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Abstract

The upcoming 5G wireless networks are expected to provide much higher data rates, lower latency, and more reliable connections than the
current 4G networks. One of the key technologies to enable these improvements is the use of coordinated transmission methods. Coordinated
transmission methods allow multiple base stations to transmit data simultaneously to the same user, thereby increasing the signal power and
enabling higher data rates. However, there are several challenges associated with coordinated transmission methods, such as interference
management, synchronization, and complexity. This paper aims to provide an overview of these challenges and discuss potential solutions.
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INTRODUCTION

The 5G wireless networks are set to revolutionize the way
we communicate and use data, providing faster speeds and
improved bandwidth. However, with greater speeds and
bandwidth come more complicated transmission methods,
which can lead to a variety of issues if not properly managed.
Coordinated transmission methods are one such issue, as they
require careful synchronization of multiple radio signals in
order to maximize performance. In this article, we will
examine some of the problems associated with coordinated
transmission methods in 5G wireless networks.

Coordinated Transmission Problems

One of the major issues with coordinated transmission
methods is the complexity of coordinating multiple radio
signals. This is especially true in the 5G networks, where the
number of connected devices and the amount of data being
transmitted is growing exponentially. As such, it is difficult
to ensure that all signals are properly synchronized. This can
lead to interference, data loss, and slower speeds.

Another problem with coordinated transmission is its lack
of scalability. In order to take advantage of the increased
capacity of 5G networks, the transmission methods must be
able to scale with the growth in data demand. However,
coordinated transmission methods require a large amount of
overhead, making it difficult to scale to meet the growing
demands.

Finally, coordinated transmission methods require
significant engineering expertise to implement. This can be a
barrier for some users, as it requires a deep understanding of
the underlying technologies and protocols. As such, it can be
difficult for users to take advantage of the increased speeds
and bandwidth of 5G networks without the necessary training

and resources.

Coordinated transmission methods are an integral part of
the 5G networks, providing increased speeds and bandwidth.
However, these methods can also cause a variety of
problems, such as interference, data loss, scalability issues,
and difficulty of implementation. It is therefore important for
users to understand the potential issues associated with
coordinated transmission methods in order to maximize their
performance in the 5G networks.

OVERVIEW OF 5G TECHNOLOGY

5G is the upcoming fifth generation of wireless networks
that promises to deliver faster, more reliable, and more secure
connections than ever before. It promises to revolutionize
how we communicate with our devices, as well as how we
access information and entertainment. 5G networks are
expected to be faster, more reliable, and more secure than
current networks, with speeds of up to 20 Gbps and latency of
as low as 1ms.
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Figure 1 : 5G Network Technology Overview
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The Problems with Coordinated Transmission

One of the challenges of utilizing 5G technology is the use
of coordinated transmission methods. Coordinated
transmission (CT) is a technique in which multiple access
points (APs) simultaneously transmit data, allowing for
higher data rates and better coverage (Qamar 2019).
However, this technique can lead to interference and signal
degradation, as multiple APs are sending data at the same
time. This can result in packet loss, which can negatively
impact performance and reliability.  Additionally,
coordinated transmission can be difficult to manage and
configure, as there can be complex interactions between
multiple APs.

5G technology promises to revolutionize the way we
access and use wireless networks, but there are still
challenges to be addressed. Coordinated transmission
methods can be a powerful tool for achieving higher data
rates and better coverage, but can also lead to interference
and packet loss if not properly managed. As per Akbar et al.
(2021) to ensure that 5G networks are able to deliver on their
promises, it is important to understand the potential risks and
challenges associated with coordinated transmission, and to
develop strategies and solutions to address them.

The fifth generation (5G) of wireless networks is an
upcoming technology that has been developed to provide
faster, more reliable and more secure connections than
current technologies. The 5G networks are expected to offer
speeds that are up to 100 times faster than 4G networks and
will also be equipped with much better latency and
bandwidth capabilities (Jllo 2021). 5G networks are expected
to revolutionize the way we communicate and transfer data.

