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In the rapidly evolving landscape of wireless communication, each successive generation of networks has
achieved significant technological leaps, profoundly transforming the way we connect and interact. From the
analog simplicity of 1G to the digital prowess of 5G, the journey of mobile networks has been marked by constant
innovation and escalating demands for faster, more reliable, and more efficient communication systems. As 5G
becomes a global reality, laying the foundation for an interconnected world, the quest for even more advanced
networks leads us to the threshold of the sixth-generation (6G) era. By integrating Al and ML, 6G networks are
expected to offer unprecedented capabilities, from enhanced mobile broadband to groundbreaking applications in

areas like smart cities and autonomous systems.

6G artificial intelligence (Al) cloud gaming smart grid brain—computer interfaces (BCIs)

blockchain deep-sea sightseeing tactile internet

| 1. Introduction

As globalization advances, the volume of mobile data traffic is experiencing a rapid and exponential increase.
According to a report by the ITU-R, global mobile data traffic was 158 exabytes per month in 2022 and is projected
to reach 2194 exabytes per month by 2028 and 5016 exabytes per month by 2030 L. These numbers represent an
exponential increase in the amount of data consumed by mobile subscribers, with each subscriber projected to
consume 257 gigabytes of data in 2030 compared to 12.1 gigabytes in 2022 [&. The growing demand for mobile
data services is not limited to a particular region or demographic 8. By 2025, around 70% of the global population
will utilize mobile services, with approximately 60% accessing mobile internet. This growth is further propelled by
the proliferation of new technologies such as the Internet of Things, Al, blockchain, augmented and extended
reality, 3D video, and connected vehicles 4,

5G technology has been deployed worldwide B! to meet the increasing need for mobile data services. However,
with the world moving towards automation, it is apparent that a more advanced technology than current 5G
networks will be required to handle the rising data traffic [l. This is where the sixth generation ‘6G’ network comes
in, which is expected to provide users with high-quality service while coping with this exponential increment in data
traffic L8, The sixth-generation network promises to be a game-changer in mobile wireless technology, with its
ultra-fast data speeds, low latency, and massive connectivity. 6G networks will transform mobile networks by

integrating Al and ML to seamlessly combine the physical, digital, and biological worlds. This integration will enable
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the creation of new use cases and applications that were not previously possible with 5G networks. Moreover, 6G
networks will lay the foundation for developing smart cities, autonomous vehicles, and other applications that

require reliable, high-bandwidth, and low-latency connectivity 2.

With 6G technology, a wide array of possibilities unfolds across three key services: enhanced mobile broadband
(eMBB), ultra-reliable low-latency communication (URLLC), and massive machine-type communication (mMTC)

19 The above use cases are described in detail below:

(a)Enhanced mobile broadband (eMBB): 6G networks are expected to further improve upon the enhanced
mobile broadband capabilities of 5G by delivering even higher data rates, lower latency, and increased capacity

[11] Some potential aspects of eMBB in 6G networks include the following:

« Ultra-high data rates: 6G networks could achieve significantly higher data rates compared to 5G, potentially
reaching terabits per second (Tbps) speeds 12, This would enable seamless streaming of immersive, high-
resolution content such as holographic videos, uncompressed 8K or 16K video streaming, and ultra-HD

virtual reality (VR) and augmented reality (AR) experiences.

e Low-latency communication: 6G networks aim to further reduce latency to near-real-time levels, enabling
ultra-responsive applications such as cloud gaming, remote surgery, and autonomous vehicles. With latency
reduced to microseconds or even nanoseconds, users can experience seamless interactions with remote

systems and devices 3],

e Massive capacity: 6G networks are expected to support a massive increase in connected devices and
simultaneous connections, facilitating the proliferation of 10T devices, wearable technologies, and smart
sensors 14, This would enable seamless connectivity and data exchange in densely populated areas or

scenarios with a high density of connected devices.

