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ABSTRACT
While 5G is being introduced and deployed around the world, research institutions around the globe have begun to look on the far
side of 5G, and 6G is anticipated to develop into green systems that deliver the prime nature of Service and vitality potency. To
fulfill the requests of future applications, important enhancements should be made in versatile system architecture. Wireless
technology FG (Future generation) mobile communications will have higher data transmission rates in 6G and. 7G. Wireless
technology is continuously one of the hottest areas that are developing at a high speed, with advanced techniques emerging in all
the fields of mobile and wireless communications. This paper presents a nearby review of wireless advancement towards 6G
systems after that we try to tell the expectation of future wireless communication style in 2030, when the 6G will start. Our aim is to
enable the network with world-class broadband abilities, setting up a future-verification basis for new thoughts and chances to
expand on. The Communications Revolution begins here.
Keywords: 6G, 6G architecture, Mobile Technology, Wireless Communication, VLC
INTRODUCTION
With the completion of the ﬁrst full set of 5G standards and the
commercial public rollout which began in 2019, it can be
expected that the 5G wireless mobile communication system
with three major technical features (enhanced Mobile
BroadBand, eMBB; massive Machine-Type-Communications,
mMTC; ultra-Reliable Low-Latency Communications, uRLLC)
will support the wireless communication needs of the
information society in the next decade (2020-2030), becoming
the largest and most complex communication network ever.
Glancing back at the advancement of mobile communication, it
takes around one decade from the underlying idea research to the
business arrangement, though its ensuing use goes on for at least
an additional 10 years. That is, when the past generation mobile
network enters the business stage, the next generation starts an
idea examination.
In previous years, a few nations have given vital designs for the
advancement of 6G. In 2018, Fin-land declared the 6G beginning
Flagship program, an eight-year program with the general
volume of $290 million to build up an entire 6G biological
system [?]. The U.K. what's more, German governments have put
resources into some potential advances for6G like quantum
technology, and furthermore the US started to inquire about on
terahertz-based 6G versatile systems. The Minister of Industry
and Information Technology in China has made the ofﬁcial
assertion that the nation has concentrated on the advancement of
6G. The main technical objectives for 6G networks are going to
be Ultra-high data rate (up to 1Tbps), ultra-low latency, High
energy efﬁciency for resource-constrained devices, Ubiquitous
global network coverage.•Trusted and intelligent connectivity
across the whole network.
1. Evolution Of Wireless Communication Service.
Looking back at the evolution of mobile communication, it takes
about one decade from the initial concept research to the
commercial deployment, whereas its subsequent usage lasts for a
minimum of another 10 years. That is, once the previous
generation mobile network enters the commercial phase, the next
generation begins concept analysis.
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1st Generation wireless communication service (19701980)
1G, which was introduced in the 1980s, is the first generation of
commercial wireless telephone systems using Analog based
technologies. It was called the “mobile” telephone system,
comparing with the “fixed” or “wired” telephone system. The
total cost of maintenance was relatively high, the main usage of
the system was a business call, and the main customers were
called VIPs. The rechargeable battery of this generation wasn’t
sophisticated enough that the personal terminals were relatively
large, and used mainly in automobiles.
2. 2nd Generation wireless communication service (19902000)
2nd Generation wireless communication system was constructed
with Digital technologies. The size of the personal terminal
became smaller than that of the 1st Generation, thus it was
possible to carry in hand. And the cost of personal usage became
reasonable. Just before the beginning of the 3rd Generation, 2.5
Generation networks started in 1999, which supported not only
voice communication but mobile internets services such as email and Web access. At this generation, mobile wireless
communication was spread widely, thus even ordinal high school
students could have their own mobile terminals. Many people
must remember “i-mode” as the key-word of 2.5 generation.
3. 3rd Generation wireless communication service (20042005)
3rd Generation of wireless communication service system could
treat high-speed data communication. The main usage wasn’t
voiced communication but a connection to the Internet. There
were several kinds of international standards, and they could
cover a wide area on the earth, thus it made us possible to
international roaming. I addition, the cost of handy terminals
became almost negligible and new in terminal released in every
season. The key-word of this generation was “FOMA”, and so
on.
4. 4th Generation wireless communication service (2009Present)
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The key-word of the 4th generation of wireless communication
service was “broadband”, which was based on IP technology.
The communication speed of this system can be achieved
100Mbps - 1Gbps in theory and this performance is very close to
that of Optical network. From the point of view of the personal
terminal, “Smartphone” became the standard device. The
terminal has a very sophisticated human interface, fine graphic
display, and finger touch operation, so it is easy to use newly
developed Internet-related services like SNS, YouTube, and so
on. The other key-word of this generation is IoT, Internet of
Things. Because the cost of semiconductor devices became very
low, every device in our life, home-keeping equipment, sensor,
even automobile can be built-in Internet access ability. It isn’t
suitable to call this generation of wireless communication as a
“cellular phone”.
5. 5th Generation wireless communication service (2020Present)
The latest generation of wireless technologies, 5G networks,
promises an era of ubiquitous, secure, and high-capacity radio
networks. With extremely low latency levels, high energy
efficiency, and a comprehensive Gbps capacity, the applications
of 5G technology extend to a plethora of industries and fields
beyond traditional telecom. Some of the exciting 5G applications
include self-driving vehicles, VR/AR, smart manufacturing,
telehealth services, smart cities, and many more. The 5G
provides 10 times more capacity than other existing systems. It
expected speed will be up to 1Gbps, with almost no limits
supporting Wireless World Wide Web (WWWW). It is more
reliable and faster at a lower cost. It provides high capacity, large
phone memory, faster data transmission, supports interactive
multimedia, etc. Combined with the above content, 5G mobile
communication will completely replace 4G mobile
communication into the mainstream communication network in
the future, so as to ensure that the different needs of different
users can be better satisfied.
6. 6th Generation Wireless Communication Service (203x-)
The Sixth Generation or 6G Mobile and Wireless
Communication Network is a revolutionary technology aiming to
provide unbelievably high data rates or very fast Internet speed
access on-air through wireless and mobile devices possibly up to
11 Gbps. its main backbone is thought to be based on 5G
technology. It is imaginary to provide users/customers on the fly
high Internet access rates without any fluctuations even if a user
