission between the cellular and capillary
networks. The authors of [115] described a novel 3GPP-
compliant architecture that absorbs MTC traffic via a custom-
built NodeBS (HeNBs). It significantly reduces the
congestion and overburden of both radio access networks and
core networks. Support for MTC using upgraded LTE-A
[116] is one of the increasing difficulties that cellular network
operators must address in order to meet the requirements of
5G wireless networks in the future [117]. Using femtocells
with restricted access, the architecture is able to manage ultra-
dense MTC across LTE-A networks in an effective manner.
The approach that has been provided makes it possible to
effectively separate the traffic in a way that satisfies the
standards of MTC while having no impact on the performance
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that mobile users experience. This strategy, which utilizes
frequency-separated deployment, ensures that MTC devices
will have both decreased complexity and lower costs.

3.3.5.1. Evolved Multimedia Broadcast Multicast Service
(eMBMS)

According to [118], both LTE and LTE-A enable eMBMS
and LTE broadcast for broadcast. . Using point-to-multipoint
transmissions, eMBMS has enabled mobile network operators
(MNOs) to partially meet the rising demand for mobile video
data. Compared to other broadcast options, the
implementation costs of eMBMS are much lower due to the
fact that it uses the same frequency carrier as unicast services.
Nonetheless, the eMBMS business model is hindered by two
factors: the utilisation of dense networks in comparison to
terrestrial broadcast networks and the decrease in system
capacity for unicast services. According to [119], there were
360 LTE networks deployed commercially throughout the
globe by the end of 2014, and this figure is expected to
expand to 450 by the end of 2015. This widespread
deployment of LTE provides eMBMS, also known as LTE
broadcast mode, an edge over its rivals by allowing unicast
and broadcast services to coexist with high capacity,
bandwidth, and scalability.

3.3.5.2. Future of Broadcast TV (FOBTV)

FOBTV was established in 2012 [120] to determine a
common working setting to ensure that the next generation of
terrestrial broadcast systems would be able to avoid
conflicting standards, overlapping, and the deployment of
new services. However, the Advanced Television Systems
Committee (ATSC) 3.0 is the most recent breakthrough in the
development of future digital broadcast technologies [121].
This timeline depicts the progression of the ATSC 3.0
standard. It is clear from this that the development process
includes the physical layer and the management layer, the
protocol layer, the application layer, and the presentation
layer [122].

ATSC [123] claimed that Qualcomm and Ericsson's ideas
were to expand this standard so that fixed and mobile use case
applications could be serviced utilizing DTT infrastructure.
These enhancements were based on LTE Broadcast. In order
to improve the effectiveness of eMBMS from the perspective
of radio access, Qualcomm proposed a work item to the 3GPP
[124] that uses longer cyclic prefixes (CP) for a large single
frequency network (SFN) delay spread environment.
Additionally, it adopts MBMS over a single frequency
network (MBSFN) dedicated carrier option in order to finish
the upper layer support.

However, the 3GPP did not accept Qualcomm's proposal. In
addition to this, the DVB forum and 3GPP worked together,
and in March 2011, they held a combined session at which
both organizations presented their findings. After a period of
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two months, a proposal was made to the 3GPP [125] to create
a research item that could be utilized in 3GPP mobile
communications networks as well as DVB-based broadcasting
networks, which constitute the notion of a common
broadcasting standard (CBS). On the other hand, this proposal
was not accepted since MNOs did not show their support for
it. The proposed work by both Qualcomm and CBS will likely
go in the same direction, which is completing the definition of
eMBMS dedicated carriers and defining longer CPs to address
deployment scenarios that use HPHT broadcasting networks.
This is because completing the definition of eMBMS
dedicated carriers is necessary in order for deployment
scenarios to be addressed.

3.3.5.3. Light EPC Integration

Lightweight event-driven process chain (LightEPC), as stated
in [20], manages the on-demand generation of cloud-based
lightweight mobile core networks devoted to MTC. LightEPC
is also used to simplify the network installation method for
MTC devices. This simplification is accomplished by the
creation of only one NFV MTC function that gathers all of the
typical operations together. LightEPC is not only able to build
and scale instances of NFV MTC functions on demand, but it
also causes an increase in traffic that is created by MTC
devices. This is because LightEPC is able to create and scale
instances of NFV MTC functions. The findings acquired from
the early investigation and the analytical results reveal that
LightEPC has the capability to improve and scale congestion
in mobile networks with significant numbers of MTC devices.

