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Abstract—The evolution of wireless networks has transformed
the way people interact and communicate with each other. The
next generation of wireless technology, 6G, promises to take this
evolution to the next level. In this paper, we present an overview
of the key technologies that are likely to shape the future of
6G mobile networks such as terahertz communication, visible
light communication, ultra-massive MIMO, artificial intelligence,
quantum communication, blockchain, and intelligent reflective
surface. We discuss the unique advantages and challenges asso-
ciated with each technology and provide examples of ongoing
research to overcome these challenges. By leveraging these tech-
nologies, 6G networks have the potential to provide ultra-high
data rates, ultra-reliable low-latency communication, and massive
connectivity to support a wide range of emerging applications,
including virtual and augmented reality, autonomous vehicles,
smart cities, and more. The integration of these technologies has
the potential to enable new use cases, unlock new opportunities,
and bring us closer to realizing the full potential of the 6G vision.

Index Terms—Potential technology, key technology, 6G, mobile
networks.

I. INTRODUCTION

The development of mobile communication networks has
revolutionized the way people connect and communicate with
each other. Originating from first generation (1G), mobile
network is continuously developed through 2G, 3G, 4G, and
until recent generation, 5G. Although the data rate, reality,
capacity, coverage, and serviceability have been significantly
improved in each generation, the exponential growth of data
usage, emerging technologies, and new applications demands
more advanced networks to support future needs [1].

The latest generation of mobile networks, 5G, show the
great performance when providing high-speed internet access,
low latency, new applications and services for massive IoT
devices. However, it can not satisfy the increasing require-
ments of the new smart applications in digital information
technology era. This demands the next communication net-
work generation to overcome 5G network limits and support
the future needs [2]. Researchers are already looking ahead
to the next generation of mobile networks. The 6G is the
next frontier of mobile communication technology that is set
to deliver unprecedented connectivity, higher data rates, and
lower latency compared to its predecessors [3]. The 6G mobile
network will build upon the strengths of the 5G network while
also incorporating innovative and advanced technologies to
enable new applications and use cases.

631

The future of mobile communication networks is exciting,
and the possibilities that 6G networks will bring are limit-
less. It emerges a new era, intelligent Internet of Everything
(IoE), where the IoE will become even more intelligent and
the interconnectedness of people, things, data, and processes
enabled by the communication network infrastructure such
as smart cities, autonomous vehicles, telemedicine, smart
healthcare, and so on. We will examine the potential impact
of 6G networks on various sectors, including transportation,
healthcare, entertainment, and education. In this paper, we will
present an overview of the requirements and the potential key
technologies that will drive the development of 6G mobile net-
works. These technologies include terahertz communication,
visible light communication, ultra-massive MIMO, artificial
intelligence, quantum communication, block chain, intelligent
reflective surface, and so on. Each of these technologies has
unique advantages and challenges, and we will explore how
they can be integrated into 6G networks to unlock their full
potential.

II. 6G MOBILE NETWORK REQUIREMENTS

The 6G mobile communication networks is expected to
be a revolutionary technology that provides ultra-high-speed
connectivity, low latency, and massive device connectivity.
The KPIs for 6G is inherited from 5G and update according
to the emergence of new applications and the development
of technologies [4]. The following are some of the key
requirements for 6G mobile networks:

« High data rates: 6G networks are expected to deliver data
rates of up to 1 terabit per second (Tbps) [5], which is
several times faster than 5G networks [6].

o Low latency: 6G networks will provide an ultra-low
latency of fewer than 1 millisecond (ms) to support real-
time applications and services such as virtual reality
and augmented reality (AR/VR), telemedicine, and au-
tonomous vehicles [7][8].

« Massive connectivity: 6G networks are supposed to sup-
port a ultra-massive number of devices, up to the millions
of devices per one kilometer [9].

o Energy efficiency: 6G networks are intended to be more
energy-efficient, about 100 times compared to previous
generations to minimize the carbon footprint of wireless
networks and lower energy consumption [10].
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o Security and privacy: 6G networks must provide robust
security and privacy protection to safeguard user data and
information against cyber threats [11].

« Interoperability: 6G networks must be interoperable with
existing and future wireless networks to ensure seamless
connectivity and user experience [12].

Meeting these requirements will require the application of
advanced technology such as terahertz communication, visible
light communication, ultra-massive MIMO, artificial intelli-
gence, quantum communication, blockchain, and intelligent
reflective surface. Achieving these requirements will enable
new applications and use cases that will transform various
sectors, including healthcare, transportation, entertainment,
and education.

III. POTENTIAL KEY TECHNOLOGY FOR 6G MOBILE
COMMUNCATION NETWORKS

The next mobile network generation is released roughly
every ten years. The 5G network has been a significant
breakthrough, providing high-speed, low latency, and seamless
connectivity, which has paved the way for the emergence
and evolution of new technologies and applications. However,
research and development for the next generation of mobile
communication networks, 6G, is already underway and in
the early stage of exploration [13]. The 6G mobile network
is expected to be commercialized from 2028. This research
paper explores the potential key technologies for 6G mobile
communication networks.

