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6G vs 5G: Same KPIs
• Most 5G KPIs still valid for 6G, 

but scaled by 10, 100, or even 
higher

– Peak data rate: 1 Tbps 
– User-experience rate: 1 Gbps
– Area traffic capacity: 1 Gbps/m2

– Connectivity density: 107/km2

– Air-interface latency: 0.1 ms
– Reliability: 99.99999%
– Mobility: 1000 km/h
– Position accuracy: 0.01 m

W. Jiang et al., “The Road Towards 6G: A Comprehensive Survey,” IEEE Open Journal of the Communications Society, Feb. 2021.
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6G Standardization: Roadmap

W. Jiang et al., “The Road Towards 6G: A Comprehensive Survey,” IEEE Open Journal of the Communications Society, Feb. 2021.
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6G Standardization: SDO Efforts

• European Telecommunications Standards Institute (ETSI)
• Next Generation Mobile Networks (NGMN) Alliance
• Alliance for Telecommunications Industry Solutions (ATIS)
• Next G Alliance (US/CAN operators & manufacturers & Apple/Google/FB/MS)
• Association of Radio Industries and Businesses (ARIB)
• 3rd Generation Partnership Project (3GPP)
• IEEE Future Networks (FN) Initiative
• ITU-T Focus Group on Technologies for Network 2030 (FG-NET-2030)

W. Jiang et al., “The Road Towards 6G: A Comprehensive Survey,” IEEE Open Journal of the Communications Society, Feb. 2021.
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ITU-T FG-NET-2030
• Focus on fixed (wireline) networks and related technologies
• Driving themes for Network 2030

– Fusion of digital and real worlds across all dimensions used by human 
beings, or by physical, digital, or virtual objects

– Multi-sense networks including haptic communication services
– Time-engineered communication services

White Paper “Network 2030 – A Blueprint of Technology, Applications and Market Drivers Towards the Year 2030 and Beyond,” 2019.
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6G: Enhanced Services & Disruptive Applications
• 6G Enhanced Services

– Ubiquitous MBB (uMBB)
– Massive URLLC (mULC)
– Ultra-reliable low-latency 

broadband communication (ULBC)

• 6G Disruptive Applications
– Tactile Internet
– Multi-sense Experience
– Extended Reality
– Pervasive Intelligence
– Digital Twin

W. Jiang et al., “The Road Towards 6G: A Comprehensive Survey,” IEEE Open Journal of the Communications Society, Feb. 2021.
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Digital Senses and Digital Reality

• Well explored: sight, hearing • Emerging: touch, taste, smell

Remove all the words; remove arrow. 
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Goes From Single Sense To Five Senses
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Haptic Communications & Teleoperation

Edge Sample 
Forecast (ESF) via 
AI Enhanced MEC
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ESF: Multi-Layer Perceptron (MLP)
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Haptic Traffic Traces: Packet Interarrival Times
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Tactile Internet: FiWi Enhanced LTE-A HetNets

• MU: Mobile User
• HO: Human Operator
• TOR: Teleoperator Robot
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Tactile Internet: Time-Engineered Communications

Deadband coding gain of 1.42 Mbps per 
MU for upper E2E delay limit of 4.8 ms

E2E delay below 2 ms with 
probability as high as 0.8
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Tactile Internet: NG-PON Backhaul

Deadband Coding 
& PON Backhaul:
• 1/10 Gbps EPON
• WDM PON

Sufficient to achieve 
average E2E delay    
of 1-10 ms
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Tactile Internet: ESF Forecasting Accuracy

Haptic traffic traces 
used to train 

MLP based ESF to
perceive remote

task environment
in real-time at 

1-ms granularity
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6G Vision | Tactile Internet | Internet of No Things
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6G: Convergence of Technologies
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Fig. 1. 6G vision: Applications, trends, and technologies.

II. 6G DRIVING APPLICATIONS, METRICS, AND NEW
SERVICE CLASSES

Every new cellular generation is driven by innovative
applications. 6G is no exception: It will be borne out of
an unparalleled emergence of exciting new applications and
technological trends that will shape its performance targets
while radically redefining standard 5G services. Next, we first
introduce the main applications that motivate 6G deployment
and, then, discuss ensuing technological trends, target perfor-
mance metrics, and new service requirements.

A. Driving Applications behind 6G and Their Requirements

While traditional applications, such as live multimedia
streaming, will remain central to 6G, the key determinants of
the system performance will be four new application domains:

1) Multisensory XR Applications: XR will yield many
killer applications for 6G across the AR/MR/VR spectrum.
Upcoming 5G systems still fall short of providing a full
immersive XR experience capturing all sensory inputs due
to their inability to deliver very low latencies for data-rate
intensive XR applications. A truly immersive AR/MR/VR
experience requires a joint design integrating not only en-
gineering (wireless, computing, storage) requirements but
also perceptual requirements stemming from human senses,
cognition, and physiology. Minimal and maximal perceptual
requirements and limits must be factored into the engineering
process (computing, processing, etc.). To do so, a new concept

of quality-of-physical-experience (QoPE) measure is needed
to merge physical factors from the human user itself with
classical QoS (e.g., latency and rate) and QoE (e.g., mean-
opinion score) inputs. Some factors that affect QoPE include
brain cognition, body physiology, and gestures. As an example,
in [2], we have shown that the human brain may not be able
to distinguish between different latency measures, within the
URLLC regime. Meanwhile, in [3], we showed that visual and
haptic perceptions are key for maximizing resource utilization.
Concisely, the requirements of XR services are a blend of
traditional URLLC and eMBB with incorporated perceptual
factors that 6G must support.

