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Abstract—The fifth generation (5G) mobile communication technology 
though, is being deployed in various parts of the world to improve the wireless 
systems in terms of infrastructure and quality of services, in view of mobile 
communication history, the 5G may be unable to handle the deluge mobile net-
work traffic of the future digital society. In general, new wireless technologies 
are introduced every 10 years, and services mature every 20 years, and there-
fore sixth generation (6G) mobile communication technologies, which have a 
great potential to impact on the market, are expected to be commercialized 
around 2030. In order to secure technological leadership in mobile communica-
tion, which is an essential infrastructure for everyday life and industrial sites, 
advanced countries around the world have begun to develop 6G technology. 
The expected main features of the 6G technology include: providing 10 to 100 
times more performance than 5G, maximizing performance by utilizing the te-
rahertz band which was not utilized by existing communication networks be-
fore, use artificial intelligence techniques for smart networking, and combining 
the previously isolated technologies. This paper provides an overview on the 
profile, advancements, implications, architecture, expected applications, and 
challenges of the futuristic 6G wireless communication systems described by 
innovative researchers and major global organizations. 

Keywords—6G, mobile communication, intelligent systems, next generation 
networks, artificial intelligence, terahertz communication 

1 Introduction 

The rollout of the fifth generation (5G) wireless technology has already com-
menced in many parts of the world to further advance the mobile communication 
systems. However, given the demand for automation and ever increasing need of 
bandwidth, the existing capacity is anticipated to run out by 2030. It looks like that 
5G mobile communication would not fully satisfy the increasingly growth of techno-
logical requirements [1]. Thus many researchers have already started working on the 
sixth generation (6G) technology which is expected to revolutionize the digital world 
[2]. Several countries are actively developing 6G network techniques including the 
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United States, Japan, China, France and Finland. A study in [3], shows that rise of 
advanced applications in 2030 will require fully intelligent network which might be 
realized by 6G. We are moving towards completely internet based automated society 
along with smart machines. 6G is expected to provide canvas over which complex 
procedures and interfaces would operate with the least human interface. Some of the 
key technologies that could make 6G possible are the use of the Terahertz (THz) 
frequency spectrum in communications, new smart antenna technologies to improve 
the coverage of high frequency signals, advanced duplexing technologies, evolution 
of network topology, the usage of artificial intelligence (AI) and big data techniques 
in spectrum sharing to make the use of frequencies more efficient [4], machine learn-
ing and  virtual reality tools usage for  system capacity improvements [5], massive 
devices connectivity, and efficient data security schemes. The other associated tech-
nologies are smart wearable devices, medical implants, self-driven vehicles and 
drones. It is estimated that the 6G system driven wireless connectivity would be upto 
100 times more efficient than 5G [6]. All this would lead to smart society with envi-
ronment monitoring, protection, disaster mitigation and management. Moreover, self-
driven vehicles will be supported by advanced technologies such as audio-visual sen-
sors radar, and global positioning system (GPS).  Similarly, 6G enabled unmanned 
aerial vehicles (UAVs) will be commonly exploited on high scale in numerous fields 
including to support military reconnaissance, smart agricultural activities monitoring 
and operations, and location based services i.e., parcels deliveries. In addition to this, 
the AI enabled 6G networks would intelligently control the processes of the machines 
ever done throughout 1G to 5G.  

It is predicted that in 2024 the mobile networks traffic will be three times greater 
than the traffic in 2017 due to a significant increment in smart mobile phones, tablets, 
internet-of-things (IoT) networks, and big data based internet contents i.e., Facebook, 
YouTube, Netflix, etc [7]. To tackle this massive traffic issue, currently 5G mobile 
communication technology is being expanded all around the globe. The 5G technolo-
gy, in general, contains three typical application scenarios which include enhanced 
mobile broadband (eMBB), massive machine-type communications (mMTC), and 
ultra-reliable low-latency communications (URLLC) [8]. Furthermore, scientists from 
all around the world are working to suggest innovative solutions to various aspects of 
the 6G technology. As shown in Figure 1, the vision of 6G includes global coverage 
by enhancing the performance and capabilities of the technologies, for instance, un-
manned vehicle (UAV), terrestrial communication, satellite, maritime, and deep 
space; utilization of available frequency (f) spectra consisting of Sub-6 GHz where f < 
6 GHz, millimeter wavelength (𝜆𝜆) where f >24 GHz and f < 300 GHz, and opti-
cal/Terahertz (THz) where f > 1 THz [9]; strong security on network as well as physi-
cal layers including cyber security and network authentication techniques; and wide 
range of applications i.e., AI, machine learning, and Big data.  