3.3.6. NFV

According to [126], NFV uses IT virtualization technology to
provide a new way of building an end-to-end network
infrastructure that SDN can run on rather is a term umbrella
[127]. It also allows the association of many HetNet devices
onto industry-standard high-volume servers, storage, and
switches [128]. A network device’s network function is
applied in a software package run on a virtual machine.

This makes the introduction or testing of a new network easier
because a software package that is run by the server can
simply be upgraded, or new software can be installed. With
NFV technology, carriers are able to reduce the power
consumption and equipment cost to build and operate a
network. New services can also be created, tested, and
deployed to market in a rapid manner.

3.3.6.1. NFV-SDN Hybrid

Authors in the study [129] some innovative network
infrastructure could be used in 5G, such as a combination of
both SDNs and NFV. This combined technique gave the
strength, which is the potential to enhance the old way of
telecommunication services delivery.
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3.3.6.1.1. Edge Computing

Edge computing is a network architecture that allows for data
processing to happen closer to the source. It helps with faster
data transmission and also with the need for less bandwidth.
Edge computing is a hew concept in the world of networks. It
is an architecture where data processing happens close to the
source and not at the central location. This helps with faster
data transmission and less bandwidth needed. The edge
computing architecture enables more efficient use of
resources, such as power, storage, and memory, by
performing tasks at or near the edge of a network where they
are generated rather than at a centralized location in order to
conserve energy and reduce latency. The edge is often defined
as the last mile or last few miles of a network before reaching
the end user. 5G networks are going to be more reliant on
edge computing, since the high data rates and low latency
requirements for many applications will need to be enabled.
Software Defined Networks (SDN) are also expected to move
towards edge computing, where intelligence moves closer to
the edge.

SDN layering architecture shows there are three levels of
control in the proposed architecture of SDN. The whole idea
of design principles comes from the 3G to 4G networks
evolution. A study [130] proposed functional and non-
functional performance requirements of the supported
services, which will affect the network functions
implementation to be either centralized or distributed at the
edge. The existence of an Orchestration Controller (OC) plays
an important role in the whole architecture, consorting the use
of cloud computational, memory, storage, and networking
[105,131-135].

3.3.7. Software Defined Networking (SDN)

A study by [47] explained SDN by defining that SDN is used
in mobile networks to meet challenges in communication
applications while controlling non-related traffic in some
environments such as mobile devices. According to Open
Networking Foundation (ONF) [136], SDN is a network
architecture that emerged with a network controller
(centralized in the control plane). It helps in traffic allocation
towards network elements in the data plane (separated in the
network). SDN layering architecture. The task of the control
plane is to maintain the work. The network controller can give
the best control rules to Heterogeneous Network (HetNet)
devices from various places [77]. The network controller
provides enough related resources and views to the upper
layer of the network application. Open flow [79] is one of the
SDN protocols mostly accepted in the southbound interface.
In addition, Path Computation Element (PCE) [80] and
Forwarding and Control Element Separation (ForCES) [81]
are other SDN protocols in the southbound interface which
may help in the future 5G network.
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3.3.7.1. Link-level Access Cloud Architecture

Large Ethernet Enterprise Networks and Link-Level Mobility
are the elements that make up cloud-based architectures that
are based on the link level. Both the SEATTLE [137] and
Ethane [138] designs are built on Ethernet and make an effort
to cut down on the flooding of broadcast packets. The goal of
the SEATTLE project is to develop a protocol that does not
need any setup and is capable of scaling to very large
networks. It accomplishes this goal by putting in place a
directory at the network level that uses distributed hash tables
(DHT) to keep track of the location of the media access
control (MAC) address of each host. Additionally, it avoids
broadcast for updating and forwarding tables by using caching
in conjunction with a link-state advertising technique that is
based on unicast.

Ethane is an additional architecture that tries to define and
enforce regulations that apply over a whole network. It does
this by outsourcing the processing of the bootstrapping
protocol to the controller, which in turn helps to minimize the
amount of broadcast traffic and the size of the MAC tables on
the switches. The authors in [139] suggest a mobility method
for 4G networks that operate on the link level. They noted the
drawbacks of the General Packet Radio Service (GPRS)
Tunneling Protocol (GTP) of the 3GPP mobile networks and
advocated Ethernet and Carrier Ethernet as transport backhaul
options. In order to prevent flooding mechanisms for frames
with an unknown destination address, they recommended
using DHT as a locating service. The core network does not
become aware of the handovers within the same network
segment because the user id (such as an IP prefix) and user
location (such as a base station MAC address) mapping are
stored at the customer edge switch. This allows the handovers
to go unnoticed by the core network. Even though this
proposal is primarily concerned with 4G networks, many of
its principles may also be beneficially used in 5G networks.

