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Towards 6G wireless networks-challenges and potential technologies

Rezwana Ahmed1 , Mohammad Abdul Matin1

As 5G technology is advancing towards its final phase of development and the deployment of 5G networks is underway,
academic, development and industrial communities are already moving towards the research and development of 6G wireless
networks. While 5G technologies had been hauled as an enabler for Internet of Everything, many limitations of such cellular
systems are coming to light as they are being deployed. These drawbacks of 5G networks have motivated worldwide interest
on developing the next generation wireless system, 6G, with the capability to fully incorporate wide-ranging applications
from virtual reality to autonomous systems. In this paper, an overview of the first five generations of wireless systems has
been shown, followed by a survey on 6G wireless network along with a discussion on the possible requirements and challenges
of 6G.
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1 Introduction

The fifth generation of mobile communication net-

works promises radical improvement in data transmission
rates, reliability, latency and energy efficiency. This has

given rise to new services classes such as enhanced mo-

bile broadband (eMBB), massive machine-type commu-

nications (mMTC), and ultra-reliable low-latency com-

munications (URLLC). Despite such advances, there still

remain limitations that require further evolution of wire-

less technologies in order to meet rising need for lower
latencies, higher data transmission rates and better relia-

bility as the world moves towards intelligent information

driven society.

As 5G enters its final phase and deployment has been

initiated, academic bodies, regulatory and industrial com-

munities have already started to research and develop fu-

ture 6G wireless networks. It is predicted that the next

ten years, 2020-2030, will be dedicated to the develop-

ment of such networks. The four common underpinning

themes of 6G are [1]-[3]:

• Transition from radio to sub-Terahertz and optical

spectra

Fig. 1. Wireless evaluation roadmap(1G-6G)
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• Use of artificial intelligence (AI) and machine learning
(ML) to develop autonomous networks

• integration of networks

• new and innovative applications.

In this paper, a roadmap starting from the very first
communication system, the analog 1G system, to the lat-
est mobile communication system extended to 5G net-
work systems has been shown. The limitation of the lat-
est communication system is highlighted to justify the
necessities of 6G wireless networks. This paper further
discusses the potential requirements of such a network,
the possible techniques and what challenges researchers
might face during the development of 6G. We give an
overview of the first generation of mobile networks to the
fifth generation, present the limitations of 5G and puts
forth the idea of 6G as a solution to the limitations of
5G. After elaborating the requirements, usage scenarios
and key challenges of 6G that might be faced during its
development, we illustrate potential technologies for 6G
with some concluding remarks.

2 Evolution from 1G to 5G

Wireless communication has seen unprecedented suc-
cess and, in such a small period, has managed to capture
the interest of billions of users. The first analog communi-
cation system was deployed in the 1980s, and from then
a new generation of mobile communication system has
been developed and introduced within the next ten years
approximately [4]. The advancement of each generation is
a complex process and often adapting different standards,
technologies, and varying capacities [5].

2.1 First generation (1G)

During the first generation period, monopoly opera-
tors owned by the state offered telecommunication. These
operators usually did not have to buy spectrum and re-
ceived it free of charge. Compared to today, phone calls,
mobile equipment, and subscriptions were much more ex-
pensive. As a result, only around 10% of the worldwide
population used these services. Voice calling was provided
as the basic service and the quality of the voice calls and
network coverage were excellent. Some data transmission
was possible with the help of acoustic routers and fax
service was also provided.

2.2 Second generation (2G)

The 2G era saw more competing systems than 1G,
for example, the IS95 in the United States and the Per-
sonal Digital Cellular (PDC) in Japan. GSM, with higher
than 90% of the market share, was the dominating system
standard. This huge success of GSM can be contributed to
the process of competition and regulations that was intro-
duced during the 2G era. The marketplace was later au-
thorized for additional operators so that there were three
or four operators in each country. Starting with only voice
calls, SMS and MMS services were also added after some

time. Unlike 1G, 2G operated using digital modulation
schemes such as CDMA and TDMA. Digital data services
of around 9.6 kb/s were also provided which increased to
around 35 kb/s with the introduction of GPRS (General
Packet Radio System). Ultimately, a speed of 200 kb/s
could be reached once EDGE (Enhanced Data Rates for
GSM Evolution) had been introduced.