The article is further structured as follows. The comparison between 5G and 6G 
technologies is provided in Section 2. Section 3 describes the 6G architecture and its 
key performance requirements in detail. The main applications and research challeng-
es are highlighted in Section 4 and Section 5, respectively. Finally, we conclude the 
article in Section 6.  
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Fig. 1. An overview of the vision of the 6G wireless communication networks 

2 Comparison between 5G and 6G technologies 

The comparison between the 5G and the 6G technologies can be made by various 
ways such as summarized in Table 1. However, below we describe the main features 
of both technologies for the sack of understanding. 

Frequency spectrum: Up to 4G technology, most types of wireless communica-
tions took place in the sub-6 GHz range and the spectrum was distributed to television  
(TV)  services,  military communications,  and cellular communication [10, 11]. In 
5G, the frequencies 26 GHz, 28 GHz, and 38 GHz, i.e. beyond the 6 GHz spectrum 
are first time used. On the other hand, in 6G, the terahertz frequencies, probably in 
band D (such as 0.11 THz to 0.17 THz), are expected to be used. In addition, 6G 
could also use millimeter (mmWave), THz band, and visible light communication 
(VLC), in parallel [11, 12, 13, 14]. The VLC is a promising optical communication 
approach for short-range communication that uses visible light ranging between 400 
and 800 THz. However, both technologies 5G and 6G will uninterruptedly continue to 
use the frequencies under 6 GHz as well. 

Data rate: While the 5G is expected to achieve a peak data rate of around 20 giga-
bits/second (Gbps), the 6G is intended to provide a peak data rate of more than 1 Tera 
bits per second (Tbps). There is also a significant difference between the data rate per 
user. In 5G, around 100 megabits/second (Mbps) is considered while in 6G around 1 
Gbps is expected. 

Latency: 5G is expected to have a latency of around 1 millisecond and higher. In 
contrast to this, 6G would reach far less than a millisecond (ms), probably 100 micro-
seconds (µs). Applications including holographic communication, virtual, augmented, 
and mixed reality, as well as remote medical diagnosis and surgery, require excep-
tionally low latency [15]. In these applications, the network must offer very high 
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reliability, low latency and extremely high data rates at the same time [16, 17, 18]. In 
contrast to 5G, 6G technology aims to fulfill all of these necessities at the same time. 

Table 1.  Features comparison between 5G and 6G technologies  

Feature 5G 6G 
End-to-End latency 1 ms 10 µs 
Peak data rate for each device 10-20 Gbps 1 Tbps 
User Data rate 100 Mbps  > 1 Gbps 
Spectral efficiency 30 bps/Hz 100 bps/Hz 
Energy efficiency NA 1Tb per J 
Mobility  500 km/hr > 1000 km/hr 
Maximum Frequency 90 GHz 10 THz 
Channel bandwidth 1GHz 100 GHz 
Coverage 70% 99% 
Receiver capacity -120 dBm -130 dBm 
Autonomous Vehicle Limited Yes 
Services Level 3D VR, AR Tactile 
Architecture Massive MIMO Intelligent Surface 
Satellite connectivity No Yes 
THz communication Very Limited Widely 
Core network IoT IoE 
Multiplexing OFDMA Smart OFDMA + IM 

 
There are still no complete solutions reported in the literature for 6G today. The ac-

tual layout of 6G depends on how 5G evolves, and where and how its shortcomings 
are. However, the following characteristics are believed to be included in 6G enabled 
systems [1, 2] which might not be available in 5G. 

─ Data, Computing, & Intelligence 
• Smart AI/ML techniques 
• Computation using Quantum 
• Big Data 

─ Spectrum Extension & Management  
• VLC 
• mmWave bands  
• sub-THz and THz bands 
• Full-Duplex and NOMA techniques 
• Dynamic sharing and allocation of spectrum  

─ Cell-Free or Tiny-Cells  
• Distributed Systems and networks 
•  UAVs-assisted communications  

Although above features have been lined-up to be realized in 6G enabled systems, 
the research is in progress to solve its fundamental challenges. In order to have a 
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viable and efficient 6G technology enabled systems, new and improved techniques 
will have to be used such as described as follows. 

2.1 Terahertz (THz) frequency bands  

One area that is envisioned to be a vital component of 6G is the utilization of opti-
cal frequency spectrum i.e., THz, in mobile communications. Using these extremely 
high frequencies, huge bandwidth and data rates will be readily available [19]. The 
range of THz frequency described by IEEE and the ITU is between in range of 300 
GHz to 3 THz. However, research literature and industry discussions often consider 
anything beyond 100 GHz to be THz band. The term “sub-terahertz” is also used to 
designate the range between 100-300 GHz.  