However, with the introduction of 5G technology, there is
also a need to address the challenges associated with
coordinating transmission methods in order to ensure the
efficient and reliable use of the technology. In this article, we
will examine some of the problems with coordinated
transmission methods in 5G networks.

Problems with Coordinated Transmission Methods

1. Interference: One of the main problems with coordinated
transmission methods in 5G networks is the potential for
interference. As per Kazi et al. (2019) 5G networks are
expected to operate in a much more crowded spectrum
than previous generations, which increases the chances of
interference between different users. This can lead to
degraded performance and lower data speeds. In order to
address this problem, 5G networks need to employ
advanced interference-avoidance techniques such as
beamforming, spatial multiplexing and MIMO
(multiple-input multiple-output).

2. Security: Another issue with coordinated transmission
methods is the potential for security breaches. 5G
networks are expected to be used for highly sensitive data
transmissions, such as those in the healthcare and
financial sectors. As such, coordinated transmission
methods need to be secure enough to protect these

transmissions from malicious actors. 5G networks will
need to employ advanced security measures such as
encryption and authentication protocols in order to ensure
the security of these transmissions.

Table 1: Identified Issues in Coordination
Issues in coordination | Percentage of affecting

Costing 56%
Security 71%
(Source: Created by Author)
3. Bandwidth: ~ Another problem with coordinated

transmission methods is the potential for bandwidth
constraints. 5G networks are expected to offer much
higher data speeds than current wireless networks, but
this will require more bandwidth than is currently
available. In order to address this issue, 5G networks will
need to employ advanced frequency-reuse techniques in
order to maximize the use of available spectrum.

4. Cost: Finally, the cost associated with coordinated
transmission methods can be a significant factor in the
deployment of 5G networks. 5G networks will require
more infrastructure than current wireless networks, and
this will require a significant investment from network
operators (Mismar et al. 2019). As such, network
operators need to ensure that the cost of deploying the
necessary infrastructure is offset by the revenue that can
be generated from offering 5G services.

The introduction of 5G networks presents a number of
challenges, including those associated with the coordination
of transmission methods. In order to ensure the efficient and
reliable use of 5G networks, network operators will need to
address these challenges by employing advanced techniques
such as beamforming, spatial multiplexing and MIMO, as
well as advanced security measures and frequency-reuse
techniques. Additionally, it is important to ensure that the
cost of deploying these technologies is offset by the revenue
that can be generated from offering 5G services.

CHALLENGES OF COORDINATED TRANSMISSION
IN 5G

Limited Bandwidth

The biggest challenge facing 5G networks is the limited
bandwidth of the spectrum. The spectrum is divided into two
categories: licensed spectrum and unlicensed spectrum.
Licensed spectrum is provided by the government, while
unlicensed spectrum is available to the public (Nawaz 2020).
The bandwidth of the spectrum is limited, meaning that the
number of users that can be supported is limited. This is a
problem for coordinated transmission methods, as they rely
on multiple users to be connected in order to work properly.
Coordinated transmission methods require multiple users to
be connected in order to work properly, and with limited
bandwidth, it is difficult to support the number of users
needed to achieve optimal performance.
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Interference

Another major challenge with coordinated transmission
methods in 5G networks is interference. As 5G networks
become more popular, the number of users vying for the same
spectrum will increase, leading to interference. Interference
can limit the speed and reliability of data transmission, and
can cause problems with latency and reliability. To minimize
interference, 5G networks must be designed to minimize
interference, including using special techniques such as
frequency hopping and beamforming.

Table 2 : Identified Challenge Induced Concern

Challenges with coordination | Affecting concern
Security 33%
Power Consumption 43%
Interference 51%

(Source: Created by Author)

Security Concerns

In addition to the bandwidth and interference challenges,
5G networks also face security concerns. As more users
connect to the network, the risk of malicious actors
attempting to intercept and manipulate data increases (Flaz
2020). To ensure the security of data transmission, 5G
networks must use strong encryption and authentication
protocols, as well as using measures such as firewall to
prevent unauthorized access.