(b)Ultra-reliable low-latency communication (URLLC): 6G networks will build upon the ultra-reliable low-latency
communication capabilities of 5G by further reducing latency and increasing reliability. Key aspects of URLLC in

6G networks include the following:

» Mission-critical applications: 6G networks will support mission-critical applications that require ultra-low
latency and high reliability, such as industrial automation, remote surgery, and autonomous vehicles. By
reducing latency to sub-millisecond levels and ensuring ultra-reliable communication links, 6G networks will

enable seamless connectivity and real-time responsiveness in critical scenarios 121,

« Predictive maintenance: With advanced analytics and Al integration, 6G networks can enable predictive
maintenance in industrial settings, allowing machines and equipment to communicate in real time and
anticipate maintenance needs before failures occur. This proactive approach to maintenance can minimize

downtime, reduce operational costs, and optimize asset performance 18],
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(c)Massive machine-type communication (mMTC): 6G networks will continue to support massive machine-type
communication, catering to the connectivity needs of many IoT devices and sensors. Key aspects of mMTC in

6G networks include the following:

» Massive scalability: 6G networks will be designed to support a massive scale of connected devices, ranging
from billions to trillions of 10T devices and sensors L. This scalability will enable the deployment of loT
solutions in various domains, including smart cities, industrial automation, agriculture, healthcare, and

environmental monitoring.

« Energy-efficient communication: 6G networks will incorporate energy-efficient communication protocols and
techniques to optimize power consumption in loT devices and extend battery life [2&. This will enable long-
lasting and sustainable loT deployments, particularly in remote or inaccessible locations where power

sources are limited.

« Diverse use cases: 6G networks will support diverse 10T applications with varying requirements in terms of
data rates, latency, reliability, and energy consumption 19, These applications include smart grids, asset

tracking, environmental monitoring, smart agriculture, and smart healthcare, among others.

Table 1 compares 5G and Al-revolutionized 6G technology across enhanced mobile broadband, ultra-reliable low-

latency communication, and massive machine-type communication.

Table 1. A comparison between 5G and Al revolutionized 6G technology across eMBB, URLLC, and mMTC.

Technolo Enhanced Mobile Ultra-Reliable Low-Latency Massive Machine-Type
9 Broadband (eMBB) Communication (URLLC) Communication (mMTC)

Provides high data Offers reliable and low-latency Supports a large number of
rates for mobile communication, crucial for connected devices, enabling
5G users, enabling applications such as industrial efficient communication
high-definition video automation and remote surgery between a massive number of
streaming 29, (21, loT devices [22],
Leverages Al for Improves URLLC with even lower Optimizes resource allocation
Al- better spectrum latency and higher reliability and communication protocols
revolutionized utilization and through Al-powered network for efficient device-to-device
6G intelligent resource optimization and predictive communication and network
allocation 23], maintenance capabilities (241, slicing [23.

Refergpptications of 6G Network

1]ﬁ II%IE Tr?ffic Estirqates for the Y(ﬁars 29%9 1%2030. Iqternational elecommunication Union QIJUrR. .
e nhe WOrk IS NO yet commercially avallable, however, It IS expected 0 have applications In several aomains
12y Available online: https://www.itu.int/pub/r-rep-m.2370 (accessed on 25 October 2023).

Figure 1 below shows the applications of 6G networks.
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Thecstvanepiieitioh thechfadieyiprirarflifenie eyomargen] ApRiieafaReSHAIRANYES A dEntitiessalgon
vidgyp 58RiEAItIA8IARSUE RFNINQ 09N HIgNoes Wity unprecedented quality and minimal interruptions [27],

Complementing this infrastructure, the Al revolution will leverage sophisticated algorithms to optimize streaming

12. Alsabah, M.; |\Iaser, M.A.; Mahmmod, B.M.: Abgulhussa,n, E?'H'; Eissa, M.R.; Al-Baidhani, A.;
parameters In real time, ensuring smooth El’axbaﬁk ana personalize content recommendations based on user
. a

oordin, N.K.;: Sait, S.M.; Al-Utaibj, B him, F. 6G Wireless Communications Networks: A
prePlerences. Together, this Mte ratlLtj)n otJ 6G networis an A? technolo S|es Wlﬁnl’eVO utlom%e the entertainment

Iang:s%gnd%regﬁgﬁ%e ﬁggseyin%mlgrEsivAec,c%?ghggu% |ty9’e%<%g%gr}c_e]§48t%a4t redefine the boundaries of mobile
1&mivhunadfion Ratsiguez, F.; Huusko, J.; Seppanen, K. On the Dependability of 6G Networks.