2.2 Millimeter Wave (mmWave) technologies  

The use of much higher frequencies always opens up more spectrums and also al-
lows for many wideband channels. Although millimeter-wave (mmWave) technolo-
gies are primarily thought of for 5G communication, they are being further developed 
due to the enormous data rates and bandwidth required for 6G. The frequency spec-
trum between 30 and 300 GHz falls under the mmWave technology. Occupied be-
tween microwave and infrared waves, this band can provide high-speed wireless 
communications as seen with the latest 802.11ad Wi-Fi standard (operating at 60 
GHz).  

2.3 Dense networks and duplex methods 

Many active researchers [20, 21] propose methods to improve the downlink and 
uplink time-frequency resources, as depicted in Figure 2. Presently, wireless systems 
use either frequency division duplex (FDD) or time division duplex (TDD). In addi-
tion to the Flexible duplex for 5G, other options have been proposed for 6G, such as 
Fully Flexible duplex or Free duplex, where the time or frequencies allotted change 
depending on the demand, or a new system known as single-channel full-duplex or 
split-duplex [22, 23]. 

 
Fig. 2. Advancement in duplex mode of wireless communication 
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2.4 Spectrum sharing 

6G technology intends to provide the spectrum for multiple entities i.e., the Citi-
zens Broadband Radio Service (CBRS) band (3.55-3.7 GHz) [24]. Alliance has been 
developed, the so-called Coexistence Manager (CxM), between spectrum access sys-
tems (SAS) and general authorized access (GAA) to support the sharing of the spec-
trum between GAA users in a semi static fashion for the permissible spectrum high-
lighted in [25]. To enhance the spectrum sharing opportunity in this situation, one can 
prefer dynamic spectrum sharing rather than a semi-static method based on the data-
base. The challenge of dynamic spectrum sharing is to avoid/minimize the overlap-
ping of spectrum usage among different entities while permitting to access the spec-
trum in a dynamic manner [26].  

3 6G architecture 

It is expected that after 2030, explosive growth of wireless data traffic due to real-
time and interactive applications, 5G will not be able to compete with the existing 
architecture. The 6G is supposed to fill up this gap. 6G networks need to support 
quality of service to massive data obtained from connected smart devices and interac-
tive applications. This requires to have an intelligent architecture to support the quali-
ty of service. The authors in [27] have proposed an artificial intelligent (AI) based 
architecture for 6G networks that uses data mining, smart controlling, and automatic 
configuring. The proposed architecture is based on four layers such as Smart applica-
tion layer, Intelligent sensing layer, Data mining & analytics layer, and Intelligent 
control layer.  

6G communication network must have higher AI characteristics, not fully but inte-
grated with AI networking features. Most of the researchers believe that this is as an 
“AI-empowered” communication network with privacy, security, and risk mitigation 
attributes [28]. Such autonomous network uses AI algorithms i.e.  convolutional neu-
ral networks (CNNs) for signal classification and channel decoding, deep neural net-
works (DNNs) for signal detection and channel estimation, supervised/transfer algo-
rithm for frame flow related operations, and K-means algorithm for mobili-
ty/load/route management [29]. Additionally, to make communication, data caching 
and computing converge efficiently, and data caching and computing functions in 
different entities, the fog-computing based radio access network architecture has been 
proposed. In the meantime, the intent based radio access network has been introduced 
to make the flexible and simple architecture through software definition and re-
configuration for the ubiquitous intelligent mobile society with economical cost. Two 
other architectures have been also presented in [30] which include de-cellular network 
architecture and user-centric ultra-dense networks (UUDN). The de-cellular and 
UUDN architectures seem to be fit for the higher frequency bands i.e., mmWave, 
THz, and visible light band.  
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4 Applications 

4.1 Extended reality 

In various devices, extended reality or XR to include virtual augmented and mixed 
reality, would be made available commercially. It will essentially be a computer 
generated reality experience. It will provide a 3rd experience without time and lo-
cation constraints using uHLSLLC [31].  

4.2 Connected robotics and autonomous systems 

Our everyday lives can change drastically with an autonomous vehicle based on 
6G wireless connectivity. The 6G framework has a significant potential to facilitate 
the actual introduction of self-driving vehicles based on different sensors. UAV air 
craft will use 6G wireless networks more frequently. Moreover, UAV will be used 
as base station in its absence [32]. 

4.3 Smart healthcare communication 

In the futuristic health care sector, remote surgeries will be possible using robots 
and AI. The 6G high-data-rate, low latency, ultra-reliable (zero-error) network can 
help to easily and efficiently transmit big amounts of medical data and improve the 
quality of care. The functionality of uHLSLLC and uMTC will help the real de-
ployment for such smart health care centers [33]. 

4.4 Automation and manufacturing 

The term “automation” refers to the automatic machine control in manufacturing 
the goods in industries. In this regard, the 6G services of uHDD and  uHLSLLC 
and uMTC will help in industrial automation which will definitely efficient in 
terms of productivity and cost [34]. 