The majority of researchers working in this field at the
moment advocate for service-oriented cognitive networks
built atop IP multimedia subsystems (IMS). It indicates that
radio channel scheduling carried out on a centralized platform
results in a more effective customer service experience. The
study on the Markov-chain-based spectrum handoff solution
makes it clear that having a more centralized decision-maker
is an essential attribute since it may coordinate the
information of average throughput and average interference
duration. Researchers used Markov chain in order to forecast
the actions of single users (SUs), despite the fact that they
were working in an environment with multiple single users
(Sus). Then there are the channels of spectra that are not
blocked in any way, which allows the whole network to
achieve higher throughputs while reducing the amount of time
spent sensing. These two publications demonstrate the
significance of centralized administration and reveal how
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significant an influence the calculation of spectra has on the
network layer.

3.3.7.2. Cross-Layer Architecture

ONF introduced OpenFlow, a communication protocol used
in forwarding switches or adding the flow table for traffic
forwarding. One major advantage of using OpenFlow
switches is handling its own area and reporting it to the
controller [48]. The controller will be the leader in conducting
the decision-making process and monitoring other network-
related functions. OpenFlow has become a representative
protocol of SDN in this research. After collecting all the
related information, the need for a centralized component to
coordinate the request in a fair manner is understood. Hence,
SDN and SDR were selected as one the important
components to develop a 5G technology and overcome the
issue of spectrum and bandwidth [140,141].

3.3.7.3. 3GPP

The newly developed MTC-aware 3GPP network architecture
is an important product that contributes to the support of MTC
in cellular networks. The MTC device domain, the transport
network domain, and the MTC application domain are the
three domains that are suggested for use in this architecture.
The MTC application domain comprises MTC servers that are
managed by either the mobile network operator or a third-
party MTC provider, depending on the context.

3.3.7.4. SDN via Backhaul Concept

Some experiments are done to prove that SDN with the
Backhaul concept is working, such as Packet Forwarding and
Traffic Offloading [142-145]. The SDN is applied in a
network of 5G mobile as a way to scale the issue of increase
in traffic demand, the number of users and applications, and
control level. The lower level of the SDN architecture still
needs to be researched to improve this technique [146]. The
modeling of 5G as SDN is needed for better performance.

3.3.7.5. D2D Associated with SDN Controller

A mobile cloud system that accomplishes device detection
based on the audio data acquired from the UE was also
suggested by [147]. The controlled cloud system utilizes a
client-server architecture, in which clients send synchronized
time-series recordings to a central server. The server then
applies a clustering algorithm to the time series in order to
categorize the recordings according to the degree to which
they share acoustic characteristics.

Cloudlets are a resource computing environment that was
suggested by researchers [148] to represent resources placed
at the network and in close proximity to mobile users.
FlashLinQ is a solution that was presented by authors [149] to
carry out tasks such as device detection, channel allocation,
and link scheduling in the licensed spectrum.
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Figure 1 Taxonomy of 5G Techniques/Technologies

This is to deliver considerable gains in comparison to
standard IEEE 802.11 systems.

3.3.8. Ultra-Dense-Network (UDN)
3.3.8.1. U/C Split

According to a study by [151], the control plane and user
plane (C/U) split is a notion that becomes a reality when
distinct cells are responsible for serving the data rate and
control signals. When using a C/U split design, the control
plane has to be supplied by a continuous and more dependable
coverage layer operating at a lower frequency band, but the
user plane may be provided by smaller cells with a higher
capacity [152]. According to [57], UDN is causing high-
frequent measurement, unbearable handover failure (HOF),
and enormous power consumption in both the terminal and
access network. These issues may be traced back to the fact
that UDN is the root cause. Therefore, improving mobility in
scenarios where there are a lot of people is becoming an
increasingly important challenge [153]. In recent years, the
C/U divide has emerged as one of the most promising
potential solutions to this dilemma. When using C/U split, the
functionality of the C-plane is supplied by a macrocell
operating in the low-frequency band [154]. This helps to
ensure that strong connection and mobility are maintained.
While this is happening, the macrocell also functions as a
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normal cell, which enables it to handle signaling on both the
C-plane and the U-plane. On the other hand, a tiny cell
operating at a higher frequency range may give the
functionality of a U-plane to increase the user data rate [155].
Nevertheless, the tiny cells are designed to simply transport
user traffic. Macrocells are responsible for managing the
Radio Resource Control (RRC) connection operations that
take place between the user equipment and small cells. A
flexible and effective operation is the consequence of a tiny
cell's ability to offer a one-to-one connection for user
equipment (UE) despite the absence of any cell-specific
signals or channels. Because of this, fundamental mobility
performance may be maintained despite the use of just a
limited number of cells operating at higher frequency bands.