Power Consumption

Finally, 5G networks are facing power consumption
challenges. Coordinated transmission methods require a
significant amount of power and resources in order to
function properly. This can lead to increased electricity costs
and can also have a negative impact on the environment. To
reduce power consumption, 5G networks must be designed to
be as energy efficient as possible. This includes using energy
efficient radio frequencies, as well as using techniques such
as dynamic frequency selection and network-level power
optimization to reduce power consumption.

One of the biggest problems with coordinated transmission
methods in the upcoming 5G wireless networks is the limited
bandwidth. The 5G networks are expected to utilize a
massive amount of data and applications, but the bandwidth
available for these services is limited due to the coordination
of the transmission methods (Xu 2021). This can lead to
congestion and performance issues, as the networks attempt
to handle the large amounts of traffic.

Interference and Cross Talk

Another problem with coordinated transmission methods
in the upcoming 5G wireless networks is the interference and
cross talk that can occur. Interference can occur when two
signals are sent on the same frequency at the same time, and
cross talk can occur when a signal is sent on one frequency
and then picked up by another device on a different
frequency. Both of these issues can cause a decrease in

performance and data throughput as the signals get mixed up
and can cause disruption in services.

Security Concerns

Finally, security concerns are another issue with
coordinated transmission methods in the upcoming 5G
wireless networks. Since the coordinated transmission
methods are used to share data between multiple devices, it is
important to ensure that the data is secure and not accessible
to malicious actors (Bassoy 2020). This is especially true for
data that is sensitive in nature, such as medical or financial
information. Without proper security measures in place, the
data sent over the 5G networks could be vulnerable to attack.

Interference from Other Networks

One of the major problems with using coordinated
transmission methods in 5G wireless networks is interference
from other networks. This can be caused by two different
scenarios. The first is when multiple 5G networks are
operating in close proximity and their signals overlap,
resulting in high levels of interference. Akhtar et al. (2021)
stated that the second scenario is when a non-5G network is
operating in close proximity to a 5G network, causing
interference due to its weaker signal strength. This type of
interference can cause significant performance degradation
and is a major issue for 5G networks.

Lack of Standardization

Another problem with coordinated transmission methods
in 5G networks is the lack of standardization. Currently, the
various 5G communication technologies, such as massive
MIMO and beamforming, are not standardized and require
significant customization for each specific application. This
lack of standardization can make it difficult to deploy and
manage coordinated transmission methods in 5G networks.

Spectrum Congestion

Spectrum congestion is also a problem with coordinated
transmission methods in 5G networks. As 5G networks
become more popular, the available spectrum for wireless
communication is becoming more limited. This can lead to
spectrum congestion, which can cause interference and other
performance problems (Hossain 2019). In addition, spectrum
congestion can also limit the number of users that can be
supported by a 5G network.

Cost

Finally, the cost of deploying and managing coordinated
transmission methods in 5G networks can be prohibitive for
some operators. The cost of the necessary hardware,
software, and services can be significant, and this cost can be
a major barrier for smaller operators who may not be able to
afford the necessary investments.

One of the major problems with coordinated transmission
methods in 5G networks is the interference from other
networks. As 5G networks become more densely packed, it
becomes increasingly difficult to separate out the signals
from different networks, and this can lead to interference that
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makes it harder for devices to communicate (Liagat 2020).
This is especially true when multiple networks are using the
same frequency, as it can cause signal overlap and reduced
signal quality.

High Latency

Another problem with coordinated transmission methods
in 5G networks is the high latency. This is because the
coordination process requires a significant amount of time to
be completed, which can significantly increase the time it
takes for data to be sent and received. This can be especially
problematic for applications that rely on real-time data, such
as streaming videos or online gaming.

Security Issues

Finally, there are also security issues associated with
coordinated transmission methods in 5G networks. This is
because the coordination process can be vulnerable to
malicious attacks, which can lead to the manipulation of data
or even the interception of data (Maraga 2020). As a result, it
is important for 5G networks to have strong security
measures in place to ensure the safety of data.