4.5 Five senses information transfer 

6G communication networks would be capable of transferring the data collected 
from the five senses remotely. Smart phones are the main devices in 4G and 5G 
networks. However, in recent years there has been an increase in the number of 
wearable devices, whose functions are gradually replacing those of smart phones. 
Devices associated with these applications range from smart wearable to integrated 
headsets and smart implants, whose sensors can receive direct signals from human 
senses [35]. 
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4.6 Internet of Everything (IoE) 

IoE will have full 6G support. Every internet device will be connected to the net-
work from living to non-living objects such as drones, vehicles, home appliances, 
smart sensors, robots, and industrial machines. In a study [36], it is predicted that 
world will have huge number of connected devices by 2030 about 59 times more 
than the world population. It is said that 2010 was age of mobile applications, 2020 
is age of IoT and after 2030 the age will be of AI augmented IoE [25, 35].  

4.7 Holographic teleportation  

With unprecedented speed in high-resolution rendering, wearable displays and 
wireless networking, mobile devices will be able to provide multimedia rendering 
to display a 3D hologram using 6G networks. Hologram is a new generation media 
technology that can represent gestures and facial expressions using a holographic 
display. In order to ensure that the hologram is displayed as part of real-time ser-
vices, high data rates, hundreds of times faster than the current 5G system, are es-
sential. 

5 Challenges and opportunities 

Some open challenges and opportunities for 6G are described as follows. 
Integrating AI in Wireless: AI technology brings multifold research directions for 

intelligent 6G wireless systems. To operate the 6G wireless systems efficiently and 
reliably, and deliver the applications listed above, there is need for massive, small 
data analytics as well as using the machine learning (ML) and AI-based SSNs (i.e., 
reinforcement learning) algorithms [27].  

Networking: It is a serious requirement to create a network of networks in which 
several resources are combined into a diverse digital ecosystem. The integration of 
ground and airborne networks demand that 6G must support the communications in 
3D space including deploying 3D base stations (i.e., temporary UAVs/drones or teth-
ered balloons) [35]. This requires to conduct the research in multiple angles including 
new methods for 3D frequency and network resources planning, proper network op-
timization for resource management, mobility tracking and routing, as well as model-
ing of the 3D propagation environment. 

Combining different physical interfaces: Integrating different physical nature RF 
and non-RF interfaces is also a significant research gap. This provides an opportunity 
to conduct the research on designing the joint RF and non-RF hardware, analysis on 
system level of joint RF and non-RF devices, and application of these RF and non-RF 
systems in 6G services. 

Reducing hardware and computational complexity: Due to usage of THz frequen-
cies in 6G communication systems and massive antenna arrays at RF front-end, the 
cost of hardware and software will be dramatically increased. It requires to conduct a 
serious research to provide intelligent techniques to reduce these types of complexi-
ties such as those mentioned in [36, 37, 38, 39].  
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6 Conclusion 

In this paper, we have outlined the features of 6G mobile communication technol-
ogy, its applications and research challenges. Though 5G technology is under imple-
mentation in many countries, the researchers have started working on the 6G technol-
ogy which will use further higher frequency bands i.e., THz, to provide further higher 
data rates, more capacity, and intelligently handled network of many networks includ-
ing internet of everything and many more. It will incorporate state-of-the-art AI tech-
nology to make the mobile communication more efficient, robust and reliable than 
before. Furthermore, in this paper, we have discussed the major differences between 
5G and 6G technologies, and hence found out many reasons and research gaps of 5G 
which can be addressed well by 6G technology. A few 6G architectures are suggested 
in the literature i.e., AI-enabled 6G architecture based on 4 layers (Data mining & 
analytics layer, Smart application layer, Intelligent sensing layer, and Intelligent con-
trol layer), and optimized functional safety architecture. Moreover, we have identified 
various applications of 6G such as extended reality, connected robotics and autono-
mous systems, smart healthcare and education communication, automation and manu-
facturing, IoE, and Holographic. Additionally, the main open challenges reported in 
the literature include integration of AI technology in wireless systems, making net-
working of many massive networks, integrating different physical nature RF/non-RF 
interfaces, and reducing hardware/computational complexity. Once the proposed 6G 
architectures and the open challenges are successfully addressed, the 6G mobile 
communication technology will significantly revolutionize the way of communica-
tions ever possible with the existing technologies.  

7 Acknowledgement 

The authors acknowledge the Higher Education Commission (HEC) of Pakistan for 
the research grant to this work under National Research Program for Universities 
(NRPU) scheme with project No: 20- 15948/NRPU/R&D/HEC/2021. 

