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Abstract— Sixth-generation wireless technology (6G) intro-
duces a paradigm shift and fundamental transformation of digi-
tal wireless connectivity by converging pillars of softwarization,
virtualization, and wireless networks. Terahertz (THz) commu-
nication technologies are predicted to become more significant
in 6G applications as the requirement for bandwidth grows
and wireless cell sizes shrink. As a result, 6G will be able to
deal with and manage numerous devices and services requiring
enhanced spectral throughput and efficiently work with high
interference levels. This convergence highlights the increased
threat surface of 6G networks and the potentially severe impacts
of sophisticated cyber incidents. Furthermore, the heterogeneity
of connected devices and provided services will generate a
huge amount of data to be processed and managed efficiently.
Quantum computing (QC) can efficiently solve several 6G
computationally hard problems with a quadratic speedup and
provide adaptive techniques for controlling the current and
future significant security threats of the 6G network. This
article will discuss the role of various QC components on 6G
and explore the opportunities and challenges to achieving such
transformation.

I. INTRODUCTION

The 6G is expected to utilize the upper limits of the radio
spectrum and support 1 Tbps speed and will bring down the
communication latency to one microsecond, which is 1000
times faster than 5G latency. 6G will have the opportunity to
extend wireless solutions into almost every facet of human-
machine interaction and enable much of our critical infras-
tructures, emergency networks, industrial and automation
networks, and support the ever-increasing mobile internet
of things footprint [1]. The complexity of 6G architecture
will experience major issues such as privacy, scalability,
decision- making and performance. Solving 6G problems
will require substantial computations and data analytics that
are too expensive and require a high processing time to
perform on classical computers. Furthermore, the security
and privacy of 6G will be typically based on the assumption
of computational security (prime integer factorization) or
solving a complex satisfiability problem (discrete logarithm
calculation) [2].
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Quantum computers are designed based on the laws of
quantum mechanics, such as superposition and entanglement.
The common model for realizing quantum algorithms is
the gate model, where the algorithms are implemented as
a series of unitary transformations which influences each
component of the superposition concurrently. As a result,
it produces considerable parallel data processing, reducing
execution time and solving complex computational problems
faster and more effectively than the classical system [3]. For
example, quantum algorithms such as Grover can solve the
unstructured search problem with a quadratic speedup. Shor’s
algorithm can factorize large integers exponentially faster
than classical algorithms. In addition, quantum cryptographic
algorithms (QCA) proved that an intruder couldn’t obtain
any information from transmitted qubits between communi-
cating parties without disrupting their status [4]. A critical
characteristics of THz communication for 6G is obtaining the
highest levels of practical security over a long distance and
with various types of attacks. Unfortunately, the development
of quantum technology will allow the decryption of secured
data by classical algorithms, which influence the 6G security
infrastructure. Therefore, it is expected that QC will improve
abilities and performances not yet achieved by classical
methods for various 6G tasks. These improvements could
include computing speed, ensured security, and minimum
storage criteria [5].

This article overviews the opportunities and advantages
for integrating four main quantum components: quantum
machine learning, quantum algorithms, quantum blockchain,
and quantum communication and cryptography. Furthermore,
the transition timeline towards a fully 6G-Quantum network
and the associated technological challenges are discussed.

II. QUANTUM MACHINE LEARNING (QML)

QC will play an important role in the performance and
security of 6G, as shown in Fig.1. QML depends on quantum
mechanics and machine learning laws, which provides a
more powerful approach than classical machine learning
[6]. Therefore, QML algorithms have a pivotal function
for various applications towards next-generation networks
communication and security, as illustrated in Fig.2.

A. Quantum Supervised learning (QSL)

QSL is used for solving nature problems based on quan-
tum algorithms such as quantum support vector machines
(QSVM). QSL can integrate with 6G and directly affect the
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