3.3.8.2. SARC

The logical separation of data and control planes, also known
as SARC, is a high potential approach that might be used to
construct a 5G mobile network architecture that makes
effective use of energy [156]. This architectural solution will
have an influence on how to build a network that makes
optimal use of energy, and it will have that impact because it
is an architectural solution. The feature of discontinuous
transmission (DTX) and discontinuous reception (DRX) will
be made available as a result, enabling traffic adaptability
throughout the whole network. At the same time, a high-
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strength antenna beam will be generated specifically for the
user who is actively transmitting or receiving data. Because of
this, the power consumption of the BS will shift, which will
lead to an increase in the percentage of energy efficiency. The
functioning of the tiny cell may allegedly be improved by
separating the control plane from the user plane design [157].
The control plane will provide connectivity and mobility,
while the user aircraft will be responsible for providing data
transfer. It is possible to generate an efficient energy
utilization with variable sleep opportunities in the data plane,
and it can decrease the mobility signaling overhead if
implemented [158]. These are only two of the many
advantages that may be gained by using the SARC. According
to the findings of a study [159], one of the two primary ideas
about the 5G system that China Mobile has suggested is
environmentally friendly. SARC has been seen as one of the
promising designs, particularly in terms of energy use
efficiency, which is the result of the many different kinds of
studies that have been done over the last several years on
environmentally friendly communications.

4. ANALYSIS AND DISCUSSION
4.1. Network Functions Virtualization (NFV)

Authors in [63] claimed that the NFV uses IT virtualization
technology to provide a new way to build an end-to-end
network infrastructure that SDN can run on rather than a term
of the umbrella. The strength of this technology is to it
provides a new way of building an end-to-end network
infrastructure. In addition, the carriers can reduce the power
consumption and equipment cost to build and operate a
network that is useful in future 5G technology. However, this
technique is still unclear on the impact on reliability and
performance.

4.2. Software-Defined Network (SDN)

Open Networking Foundation claimed that SDN is a
networking computing that allows the network operator to
manage the network services through higher-level abstraction
functionality. The strength of this technique is to help traffic
allocation towards network elements in the data plane
(separated in the network) which can help in future 5G
technology but has weakness in SDN protocol in the
northbound interface. Hence, the northbound interface’s SDN
protocol needs to be enhanced by doing more research and
experiments. There are several works that take SDN as core
architecture for the building of 5G technology. Researchers in
[147] said that some innovative network infrastructures might
be used in 5G, such as SDN and NFV. This combined
technique gave the strength which gives the potential to
enhance the old way of telecommunication services delivery.
However, this technique has weak network capacity and traffic
handling when the number of users increases in the future. We
recommend the proposed technique is integrated with the
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Backhaul concept to handle the traffic growth when the
number of users increases to maintain high network efficiency.

A study by [33], proposed architecture design based on SDN
architecture. The proposed architecture is a cloud-based
packet core architecture consisting of 3 layers: access cloud,
regionally distributed cloud, and centralized national cloud.
This solves one of the challenges of 5G, namely end-to-end
latency. This provides lower latency when implemented.
Besides that, the cost of this proposed architecture is cheaper
and easy for record evolution and maintenance by enabling
the distribution of features on vanilla switches of SDN
architecture. On the downside, however, there is a trade-off
between latency, cost, and signaling traffic control plane
functionalities within the core network architecture. With that,
detailed research is recommended to be done to overcome the
trade-off. Besides that, based on the architecture proposed by
researchers in [48], the idea of integrating SDN with SDR is
that the outcome can overcome the issue of spectrum and
bandwidth, and communication can be transmitted in a much-
centralized manner. The downside, however, is that SDN and
SDR are unable to communicate with each other, and to
overcome this, further research is required to gain a better
understanding between SDN and SDR. In fact, the use of a
cross-layer controller also needs to be tested to see if it really
works.