8 References 

[1] P. Yang, Y. Xiao, M. Xiao, and S. Li, "6G Wireless Communications: Vision and Potential 
Techniques," IEEE Networks, vol. 33, no. 4, p. 70–75, 2019. https://doi.org/10.1109/ 
MNET.2019.1800418  

[2] Y. Lu and X. Zheng, "6G: A survey on technologies, scenarios, challenges, and the related 
issues," Journal of Industrial Information Integration, vol. Journal of Industrial 
Information Integration, pp. 1-14, 07 2020. https://doi.org/10.1016/j.jii.2020.100158  

[3] 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. 07, p. 46317–46350, 2019. https://doi.org/10.1109/ACCESS. 
2019.2909490  

iJIM ‒ Vol. 16, No. 24, 2022 199

https://doi.org/10.1109/MNET.2019.1800418
https://doi.org/10.1109/MNET.2019.1800418
https://doi.org/10.1016/j.jii.2020.100158
https://doi.org/10.1109/ACCESS.2019.2909490
https://doi.org/10.1109/ACCESS.2019.2909490


Paper—What You Should Know About Next Generation 6G Mobile Technology 

[4] "ITU-T Focus group on Machine Learning for Future Networks including 5G (FG-ML5G) 
Unified architecture for machine learning in 5G and future networks," 2019.  

[5] Q. Mao, F. Hu, and Q. Hao, "Deep learning for intelligent wireless networks: A 
comprehensive survey," IEEE Communications Surveys and Tutorials, vol. 20, no. 4, p. 
2595–2621, 2018. https://doi.org/10.1109/COMST.2018.2846401  

[6] J. G. Andrews et al., "What will 5G be?," IEEE J. Sel. Areas Commun., vol. 32, no. 6, p. 
1065–1082, 2014. https://doi.org/10.1109/JSAC.2014.2328098  

[7] L. Zhang, Y. Liang and D. Niyato, "6G Visions: Mobile ultra-broadband, super internet-
of-things, and artificial intelligence," China Communications, vol. 16, no. 8, pp. 1-14, 
2019. https://doi.org/10.23919/JCC.2019.08.001  

[8] China IMT-2020 PG white paper, "5G Vision and Requirements," 2014, http://www.imt-
2020.org.cn/en/documents/  

[9] Techplayon , "What is Sub-6 GHz & mmWave," [Online]. Available: https://www. 
techplayon.com/what-is-sub-6-ghz-mmwave-in-5g-and-why-mmwave-bands-are-
required/. [Accessed 01 02 2022]. 

[10] H. Munir et al., "Computationally Intelligent Techniques for Resource Management in 
MmWave Small Cell Networks," in IEEE Wireless Communication, vol. 25, no. 4, pp. 32-
39, 2018. https://doi.org/10.1109/MWC.2018.1700400  

[11] D. Zhu, J. Choi, and R. W. Heath, "Auxiliary Beam Pair Enabled AoD and AoA 
Estimation in Closed-Loop Large-Scale Millimeter-Wave MIMO Systems," IEEE Trans. 
Wirel. Commun, vol. 16, no. 7, p. 4770–4785, 2017. https://doi.org/10.1109/TWC.2017. 
2702617  

[12] R. Zia-Ul-Mustafa and S. A. Hassan, "Machine learning-based context aware sequential 
initial access in 5G mmWave systems," IEEE Globecom Workshops (GC Wkshps), pp. 1-6, 
2019. https://doi.org/10.1109/GCWkshps45667.2019.9024446  

[13] A. M. Abdelhady, A. K. S. Salem, O. Amin, B. Shihada and M. -S. Alouini, "Visible Light 
Communications via Intelligent Reflecting Surfaces: Metasurfaces vs Mirror Arrays," in 
IEEE Open Journal of the Communications Society, vol. 2, pp. 1-20, 2021. https://doi.org/ 
10.1109/OJCOMS.2020.3041930  

[14] I. Moerman et al., "Mandate-driven Networking Eco-system: A Paradigm Shift in End-to-
End Communications," 2020 2nd 6G Wireless Summit (6G SUMMIT), pp. 1-6, 2020. 
https://doi.org/10.1109/6GSUMMIT49458.2020.9083766  

[15] R. Gupta, A. Shukla and S. Tanwar, "BATS: A Blockchain and AI-Empowered Drone-
Assisted Telesurgery System Towards 6G," in IEEE Transactions on Network Science and 
Engineering, vol. 8, no. 4, pp. 2958-2967, 2021. https://doi.org/10.1109/TNSE.2020.3043 
262  

[16] R. Zia-ul-Mustafa and S. A. Hassan, "Machine Learning-Based Context Aware Sequential 
Initial Access in 5G mmWave Systems," 2019 IEEE Globecom Workshops (GC Wkshps), 
pp. 1-6, 2019. https://doi.org/10.1109/GCWkshps45667.2019.9024446  