2.3 Third generation (3G)

In 2000, a third generation of mobile communication
system was proposed, the goal of which was to provide
high speed transmission of data. A data transmission rate
of 2 Mb/s can be reached in 3G networks along with fast
access to the Internet. As a result, advanced services such
as TV streaming, web browsing, navigational maps etc.
are supported by 3G which were not possible in case of 1G
and 2G. The organization 3GPP (Third Generation Part-
nership Project) was formed in order to establish tech-
nical specifications and define mobile systems and stan-
dards so that global roaming was possible. In Europe, this
was known as UMTS (Universal Mobile Telecommunica-
tion System) a TSI driven 3G telecommunication system
that used WCDMA as its air-interface technology. The
American 3G variant was called CDMA2000, while ITU-
T named it IMT2000, which has acknowledged a novel
3G standard from China, the TD-SCDMA.

2.4 Fourth generation (4G)

The fourth generation communication system is an IP
based network system and was introduced at the end of
the previous decade, during the late 2000s.The main ob-
jective of the 4G technology was to provide the users with
high speed, high capacity and quality, security, while also
making sure to provide voice and data services, internet,
and multimedia services over IP at a low cost. An uplink
speed of 500 Mb/s and a downlink speed of 1 Gb/s is pos-
sible in 4G networks. 4G has increased spectral efficiency
while also decreasing latency. One of the key factors of
4G is terminal mobility, which indicates automatic roam-
ing across various wireless networks. This is necessary for
4G to provide its wireless services anywhere and at any
time. Through the integration of various future and ex-
isting wireless technologies, such as OFDM, LAS-CDMA
etc . 4G technologies ensure that uninterrupted roaming
between different technologies is possible while also de-
livering freedom of movement. WiMAx (Wireless Inter-
operability for Microwave Access) and LTE (Long Term
Evolution) are considered to be 4G technologies.

2.5 Fifth generation (5G)

5G mobile communication networks are expected to
be done with standardization processes, construction
of their hardware facilities and initial tests soon, after
which they will be deployed for commercial use. En-
suring groundbreaking advances in data transmission
rates, reliability, massive connectivity, latency and en-
ergy efficiency is one of the main goals of 5G [6]. As
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a result of using the new microwave band of the spec-
trum (3.3-4.2 GHz) along with the first-time innova-
tive utilization of the millimeter-wave band, data rates
can be increased greatly with speeds reaching up to
10 Gb/s. Advanced access technologies such as BDMA
(Beam Division Multiple Access) and FBMC (Filter
Bank Multicarrier) are employed in 5G . Usage scenar-
ios of 5G can be categorized into three groups, which
are eMBB (enhanced mobile broadband), mMTC (mas-
sive machine-type communications), and URLLC (ultra-
reliable low-latency communications). Some technologies
of 5G are the millimeter-wave (mmWave) communica-
tions, NOMA (non-orthogonal multiple access), massive
MIMO (multiple-input multiple output), scalable OFDM
(orthogonal frequency division multiplexing), ultra-dense
heterogeneous networks etc. 3GPP (third generation
partnership project) Release 15 is the first among 5G
standards and will be employed in 2020. The eMBB
scenario of 5G networks is highlighted by this standard
where the key measure is the data rate. For mMTC, the
standard simply reuses LTE based NB-IoT and eMTC in
3GPP Release 14. As a result, for URLLC, the latency
and reliability can only be as good as that ensured in case
of eMBB [7].