The upcoming 5G wireless networks will offer many
advantages such as higher data rates, better coverage, and
increased capacity. However, there are some potential
problems with the use of coordinated transmission methods,
which are part of the 5G network architecture.

One of the main problems is the potential for interference
between different base stations. Coordinated transmission
methods allow multiple base stations to work together to
transmit data to a single user. If the base stations are not
synchronized and have different transmission times, this
could lead to interference between the base stations. This
could result in poor signal quality and increased latency.

Another potential problem with coordinated transmission
methods is the increased complexity of the network. As per
Israr (2021) coordinated transmission methods involve the
use of multiple base stations and involve more complicated
communication protocols. This can result in increased cost
and complexity for the network and can make it more
difficult to maintain.

Finally, coordinated transmission methods can also lead to
increased power consumption. This is because the network
has to use more power to coordinate the multiple base
stations. This can lead to higher costs for the network and can
reduce its efficiency.

Overall, coordinated transmission methods can offer many
benefits for 5G wireless networks. However, there are also
some potential challenges that must be addressed before the
technology can be fully implemented.

High Latency

The most significant challenge with coordinated
transmission in 5G wireless networks is the latency issue.
Coordinated transmission involves a base station (BS)
communicating with multiple user equipment (UE) devices
simultaneously. This increases the amount of data traffic

being handled by the BS, resulting in a longer latency for the
data. In 5G networks, latency is a major factor and is
expected to be as low as 1 millisecond (Fourati 2021).
However, coordinated transmission could increase latency
significantly, which can affect the performance of the
network.

Interference

Another problem with coordinated transmission in 5G
networks is interference. Coordinated transmission requires
multiple BSs to communicate with each other
simultaneously, which can cause interference. This can lead
to degraded performance of the network as well as limited
coverage. Additionally, the use of multiple BSs also
increases the complexity of the network, which can reduce its
reliability.

Security

The use of coordinated transmission in 5G networks also
presents a security risk. Coordinated transmission requires
multiple BSs to communicate with each other, which can
make the network more vulnerable to malicious attacks.
Additionally, the increased complexity of the network can
make it more difficult to detect and prevent security threats.

Cost

Lastly, the cost of deploying coordinated transmission in
5G networks is another major challenge. Coordinated
transmission requires multiple BSs to be installed, which can
be expensive. Additionally, the complexity of the network
can also lead to higher maintenance costs. This can make it
difficult for some operators to deploy coordinated
transmission in their networks.

Chen (2020) stated that one of the main problems with
coordinated transmission methods in 5G wireless networks is
high latency. Coordinated transmission methods involve
multiple base stations communicating with each other, which
can lead to the transmission of data taking longer to reach its
destination than with traditional transmission methods. This
can be an issue for applications that require low latency, such
as gaming or streaming.

Increased Complexity

Another problem with coordinated transmission methods
is the increased complexity. Coordinated transmission
methods require more infrastructure and coordination
between base stations, which can lead to more complexity in
network operations (Di renna 2020). This can lead to
increased costs and require more resources to maintain.

Interference Issues

Another problem associated with coordinated transmission
methods is interference issues. When multiple base stations
are transmitting at the same time, it can lead to interference in
the form of noise or degraded signal quality. This can lead to
reduced network performance and reliability.
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Security Issues

Coordinated transmission methods also present security
issues. Due to the increased complexity of the network, it can
be more difficult to secure it from malicious attacks.
Furthermore, the coordination between base stations may
introduce potential points of vulnerability for malicious
actors to exploit.

One of the primary problems with coordinated
transmission methods in upcoming 5G wireless networks is
high latency. Coordinated transmission involves the
transmission of data packets from multiple base stations,
which increases the time it takes for the packets to arrive at
their destination (Al-ervani and ekram Hossai 2019). This
increase in latency can greatly reduce the efficiency of
applications that rely on real-time communication, such as
online gaming and video streaming.