[17] E. Calvanese Strinati et al., "6G: The Next Frontier: From Holographic Messaging to 
Artificial Intelligence Using Subterahertz and Visible Light Communication," in IEEE 
Vehicular Technology Magazine, vol. 14, no. 3, pp. 42-50, 2019. https://doi.org/10.1109/ 
MVT.2019.2921162  

[18] A. Clemm, M. T. Vega, H. K. Ravuri, T. Wauters and F. D. Turck,, "Toward Truly 
Immersive Holographic-Type Communication: Challenges and Solutions," in IEEE 
Communications Magazine, vol. 58, no. 1, pp. 93-99, 2020. https://doi.org/10.1109/ 
MCOM.001.1900272  

[19] J. M. Jornet and I. F. Akyildiz, "Channel modeling and capacity analysis for 
electromagnetic wireless nanonetworks in the terahertz band," in IEEE Trans. Wirel. 

200 http://www.i-jim.org

https://doi.org/10.1109/COMST.2018.2846401
https://doi.org/10.1109/JSAC.2014.2328098
https://doi.org/10.23919/JCC.2019.08.001
http://www.imt-2020.org.cn/en/documents/
http://www.imt-2020.org.cn/en/documents/
https://www.techplayon.com/what-is-sub-6-ghz-mmwave-in-5g-and-why-mmwave-bands-are-required/
https://www.techplayon.com/what-is-sub-6-ghz-mmwave-in-5g-and-why-mmwave-bands-are-required/
https://www.techplayon.com/what-is-sub-6-ghz-mmwave-in-5g-and-why-mmwave-bands-are-required/
https://doi.org/10.1109/MWC.2018.1700400
https://doi.org/10.1109/TWC.2017.2702617
https://doi.org/10.1109/TWC.2017.2702617
https://doi.org/10.1109/GCWkshps45667.2019.9024446
https://doi.org/10.1109/OJCOMS.2020.3041930
https://doi.org/10.1109/OJCOMS.2020.3041930
https://doi.org/10.1109/6GSUMMIT49458.2020.9083766
https://doi.org/10.1109/TNSE.2020.3043262
https://doi.org/10.1109/TNSE.2020.3043262
https://doi.org/10.1109/GCWkshps45667.2019.9024446
https://doi.org/10.1109/MVT.2019.2921162
https://doi.org/10.1109/MVT.2019.2921162
https://doi.org/10.1109/MCOM.001.1900272
https://doi.org/10.1109/MCOM.001.1900272


Paper—What You Should Know About Next Generation 6G Mobile Technology 

Commun.,, vol. 10, no. 10, p. 3211–3221, 2011. https://doi.org/10.1109/TWC.2011.08101 
1.100545  

[20] Z. Zhang, K. Long, A. V. Vasilakos and L. Hanzo,, "Full-Duplex Wireless 
Communications: Challenges, Solutions, and Future Research Directions," in Proceedings 
of the IEEE, vol. 104, no. 7, pp. 1369-1409, 2016. https://doi.org/10.1109/JPROC.2015. 
2497203  

[21] K. E. Kolodziej, B. T. Perry and J. S. Herd, "In-Band Full-Duplex Technology: 
Techniques and Systems Survey," in IEEE Transactions on Microwave Theory and 
Techniques, vol. 67, no. 7, pp. 3025-3041, 2019. https://doi.org/10.1109/TMTT.2019.289 
6561  

[22] M. Ma et al., "A Prototype of Co-Frequency Co-Time Full Duplex Networking," in IEEE 
Wireless Communications, vol. 27, no. 1, pp. 132-139, 2020. https://doi.org/10.1109/ 
MWC.001.1800565  

[23] M. Z. Chowdhury, M. Shahjalal, S. Ahmed and Y. M. Jang, "6G Wireless Communication 
Systems: Applications, Requirements, Technologies, Challenges, and Research 
Directions," in IEEE Open Journal of the Communications Society, vol. 1, pp. 957-975, 
2020. https://doi.org/10.1109/OJCOMS.2020.3010270  

[24] M. Matinmikko-Blue, S. Yrjölä and P. Ahokangas, "Spectrum Management in the 6G Era: 
The Role of Regulation and Spectrum Sharing," in 2nd 6G Wireless Summit (6G 
SUMMIT), 2020. https://doi.org/10.1109/6GSUMMIT49458.2020.9083851  

[25] Samsung Research , "6G: The Next Hyper Connected Experience for All, White Pap.," 
2020. [Online]. Available: https://research.samsung.com/next-generation-communications. 
[Accessed 01 02 2022]. 