is traveling or in a remote location. Specially designed Nano
Antennas will be implemented at different geographical locations
or positions along roadsides, villages, malls, airports, hospitals,
etc to broadcast such high-speed electromagnetic signals. The air
fiber combination will be the best method to broadcast muchsecured information from transmitters to destinations. The radio
over fiber system is already in running state, but with the advent
of this 6G technology, the earth’s mankind will be much closer to
any extraterrestrial civilization in our universe.
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1. 6G Overall Vision/ Potential Key Technologies
The goal of 6G is to meet the needs of the information society ten
years later (2030 -), so the6G vision should be those needs that
5G cannot meet and need to be further upgraded. Based on the
demand that 5G can meet and the development trend of other
related fields, we think that 6Gvision can be summarized with the
10 given below. These 10 keywords together constitute the 6G
overall vision of "Wherever you think, everything follows your
heart"
i.
Intelligent connectivity (AI)
Artificial Intelligence (AI) is one of the hottest topics at present,
and almost all fields are exploring the use of AI technology. The
combination of wireless mobile communication networks and AI
to make AI a better-enabling network has also become an
inevitable trend. At present, people have begun to try to use AI
technology in 5G system, but the current combination of 5G and
AI can only be regarded as the optimization of traditional
network architecture using AI, rather than a new intelligent
communication network system based on AI. Firstly, the
application of AI technology in the 5G network is relatively late.
It was not until recent years that we really started to study and try
to apply AI technology in the 5G network, and the 5G network
architecture itself has already been finalized. Secondly, although
the AI technology is developing very fast and has also
demonstrated its strong ability in some areas, it is still in the
exploratory stage in more fields. The research on the
combination of AI and wireless communication technology is
just beginning, and a long-term research process is needed before
the real technology matures. However, the trend of AI shows us
the possibility of technology maturity in the next decade. At the
same time, considering that the future 6G network structure will
be more and more huge and heterogeneous, and the business
types and application scenarios will become more and more
complex and changeable, it is almost inevitable to make full use
of AI technology to solve this complex demand.
ii. Deep Connectivity
Traditional cellular networks (including 5G networks to be
deployed on a large scale) have the concept of deep coverage,
mainly to optimize the deep coverage of indoor access
requirements. To achieve deep indoor coverage, outdoor macro
base stations are usually used to cover indoor or deploy wireless
nodes indoors. 4G and previous generations of cellular network
systems are aimed at people-centered communication needs, and
deep coverage is optimized for typical indoor scenarios of human
activities. After the technology evolution and engineering
experience accumulation of multi-generation wireless
communication system, the optimization technology of typical
indoor scene coverage for human activity sites has been very
mature. Starting from 5G, the object of communication has
expanded from human-centered communication to the
simultaneous communication of things, that is, the so-called
interconnection of all things. Therefore, the design and
deployment of 5G and future wireless communication networks
need to take into account both the deep coverage requirements of
people and objects, especially the deep coverage of the ITU
scenarios. Therefore, we expect that in the next 10 years (2030 ~)
of 6G systems, access requirements will evolve from deep
coverage to "Deep connectivity".
iii. Holographic Connectivity
AR/VR (Virtual and Augmented Reality) is considered to be one
of the most important requirements of 5G, especially for one of
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the typical applications with high throughput requirements of 5G.
5G will be able to support the transformation of AR/VR of
current wired or fixed wireless access into wireless mobile
AR/VR of broader scenarios. Once AR/VR can be used more
easily and conveniently without location restriction, it will
promote the rapid development of AR/VR services, and then
stimulate the rapid development and maturity of AR/VR
technology and equipment itself. It can be expected that in ten
years (2030 ~), the media interaction will be mainly planar
multimedia, high fidelity AR/VR interaction, even holographic
information interaction, and wireless holographic communication
will become a reality. High fidelity AR/VR will be ubiquitous,
and holographic communication and display can also be carried
out at any time and anywhere so that people can enjoy fully
immersed holographic interactive experience at any time and
place, that is, to realize the communication vision of so-called
"holographic connectivity".
iv. Ubiquitous Connectivity
Traditional cellular networks also need for wireless access
anywhere and anytime. However, as mentioned earlier, the 5G
system will greatly expand the space scope and the type of
information exchange on the Internet of Things, relative to the
communication requirements of people. The range of activities of
the equipment will greatly expand the geographic space of
communication access, including unmanned detectors deployed
in the deep, deep sea or deep space, human/unmanned aerial
vehicles in the middle and high altitude, autonomous robots in
the harsh environment, intelligent remote control equipment and
so on. Besides, with the rapid development of science and
technology in the fields of astronautics, deep-sea exploration, and
other fields, and the improvement of survival ability in some
extreme natural environments, human activity space is also
expanding rapidly. For example, in 2030-2040, there may be
more opportunities for people to enter outer space, and the
communication needs between satellites and the ground, between
satellites and between spacecraft will be more common than the
special communication needs to be limited to a few professional
fields of scientific exploration, and the traces of human activities
on the ground will be more likely to appear in the polar, desert
hinterland, etc
v. Optical wireless technology
OWC technologies are envisioned for 6G communications in
addition to RF-based communications for all possible device-toaccess networks; these networks also access network-tobackhaul/fronthaul network connectivity. OWC technologies are
already being used since 4G communication systems. However,
it will be used more widely to meet the demands of 6G
communication systems. OWC technologies, such as light
fidelity, visible light communication, optical camera
communication, and FSO communication based on the optical
band are already well-known technologies. Researchers have
been working on enhancing the performance and overcoming the
challenges of these technologies. Communication based on
optical wireless technologies can provide very high data rates,
low latencies, and secure communications. LiDAR, which is also
based on the optical band, is a promising technology for veryhigh-resolution 3D mapping in 6G communications.
vi. FSO backhaul network
It is not always possible to have optical fiber connectivity as a
backhaul network because of remote geographical locations and
complexities. The FSO backhaul network is very promising for
5GB communication systems. The transmitter and receiver
J. of Advancement in Engineering and Technology