Electronics 2023, 12, 1472.

2.2, Healthcare Monitorinq/ _ _ _
14. Kanellopoulos, D.; Sharma, V.K.; Panagiotakopoulos, T.; Kameas, A. Networking Architectures

ThABShTERIORAID I ket ARPHEAIQBR BRI BCH RS REIGRENFENEARP MB RS RGP SISRRAEMSB enabling
reaﬂﬁgrﬁlgﬁrg&%%m%,zre%ogtg-monitoring, personalized healthcare, predictive analytics, healthcare automation,
139-LHRIEY AT AN RIS nT BY dladam A Bk s At E3g5isFitgeses affered by 6G
netperrS I EMABRLE DRESBIREE AR EOM AN JISAy AP ateH Y A ALK daIfty cSaTsored
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to optimize patient care by providing more efficient, proactive, and personalized healthcare delivery.

17. Asghar, M.Z.; Memon, S.A.; Hamalainen, J. Evolution of Wireless Communication to 6G: Potential

2.3\ [RemiobesSurdgersearch Directions. Sustainability 2022, 14, 6356.
i, S qustras S SkBHt(?%y[)rblgatilé%rghenFas,a(rB]d; Skianis, C. Th
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artitieeth nafelijesce wenfth degienabled & miwedrkstikasiastegaBpiaesBoisitactiesid 2028, Birgw latency
ensure seamless communication _between remote robotic surgical systems and surgeons, overcoming
20. Siddigi, M.A.; Yu, H.; Joung, J. 5G Ultra-Reliable Lov_v-Latenc¥ Comm@catlon Implementation

geogrhaéolhlcal barriers and pro_vldlnclglhlgh-quall_tt)(] surgical care in remote locations Al—é)]c_)wered robotic systems

Challenges and Operationafl Issues with 1oT Devices. Electronics 2019, 8, 9
exhibit precise and dexterous movements, augmented by Al algorithms that continuously learn and adapt to

2ilplie Is0RAcd FubdorhdB LREaRiséiNess GRaBesHY Bad dMaiile . vyvailalleidin enfitpsdietarstirgeons to
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ACCREN L A it NE G AP RIS ALY B R SBi S8 munications (accessed on 23

Feb 2024).
2.4.8man Gh

23. 6GWorld. (2024, February 15). Artificial Intelligence for 6G Technology. 6GWorld. Available online:
DU%E$§1#W6@WG?‘C§@O?H%&%W§N@§R¥WﬁW&I-mf&ﬁ@@ﬁﬁéfﬁ‘@gw'(é%é'@ggé’éawfﬂﬁ%ﬂ@w]?@ﬂ)q
functionality of smart grids. 6G networks are anticipated to offer ultra-fast data transmission speeds, ultra-low
4. Shen, L.-H.; Fe_ng,d&-_T.; Hanzo, L. Fl\ﬁe fabcets of 6G: IRes.earch challengﬂes and o(PrPortunmes.
atency, and extensive€'devicé connectivity, thereby significantly improving the communication infrastructure of

A Mé’:oI@put Sury, 2023, 55, 1—35., L o o
smart grids =2 This will ‘enable the real-fime monitoring, control, and optimization of energy distribution and
2&nsemptid. WitHie tHe anide Ebiiitpting e fiGe Medeeay MAn2020eAvaiabésmnisacto dynamic demand patterns.
Al teithsolbyizsy. ieheaointbgcoed/ cotitad/ witab nex fiahavi salessenfrastepeilisesushsritdny peds by enabling
advednee civatytied | hpGglid i fdadeltes sadi oauR B brebus adg ki@ )making. Al algorithms can analyze vast

AT AYPSR'S @ 5RO pS R NIGHE, 30 ABELALA, REPRBISCR SR K PRISHS: BeHE RIS
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reliability, and ilie art grids, paving the way for a more sustainable and intelligent energy infrastructure.
ensors 5855%0;551 g paving y 9 gy