A study by [47] came out with a concept called Backhaul,
which can provide solutions needed for situations like an
increasing number of users, traffic demand, application cost,
and control level. The concept had done some experiments
that proved visions such as SDN mobile traffic offloading to
decrease latency overhead between controllers. Research,
however, is needed for the architecture of SDN as the concept
of secure service delivery is not likely to be implemented.
Recommendations are made to put more effort into the SDN
architecture research and to implement and experiment with
the concept of secure delivery. Furthermore, R. Guerzoni and
Trivisonno [132] came out with an architecture that is based
on SDN, NFV, and edge computing. The architecture is able
to dispose of the use of tunneling protocol while carrying out
multidimensional carrier-grade communication path and
reduce end-to-end latency by proactively configuring the
SDN-based infrastructure and delay-critical services by ad-
hoc virtual link implementation in the flow management
module. This, however, is still in the early stages as it is just a
“plastic” architecture. To make it a reality, further research
and development on this hybrid new concept of an SDN-
based network are required so that it can be instantiated easily
and grow more maturely.

4.3. Neural Network (NN) into Quality of Experience (QOE)

A study by [20] stated the neural network (NN) approach to
QoE is important for future 5G technology. This approach's
strength is to give adaptive estimation and classification in 5G
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technology automatically. The weakness of this approach is
the challenge of implementing it to meet user satisfaction in
the overall system because of the increase of smart user
devices. Hence, we recommend using QoE’s SOF for 5G
technology because it can gain QoE self-optimization for 5G
technology by the relationship between QoS and the resulting
QoE.

4.4. Machine Type Communication (MTC)

The study on 5G has determined that machine-to-machine
communication is one of the most significant areas to
investigate. According to [160], MTC is more advanced than
other communication methods in various qualities: the ability
to transmit tiny packet sizes, tolerance of transmission delays,
and low frequency. However, a few obstacles still need to be
overcome, such as effective scheduling of hybrid aggregators
and typical mobile users, improved interface design between
devices and aggregators, and RRC signaling optimization for
aggregated services. Optimizing DSR performance and
relieving the strain placed on networks due to the potentially
infinite number of MTC devices are the two proposed
solutions. In the study [20], the real-life implementation of
LightEPC, which is a novel architecture to enable MTC, was
explored.

These strategies are effective in lowering the entry costs for
mobile network operators into the MTC market, allowing
them to do so with a minimal amount of capital expenditure.
It offers distant MTC servers a communication interface that
enables those servers to trigger MTC devices or receive MTC
data. This is made possible by the fact that it provides this
interface. The inability of the eNBs to be modified in any
way, despite the fact that they are able to recognize MTC
traffic and send it on to the LightEPC instances, is the
method's primary shortcoming. Additionally, if there are a
large number of attaching requests, MME can become
overloaded, which would lead to an increase in queue size and
the discarding of certain attach requests. It advises that the
internal IDs of MTC devices should use eNBs and that the
attached request should have a consistent value. This may be
accomplished by making use of one LightEPC request for
each MTC group. This will help to keep the number of MTC
from fluctuating.

45. Evolved Multimedia Broadcast Multicast Services
(eMBMS) and Future of Broadcast TV (FOBTV)

A study by [122], stated that the mobile broadcast
technologies are Evolved Multimedia Broadcast Multicast
Services (eMBMS) technology and the broadcast industry
towards Future of Broadcast TV (FOBTV). This technology
has strength in handling the opportunities and challenges
faced in converging them. In addition, it also gives great hope
for the convergence of these two industries in future 5G
networks. The weaknesses of the combination for these two
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industries are still challenges and requirements such as a
flexible and scalable broadcast mode that need to be faced and
fulfilled. We recommend a better technology needs to be
invented that can support the efficiency of the high-definition
television (HDTV) services and the wide-area coverage of the
high power high tower (HPHT) infrastructure. Besides that, it
also needs to be able to constantly change between the unicast
and broadcast delivery when required as well as depending on
the status of the network.

4.6. Ultra-Dense Network (UDN)

Researchers in [57] claimed that the control plane and user
plane (C/U) split concept should be applied to Ultra-Dense
Network. The strength of this technique is that it can achieve
a much lower handover failure rate and higher energy
efficiency as compared with the current LTE system. This
technique has a bad side: it does not really select the best local
cluster node in clustering. We recommend the selection to
choose the best local cluster mode by considering both ideal
and non-ideal backhaul situations.

A study by [161] proposed that by applying control and data
planes separation architecture (SARC) in designing a 5G
network, the potential to gain energy efficiency is higher.
Moreover, SARC provides flexibility in  mobility
management, and due to its ubiquitous coverage
characteristic, the inherent drawback of coverage holes and
high interference can be voided. But the signaling network in
SARC will be complex as flexible mobility management
means a higher degree of freedom. A network-aware physical
layer needs to be created to provide much more efficient
networks to overcome this challenge.