characteristics of the FSO system are similar to those of optical
fiber networks. Therefore, the data transfer in the FSO system is
comparable with the optical fiber system. Hence, along with the
optical fiber networks, FSO is an excellent technology for
providing backhaul connectivity in 6G. Using FSO, it is possible
to have very long range communications even at a distance of
more than 10,000 km. FSO supports high-capacity backhaul
connectivity for remote and non-remote areas, such as the sea,
outer space, underwater, isolated islands; FSO also supports
cellular BS connectivity. Massive multiple input, multiple output
technique: One key technique to improve spectral efficiency is
the application of the MIMO technique. When the MIMO
technique improves, the spectral efficiency also improves.
Therefore, a massive MIMO technology will be crucial in the 6G
system.
vii. Blockchain
Blockchain will be an important technology to manage massive
data in future communication systems. Blockchains are just one
form of the distributed ledger technology. A distributed ledger is
a database that is distributed across numerous nodes or
computing devices. Each node replicates and saves an identical
copy of the ledger. The blockchain is managed by peer-to-peer
networks. It can exist without being managed by a centralized
authority or a server. The data on a blockchain is gathered
together and structured in blocks. The blocks are connected to
one another and secured using cryptography. The blockchain is
essentially a perfect complement to the massive IoT with
improved interoperability, security, privacy, reliability, and
scalability. Therefore, the blockchain technology will provide
several facilities, such as interoperability across devices,
traceability of massive data, autonomic interactions of different
IoT systems, and reliability for the massive connectivity of 6G
communication systems.
viii. 3D networking
The 6G system will integrate the ground and airborne networks
to support communications for users in the vertical extension.
The 3D BSs will be provided through low orbit satellites and
UAVs. The addition of new dimensions in terms of altitude and
related degrees of freedom makes 3D connectivity considerably
different from the conventional 2D networks.
ix. Dynamic network slicing
Dynamic network slicing permits a network operator to allow
dedicated virtual networks to support the optimized delivery of
any service toward a wide range of users, vehicles, machines, and
industries. It is one of the most important elements for
management when a large number of users are connected to a
large number of heterogeneous networks in 5GB communication
systems.
x. Holographic beamforming
Beamforming is a signal processing procedure by which an array
of antennas can be steered to transmit radio signals in a specific
direction. It is a subset of smart antennas or advanced antenna
systems. The beamforming technique has several advantages,
such as a high signal-to-noise ratio, interference prevention, and
rejection, and high network efficiency. Holographic
beamforming (HBF) is a new method for beamforming that is
considerably different from the MIMO systems because it uses
software-defined antennas. HBF will be a very effective
approach in 6G for the efficient and flexible transmission and
reception of signals in multi-antenna communication devices.
Big data analytics: Big data analytics is a complex process for
analyzing a variety of large data sets or big data. This process
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uncovers information, such as hidden patterns, unknown
correlations, and customer inclinations, to ensure perfect data
management. The big data is collected from a wide variety of
sources, such as videos, social networks, images, and sensors.
This technology will be widely used for handling of huge data in
6G systems.
2. Features/Advantages of 6G Technology:
The most important requirement for 6G wireless networks is the
capability of handling massive volumes of data and very highdata-rate connectivity per device. Below are the
features/advantages of the future 6G technology;
1. Ultra fast access of Internet.
2. Data rates will be up to 10-11 Gbps.
3. Home automation and other related applications.
4. Smart Homes, Cities and Villages.
5. May be used in the production of Energy from galactic
world.
6. Space technology, Defense applications will be modified
with 6G networks.
7. Home based ATM systems.
8. Satellite to Satellite Communication for the development of
mankind.
9. Natural Calamities will be controlled with 6G networks.
10. Sea to Space Communication.
11. Mind to Mind Communication may be possible.
2.1 6G Challenges
Several technical problems need to be solved before the 6G
communication systems can be successfully deployed. A few of
possible concerns are briefly discussed below.
1. High propagation and atmospheric absorption of THz
The high THz frequencies provide high data rates. However, the
THz bands need to overcome an important challenge for data
transfer over relatively long distances because of the high
propagation loss, and atmospheric absorption characteristics [1].
We require a new design for the transceiver architecture for the
THz communication systems. The transceiver must be able to
operate at high frequencies, and we need to ensure the full use of
very widely available bandwidths. A very small gain and an
effective area of the distinct THz band antennas is another
challenge of THz communication. Health and safety concerns
related to THz band communications also need to be addressed.
2. Complexity in resource management for 3D networking
The 3D networking extended in the vertical direction. Hence, a
new dimension was added. Moreover, multiple adversaries may
intercept legitimate information, which may significantly degrade
the overall system performance. Therefore, new techniques for
resource management and optimization for mobility support,
routing protocol, and multiple access are essential. Scheduling
needs a new network design.
3. Heterogeneous hardware constraints
In 6G, a very large number of heterogeneous types of
communication systems, such as frequency bands,
communication topologies, service delivery, and so on, will be
involved. Moreover, the access points and mobile terminals will
be significantly different in the hardware settings. The massive
MIMO technique will be further upgraded from 5G to 6G, and
this might require a more complex architecture. It will also
complicate the communication protocol and the algorithm
design. However, machine learning and AI will be included in
communication. Moreover, the hardware design for different
communication systems is different. Unsupervised and
J. of Advancement in Engineering and Technology