3 Driving force to move towards 6G

3.1 Limitations of 5G

Even though 5G communication systems have the ca-
pability to support URLLC, the short-packet, sensing-
based URLLC functions of 5G means that there are lim-
itations to how well 5G can provide services that require
low-latency and high-reliability while ensuring high data
rates as well. Thus applications such as the multisen-
sory XR applications (AR/MR/VR) that necessitate such
high requirements are unable to reach their full poten-
tial in 5G cellular systems. Moreover, the convergence
of functions such as communication, control, computing,
sensing is a requirement when it comes to upcoming ap-
plications of Internet of Everything (IoE). This aspect has
been mostly neglected in 5G. In order for the successful
operation of IoE services such as autonomous systems,
the network needs to provide heterogeneous devices with
high data rates and reliability, low latency for both uplink
and downlink communications [8]. To get past these draw-
backs, a disruptive 6G wireless network is needed that has
been designed while keeping in mind the requirements of
such applications and all associated trends in technology
that might arise from these emerging IoE services.

3.2 Potential Applications

3.2.1 E x t e n d e d R e a l i t y (X R)

6G will have the capacity to enable many XR appli-
cations that are not possible in 5G networks due to the
inability of 5G systems to provide low enough latencies
that will support these data rate intensive applications.

These XR applications require URLLC and eMBB while

also incorporating perceptual factorsoriginating from the

users cognition, senses, and physiology [8] for a truly im-

mersive experience which 6G will need to be able to sup-

port. Only then can all sensory inputs be captured to

provide a fully immersive XR application.

3.2.2 C o n n e c t e d r o b o t i c s a n d a u t o n o m o u s

s y s t e m s (C R A S)

The upcoming deployment of CRAS, eg autonomous

cars, drone-delivery systems, autonomous robotics etc is

one of the main drivers for 6G wireless networks. Such

systems require very low latency, for example, for pub-

lic and vehicle safety in case of autonomous vehicles [9],

and even eMBB transmissions for obtaining high defini-

tion maps. These strict requirements of data rate, latency

and reliability is not yet provided by 5G, and thus might

influence the development of 6G networks. Moreover, ap-

plying machine learning techniques can assist in vehicular

networks to undertake more informed and data-driven de-

cisions in order to acquire autonomy [10]. Since AI, and

especially ML, is proposed to be a key technology of 6G,

such autonomous vehicular networks will have a signifi-

cant influence on the design and development of 6G.

3.2.3 H a p t i c c o m m u n i c a t i o n s

Haptic communication implements the sense of touch

and offers an extra dimension to traditional audio visual

communications in order to provide complete control and

immersive steering in remote environments [11], and is an

important factor in the actualization of the vast potential

of VAR [12]. The features of 6G wireless networks will

ensure that the requirements of haptic applications and

systems are met, and networks by 2030 are expected to

carry out haptic communications [13].

3.2.4 W i r e l e s s b r a i n-c o m p u t e r i n t e r a c t i o n s

(B C I)

While BCI applications have been restricted to use in

healthcare scenarios for the operation of prosthetic limbs

or control of computing devices through the application

of brain implants, the advances in implants and wireless

brain-computer interfaces will mean that new applica-

tions of such technologies will arise which will require 6G

in order to operate. These services require performance

metrics fundamentally different to those provided by 5G,

and thus 6G wireless networks with their high rates and

reliability, extremely low latency will be needed to fulfill

these requirements [6].
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3.2.5 A u t o m a t i o n a n d m a n u f a c t u r i n g

Industry 4.0 aims to make industrial processes require
as little human intervention as possible through the em-
ployment of automatic control systems and available com-
munication technologies. Such industrial control networks
need very high data rates for real-time data transfer and
delay jitter as low as in the order of 1 s [14]. 6G networks
will be able to provide the high reliability and data rates,
and low latency these complex processes require.

3.2.6 B l o c k c h a i n a n d d i s t r i b u t e d l e d g e r
t e c h n o l o g i e s (D L T)

Blockchain and DLT will be transformative for IoE
technologies [15]. These blockchain and DLT applications
are seen as distributed sensing services as well as security
measures to a certain degree [16] for the next generation.
These services will require low latency, scalability and a
reliable connection to carry out and thus facilitate the
establishment of 6G wireless networks.