4.7. Millimetre Wave (mmWave)

A study by[162], stated that two aspects are encouraged in
mmWave communication system  development: the
wavelength and the bandwidth. Due to the characteristic of
mmWave, it has shown its capability to solve the problem
faced by high-speed wireless broadband access, such as
supporting the application that needs a high transmission rate.
mmWave is one of the efficient solutions in the 5G wireless
network. It can uphold the growth of the traffic, which
satisfies the rapid increase of data rates and increases the
bandwidth up to tens of Gbps in 5G technology. According to
a study by [52], the deployment of D2D communications in
the mmWave system is to handle local traffic by relaying
rather than improving the spectrum utilization efficiency.

On the other hand, researchers [52] also mentioned that its
short wavelength has difficulties in diffraction, propagation
loss, and weak signal due to the difficulties in penetrating
through the solid material. However, the solution for these
weaknesses can be resolved by using the high gain antenna in
mobile devices and using narrow beamwidth antennas in the
BS. As for the BS placement and optimization, the Authors in
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the study [163] have discussed the radio network planning in
2015. Throughout the planning process, it will minimize and
optimize the locations of BSs for a given geographical area
and build up the use of mmWave frequencies in macro and
micro BS. The full detail of the calculation for the BSs
optimization is provided, but no clear answer exists whether
the proposed solution is a good solution for the problem.
Therefore, a clear statement to support the effectiveness of the
proposed solution in solving the problem should be included.

4.8. Intelligence

A study by [63] stated that the introduction of intelligence
towards 5G with consideration of the complex context of
operation and essential requirements is required. Intelligence
facilitates the decision-making of the cells to maximize
energy and cost-efficiency. However, additional costs for
adding new or upgrading existing network equipment are
required to integrate intelligence. Moreover, the technical
proof of the concept is not yet discussed. Hence, further
research is required on the simplifying integration of
intelligence into the technology and how intelligence impacts
the operational and capital expenditure, so that network
operators are willing to invest in equipment upgrades to
integrate intelligence. Authors in this study also stated Fusion
Net could increase heterogeneous network deployment
performance with its powerful intelligence properties.

Fusion Net is used to propose a multilayer and MSA
technology. The strength of Fusion Net is maximizing the cost
and energy efficiency and avoiding over-positioning of
resources by using decisions associated with the combination
of distribution of traffic to various spectrums and RATS.
However, the technical proof of their concept needs to be
increased and still needs to be researched. Further research on
the technique needs to be done in the technology and how
Fusion Net impacts the future 5G technology.

4.9. Radio Access Technologies (RATS)

Researchers in [45] argue that the trend toward integrated use
of multiple RATs and networks will be essential for
addressing the challenges faced by future 5G networks. The
integration of WiFi-LTE within the RAN is needed to address
the capacity limitations of the 5G network. The simulation
results for Coordinated RAT-Assignment and Cross-RAT
Scheduling are also provided. The problem is that the
exchange of Cross-RAT information across BSs and WiFi
Apps requires user involvement, but the user only has local
knowledge of the wireless network conditions. Hence, further
research on how and in what way the users are able to help in
the exchange of Cross-RAT information are required.

According to Kayama and Jiang [70], Massive MIMO and
NOMA are expected to be applied to achieving the 5G target
to increase SNR, reduce co-channel interference, and increase
throughput gain. In addition, Massive MIMO also created
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higher capacity in the form of radio heads (distributed) or
antenna element’s deployment (higher frequency bands) to
handle future challenges, which s including many mobile
network users. The downside of massive MIMO and NOMA
includes limited coverage of small cells and increased inter-
cell interference. The antenna element’s deployment of
Massive MIMO still needs to find the most suitable algorithm
to acquire fast and coherent signal processing. Phantom cell
and  network-assisted interference  cancellation and
suppression (NAICS) can be used to solve the weakness.
Furthermore, need to do more research and invent a new
processing algorithm and topology to match up the gather of
fast and coherent signal processing on Massive MIMO.

4.10. Device-to-Device (D2D) Communication

According to [35, 34], D2D communication provides better
service in increasing mobile data volume per unit area,
capacity, data rate, and battery life. However, D2D
implementation is still facing challenging issues such as the
network architecture, physical layer features, and performance
requirements of D2D that are yet to be addressed. Also, direct
communication is offered between devices in near proximity,
leading to the inefficiency of discovering near devices.
Recommendations to resolve these weaknesses are intensive
research activities on D2D implementation. Meanwhile, at the
hardware level, research on increasing the communication
range between devices should be carried out in order to
resolve the issues encountered.