reinforcement learning may create complexities in hardware
implementation as well. Consequently, it will be challenging to
integrate all the communication systems into a single platform.
4. Autonomous wireless systems
The 6G system will provide full support to automation systems
such as autonomous car, UAVs, and Industry 4.0 based on AI.
To make autonomous wireless systems, we need to have the
convergence of many heterogeneous sub-systems, such as
autonomous computing, interoperable processes, system of
systems, machine learning, autonomous cloud, machines of
systems, and heterogeneous wireless systems [60]. Thus, the
overall system development becomes complex and challenging.
For example, developing a fully autonomous system for the
driverless vehicle will be much more challenging because 6G
researchers need to design fully automated self-driving vehicles
that perform better than the human-controlled vehicles.
5. Modeling of sub-mmWave (THz) frequencies
The propagation characteristics of the mmWave and submmWave (THz) is subject to atmospheric conditions; therefore,
absorptive and dispersive effects are seen [61]. The atmospheric
condition is frequently changeable and thus quite unpredictable.
Therefore, the channel modeling of this band is relatively
complex, and this band does not have any perfect channel model.
6. Device capability
The 6G system will provide a number of new features. Devices,
such as smartphones, should have the capability to cope with the
new features. In particular, it is challenging to support 1 Tbps
throughput, AI, XR, and integrated sensing with communication
features using individual devices. The 5G devices may not
support few of the 6G features, and the capability improvement
in 6G devices may increase the cost as well. There will be
billions of devices connected to the 5G technology; therefore, we
need to ensure that those devices are compatible with the 6G
technology also.
7. High-capacity backhaul connectivity
The access networks in 6G will have a very high density.
Moreover, these access networks are diverse in nature and
widespread within a geographical location. Each of these access
networks will support very high-data-rate connectivity for
diverse types of users. The backhaul networks in 6G must handle
the huge volume of data for connecting between the access
networks and the core network to support high-data-rate services
at the user level; otherwise, a bottleneck will be created. The
optical fiber and FSO networks are possible solutions for highcapacity backhaul connectivity; therefore, any improvement in
the capacity of these networks is challenging for the
exponentially growing data demands of 6G.
8. Spectrum and interference management
Due to the scarcity of the spectrum resources and interference
issues, it is very important to efficiently manage the 6G spectra
including the spectrum-sharing strategies and innovative
spectrum management techniques. Efficient spectrum
management is important for achieving the maximum resource
utilization with QoS maximization. In 6G, researchers have to
address concerns, such as how to share the spectrum, and how to
manage the spectrum mechanism in the heterogeneous networks
that synchronize the transmission at the same frequency.
Researchers also need to investigate how the interference can be
cancelled using the standard interference cancellation methods,
such as parallel interference cancellation, and successive
interference cancellation.
9. Beam management in THz communications
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Beamforming through massive MIMO systems is promising
technology for supporting high-data-rate communications.
However, beam management in sub-mmWave, that is, the THz
band is challenging because of the propagation characteristics of
the sub-mmWave. Hence, efficient beam management against
unfavorable propagation characteristics will be challenging for
10. Higher Energy Efficiency
The ultra-large-scale mobile communication network has become
an indispensable part of the world's energy consumption. It not
only produces huge carbon emissions but also occupies a
considerable part of the operating costs. In the future, 6G
networks will have ultra-high throughput,ultra-large bandwidth,
and ultra-large number of ubiquitous wireless nodes, which will
bring unprecedented challenges to energy consumption.
Spectrum efficiency and spectrum bandwidth increases,
throughput can be increased greatly, but the energy efficiency
problem will be more serious. We have to reduce energy
consumption per bit (J/bit) as far as possible. The ubiquitous and
dense sensors of wireless sensing networks filled with human
production and living space will bring two energy consumption
problems: first, the huge number of sensors will bring high total
energy consumption; second, how to supply energy conveniently
and effectively for ubiquitous deployment is also a challenge.
Also, massive data processing power consumption for"Intelligent
connectivity" and ultra-large antenna processing power
consumption are the challenges of power consumption faced by
future 6G networks. Faced with the huge energy consumption
pressure of the future 6G network, green energy-saving
communication is particularly important and urgent [45].
3. CONCLUSION
The concept of wireless mobile generation is currently attracting
a great deal of interest, as each generation of communication
system brings new and exciting features. The 5G communication
system, which is currently being launched worldwide as of April
2020, has exciting features. However, 5G will not be able to fully
support the growing demand for wireless communication in
2030. Therefore, 6G will need to be rolled out. Research on 6G is
still in its infancy and in the study phase. In this paper, 10
keywords are used to summarize the future 6G vision. These four
keywords together constitute the 6G overall vision of "Wherever
you think, everything follows your heart". The 6G vision is
exciting, and the key candidate technologies of 6G are full of
challenges. The future will be a completely data-driven society in
which people and things are connected universally, almost
instantaneously (milliseconds) to form an incredibly fully
connected utopian world.