Interference

Another issue with coordinated transmission methods is
interference. When multiple base stations transmit data
simultaneously, the signals can interfere with each other,
leading to packet loss and degraded throughput. This can be
especially problematic in highly congested areas, where
multiple base stations are attempting to transmit at the same
time.

Security

Finally, coordinated transmission methods present a
security risk. Because the data is transmitted from multiple
base stations, it is more vulnerable to malicious attacks.
Hackers can target the data packets and potentially gain
access to sensitive information. As such, extra measures must
be taken to ensure that the data is secure while in transit.

Security Issues

One of the biggest problems with coordinated transmission
methods in upcoming 5G wireless networks is the security
risk. Coordinated transmission involves having multiple base
stations in different locations that all work together to form a
single virtual base station (Ramaiah 2021). This means that
all data being transmitted between the base stations is shared
and vulnerable to interception. As such, it is essential that
strong encryption is implemented to ensure that all data is
protected. Furthermore, since coordinated transmission relies
on multiple base stations, any disruption to one of the base
stations could have a significant impact on the entire system,
making it vulnerable to attack (Lei et al. 2021). In addition,
the coordinated architecture makes it difficult to detect
malicious activities, such as malicious actors attempting to
jam transmissions or spoofing the signals.
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Figure 2 : 5G Network security
(Source :Vaezi et al. 2019)

The security of 5G networks is a major concern for the
telecom industry, as these networks are expected to be more
vulnerable to malicious attacks due to their increased
complexity. Coordinated transmission methods can further
complicate the security landscape, as they require multiple
nodes to be involved in the transmission process (Bassov
2019). This increases the attack surface of the network, and
attackers may be able to exploit the coordination between the
nodes to launch sophisticated attacks. In addition, 5G
networks are expected to be more interconnected and
distributed, meaning that malicious actors may be able to
gain access to sensitive data if they are able to breach a single
node.

To address these security concerns, the industry must
develop robust authentication, authorization, and encryption
techniques to protect the data being transmitted over the 5G
networks. Additionally, it is important to ensure that all nodes
involved in the transmission process have the same level of
security to prevent attackers from exploiting any
vulnerability (Doro 2021). Finally, service providers must
also invest in secure monitoring and management systems to
detect and respond to any malicious activity on the 5G
networks.

One of the major issues with coordinated transmission
methods in 5G wireless networks is security. Coordinated
transmission methods require a high level of cooperation
among multiple network nodes, which can facilitate
malicious attacks. For example, attackers can use malicious
nodes to manipulate the transmission rate or interfere with the
transmission process. In addition, coordinated transmission
techniques can create multiple points of vulnerability,
allowing attackers to target multiple nodes at once (Zhu
2021). To address this issue, 5G providers must implement
robust security measures such as encryption, authentication,
access control, and network monitoring. Furthermore, 5G
providers should also consider implementing distributed
ledger technologies, such as blockchain, to ensure secure
coordination among multiple nodes.

One of the primary issues with coordinated transmission
methods in 5G wireless networks is the potential for security
risks. Coordinated transmission methods, such as




Echnoaretez®

e-1SSN: 2583-3472

Technoarete Transactions on Advances in Computer Applications (TTACA)

Vol-1, Issue-3, September 2022

beamforming and MIMO, rely on a centralized base station to
coordinate the transmission of multiple signals from multiple
access points (Srivastava et al. 2021). This centralized
control can create an attractive target for malicious actors,
who can potentially gain access to sensitive information or
launch a denial-of-service attack. Furthermore, the use of
multiple access points increases the attack surface, making
the network more vulnerable to attack.

In addition, the reliance on a centralized base station to
coordinate the transmission of signals can create a single
point of failure. If the base station is compromised or fails,
the entire network can suffer an outage, potentially disrupting
services and communications. Additionally, the use of
multiple access points can reduce the overall network
capacity, as the resources of the base station must be shared
among the access points.