Authors in [101] stated that the pricing issues in D2D
implementation between operators and users can be improved
by using game theory and auction theory tools. Although this
benefits both operators and users, the proposed tools might
not consider the efficiency of a given auction design, optimal
and equilibrium bidding strategies, and revenue comparison.
Therefore the tools proposed are not efficient and effective. In
order to maximize revenue for both operators and users,
research on game and auction theory should be carried out in-
depth. Ahishakiye and Li [34] stated that in D2D enabled
cellular network, BS initiated protocol that is able to handle
high traffic requests without generating high control
overhead. A disadvantage seen in BS-initiated protocol is that
high interference might occur when a BS has a high number
of connections simultaneously. However, this can be solved
by using directional antennas on BS, each pointing in a
different direction. This results in increasing the traffic
capacity of a BS and not greatly increasing interference
caused by devices.

4.11. Heterogeneous Network (HetNet)

Bangerter et al. stated that the small cell deployment at high
traffic regions in HetNet enables the support of wide-range
frequency bands for different services with huge network
capacity. However, there is high interference between devices
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in HetNet. Therefore, enhanced Inter-Cell Interference
Coordination (elCIC) is recommended for better interference
management.

5. CONCLUSION, FUTURE TRENDS AND
RECOMMENDATION

In today's world, wireless network technology has evolved
into a requirement for everyday life, and the advent of 5G
technology will take it to the next level for a variety of
reasons, including service draw, new discoveries made
possible by research, and technology, and more. As a
consequence of the increased demand, mobile broadcasting
technologies such as LTE, LTE-A, and eMBMS have been
developed. However, it is probable that the existing wireless
communication networks may not be able to operate the 5G
devices in an efficient way as these networks were not created
to handle frequent short data packets and simultaneous huge
demands. On the other hand, owing to the quick expansion of
the internet of things, which includes a range of low-cost
machine-type communications devices, it is projected that
trillions of wireless nodes in 10T may become operational in
the fifth generation of the wireless communications system.
As a consequence, the mobile type communication
architecture (also known as MTC) was established. This
design is based on aggregated packet traffic models and data
relay mode. It is a platform that makes it possible for
machines or devices to interact with one another utilizing the
M2M or D2D protocols. The expansion of machine-to-
machine (M2M) networks was a crucial contributor in the fast
increase of network traffic. It is believed that upgrading MTC
with aggregators will reduce some of the load that the
possibly billions of MTC devices would have on 5G
networks. In conjunction with the intention to provide high
data volume, data rates, and high accessibility from mobile
with low latency and longer battery life idea of Mobile and
Wireless Communications Enablers for the 2025 Information
Society (METIS), which promotes a connected information
society through an increase in the utilization of mobile
devices.

The evolution of 5G technology has produced SDN and NFV)
Spectrum sharing, self-organizing network (SON) function,
and enhanced networking via the use of terminal
measurement input are three areas of emphasis for 5G
technology. HetNet is also ideal for 5G technology due to its
influence on network effectiveness and overall performance.
MIMO (has been the primary method in HetNet architecture
used as Cloud RAN for backhaul with high data rates and low
latency. Despite the efficacy of the strategies, various factors
are considered, such as spectrum aggression, the convergence
of LAN, PAN, and WAN, the connection requirements of the
internet of things, and increasing network cooperation.
Dynamic RAT assignments with virtual RAN architecture
may increase system dependability and user QoS via cross-

ISSN: 2395-0455

RAT assignment, cross-RAT  scheduling, downlink
performance outcome, and uplink performance consideration.
Radio Access Technology (RAT) enables the transition from
LTE to older networks. Future networks' capacity and
connection constraints act as a driving force not only to
increase the performance of an individual RAT, but also to
integrate numerous RATs more tightly. Multi-RAT is also
viable for offloading hotspots with proximity services in
ultradense small cell deployments. In addition to the use of
RAT to accomplish 5G objectives, additional methods for
enhancing cost effectiveness and service supply include the
reduction of cell size, the deployment of heterogeneous
networks, and the use of flexible spectrum management.