2) Connected Robotics and Autonomous Systems
(CRAS): A primary driver behind 6G systems is the immi-
nent deployment of CRAS including drone-delivery systems,
autonomous cars, autonomous drone swarms, vehicle platoons,
and autonomous robotics. The introduction of CRAS over the
cellular domain is not a simple case of “yet another short
packet uplink IoE service”. Instead, CRAS mandate control
system-driven latency requirements as well as the potential
need for eMBB transmissions of high definition (HD) maps.
The notion of QoPE applies once again for CRAS; however,
the physical environment is now a control system, potentially
augmented with AI. CRAS are perhaps a prime use case
that requires stringent requirements across the rate-reliability-
latency spectrum; a balance that is not yet available in 5G.

W. Saad, M. Bennis, 
and M. Chen, “A Vision 

of 6G Wireless Systems: 
Applications, Trends, 

Technologies, and Open 
Research Problems,” 

IEEE Network, vol. 34, 
no. 3, pp. 134-142, 

May/June 2020.
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The 3 Evolutionary Stages of VR Systems

E. Bastrug et al., “Toward Interconnected Virtual Reality: Opportunities, Challenges, and Enablers,” IEEE Communications 
Magazine, June 2017.
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XR: Extended Reality

Qualcomm
XR will be next-generation mobile computing 
platform that realizes entire reality-virtuality 
continuum for extension of human experiences
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6G Post-Smartphone Era

11

The Naked Approach initiates a new path towards a 
significant paradigm shift in the relationship between 
us, as citizens and users, and the digital world. We are 
leaving behind the gadget-centric era and targeting a 
true user centric approach with “naked”, gadget free 
interaction. In our vision, the digital surroundings 
will form an omni-potential environment around 
users, providing all the information, tools, and 
services that users need in their everyday life in the 
hyper-connected society of the 2020’s and 2030’s.

The Vision of 
Digital Paradise

The Naked approach lays foundations for the vision 
of a citizen-centric gadget-free world that takes 
us towards the ‘Internet of No Things’. Our aim is 
towards for a hyper-connected society with a Nordic 
flavor of values, serving citizens with personalized 
services and giving companies tools for building 
hyper-scalable new businesses and ecosystems. 
The digital paradise vision is based on gadget-free, 
human centric and natural interaction. The following 
four principles highlight the values of the vision:

The user lives “naked” without 
gadgets.

Services materialize when the user 
needs them …

… and disappear when not needed.

J. Aikio et al., “On The Road to Digital Paradise: The Naked Approach,” The Naked Approach Project, Finland, 2016.
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Eric Schmidt: “The Internet Will Disappear”

Davos 
2015
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Ubiquitous Computing

Mark Weiser, CTO Xerox PARC
(Scientific American, September 1991):
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Nissan’s I2V Concept to `See the Invisible’

Nissan Newsroom, “Nissan unveils Invisible-to-Visible technology concept at CES: Future connected-car technology merges real and virtual 
worlds to help drivers `see the invisible’,” Jan. 2019.



26

Nissan’s I2V Concept to `See the Invisible’

Nissan Newsroom, “Nissan unveils Invisible-to-Visible technology concept at CES: Future connected-car technology merges real and virtual 
worlds to help drivers `see the invisible’,” Jan. 2019.
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Internet of No Things*

Bearables (e.g., smartphones)

Wearables (e.g., Oculus Quest, 
Microsoft HoloLens)

Nearables (e.g., AI enhanced 
MEC)

* The term Internet of No Things was first coined by Demos Helsinki founder Roope Mokka in 2015.
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Fusion of Digital & Real Worlds

The Multiverse:
An architecture of 
Extended Reality     
(XR) experiences

Creation of cross-
reality environments 

B. J. Pine II and K. C. Korn, “Infinite Possibility: Creating Customer Value on the Digital Frontier,” Berret-Koehler Publishers, Aug. 2011.
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Quantum Realm: “Principle of Non-Locality”

• Pysical phenomenon of quantum entanglement 
transcends spatial and temporal barriers

• Order of time theories: Presentism vs Eternalism
– Under Eternalism, “now” is to time as “where” is to space
– Past and future are as real as locations north and south     