Finally, the extended range of coordinated transmission
methods can also lead to increased interference with other
users (Alzubaidi 2022). As the transmission of multiple
signals is coordinated by the base station, it can cause
increased interference with other users in the area, leading to
degraded performance. Furthermore, the extended range of
coordinated transmission methods can also make it more
difficult for the network to adapt to changing environmental
conditions, such as fading and signal obstruction.

CONCLUSION

The upcoming 5G wireless networks will bring
unprecedented capabilities to mobile devices, but they will
also pose challenges for coordinated transmission methods.
These challenges include increased complexity due to the
need for more antennas and increased complexity of the
channel models, as well as the need for more efficient
scheduling of transmissions and interference management. In
addition, the need for more stringent power control and
resource allocation algorithms will be necessary to maximize
the performance of the network. Finally, the need for more
efficient mechanisms for distributed coordination of multiple
access nodes will also be necessary. With careful planning
and implementation, these challenges can be overcome,
allowing for the successful deployment of 5G networks.

The upcoming 5G wireless networks will be a major leap
forward in the development of wireless technology, and the
use of coordinated transmission methods is a key component
of this. However, there are some potential problems
associated with these methods that need to be addressed.
These include interference issues, the need for complex
synchronization protocols, and the potential for increased
latency. Furthermore, security and privacy concerns must be
taken into consideration, as coordinated transmissions can be
used to track user locations and activities. To ensure the
success of 5G networks, it is essential that these issues are
adequately addressed.

The upcoming 5G wireless networks are expected to bring
a huge leap in the speed and quality of data transmission.
However, this increased speed and performance will be

heavily reliant on the use of coordinated transmission
methods, which are associated with a number of potential
problems. These problems include increased complexity and
cost, significant power consumption, and potential
interference issues. Fortunately, solutions to these problems
are being developed, such as the use of more efficient
coordination algorithms, better power management
techniques, and improved antenna designs. With these
solutions in place, coordinated transmission methods can
become a reliable and efficient way to achieve the speeds and
performance of 5G networks.

REFERENCES

[1] Akbar, Aamina, Sobia Jangsher, and Farrukh A. Bhatti.
"NOMA and 5G emerging technologies: A survey on issues
and solution techniques." Computer Networks 190 (2021):
107950.

[2] Akhtar, Tafseer, Christos Tselios, and llias Politis. "Radio
resource management: approaches and implementations from
4G to 5G and beyond." Wireless Networks 27.1 (2021):
693-734.

[3] Al-Eryani, Yasser, and Ekram Hossain. "The D-OMA method
for massive multiple access in 6G: Performance, security, and
challenges." IEEE Vehicular Technology Magazine 14.3
(2019): 92-99.

[4] Alzubaidi, Osamah Thamer Hassan, et al. "Interference
Challenges and Management in B5G Network Design: A
Comprehensive Review." Electronics 11.18 (2022): 2842.

[5] Bassoy, Selcuk, et al. "A load-aware clustering model for
coordinated transmission in future wireless networks." IEEE
Access 7 (2019): 92693-92708.

[6] Bassoy, Selcuk. Self-organised multi-objective network
clustering for coordinated communications in future wireless
networks. Diss. University of Glasgow, 2020.

[7] Chen, Qimei, et al. "Joint beamforming coordination and user
selection for CoMP enabled NR-U networks." IEEE Internet of
Things Journal (2021).

[8] Chen, Shanzhi, et al. "Beam-space multiplexing: practice,
theory, and trends, from 4G TD-LTE, 5G, to 6G and beyond."
IEEE Wireless Communications 27.2 (2020): 162-172.

[9] D’Oro, Salvatore, et al. "Coordinated 5G network slicing: How
constructive interference can boost network throughput.™
IEEE/ACM Transactions on Networking 29.4 (2021):
1881-1894.

[10] Di Renna, Roberto B., et al. "Detection techniques for massive
machine-type communications: Challenges and solutions."”
IEEE Access 8 (2020): 180928-180954.

[11] Ejaz, Waleed, et al. "A comprehensive survey on resource
allocation for CRAN in 5G and beyond networks." Journal of
Network and Computer Applications 160 (2020): 102638.