[26] M. d. da Costa and P. Cardieri, "Collision probabilities for dynamic spectrum access with 
cognitive radios," in SBMO/IEEE MTT-S International Microwave and Optoelectronics 
Conference (IMOC), 2009. https://doi.org/10.1109/IMOC.2009.5427584  

[27] H. Yang, A. Alphones, Z. Xiong, D. Niyato, J. Zhao and K. Wu, "Artificial-Intelligence-
Enabled Intelligent 6G Networks," in IEEE Network, vol. 34, no. 6, pp. 272-280, 2020. 
https://doi.org/10.1109/MNET.011.2000195  

[28] T. Zhu, P. Xiong, G. Li, W. Zhou, and P. S. Yu, "Differentially private model publishing 
in cyber physical systems," Futur. Gener. Comput. Syst., vol. 108, p. 1297–1306, 2020. 
https://doi.org/10.1016/j.future.2018.04.016  

[29] Z. Zhang et al., "6G Wireless Networks: Vision, Requirements, Architecture, and Key 
Technologies," in IEEE Vehicular Technology Magazine, vol. 14, no. 3, pp. 28-41, 2019. 
https://doi.org/10.1109/MVT.2019.2921208  

[30] S. Chen, Y. -C. Liang, S. Sun, S. Kang, W. Cheng and M. Peng, "Vision, Requirements, 
and Technology Trend of 6G: How to Tackle the Challenges of System Coverage, 
Capacity, User Data-Rate and Movement Speed," in IEEE Wireless Communications, vol. 
27, no. 2, pp. 218-228, 2020. https://doi.org/10.1109/MWC.001.1900333  

[31] T. Nakamura, "5G Evolution and 6G," in in 2020 IEEE Symposium on VLSI Technology,, 
2020. https://doi.org/10.1109/VLSITechnology18217.2020.9265094  

[32] B. Li, Z. Fei, and Y. Zhang, "UAV Communications for 5G and Beyond: Recent Advances 
and Future Trends," in IEEE Internet of Things Journal, vol. 6, no. 2, pp. 2241-2263, 
2019. https://doi.org/10.1109/JIOT.2018.2887086  

[33] H. -J. Kim, R. Lin, S. Achavananthadith and J. S. Ho, "Near-field-enabled Clothing for 
Wearable Wireless Power Transfer," in in 2020 IEEE Wireless Power Transfer Conference 
(WPTC), 2020. https://doi.org/10.1109/WPTC48563.2020.9295507  

[34] A. H. Sodhro, S. Pirbhulal, Z. Luo, K. Muhammad and N. Z. Zahid, "Toward 6G 
Architecture for Energy-Efficient Communication in IoT-Enabled Smart Automation 

iJIM ‒ Vol. 16, No. 24, 2022 201

https://doi.org/10.1109/TWC.2011.081011.100545
https://doi.org/10.1109/TWC.2011.081011.100545
https://doi.org/10.1109/JPROC.2015.2497203
https://doi.org/10.1109/JPROC.2015.2497203
https://doi.org/10.1109/TMTT.2019.2896561
https://doi.org/10.1109/TMTT.2019.2896561
https://doi.org/10.1109/MWC.001.1800565
https://doi.org/10.1109/MWC.001.1800565
https://doi.org/10.1109/OJCOMS.2020.3010270
https://doi.org/10.1109/6GSUMMIT49458.2020.9083851
https://research.samsung.com/next-generation-communications
https://doi.org/10.1109/IMOC.2009.5427584
https://doi.org/10.1109/MNET.011.2000195
https://doi.org/10.1016/j.future.2018.04.016
https://doi.org/10.1109/MVT.2019.2921208
https://doi.org/10.1109/MWC.001.1900333
https://doi.org/10.1109/VLSITechnology18217.2020.9265094
https://doi.org/10.1109/JIOT.2018.2887086
https://doi.org/10.1109/WPTC48563.2020.9295507


Paper—What You Should Know About Next Generation 6G Mobile Technology 

Systems," in IEEE Internet of Things Journal, vol. 8, no. 7, pp. 5141-5148, 2021. 
https://doi.org/10.1109/JIOT.2020.3024715  

[35] W. Saad, M. Bennis and M. Chen,, "A Vision of 6G Wireless Systems: Applications, 
Trends, Technologies, and Open Research Problems," in IEEE Network, vol. 34, no. 3, pp. 
134-142, 2020. https://doi.org/10.1109/MNET.001.1900287  

[36] S. A. Shaikh and A. M. Tonello, "Radio Source Localization in Multipath Channels Using 
EM Lens Assisted Massive Antennas Arrays," in IEEE Access, vol. 7, pp. 9001-9012, 
2019. https://doi.org/10.1109/ACCESS.2019.2891110  

[37] S. A. Shaikh and A. M. Tonello, "DoA Estimation in EM Lens Assisted Massive Antenna 
System Using Subsets Based Antenna Selection and High Resolution Algorithms," in 
International Journal of Radioengineering, vol. 27, no. 1, pp. 159-168, 2018. https://doi. 
org/10.13164/re.2018.0159  