6.

7.
8.
9.
10.

11.
12.

13.
14.

15.

16.

17.

18.

19.

20.
REFERENCES
1. Young Kyun, Kim; Prasad, Ramjee. 4G Roadmap and
Emerging Communication Technologies. Artech House
2006, pp 12-13. ISBN 1- 58053-931-9.
2. Jivesh Govil, Jivika Govil, “An Empirical Feasibility Study
of 4G’s Key Technologies”, 978-1-4244-2030-8/08/ 2008
IEEE.
3. Afaq H. Khan, Mohammed A. Qadeer, Juned A. Ansari,
Sariya Waheed,” 4G as a Next Generation Wireless Network
International Conference on Future Computer and
Communication 2009
4. http://www.seminarsonly.com/Labels/4g-TechnologyFeatures.php
5. Sarmistha Mondal, Anindita Sinha, Jayati Routh “A Survey
J. of Advancement in Engineering and Technology

21.
22.

23.

24.

25.

on Evolution of Wireless Generations 0G to 7G”
International Journal of Advance Research in Science and
Engineering- IJARSE, Vol-1, Iss-2
B.Vasavi,Mounika Marepalli, Leepika Gudur Evolution of
4G-Research Directions Towards Fourth Generation
Wireless Communication IJCSIT Vol. 2 (3) , 2011, 10871095
Jari Valmiki , “Usage of IPv6 in Selected 3G and 4G
Architectures”
https://en.wikipedia.org/wiki/Voice_over_IP
https://en.wikipedia.org/wiki/WiMAX
S. Mumtaz et al., “Terahertz communication for vehicular
networks,” IEEE Transactions on Vehicular Technology,
vol. 66, no. 7, pp. 5617-5625, July 2017.
ITU-R M.2370-0, IMT traffic estimates for the years 2020 to
2030, Jul. 2015.
S. J. Nawaz, S. K. Sharma, S. Wyne, M. N. Patwary, and M.
Asaduzzaman, “Quantum machine learning for 6G
communication networks: state-of-the-art and vision for the
future,” IEEE Access, vol. 7, pp. 46317-46350, 2019.
M. Giordani et al, “Towards 6G networks: use cases and
technologies ,” arXiv:1903.12216
M. Shafi et al., “5G: a tutorial overview of standards, trials,
challenges, deployment, and practice,” IEEE Journal on
Selected Areas in Communications, vol. 35, no. 6, pp. 12011221, Jun. 2017.
D. Zhang, Z. Zhou, S. Mumtaz, J. Rodriguez, and T. Sato,
“One integrated energy efficiency proposal for 5G IoT
communications,” IEEE Internet of Things Journal, vol. 3,
no. 6, pp. 1346-1354, Dec. 2016.
M. Jaber, M. A. Imran, R. Tafazolli, and A. Tukmanov, “5G
backhaul challenges and emerging research directions: a
survey,” IEEE Access, vol. 4, pp. 1743-1766, Apr. 2016.
J. G. Andrews, S. Buzzi, W. Choi, S. V. Hanly, A.Lozano,
A. C. K. Soong, and J. C. Zhang, “What will 5G be?,” IEEE
Journal on Selected Areas in Communications, vol. 32, no.
6, pp. 1065-1082, Jun. 2014. [9] W. Saad, M. Bennis, and
M. Chen, “A vision of 6G wireless systems: applications,
trends, technologies, and open research problems,”
arXiv:1902.10265
123 Seminars Only. (2019). 6G mobile technology. [Online].
Available:
http://www.123seminarsonly.com/CS/6GMobile-Technology.html
K. David and H. Berndt, “6G vision and requirements: is
there any need for beyond 5G?,” IEEE Vehicular
Technology Magazine, vol. 13, no. 3, pp. 72-80, Sept. 2018.
F. Tariq et al., “A Speculative Study on 6G,”
arXiv:1902.06700.
(2019).
6G.
[Online].
Available:
http://mmwave.dei.unipd.it/research/6g/
B. Li, Z. Fei, and Y. Zhang, “UAV communications for 5G
and beyond: recent advances and future trends,” IEEE
Internet of Things Journal, vol. 6, no. 2, pp. 2241-2263,
April 2019.
A. K. Tripathy, S. Chinara, and M. Sarkar, “An application
of wireless brain–computer interface for drowsiness
detection,” Biocybernetics and Biomedical Engineering, vol.
36, no. 1, pp. 276-284, 2016.
S. R. A. Jafri, et al, “Wireless brain computer interface for
smart home and medical system,” Wireless Personal
Communications, vol. 106, no. 4, pp. 2163-2177, Jun. 2019.
3GPP TSG RAN, “RP-180516 Report of 3GPP TSG RAN

Volume 7 / Issue 4

ISSN: 2348-2931

5

meeting #78”, in Lisbon, Portugal, December 18 – 21, 2017.
26. 3GPP TSG RAN, “RP-181999 Report of 3GPP TSG RAN
meeting #80”, in La Jolla, USA, June 11 – 14, 2018.
27. Balazs Bertenyi, Chairman 3GPP TSG RAN, “RAN adjusts
schedule for 2nd wave of 5G specifications”,
http://www.3gpp.org/news-events/3gpp-news/2005ran_r16_schedule , 3GPP RAN#82, December 14, 2018.
28. 3GPP
TSG
RAN,
“draft_MeetingReport_RAN_82_181213_eom” , 3GPP
RAN#82, December 14, 2018.
29. “Beyond 5G: The Roadmap to 6G and beyond”,
https://www.cablefree.net/wireless-technology/4g-lte
beyond-5g-roadmap-6g-beyond/, Posted Jul 4, 2017Jan 18,
2018.
30. “Focus Group on Technologies for Network 2030”,
https://www.itu.int/en/ITUT/focusgroups/net2030/Pages/def
ault.aspx
31. “University
of
Oulu
Works
On
6G”,
https://www.cdrinfo.com/d7/content/university-oulu-works6g, Sep 17,2018.
32. “东南大学教授尤肖虎：6G
可能颠覆现有技术途径”,
http://news.seu.edu.cn/2018/1217/c5485a255313/page.htm,2
018-12-15.
33. “FCC's
Rosenworcel
Talks
Up
6G”,
https://www.multichannel.com/news/fccs-rosenworcel-talksup-6g, SEP14, 2018.
34. A.S.SWAROOP,GORI
MOHAMED
J,V.M.NIAZ
AHAMED,
FULL
DUPLEX
RADIO-WAVE
TRANSMISSION FOR 6G INTERNET (6G connectivity).
International Journal of Recent Trends in Engineering &
Research (IJRTER),Volume 03, Issue 07; July - 2017 [ISSN:
2455-1457], DOI: 10.23883/IJRTER.2017.3349.GWZUR.
35. 中国无线电管理, “苗圩部长：我们已经在研究6G 的发展
”, http://www.srrc.org.cn/article20461.aspx, 2018 年03 月12
日.
36. 黄宇红, 王晓云, 刘光毅. 5G 移动通信系统概述[J]. 电子
技术应用, 2017(8).
37. 3GPP TR 38.821 V0.4.0 (2019-03),“Solutions for NR to
support non-terrestrial networks (NTN) (Release 16)”.
38. N. C. Luong, D. T. Hoang, P. Wang, D. Niyato, D. I. Kim,
and Z. Han, “Data collection and wireless communication in
internet of things (IoT) using economic analysis and pricing
models: a survey,” IEEE Communications Surveys &
Tutorials, vol. 18, no. 4, pp. 2546–2590, June 2016.
39. T. Park, N. Abuzainab, and W. Saad, “Learning how to
communicate in the internet of things: Finite resources and
heterogeneity,” IEEE Access, vol. 4, pp. 7063–7073, Nov.
2016.
40. T. J. O’Shea and J. Hoydis, “An introduction to machine
learning communications systems,” available online
arXiv:1702.00832, July 2017.
41. H. Sun, X. Chen, Q. Shi, M. Hong, X. Fu, and N. D.
Sidiropoulos, “Learning to optimize: Training deep neural
networks for wireless resource management,” available
online arXiv:1705.09412, May 2017.
42. A. Jiang, H. Zhang, Y. Ren, Z. Han, K. C. Chen, and L.
Hanzo, “ Machine learning paradigms for next-generation
wireless networks,” IEEE Wireless Communications, vol.
24, no. 2, pp. 98–105, April 2017.
43. M. Bkassiny, Y. Li, and S. K. Jayaweera, “A survey on
machine-learning techniques in cognitive radios,” IEEE
J. of Advancement in Engineering and Technology