3.2.7 S m a r t c i t y

The concept of ’smart city’ represents a future intel-
ligent city which works towards increasing the quality of
life of its inhabitants by providing them with new and
diverse services with the help of the latest technologies.
A key objective of 5G is IoT through which this concept
can become reality [17]. However, such cities will only
be smart in fragments, that is, different components of
the city, for example, healthcare, infrastructures, vehicu-
lar networks etc. while smart will be regarded separately.
On the other hand, in 6G, IoT and AI (especially ML)
are said to be key enablers to realize a green smart city
that is affordable and truly smart [18], [19].

3.2.8 H o l o g r a p h i c c o m m u n i c a t i o n

Present techniques of remote human interactions are
expected to become outdated within the next 10 years
with the rise of new innovative methods of interaction
with remote environments that are truly immersive. Com-
munications and services are predicted to integrate in-
formation from all human senses and used alongside
holographic communication to support a fully immer-
sive experience. Such holographic communications re-
quire multiple-view cameras and will need exceptionally
high data rates to function properly which can be pro-
vided by 6G [20].

4 Sixth generation (6G) wireless networks

4.1 6G vision

As the commercial deployment of 5G is imminent, re-
searchers have already begun working on developing 6G,
which can be expected to be deployed around 2030. In
2030, the intelligent information society is expected to be
exceedingly digitized, and highly intelligent. An unlimited
and near-instant full wireless connectivity is predicted to

be an enabler of such a society. 6G will play a transfor-

mative role and reshape the wireless evolution towards

connected intelligence from connected things [18]. 6G is

envisioned to connect everything and offer full wireless

connectivity which will give rise to a wide range of possi-

ble applications such as communication, control, sensing,

imaging, positioning etc. [21]. Moreover, with the intro-

duction of 6G, data transmission rates are predicted to be

increase up to 1 Tb/s, and latency to fall in the range of

microseconds. Use of energy harvesting technologies and

implementation of new materials will result in a system

that is also energy efficient and help towards the actual-

ization of sustainable green network [5].

4.2 6G requirements

To address the possible future applications and chal-

lenges, 6G wireless networks will need to fulfill some of

the requirements which are listed below [1]-[3], [18]:

• Extremely high data rates with a peak data rate of

around 1 Tb/s at the very least.

• 6G is predicted to offer user experienced data rate of 1

Gb/s which is much larger than that afforded by 5G.

In cases like indoor hotspots, the data rate is expected

to be as high as 10 Gb/s.

• High mobility of more than 1,000 km/h and very low-

latency over the air (around 10 to 100 µs). These

properties will ensure QoE for airline systems etc.

• Connectivity density is expected to be much higher

compared to 5G with predicted connectivity density

in case of hotspots to rise up to 107 devices per square

kilometer and 1 Gb/s per square meter space traffic

capacity.

• Energy efficiency will be very high and the network

will have to have the capability to maintain battery-

free IoT devices.

• The network is expected to work with much broader

frequency bands ( eg , in the range 73 GHz-140 Ghz,

also 1THz-3THz).

• A full coverage will be required through the implemen-

tation of ubiquitous always-on ultrabroadband net-

work available globally using terrestrial, satellite, as

well as sea domains.

• Convergence of functionalities like control, computing,

sensing and communication will be necessary for the

realization of a multipurpose system that will support

more wide-ranging applications and services.

• Distributed and ubiquitous intelligence and computing

starting from the application layer all the way to the

physical layer will also be a requirement. A potential

6G architecture has been depicted in Fig. 2.
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Fig. 2. Potential architecture of 6g

4.3 Challenges for 6G

While 6G brings with it numerous exciting applica-
tions and services, designing a network at such high fre-
quencies has multitudes of roadblocks and challenges that
researchers have to tackle in order to develop a wireless
network that can deliver on its promises and meet the ex-
pectations. Some of these challenges are discussed below.