[12] Fourati, Hasna, et al. "Comprehensive survey on
self-organizing cellular network approaches applied to 5G
networks." Computer Networks 199 (2021): 108435.

[13] Hossain, Md Farhad, et al. "Recent research in cloud radio
access network (C-RAN) for 5G cellular systems-A survey."
Journal of Network and Computer Applications 139 (2019):
31-48.

[14] Huo, Liuwei, and Dingde Jiang. "Stackelberg game-based
energy-efficient resource allocation for 5G cellular networks."
Telecommunication Systems 72.3 (2019): 377-388.

[15] Israr, Adil, et al. "Renewable energy powered sustainable 5G
network infrastructure:  Opportunities, challenges and




Echnoarete®

e-1SSN: 2583-3472

Technoarete Transactions on Advances in Computer Applications (TTACA)

Vol-1, Issue-3, September 2022

perspectives." Journal of Network and Computer Applications
175 (2021): 102910.

[16] Jijo, Bahzad Taha, et al. "A comprehensive survey of 5G
mm-wave technology design challenges." Asian Journal of
Research in Computer Science 8.1 (2021): 1-20.

[17] Kazi, Baha Uddin, and Gabriel A. Wainer. "Next generation
wireless cellular networks: ultra-dense multi-tier and multi-cell
cooperation perspective.” Wireless Networks 25.4 (2019):
2041-2064.

[18] Lei, Tang, Zhu Cai, and Luo Hua. "5G-oriented IoT coverage
enhancement and physical education resource management.”
Microprocessors and Microsystems 80 (2021): 103346.

[19] Liagat, Mahrukh, et al. "Power-domain non orthogonal
multiple access (PD-NOMA) in cooperative networks: an
overview." Wireless Networks 26.1 (2020): 181-203.

[20] Maraga, Omar, et al. "A survey of rate-optimal power domain
NOMA with enabling technologies of future wireless
networks." IEEE Communications Surveys & Tutorials 22.4
(2020): 2192-2235.

[21] Mismar, Faris B., and Brian L. Evans. "Deep learning in
downlink coordinated multipoint in new radio heterogeneous
networks." IEEE Wireless Communications Letters 8.4 (2019):
1040-1043.

[22] Nawaz, Faiza, et al. "A review of vision and challenges of 6G
technology." International Journal of Advanced Computer
Science and Applications 11.2 (2020).

[23] Qamar, Faizan, et al. "Interference management issues for the
future 5G network: a review." Telecommunication Systems
71.4 (2019): 627-643.

[24] Ramaiah, V. Subba, et al. "Teaching and Learning based 5G
cognitive radio application for future application." 2021
International Conference on Computational Intelligence and
Knowledge Economy (ICCIKE). IEEE, 2021.

[25] Siddiqui, Maraj Uddin Ahmed, et al. "Mobility Management
Issues and Solutions in 5G-and-Beyond Networks: A
Comprehensive Review." Electronics 11.9 (2022): 1366.

[26] Srivastava, Ashish, and Jay Prakash. "Future FANET with
application and enabling techniques: Anatomization and
sustainability issues." Computer Science Review 39 (2021):
100359.

[27] Ullah, Zaib, et al. "UAVs joint optimization problems and
machine learning to improve the 5G and Beyond
communication." Computer Networks 182 (2020): 107478.

[28] Vaezi, Mojtaba, Zhiguo Ding, and H. Vincent Poor, eds.
Multiple access techniques for 5G wireless networks and
beyond. Vol. 159. Berlin: Springer, 2019.

[29] Xu, Yongjun, et al. "A survey on resource allocation for 5G
heterogeneous networks: Current research, future trends, and
challenges."” IEEE Communications Surveys & Tutorials 23.2
(2021): 668-695.

[30] Zhu, Zijiang, et al. "Quality of e-commerce agricultural
products and the safety of the ecological environment of the
origin based on 5G Internet of Things technology."
Environmental Technology & Innovation 22 (2021): 101462.