44.

45.
46.
47.

48.
49.
50.
51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Communications Surveys & Tutorials, vol. 15, no. 3, pp.
1136–1159, Oct. 2013.
N. Kato, Z. M. Fadlullah, B. Mao, F. Tang, O. Akashi, T.
Inoue, and K. Mizutani, “The deep learning vision for
heterogeneous network traffic control: Proposal, challenges,
and future perspective,” IEEE Wireless Communications,
vol. 24, no. 3, pp. 146–153, Dec. 2017.
G. Fettweis, “ The Opportunities of the Tactile Internet — A
Challenge for Future Electronics, ”
http://www.lis.ei.tum.de/fileadmin/w00bdv/www/fpl2014/fet
tweis.pdf
M. Simsek, A. Aijaz, M. Dohler, J. Sachs, and G. Fettweis,
“5G-Enabled Tactile Internet,” invited submission to IEEE
Journal on Selected Areas of Communication (JSAC), SI on
Emerging Technologies, vol. 32, no. 3, pp. 1-14, 2016.
M. Dohler, T. Mahmoodi, M. Lema, and M. Condoluci,
“Future of Mobile,” EuCNC 2017.
IEEE 5G and Beyond technology roadmap - WHITE
PAPER, https://5g.ieee.org/.
ITU-T Technology Watch Report, “The Tactile Internet,”
Aug. 2014.
E. Brynjolfsson and A. Mcafee, The Second Machine Age:
Work, Progress,and Prosperity in a Time of Brilliant
Technologies, W. W. Norton and Company, Jan. 2014.
Singh V K, Kumar M. A Compressed Sensing Approach to
Resolve The Energy Hole Problem in Large Scale WSNs[J].
Wireless Personal Communications, 2018, 99(1):185-201.
Pagan J, Fallahzadeh R, Pedram M, et al. Toward UltraLow-Power Remote Health Monitoring: An Optimal and
Adaptive Compressed Sensing Framework for Activity
Recognition[J]. IEEE Transactions on Mobile Computing,
2018, PP(99):1-1.
Zhang J, Xiang Q, Yin Y, et al. Adaptive compressed
sensing for wireless image sensor networks[J]. Multimedia
Tools & Applications, 2017, 76(3):4227-4242.
Senel K , Larsson E G . Grant-Free Massive MTC-Enabled
Massive MIMO: A Compressive Sensing Approach[J]. IEEE
Transactions on Communications, 2018:1-1.
A. Feng, W. S. A. Au, S. Valalee, and Z. Tan, “Compressive
sensing-based positioning using RSS of WLAN access
points,” IEEE Proc. INFOCOM 2010, pp. 1-9.
B. Zhang, X. Cheng, N. Zhang, Y. Cui, Y. Li, Q. Liang,
“Sparse target counting and localization in sensor networks
based on compressed sensing,” IEEE Proc. INFOCOM
2011, pp. 2255-2263.
A. Feng, W. S. Au, S. Valaee, and Z. Tan, “Received-signalstrength-based indoor positioning using compressive
sensing,” IEEE Trans. Mobile Computing, vol. 11, no. 12,
pp. 1983-1993, Dec. 2012.
P. Du, S. Nazari, J. Mena, R. Fan, M. Gerla, and R. Gupta,
“Multi-path TCP in SDN-enabled leo satellite networks,” in
Proc. IEEE Mil.Commun. Conf. (MILCOM), Nov. 2016, pp.
354–359.
Y. Zeng, R. Zhang, and T. J. Lim, “Wireless
communications with un-manned aerial vehicles:
Opportunities and challenges,” IEEE Commun.Mag., vol.
54, no. 5, pp. 36–42, May 2016.
H. Yanikomeroglu, “Integrated terrestrial/non-terrestrial 6G
networks forubiquitous 3D super-connectivity,” in Proc. 21st
ACM Int. Conf. Model.,Anal. Simulation Wireless Mobile
Syst., 2018, pp. 3–4.
L. Gupta, R. Jain, and G. Vaszkun, “Survey of important

Volume 7 / Issue 4

ISSN: 2348-2931

6

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.
78.