The control and data plane separation architecture, also
known as SARC, is regarded as a viable paradigm that may
help achieve energy efficiency, system-level capacity
maximization, interface management, and  mobility
management. This is important for energy management for
the device. The process of shutting things off may also
contribute to increased energy efficiency. In addition to this,
the design provides more mobility management flexibility by
cutting down on the number of handover signals. In addition,
there are not many processes necessary to guarantee the
dependability of a Device to Device network. In his study,
Xuemin Shen suggests that millimeter-wave might be a viable
alternative for the development of D2D since it gives less
seamless coverage while having a higher degree of stability.
Even if its wavelength is extremely short and it is unable to
penetrate the object, it is still preferable to use a D2D network
rather than a standard one since D2D networks have reduced
propagation loss and offer a directed connection, which helps
reduce interference. The device-to-device (D2D) connection
is made possible by the 5G technology, which takes into
account the users, needs, and trends that are now shaping
network  connections.  Device-to-Device, or D2D,
communication is made possible by a technology known as
D2D. This technology eliminates the need for communication
infrastructures like access points and base stations. It will
figure out how to make a connection between two devices by
taking advantage of their close proximity to one another while
still taking into account latency and resource efficiency
between the key performance indicators (KPIs). Device
Relaying with Operator Controlled link establishment (DR-
OC), Direct D2D Communication with Operator Controlled
link establishment (DC-OC), Device Relaying with Device
Controlled link establishment (DR-DC), and Direct D2D
Communication with Device Controlled link establishment
are the four different categories of D2D communications
(DC-DCQ). In order to accomplish this objective, the two-tier
cellular network will make it possible for users and devices to
communicate in ways that include both the macro cell tier and
the device tier.
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Since D2D communications involve heavy data traffic, hence
more energy consumption is expected. Therefore, battery life
is easily exhausted, and interference keeps on occurring due
to the transmission collision. But with, cross-layer Resource
Control under Busty Data Traffic could minimize the
problems. Its three function blocks in D2D selection, mode
selection, power block, and resource allocation ensure a
proper decision to avoid wasting energy and power control
and reuse to improve cellular communication. There are two
ways for D2D device discovery: Network proximity and Open
proximity which the usage depends on either user requirement
initiated or base station initiated. Network proximity is a
network that provides discovery assistance by enabling user
requirements requesting services while open proximity by
discovering each possible device in the network. User
Equipment initiated, its protocol follows the reactive (pull)
principle, which starts with contact with the base station. A
proximity service discovery on-demand manner. For Base
Station initiated, it follows the idea of a proactive (push)
mechanism that is multitasking to an advertisement to all
D2D subscribers no matter whether it is with or without
request proximity service. Any devices are independent to
communicate within their proximity. Bypassing the base
station through the D2D link as long recognized by the base
station, communication is feasible based on the current
location. In addition to that, the base station also will assist in
allocating resources and information exchange for discovery
success. In conclusion, the reactive protocol performs better if
the D2D traffic load is low, unlike the proactive protocol,
which is preferable if many D2D user equipment are in the
vicinity.

One of the proposed architectures proposed to overcome most
of the challenges of the 5G network is SDN. SDN helps to
reduce the latency in the network. Besides, it is re-
configurable as it allows instantiation of logical architecture
and network functions, and the services are implemented in
the optimal location within the cloud infrastructure. Other
than that, SDN is proposed to support D2D communication.
The basic idea of it is that the architecture’s controller is
associated with the D2D controller. Another proposed future
trend is the codified packet core represented in 3 layers: an
access cloud, regionally distributed cloud, and centralized
national cloud. Besides that, MTC communication
architecture is proposed as it enables M2M or D2D
communication, and it is expected to reduce the pressure on
5G networks from the potential trillions of MTC devices.

For recommendation:

1. Itis important to investigate and define disruptive network
architectures in all available network technologies to address
the 5G challenges.
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» Software-defined Networking (SDN) and Self-organizing
Networks (SON) architecture and protocols should
investigate

+ Existing infrastructure, security measures, and the
effective administration of virtualized networks and
services are all components of the design procedures that
guarantee the co-existence of virtual networks.

2. Networking and virtualization technologies will drive the
advances of 5G system components.

e The development of technologies based on particular
consumers, services, or network settings is highly
recommended. It enables the building of virtual networks
in a dynamic and adaptable manner.

* New radio technologies can help us communicate visible
light for satellite communications.

3. It will study the system's flexibility and programmability
to the fullest extent possible, which will enable us to apply the
5G vision across all of the technologies that have been
created.

+ It is essential to research both the already operational and
planned network installations. It will make possible the
sharing of networks on every level.
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