4.3.1 D e s i g n o f t r a n s c e i v e r f r o n t-e n d

At THz frequencies, RF amplifiers might not be physi-
cally small enough for them to be located behind antenna
elements. As a result, hybrid beamforming approaches
could be needed in case of practical implementations. Per-
formance metrics of transceivers like noise figure, peak
out power and linearity of LNAs continue to deteriorate

with the increase of operating frequency. Moreover, phase
noise increases with increase in frequency. This makes
providing good performance at these high frequencies
challenging, which also makes carrying out higher-order
modulations difficult. In [21], the authors suggest the use
of a new technique of using spatially-oversampled antenna
while also presenting novel architectures of phased array
devices and approaches to compact computation, all of
which enable the steering of the beam using much lower
chip real estate and power.

4.3.2 M a t e r i a l a n d c o m p o n e n t s

The type of materials and components being used de-
termine how well the multi-antenna arrays used for THZ
communication will work. Materials properties and the
process of fabrication used for them for frequencies above
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50 GHz might pose challenges [22]. This is because of the
extrinsic and intrinsic composition-structure-property re-
lationships as at such high frequencies where the wave-
length is roughly the same size of the materials con-
stituents; the materials are affected more by these fre-
quencies. Although new research has shown that new
nanomaterials such as graphene can be used to design
components suitable for terahertz communication [23]
such as graphene-based antennas [24] that support large
bandwidth while also ensuring that the antenna efficiency
is not significantly compromised.

4.3.3 E m b e d d e d s y s t e m s a n d s o f t w a r e

The embedded systems and software of the transceivers
and other devices in the 6G wireless network will need
radical changes in order to fulfill the URLLC require-
ments [22]. Applications of 6G require high throughput
distributed local computing networks as well as transport
lasting less than a millisecond so that there is no reactiv-
ity trade-offs resulting from multiple hops. Interplay be-
tween bandwidth, protocol, transceiver architectures and
latency necessitates the use approaches that utilize highly
parallel designs from wireless path to the transceiver or
devices hardware and software in order to ensure reliable
communications.

4.3.4 P r o t o c o l d e s i g n

Unlike 5G, development of 6G will need drastic new
protocol designs. While 5G uses rigid frame structures
and network parameters that have been pre-determined,
6G requires the introduction of new protocols that are
AI-driven for co-ordination, scheduling and signaling pur-
poses [8]. They need to have the ability to adapt to cur-
rent as well as projected conditions of the wireless en-
vironment. Designing novel multiple access protocols are
capable of choosing what multiple access technique is to
be used according to network conditions and application
requirements [25]. As 6G system will be a three dimen-
sional network with variety of mobile devices, the need
for new handover protocols accounting these characteris-
tics might also arise. With the increase of the different
kinds of wireless devices expected to be a part of the 6G
system, identification and authentication protocols that
address the issue will have to be designed as well. More-
over, all these protocols must be distributed and possess
the ability to control the distributed datasets across the
6G network edge [8].

5 Potential technologies for 6G

5.1 THz Communications

In order to increase bandwidth and data rates, 6G
is predicted to use the THz band, available bandwidth
which is of thousand times higher that of mmWave band.
THz communication systems are expected to provide in
the range of 100 Gb/s or even higher. Since THz com-
munication having available bands of more than tens of

GHz, employing short pulse duration and narrow beam
ensures that the possibility of eavesdropping is greatly
reduced. The fact that THz waves can propagate certain
materials without suffering from much attenuation can be
used in special cases to benefit users. Moreover, since THz
communications employ highly directional transmission,
inter-cell interference can be decreased while decreasing
the chances of eavesdropping as well and thus providing
security.

5.2 Visible light communications

One of the complementary technologies of RF-based
mobile communications is the OWC (Optical Wireless
Communications). VLC (visible light communications)
uses LED in order to serve the dual purpose of high-speed
data transmission as well as lightning. Employing VLC in
short-range links gives many advantages over traditional
radio communications. Some of these are [5]

• Spectrum of visible light provides extremely high
bandwidth (in the range of THz). As a result, the
spectrum is unlicensed and free.