=> Time travel!
• Quantum-interconnectedness of all things might be 

the cause of extrasensory perception phenomenon
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MIT Media Lab
• Pioneering work on ESP 

in IoT context
• Future technologies will 

fold into our surroundings
• Sensors embedded in 

environment will function 
as extensions of human 
nervous system

Illustration by Mirko Ilic

co m pu t e r  sc i e n c e

I N  B R I E F

The modern world  �å��¨¨ym�Ā�ï��´yïĀ¹à§�`¹´´y`ïym�
y¨y`ïà¹´�`�åy´å¹àåj�Uùï�®¹åï�¹��ï�y�mDïD�ï�yĂ��Èà¹mù`y�
Dày��´ÿ�å�U¨y�ï¹�ùåj�Úå�¨¹ymÛ��¹à�ùåy�UĂ�åÈy���̀ ��`�DÈÈ¨�`D�
ï�¹´åÎ� ���Āy�y¨�®�´Dïy� ï�¹åy�å�¨¹å�D´m�y´DU¨y�åy´å¹à�
mDïD�ï¹�Uy�ùåym�UĂ�D´Ă�́ yïĀ¹à§�`¹´´y`ïym�̀ ¹®Èùïyàj�
ï�y�yàD�¹��ùU�Õù�ï¹ùå�̀ ¹®Èùï�´��Ā�¨¨�Dàà�ÿyÎ�
Although it is impossible  ï¹� §´¹Ā� Èày`�åy¨Ă� �¹Ā�
ùU�Õù�ï¹ùå� `¹®Èùï�´�� Ā�¨¨� `�D´�y� ¹ùà� ¨��yj� D� ¨�§y¨Ă�
È¹åå�U�¨�ïĂ��å�ï�Dï�y¨y`ïà¹´�`�åy´å¹àå�y®Uymmym��´�ï�y�
y´ÿ�à¹´®y´ï�Ā�¨¨��ù´`ï�¹´�Då�yāïy´å�¹´å�¹��ï�y��ù®D´�
´yàÿ¹ùå� åĂåïy®Î�=yDàDU¨y� `¹®Èùï�´�� myÿ�`yå� `¹ù¨m�
Uy`¹®yj��´�y�y`ïj�åy´å¹àĂ�Èà¹åï�yï�`åÎ�
Sensors and computers  ̀ ¹ù¨m�®D§y� �ï� È¹åå�U¨y� ï¹�
�ÿ�àïùD¨¨Ă�ïàDÿy¨�ï¹�m�åïD´ï�y´ÿ�à¹´®y´ïå�D´m�ÚUyÛ�ï�yày�
�´�àyD¨�ï�®yj�Ā��`��Ā¹ù¨m��Dÿy�Èà¹�¹ù´m���®È¨�`Dï�¹´å�
�¹à�¹ùà�̀ ¹´`yÈïå�¹��Èà�ÿD`Ă�D´m�È�Ă�å�`D¨�Èàyåy´`yÎ

extra
sensory

perceptıon
How a world  
!lled with sensors 
will change the  
way we see, hear, 
think and live

By Gershon Dublon and 
Joseph A. Paradiso

Extrasensory
Perception (ESP)



32

ESP Network: Mimicking The Quantum Realm
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Eternalism: Time Travel

Reality (Robot)

Space Time Matter

No-Space No-Time No-Matter

Virtuality
(Avatar)
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Precognition: Regret of “Trusting AI Blindly”

Reality (Robot)

Space Time Matter

No-Space Time No-Matter

Augmented Virtuality
(Digital Twin)
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Communications in the 6G Era: Biological World

H. Viswanathan and P. E. Mogensen, “Communications in the 6G Era,” IEEE Access, March 2020.



Stigmergy Enhanced Internet of No Things
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Stigmergy: Nature’s Indirect Communication

• Stigmergy (Greek): Stigma
“sign” and ergon “work”

• Nature’s unifying concept 
of producing cognition in 
human brain & natural 
societies (e.g., ant colonies)

• Indirect communication 
between agents via 
environment (e.g., ESPN)



Raising Our Collective Intelligence
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Towards a 
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R&I PAPER SERIES 
POLICY BRIEF 

EC Concept Paper, Jan. 2021
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Industry 5.0

K. A. Demir, B. Döven, and B. Sezen, “Industry 5.0 and Human-Robot Co-working,” Procedia Computer Science, 158:688-695, Jan. 2019.

Bio-economy:
Transformation to a bio-based, sustainable economy, where 
“biologization” is the guiding principle of Industry 5.0

2 
Visions
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Industry 5.0

K. A. Demir, B. Döven, and B. Sezen, “Industry 5.0 and Human-Robot Co-working,” Procedia Computer Science, 158:688-695, Jan. 2019.

Biologization:
• Takes advantage of nature’s efficiency for economic 

purposes 
• Will pave the way for Industry 5.0 in the same way as 

digitalization triggered Industry 4.0

2 
Visions
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6G vs 5G: Internet of No Things vs Everything

6G
What’s the opposite 

of Everything?
No-thing J

5G
Supposed to be 

Internet of 
Everything (IoE)

“6G will be transformative”
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Next G: Multiverse vs Metaverse
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Elon Musk: “Sure, you can put a TV on your nose”

Teleyeglasses
Hugo Gernsback

1936
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