22 5] Brain=CompideminterfadesTransforming Cloud Gaming? Tech Insight. Available online:
https://tech.analyticsinsight.net/how-5g-and-6g-technologies-are-transforming-cloud-gaming/
Bra{gﬂgg\é@rowggqg@grmé@ﬂ);o establish a direct link between the brain and a computer, enabling

individuals to manipulate machines through their thoughts 4. Unlike traditional input devices, such as a mouse or

Zlgéyggéor‘tld\{vgng I ;dgpoao,gs %'a\llh;t(lfr%%psalgr%in'\éig%g\sf%%y gc?r%he?%r 'elrﬂ 91 0 Eéﬁ{FHFéémT% gqﬁaﬁ tlérgomputer
canV\elzi{gtlz%?es. ‘?‘P{éc’tgtrJPesétil\/%Eo%:BJg?sWisY %rl%ml\&gwgrs fﬁ‘diggag’léqg'c]c')%?ral%%bhines with their thoughts alone, for

20stvmagto©pdHde B pRIsthetiEl lintherraywAeelabeirC. Artificial Intelligence Enhanced Sensors—Enabling
Technologies to Next-Generation Healthcare and Biomedical Platform. Bioelectron. Med. 2023, 9,
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With Zhe emergence of 6G, BCls could potentially benefit from advancements in communication technologies 52,
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sigr'l_al%are vit%I EH new technologies, such as terahertz communication and edge computing, available with 6G
ebruary 20 ?
can potentially lead to the creation of advanced, compact BCI devices with improved precision and reliability.
SurtfRarRhe; ite JfRis R%1d vk SielliariiderineRm dgrReWREK: A Raview 8N Rals sfderhinalrgiess
for GE\RIISHAE Band SpHtatR LIRSy doMal.MWEMES pR2RalR2d0881-644d solutions. It is essential to
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thegg BYHIPARS Wworks in smart energy grid management: A comprehensive review. Energy Rep.

2024, 11, 1376-1398.
2.6. Blockchain

33. Ahsan, F; Dana, N.H.; Sarker, S.K; Li, L.; Muyeen, S.M.; Ali, M.F.; Tasneem, Z.; Hasan, M.d.M.;
Blogkshiis. M. ;dskyste. Ratedwb di- dhiw ese ekt -getheratisppernianegeoid itmvat déigiab ttismabit din ey ya
dedenthliien: Maohetidited ring Teth 66 o RexEew! P iackthairoke diatloBoaftar Spstan@2 df deasfits and

U H PSRN Sng. T S et Edlitonal Brain Computer merface nspired Commiunicatione. -

networ] cagacity, could suzoé)ort the real-time processing of complex transactions and applications.
China Comimun. 2022, 19, 1ii—v.
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trangragiiin2 628 The dilkctb s erhlipeehaps FAnanintofeisd metainies. omy Aviable S biniteroent@iste of blockchain-
basjepﬂ@gigtimtb@'mamggmjsgmﬁtwmmb@czmp_st cyberattacks and data breaches. Another application

is the development_of decentralized platforms_and nefworks b inteﬂrating blockchain technology with 6G. 6G’s
36. Pajooh, H.H.; Demidenko, S.; Aslam, S.; Harris, M. Blockchain and 6G-Enabled IoT. Inventions

enhza(slged speed and capacity could support the creation of decentralized networks that securely store and
manage Iarée amounts of sensitive data, such as financial transactions or medical records. These decentralized
Hystaewamby GierGrtalied Asectianttila MrivBepckanpéred-ianaeaMed hsstaie oddgiockabatiive 6
develphengesn&dpperidaliasdadppiResaw cthliigalienss bilRrecesingtagbiha dd2bgndaGhd/felassl

apphettionE (3 GISWYIMH Thchevlodyintapg, dré—~28tNMaRCRag020e Pidtehtial to significantly change the way we
3%?’6?&&#&15; ?—t.%ﬁ’ fi‘Bﬂé‘éad}f,gﬁ_%;; Bacco, M.; Mugnaini, S.; Genovesi, S. Space-Air-Ground

Inte?)rated 6G Wi[eless Communication Networks: A Review of Antenna Technologies and

.7, Space Travel
Applicafion Scenarios. Sensors 2022, 22, 3136.