issues in UAVcommunication networks,” IEEE Commun.
Surveys Tuts., vol. 18, no.2, pp. 1123–1152, 2nd Quart.,
2016.
Y. Zeng and R. Zhang, “Energy-efﬁcient UAV
communication withtrajectory optimization,” IEEE Trans.
Wireless Commun., vol. 16, no.6, pp. 3747–3760, Jun. 2017.
Z. Zhou, J. Feng, B. Gu, B. Ai, S. Mumtaz, J. Rodriguez,
and M.Guizani, “When mobile crowd sensing meets UAV:
Energy-efﬁcient taskassignment and route planning,” IEEE
Trans. Commun., vol. 66, no. 11,pp. 5526–5538, Nov. 2018.
N. Cheng, F. Lyu, W. Quan, C. Zhou, H. He, W. Shi, and X.
Shen,“Space/aerial-assisted computing ofﬂoading for IoT
applications: Alearning-based approach,” IEEE J. Sel. Areas
Commun., vol. 37, no.5, pp. 1117–1129, May 2019.
M. Alzenad, M. Z. Shakir, H. Yanikomeroglu, and M.-S.
Alouini,“FSO-based vertical backhaul/fronthaul framework
for 5G+ wirelessnetworks,” IEEE Commun. Mag., vol. 56,
no. 1, pp. 218–224, Jan. 2018.
Z. Zheng, A. K. Sangaiah, and T. Wang, “Adaptive
communicationprotocols in ﬂying ad hoc network,” IEEE
Commun. Mag., vol. 56,no. 1, pp. 136–142, Jan. 2018.
Q. Guan, F. Richard Yu, S. Jiang, and G. Wei, “PredictionBasedTopology Control and Routing in Cognitive Radio
Mobile Ad HocNetworks,” IEEE Trans. Vehicular
Technology, vol. 59, no. 9, pp. 4443-4452, Nov. 2010.
S. Bu, F. Richard Yu, Y. Cai, and P. Liu, “When the Smart
Grid MeetsEnergy-Efﬁcient Communications: Green
Wireless Cellular NetworksPowered by the Smart Grid,”
IEEE Trans. Wireless Comm., vol. 11, no.8, pp. 3014-3024,
Aug. 2012.
A. Yu, V. Krishnamurthy, and V.C.M. Leung, “Cross-Layer
OptimalConnection Admission Control for Variable Bit Rate
Multimedia Trafﬁcin Packet Wireless CDMA Networks,”
IEEE Trans. Signal Processing,vol. 54, no. 2, pp. 542-555,
Feb. 2006.
C. Luo, F. Richard Yu, H. Ji, and V.C.M. Leung, “Crosslayer Designfor TCP Performance Improvement in
Cognitive Radio Networks,” IEEETrans. Vehicular
Technology, vol. 59, no. 5, pp. 2485-2495, June 2010.
A. Felemban, F. K. Shaikh, U. M. Qureshi, A. A. Sheikh,
and S.B. Qaisar, “Underwater sensor network applications:
A comprehensivesurvey,” Int. J. Distrib. Sensor Netw., vol.
2015, no. 11, 2015, Art. no.896832.
B. Kaushal and G. Kaddoum, “Underwater optical wireless
communi-cation,” IEEE Access, vol. 4, pp. 1518–1547,
2016.
R. Li, Z. Zhao, Z. Xuan, G. Ding, C. Yan, Z. Wang, and H.
Zhang,“Intelligent 5G: When cellular networks meet
artiﬁcial intelligence,”IEEE Wireless Commun., vol. 24, no.
5, pp. 175–183, Oct. 2017.
Z. Zhou, H. Liao, G. Gu, K. M. S. Huq, S. Mumtaz, and J.
Rodriguez,“Robust mobile crowd sensing: When deep
learning meets edge com-puting,” IEEE Netw., vol. 32, no.
4, pp. 54–60, Jul. 2018.
M. G. Kibria, K. Nguyen, G. P. Villardi, O. Zhao, K. Ishizu,
and F.Kojima, “Big data analytics, machine learning, and
artiﬁcial intelli-gence in nextgeneration wireless networks,”
IEEE Access, vol. 6, pp.32328–32338, 2018.
RISELAB. Real-Time Intelligent Secure Explainable
Systems. [Online].Available: https://rise.cs.berkeley.edu
J. Fowers, K. Ovtcharov, M. Papamichael, T. Massengill, M.
Liu, D. Lo,S. Alkalay, M. Haselman, L. Adams, M. Ghandi,

J. of Advancement in Engineering and Technology

79.

80.

81.

82.

83.

84.

85.

86.
87.

88.

89.

90.

91.

92.

93.