A. Terahertz Communication

One of the potential enabling technologies for 6G mobile
communication networks is Terahertz (THz) communication.
The THz frequency range is above 100 GHz, and it en-
ables high-speed data transfer rates of up to several terabits
per second [14]. This technology could support advanced
applications such as (AR/VR), real-time remote treatment,
and holographic displays. THz technology is very promising
to be used in nanoscale devices, such as ultra-high-speed
on-chip communication, military, health, and environmental
pollution monitoring. THz communication could also support
the development of smart cities, where various systems such
as transportation, energy, and healthcare would be connected
and optimized for maximum efficiency [15][16].

However, THz communication faces significant challenges
such as limited transmission distance and high power con-
sumption, requiring innovative solutions for successful im-
plementation. Aiming at making THz applications the re-
ality, researchers are exploring different approaches to ad-
dress these challenges, including developing THz antennas
and transceivers with higher efficiency, and using adaptive
modulation techniques to optimize the system performance
[17][18].

B. Visible Light Communication

Visible Light Communication (VLC) is a potential technol-
ogy in the context of 6G networks, where data is transmitted

through visible light. VLC is a novel kind of optical wireless
communication which uses visible light spectrum 400-800
THz. It also can provide high-speed data transfer rates and
can be used in areas where traditional wireless communica-
tion is not feasible, such as underwater and in outer space.
Additionally, VLC can be used for vehicular communications,
indoor navigation and location-based services [19][20].

Although there are outstanding advantages, VLC has chal-
lenges such as the requirement of a line-of-sight, and inter-
ference from external light sources. Significant researches are
carried out to address these challenges, including developing
hybrid communication systems that combine VLC with tra-
ditional wireless communication and using advanced signal
processing techniques to mitigate interference, and use nano-
optical antennas and Fresnel lenses [19].

C. Ultra-massive MIMO

Massive multiple-input, multiple-output (MIMO) technol-
ogy is expected as a core 6G network enabler. Massive MIMO
uses large arrays of antennas to increase the capacity and
efficiency of wireless networks. Massive MIMO is defined as
number of antennas serving each user is greater than 10 and
when number of antenna arrays become larger, up to hundreds
or even thousands of antennas, it is ultra-massive MIMO [13].
The ultra-massive MIMO can provide spatial beams and it
is feasible for THz frequency bands [21]. This technology
could be used to support high-density urban areas and other
environments with high demand for wireless data.

The main challenges in implementing ultra-massive MIMO
for 6G is the hardware complexity and cost, increased en-
ergy consumption and the need for specialized infrastructure
must be addressed for successful implementation. The huge
number of antennas requires significant processing power,
high-speed data converters, and sophisticated signal processing
algorithms. Moreover, the antennas should be placed in a
dense array to reduce the mutual coupling between them,
which increases the overall size and weight of the system
[22]. To overcome these challenges, numerous researches are
conducted, focusing on characteristics, channel, modulation
techniques, and so on to develop more energy-efficient massive
MIMO systems and to enable their integration with existing
infrastructure [23][13].

D. Artificial Intelligence

Artificial Intelligence (AI) is another promising key tech-
nology for 6G networks. Al could play a crucial role in the
development of 6G networks by enabling more intelligent
network management and optimization, as well as supporting
advanced applications such as autonomous vehicles and smart
cities [24]. Al and 6G communication technology will be
revolutionized from connecting the things to connecting in-
telligence, result in emergence of intelligent IoE. Al including
Federated learning, Machine learning, Deep learning, Big Data
and many more aspects are brought out together to prepare for
an intelligent communication network 6G [25]. Al can help in
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predicting network traffic, analyzing user behavior, and op-
timizing network resources to provide seamless connectivity,
high reliability, and low latency. Additionally, Al can facilitate
real-time decision-making in various applications, enabling
faster and more efficient communication [13][26].

However, challenges such as high energy consumption and
the lack of standardization and regulation must be addressed
for successful implementation and applying Al to air inter-
face design. It also requires significant computational power,
particularly for tasks such as training large neural networks.
Ensuring that 6G networks have the necessary computational
resources to support Al applications will be a key challenge.
Al requires access to large amounts of data to train and opti-
mize models, but this data often contains sensitive information.
Ensuring data privacy will be a critical challenge for 6G
networks that rely on Al, particularly as regulations around
data protection become increasingly strict [25]. Researchers
are exploring ways to develop more energy-efficient Al al-
gorithms and improve the interoperability of different Al and
ML systems such as federated learning, interpretable machine
learning, and so on to ensure their effective integration with
6G networks [27].

E. Quantum Communication

As one of the promising technologies for 6G networks,
quantum communication utilizes the principles of quantum
mechanics to enable secure and high-speed communication
that is resistant to hacking or eavesdropping. Quantum com-
munication and computing technologies will revolutionize
network security by providing un-hackable communication
channels in 6G [28][29]. This technology could be used for
applications such as military communications, financial trans-
actions, and other sensitive data transfer [30]. The quantum
paradigm considered as a core 6G enabler.