3R PO EIOKIAIRD Nﬁﬁéﬁ??@@-%?%hﬂﬁé‘ﬂeﬁ ;frD'@\ﬁhR.?WWQ}QN.Sm;q_%ﬁﬁ'@QW-. \QWNW BRreEd
SPeRfo el SRS Sp PirtedidasIRiey k@@t SoTRPHABRIgIR SPREFUISRARESEa M 18RI SRR,
stregpyirAdmisgen2end epapgBE-]HE, decision making [38]. The fast data transfer speeds offered by 6G allow
the effective transfer of substantial volumes of remote sensing data, leading to more accurate and detailed

4i(r:1)fo§rlndactii|(|)<rl1 Aél?]'(g’ t'l\wﬂé dpiéc'e;nctl;a Of\(/)vrd L‘g\{}’ ’sg{le'%ﬁ%ic‘:] ad?&'o}/(éwéss%f&\r/\t/ﬁer%gr%flTﬁg str'g‘ygNa%t(yvgéléa r(];OEoencﬁzmunication

Systems: Requirements, ortunities, Emerging Technjques, Challenges, and Research
netwgris enabledqlle) 8 coulg)%%nnect [S acecra?t gang roun qcontro, ensuring re |agle and uninterrupted

comDr#]rL?rﬁga?tposri. lAEdEdltlongﬁ}yr,] GJG%%n n;ng'd r?eqci/v%(r)kzgéédmté%%ﬁ%g\f\ﬁlétency could support the transmission of
MigiHmspitiosviriu@l ;abh Aughhwatal Ba)ify elatar,diferivuaetiopByEutéligerive exparisrcatiortbdes ihaotiled in
spaecdenpddrati®: Requirements, Technologies, and Challenges. IEEE Commun. Mag. 2021, 59, 82—

88.
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42.8(dDeepi\Seay Sightsieeing, J.; Gao, X.; Zhang, Z.; Wang, M.; Huang, Y.; Zhang, C.; Jiang, Y;
Wang, J.; et al. Towards 6G Wireless Communication Networks: Vision, Enabling Technologies,
APRIHAINER Bla gt S e ISSeNE IGAd g nBRICe0%6, Baderwgighiexperience for individuals. With 6G’s
increased data transfer rates and reduced latency, real-time communication between the deep sea and the surface
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auttysenOsses)iclas OpiaeIChedlexgetiD e xPress ORI O R4GL8 EAuipped with high-resolution cameras

and_other sensing devices to collect and transmit data, enabling the collection of more accurate and detailed

45, Chakrabarti, K. Deep Learning-Based Offloading for Mobile Augmented Reality Application in 6G.

information about the deep-sea environment. The implementation of 6G in deep-sea sightseeing holds great
Comput. Electr. Eng. 2021, 95, 107381. o _

promise, but much research and deve’lopment work is still needed to realize its full potential.

46. Admin. The Impact of 6G on Virtual and Augmented Reality. isp.page. 2023. Available online:
2.9 tiFactide. patennets/the-impact-of-6g-on-virtual-and-augmented-reality/ (accessed on 5

November 2023).
The tactile internet is an emerging field that seeks to create a new form of human—machine interaction through the
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6G zophl alap prqypspthe high-speed and low-latency connectivity required to support the real-time teleoperation
of robots and other remote-controlled devices, allowing for more precise and effective control. Additionally, 6G’s

49 Galleago-Madri_d, J.; Sarﬁ:h z-|borra, |I$ Ortiz, J.; Santa, J. The Role of Vehicular Applicationg in
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garhitip sadwanatauaircanivdyssipertal/us/resources/article/how-6g-networking-will-solve-traffic-
problems/ (accessed on 4 November 2023).

2.10. Industrial Internet of Thin%s _ _
51. Gupta, R.; Reebadiya, D.; Tanwar, S. 6G-enabled Edge Intelligence for ultra-reliable low latency
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Iowgzrj\peo%[; (accessed on 20 February 2024).