S. Heil, P. Patel, A.Sapek, G. Weisz, L. Woods, S. Lanka, S.
K. Reinhardt, A. M. Caulﬁeld,E. S. Chung, and D. Burger,
“A conﬁgurable cloud-scale DNN processorfor real-time
AI,” in Proc. ACM/IEEE Int. Symp. Comput. Archit.,
Jun.2018, pp. 1–14.
C. Jiang, H. Zhang, Y. Ren, Z. Han, K.-C. Chen, and L.
Hanzo,“Machine learning paradigms for next-generation
wireless networks,”IEEE Wireless Commun., vol. 24, no. 2,
pp. 98–105, Apr. 2017.
A. Ndikumana, N. H. Tran, T. M. Ho, Z. Han, W. Saad, D.
Niyato, andC. S. Hong, “Joint communication, computation,
caching, and control in big data multi-access edge
computing,” IEEE Trans. Mobile Comput.,to be published.
S. Samarakoon, M. Bennis, W. Saad, and M. Debbah,
“Federatedlearning for ultra-reliable low-latency V2V
communications,” in Proc.IEEE Global Commun. Conf.
(GLOBECOM), Dec. 2018, pp. 1–7.
A. Zhang, W. Quan, H.-C. Chao, and C. Qiao, “Smart
identiﬁer network:A collaborative architecture for the future
Internet,” IEEE Netw., vol.30, no. 3, pp. 46–51, May/Jun.
2016.
E. C. Strinati, S. Barbarossa, J. L. Gonzalez-Jimenez, D.
Ktenas,N. Cassiau, L. Maret, and C. Dehos, “6G: The next
frontier: Fromholographic messaging to artiﬁcial intelligence
using subterahertz andvisible light communication,” IEEE
Veh. Technol. Mag., vol. 14, no. 3,pp. 42–50, Sep. 2019.
F. Akyildiz, J. M. Jornet, and C. Han, “Terahertz band: Next
frontierfor wireless communications,” Phys. Commun., vol.
12, pp. 16–32, Sep.2014.
N. Khalid, N. A. Abbasi, and O. B. Akan, “300 GHz
broadbandtransceiver design for low-THz band wireless
communications in indoorInternet of Things,” in Proc. IEEE
Int. Conf. Internet Things (iThings)IEEE Green Comput.
Commun. (GreenCom) IEEE Cyber, Phys. SocialComput.
(CPSCom) IEEE Smart Data (SmartData), Jun. 2017,
pp.770–775.
First Report and Order in the Matter of Spectrum Horizons,
documentFCC-19-19, Mar. 2019.
IEEE 802.15 WPAN Study Group 100 Gbit/s Wireless
(sg100g). Ac-cessed: Aug. 13, 2018. [Online]. Available:
http://www.ieee802.org/15/pub/sg100g.html
M. Fujishima, “300GHz-band CMOS wireless transceiver,”
in Proc.IEEE Int. Symp. Radio-Freq. Integr. Technol.
(RFIT), Aug. 2018, pp.1–3.
S. Lee, R. Dong, T. Yoshida, S. Amakawa, S. Hara, A.
Kasamatsu,J. Sato, and M. Fujishima, “9.5 an 80Gb/s
300GHz-band single-chipCMOS transceiver,” in IEEE
ISSCC Dig. Tech. Papers, Feb. 2019, pp.170–172.
L. Lopacinski, M. Marinkovic, G. Panic, M. H. Eissa, A.
Hasani, K.Krishnegowda, and R. Kraemer, “Data link layer
processor for 100 Gbpsterahertz wireless communications in
28 nm CMOS technology,” IEEEAccess, vol. 7, pp. 44489–
44502, 2019.
A. Tekbıyık, A. R. Ekti, G. K. Kurt, and A. G¨orc¸in,
“Terahertzband communication systems: Challenges,
novelties and standardizationefforts,” Phys. Commun., vol.
35, Aug. 2019, Art. no. 100700.
P. H. Pathak, X. Feng, P. Hu, and P. Mohapatra, “Visible
light commu-nication, networking, and sensing: A survey,
potential and challenges,”IEEE Commun. Surveys Tuts.,
vol. 17, no. 4, pp. 2047–2077, 4th Quart.,2015.
S. Cho, G. Chen, and J. P. Coon, “Enhancement of physical

Volume 7 / Issue 4

ISSN: 2348-2931

7

94.

95.
96.

97.

98.

layersecurity with simultaneous beamforming and jamming
for visible lightcommunication systems,” IEEE Trans. Inf.
Forensics Security, vol. 14,no. 10, pp. 2633–2648, Oct.
2019.
A. U. Khan, “Visible light communication: Applications,
architecture,standardization and research challenges,” Digit.
Commun. Netw., vol. 3,no. 2, pp. 78–88, May 2016.
H. Haas, “LiFi is a paradigm-shifting 5G technology,” Rev.
Phys., vol.3, pp. 26–31, Nov. 2017.
A. S. Islim, R. X. Ferreira, X. He, E. Xie, S. Videv, S. Viola,
S.Watson, N. Bamiedakis, R. V. Penty, I. H. White, A. E.
Kelly, E. Gu,H. Haas, and M. D. Dawson, “Towards 10 Gb/s
orthogonal frequencydivision multiplexing-based visible
light communication using a GaNviolet microLED,” Photon.
Res., vol. 5, no. 2, pp. A35–A43, 2017.
U. A. K. Chude-Okonkwo, R. Malekian, B. T. Maharaj, and
A.
V.Vasilakos,
“Molecular
communication
and
nanonetwork for targeteddrug delivery: A survey,” IEEE
Commun. Surveys Tuts., vol. 19, no.4, pp. 3046–3096, 4th
Quart., 2017.
A. Farsad, H. B. Yilmaz, A. Eckford, C.-B. Chae, and W.
Guo, “Acomprehensive survey of recent advancements in
molecular communi-cation,” IEEE Commun. Surveys Tuts.,

vol. 18, no. 3, pp. 1887–1919,3rd Quart., 2016.
99. T. Nakano, Y. Okaie, S. Kobayashi, T. Hara, Y. Hiraoka,
and T.Haraguchi, “Methods and applications of mobile
molecular communi-cation,” Proc. IEEE, vol. 107, no. 7, pp.
1442–1456, Jul. 2019.
100. F. Akyildiz, M. Pierobon, S. Balasubramaniam, and Y.
Koucheryavy,“The Internet of bio-nano things,” IEEE
Commun. Mag., vol. 53, no. 3,pp. 32–40, Mar. 2015.
101. J.-Y. Hu, B. Yu, M.-Y. Jing, L.-T. Xiao, S.-T. Jia, G.-Q.
Qin, and G.-L.Long, “Experimental quantum secure direct
communication with singlephotons,” Light, Sci. Appl., vol.
5, no. 9, 2016, Art. no. e16144.
102. W. Zhang, D.-S. Ding, Y.-B. Sheng, L. Zhou, B.-S. Shi, and
G.-C. Guo,“Quantum secure direct communication with
quantum memory,” Phys.Rev. Lett., vol. 118, no. 22, p.
220501, 2017.
103. L. Gyongyosi, S. Imre, and H. V. Nguyen, “A survey on
quantumchannel capacities,” IEEE Commun. Surveys Tuts.,
vol. 20, no. 2, pp.1149–1205, 2nd Quart., 2018.
104. S. Muralidharan, L. Li, J. Kim, N. L ¨utkenhaus, M. D.
Lukin, and L.Jiang, “Optimal architectures for long distance
quantum communica-tion,” Sci. Rep., vol. 6, 2016, Art. no.
20463.

Citation: Shoewu, O.O. et al. (2020). Approaching the Development of 6G mobile wireless networks. J. of Advancement in
Engineering and Technology, V7I4.06. DOI: 10.5281/zenodo.3830531.
Copyright: © 2020: Shoewu, O.O. This is an open-access article distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are
credited.

J. of Advancement in Engineering and Technology

Volume 7 / Issue 4

ISSN: 2348-2931

8