Despite of very promising, quantum communication re-
mains significant difficulties to really deploy in 6G mobile
network. Quantum communication systems typically have a
limited range due to the effects of optical fiber attenuation
and signal degradation. This means that the deployment of
quantum communication systems in large-scale 6G networks
may be challenging, and new technologies such as quantum
repeaters and amplifiers will be required to extend the range.
Number of researches with different approaches are conducted
to address these challenges, including developing compact and
low-cost quantum communication devices and leveraging ex-
isting fiber-optic networks to enable quantum communication
over longer distances [31].

F. Block chain

The blockchain and distributed ledger technology is emerg-
ing as one of the enablers facilitate the functional standards
of 6G [32]. A blockchain is a decentralised distributed ledger
maintained by an underlying peer-to-peer (P2P) network of
nodes. A distributed ledger is a database that is spread
across a network of computers, rather than being stored on
a single, centralized server. Blockchain, on the other hand,

is a specific type of distributed ledger that uses a chain of
blocks to record and verify transactions. Each block in the
chain contains a cryptographic hash of the previous block,
making it tamper-proof and immutable [29][33]. Blockchain
can provide a secure and transparent way for devices and
networks to share data in 6G wireless communication systems.
This can be particularly useful in scenarios where privacy,
security, and trust are critical, such as in healthcare, finance,
and government [34]. It also can be used to manage identities
and access permissions in 6G networks, enabling secure and
decentralized authentication and authorization. This can help
to prevent unauthorized access and cyberattacks, while also
ensuring the privacy and confidentiality of user data.

While blockchain has potential benefits for 6G wireless
communication systems, there are also several challenges.
Number of approaches are explored to address them before
blockchain can be fully integrated into large-scale 6G net-
works. Blockchain-based systems can be slow and compu-
tationally intensive, which can make them challenging to
scale up to handle the large volumes of data and high-speed
transactions that are expected in 6G networks. New consensus
mechanisms, such as sharding or proof-of-stake, may be
needed to improve blockchain scalability. Blockchain-based
systems may not be fully interoperable with existing commu-
nication protocols and systems, which can create barriers to
adoption and integration into 6G networks. New standards and
protocols, such as Interledger or Hyperledger Fabric, may be
needed to enable interoperability [35].

G. Intelligent Reflective Surface

Intelligent Reflective Surface (IRS) is a promising tech-
nology that can significantly enhance the performance of
6G mobile communication systems. An IRS is a surface
made up of passive reflecting elements programming to re-
flect incoming signals in a desired direction. Reconfigurable
intelligent surfaces (RIS) are considered as the MIMO 2.0
in 6G [29]. IRS can increase the capacity of 6G networks
by enabling multiple users to simultaneously transmit and
receive signals on same frequency as well as reduce the
power consumption of 6G networks by efficiently enabling
utilization of the available spectrum. IRS could be used to
enhance signal coverage and reduce interference. By reflecting
and manipulating signals in real-time, Intelligent Reflective
Surfaces could help to overcome obstacles and improve signal
strength, even in challenging environments such as urban areas
or indoor spaces. [36].

The deployment of IRS in 6G networks presents several
challenges such as complexity of design, deployment and
integration, dynamic environments, etc. To overcome these
challenges, number of approaches are emerged such as use
machine learning algorithms to optimize the design of IRS,
use wireless sensors and advanced positioning systems to accu-
rately position the reflecting elements, or use wireless sensors
and advanced positioning systems to accurately position the
reflecting elements, and so on [37].
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H. Other potential key technologies

The 6G networks development is already underway. Re-
searchers are exploring various potential key technologies that
could shape the future of mobile communication. With the
key enabling technologies listed above, there are a lot of
technologies that are promising and potential for 6G such
as Orbital Angular Momentum (OAM) [38], Holographic
Beamforming [39], Edge Computing [40][41], In-Band Full-
Duplex [42], Dynamic Network Slicing, New Waveforms,
Satellite-terrestrial integrated networks and more [13]. These
technologies will bring to the future network 6G the ultra-high
data rates, ultra-reliable low-latency communication, more
intelligence, massive connectivity, more security, and support
a wide range of emerging applications. They are the key
successor for 6G.

IV. CONCLUDING REMARKS

As the world continues to embrace the advancements in
wireless communication technologies, the focus has now
shifted to the development of the next generation of mobile
communication network - 6G. 6G is expected to bring about
a massive transformation in the wireless industry, with a po-
tential to support ultra-high-speed data transfer rates, ultra-low
latency, and a large range of applications such as AR/VR, holo-
graphic communications, and intelligent transportation sys-
tems. This paper presents the potential enabling technologies
that are promising to be the building the future 6G networks.
These includes terahertz communication, visible light commu-
nication, ultra-massive MIMO, artificial intelligence, quantum
communication, block chain, intelligent reflective surface and
more. We presents the advantages and challenges acorrding
to each technology and ongoing researches to address these
challenges. Overall, 6G mobile communication network is just
in the early stages, but the advancements in technology are
promising. With the potential to support massive emerging
applications and provide unprecedented levels of connectivity,
6G networks can change the way we communicate with the
world.
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