[38] S. A. Shaikh and A. M. Tonello, "Performance Analysis of 180 degree HRR Coupler Used 
for Direction Finding with an Antenna Array," in International Journal of Biomedical & 
Online Engineering (iJOE), vol. 13, no. 10, pp. 86-102, 2017. https://doi.org/10.3991/ 
ijoe.v13i10.7410  

[39] S.A. Shaikh, and et al, "An Educational Training Kit for an Efficient GPS Anti-Jamming 
System," in International Journal of Emerging Technologies in Learning (iJET), vol. 16, 
no. 06, pp. 231-244, 2021. https://doi.org/10.3991/ijet.v16i06.21251  

9 Authors 

Dr. Sarmad Ahmed Shaikh was born in Pakistan. He received the Ph.D. degree 
in Information Technology from the University of Klagenfurt, Klagenfurt, Austria, in 
2018. He is currently an Assistant Professor with the Faculty of Information Technol-
ogy, Sindh Madressatul Islam University (SMIU), Karachi, Pakistan. His research 
interests include RF/microwave engineering, radio source localization, antenna arrays 
designing, and wireless sensor networking (IoT) & artificial intelligence. 

Muneer Ahmed Shaikh was born in Pakistan. He received the Bachelors Degree 
in Computer Systems Engineering from Mehran University of Engineering & Tech-
nology Jamshoro, Pakistan, in 1994, the M.E. degree in Computer Systems Engineer-
ing from NED University, Karachi, Pakistan, in 2010, and the Ph.D. degree (Contin-
ued) in Computer Science from SMI University Karachi Pakistan. He is currently an 
Assistant Professor in Computer Science, College Education Department, Govern-
ment of Sindh, Karachi, Pakistan. His research interests include RF/microwave engi-
neering, radio source localization, antenna arrays designing, and wireless sensor net-
working (IoT) & artificial intelligence. 

Ruqiya is doing Ph.D. in computer science from Sindh Madressatul Islam Univer-
sity, Karachi, Pakistan. She received her MS Computer Science degree in 2021 from 
Sindh Madressatul Islam University, Karachi. Her research interests include machine 
learning, deep learning, AI, Operating system, and wireless Technology. 

Muhammad Arshad Khan received MS Computer Science degree in 2021 from 
Sindh Madressatul Islam University, Karachi, Pakistan. Between 2000 and 2006, he 
taught at Pakistan Steel Cadet College as a lecturer. Then, he joined a polytechnic 
institute in Karachi, as an Assistant Professor, in 2006. His research interests include 
data mining, sensor network, and the Internet of Things. 

202 http://www.i-jim.org

https://doi.org/10.1109/JIOT.2020.3024715
https://doi.org/10.1109/MNET.001.1900287
https://doi.org/10.1109/ACCESS.2019.2891110
https://doi.org/10.13164/re.2018.0159
https://doi.org/10.13164/re.2018.0159
https://doi.org/10.3991/ijoe.v13i10.7410
https://doi.org/10.3991/ijoe.v13i10.7410
https://doi.org/10.3991/ijet.v16i06.21251


Paper—What You Should Know About Next Generation 6G Mobile Technology 

Dr. Kamlesh Khatri was born in Pakistan. He obtained his Bachelors Degree in 
Computer Science from Shah Abdul Latif University, Khairpur, Pakistan, in 2006, the 
Master’s Degree in Computer Science from SALU Khairpur, Pakistan, in 2010, and 
the PhD Degree in Computer Science & Technology from UESTC China in 2016. He 
is currently serving at Sindh Madressatul Islam University, Karachi, Pakistan, as an 
Assistant Professor in the Department of Software Engineering. His research interests 
include Image Processing, Computer Vision, Machine Learning, Knowledge Discov-
ery and Data Mining, and Content Based Image Retrieval System. 

Dr. Asif Ai Wagan has earned his PhD in Information Technology from Universi-
ty Technology PETRONAS, Malaysia. Dr. Wagan has more than 10 years of profes-
sional experience in teaching and research. Dr. Wagan has experience of working 
with Hitachi, Japan and Realityone Sensor, Singapore. He is author of 18 international 
journals/conferences articles. His research interest includes wireless communication, 
network security, software-defined networking, big data, and data mining. 

Dr. Fatima Zohra was born in Pakistan. She received her MBBS degree from 
LUMHS Jamshoro, Pakistan in 2014. She did her training as a general physician at 
different tertiary care centers. Currently, she is working as a commissioned officer 
(WMO) in the health department of the Sindh Government, Pakistan. Her research 
interests include medicines. 

Article submitted 2022-09-14. Resubmitted 2022-10-18. Final acceptance 2022-10-19. Final version 
published as submitted by the authors. 

iJIM ‒ Vol. 16, No. 24, 2022 203