Retrieved from https://encyclopedia.pub/entry/history/show/127166
2.11. Mixed and Augmented Reality

6G technology presents an incredible opportunity to enhance mixed and augmented reality (MAR) experiences.

6G’s real-time capabilities enable the seamless merging of virtual and physical realms, providing users with a more
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immersive and interactive experience 43, The transmission of high-resolution virtual and augmented reality data
enabled by 6G can provide improved visual and sensory experiences in MAR applications. This opens up new
possibilities for education, entertainment, and product visualization. Additionally, 6G’s ability to connect individuals
in virtual environments can lead to new ways for remote work, social interaction, and gaming to occur. 6G’s
enhanced network security measures can provide peace of mind, protecting sensitive information and user data
from cyber threats €. The merging of 6G and MAR technology has significant potential to generate inventive and

immersive experiences, establishing it as a primary application of 6G technology.

2.12. Al and Robotics

The application of 6G on Al and robotics is expected to be significant and impactful due to the increased
capabilities and improved connectivity of 6G networks 4. With 6G, Al algorithms will see a boost in accuracy and
speed, while autonomous robots and drones will be equipped with real-time communication and control features.
Advanced Al-powered systems, such as self-driving vehicles, smart factories, and intelligent homes, will become
more sophisticated. With increased natural language processing abilities and a more comprehensive range of
applications, virtual assistants will also improve. 6G will enable the remote control and monitoring of Al and robotic
systems in hazardous environments, and Al will be used for predictive maintenance and monitoring in industrial
settings. The increased connectivity and capabilities of 6G networks will also drive the creation of new and

innovative Al-powered applications and services.

2.13. Autonomous Vehicles and Smart Transportation Systems

The application of 6G technology in autonomous vehicles and smart transportation systems is poised to bring
significant advancements and improvements 8. 6G networks will offer the vital infrastructure for the secure and
effective functioning of autonomous vehicles, facilitating real-time communication and control among vehicles, the
central traffic management system, and the surrounding infrastructure 42, The deployment of 6G will augment the
safety and dependability of autonomous vehicles through more rapid and precise decision making. Furthermore,
real-time data exchange between vehicles and infrastructure will optimize traffic management and flow, increasing
efficiency and reducing congestion. The superior connectivity and features of 6G networks will foster the growth of
cutting-edge smart transportation systems and services while also advancing existing autonomous vehicle

technologies, such as sensors and mapping capabilities 29,

2.14. Mission-Critical Services (MCSs)

6G networks offer a transformative platform for enhancing mission-critical services (MCSs) through ultra-reliable
low-latency communication, real-time monitoring and control of critical infrastructure, integration with edge
computing and Al for predictive analytics and decision making, advanced public safety and emergency response
applications, development of smart infrastructure and utilities for improved efficiency and resilience, support for
telemedicine and remote healthcare services, and robust cybersecurity measures to protect sensitive data and

infrastructure from cyber threats. These capabilities enable timely decision making, seamless coordination among
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emergency services, enhanced reliability of essential services, and improved accessibility to critical care, ultimately

ensuring MCSs'’ reliability, responsiveness, and efficiency across various sectors 211,

2.15. Public Protection and Disaster Relief (PPDR)

The advent of 6G networks presents many transformative applications for public protection and disaster relief
(PPDR) efforts. Through ultra-high-speed, low-latency communication, 6G facilitates the real-time data
transmission essential for swift decision making and coordination among emergency responders during crises 52,
Integration with augmented reality (AR) and virtual reality (VR) technologies enhances situational awareness and
navigation in disaster zones. At the same time, Al-powered predictive analytics enables proactive PPDR strategies
by analyzing vast datasets to anticipate risks and optimize resource allocation. Seamless integration with drones
and UAVs enables aerial surveillance and search-and-rescue missions, while biometric identification and wearable
technologies ensure the safety and accountability of personnel in disaster areas. Advanced security measures
safeguard sensitive PPDR data and communication infrastructure, while community engagement platforms
empower citizens to participate actively in disaster preparedness and response efforts. Overall, 6G networks hold
immense potential to enhance the effectiveness, efficiency, and resilience of PPDR initiatives, ultimately saving

lives and mitigating the impact of disasters on communities 231,
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