• Visible light, the transmission medium used by VLC
for sending and receiving of information, is unable
to travel through opaque surfaces. Thus, informa-
tion transmission networks are bounded to individ-
ual buildings and the signals cannot be picked up by
receivers outside the buildings. This ensures security
during data transmission, while avoiding inter-cell in-
terference.

• As VLC uses sources of illumination as its base sta-
tions, no costly constructions of base stations or ex-
pensive maintenance is needed.

• As VLC does not employ electromagnetic waves, it is
immune to outside electromagnetic interferences.

As LED lamps become more and more efficient with
increasing life span, and other related technologies ad-
vances, VLC is envisioned to provide data rates in the
range of hundreds of gigabits per second or even reach
terabits per second speed when 6G gets deployed.

5.3 Molecular communications

Many scenarios make common wireless communica-
tions using EM waves to be inefficient or not feasible,
for example the nanonetwork inside a persons body. For
such cases molecular communication can be employed.
MC employs molecules and biochemical signals for trans-
mission of information in a similar manner to how living
cells communicate [26]. Using advanced nanotechnology,
nanodevices can be manufactured for use in biomedicine
and nanoscale [27], [28]. The nanodevices can also be con-
nected to the internet and formed into networks to en-
able effective transmission of information and communi-
cations. These nanodevices can then be used in the deliv-
ery of medicine in the blood vessels and monitoring body
organ vitals.
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5.4 Artificial intelligence

Artificial Intelligence (AI), mainly machine learning

(ML), are already being used in 5G networks as well as

in many of the applications we use on our mobile devices
today. AI has the ability to learn, make predictions and

take decisions through the utilization of big data training
which allows AI the prospect of transforming and replac-

ing fields that demand models and expert knowledge in
wireless networks. As 6G wireless networks are envisioned

to be intelligent and data-driven, AI is considered a key

enabling technology for 6G autonomous networks and big
data techniques are expected to be employed in 6G as

well. An AI-driven approach and a thorough considera-
tion of all prospective uses of AI must be taken during

the design of 6G networks in order to realize the vision
of an intelligent network.

A complex and heterogeneous network such as 6G will

require an AI paradigm which is self-aware, self-adaptive,

proactive, and prescriptive in order to make the network
intelligent [29]. Machine learning will help to facilitate

these self-organization strategies. Moreover, deep neural
networks or DNNs will enable parameterization of nu-

merous network functions with only a small set of pa-
rameters after the necessary training and can thus act as

universal function approximators. As a result, a general-

purpose architecture can be used to implement function-
alities throughout a network through the help of offline

training algorithms to update the parameters. Such a net-
work will have the capability to dynamically orchestrate

network features in accordance to the ever changing de-
mands of various applications and services, monitor the

network status and the key performance indicators in real
time to make sure the network health is maintained and

the expected QoE is being provided.

5.5 Quantum communication

Quantum communication is expected to be another

promising technique of 6G. This communication paradigm
promises very high security as information in quantum

communication is encoded in quantum state through
quantum particles that make it impossible for eavesdrop-

ping on the information being transferred without de-

tection [30], [31]. Quantum communication also enables
global scale long-distance communications using quan-

tum repeaters since quantum repeaters have the ability
to correct operation errors and photon loss while also

segmenting the distance into intermediate segments.

6 Conclusion

In this paper, an overview of 6G was provided, along
with its potential use cases and what requirements this

next generation of wireless system might need in order

to fulfill the future expectations. Furthermore, several

promising techniques of 6G wireless system were elabo-
rated upon. 6G communication is envisioned to be trans-
formative and take radical steps forward technically act-
ing as a key enabler to the advancement of society to-
wards a truly digitized future. While possible applica-
tions of 6G are numerous challenges regarding electrical
components, materials used, designing new architecture
and protocols cannot be discarded. Worldwide coopera-
tion amongst both academic researchers and industrial
communities are necessary to tackle these challenges.
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