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6G vs 5G: Same KPlIs v
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W. Jiang et al., “The Road Towards 6G: A Comprehensive Survey,” IEEE Open Journal of the Communications Society, Feb. 2021.



6G Standardization: Roadmap
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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)

« |EEE Future Networks (FN) Initiative

* ITU-T Focus Group on Technologies for Network 2030 (FG-NET-2030)
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W. Jiang et al., “The Road Towards 6G: A Comprehensive Survey,” IEEE Open Journal of the Communications Society, Feb. 2021.



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

On-time Guarantees Coordinated Guarantees

T,
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White Paper “Network 2030 — A Blueprint of Technology, Applications and Market Drivers Towards the Year 2030 and Beyond,” 2019.



6G: Enhanced Services & Disruptive Applications

. % RIE e Tactile Internet
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W. Jiang et al., “The Road Towards 6G: A Comprehensive Survey,” IEEE Open Journal of the Communications Society, Feb. 2021.



Tactile Internet



Digital Senses and Digital Reality
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Haptic Communications & Teleoperation
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ESF: Multi-Layer Perceptron (MLP)

Algorithm 1 Edge Sample Forecast

Algorithm 2 SAMPLE_ALIGNER()
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Haptic Traffic Traces: Packet Interarrival Times
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Tactile Internet: FIWI Enhanced LTE-A HetNets

Residential/Business
Fixed Subscribers

TDM or WDM
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TOR: Teleoperator Robot
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Tactile Internet: Time-Engineered Communications
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Tactile Internet: NG-PON Backhaul

Average end-to-end delay (ms)
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Tactile Internet: ESF Forecasting Accuracy
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Internet of No Things
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6G: Convergence of Technologies

Multisensory

XR - E
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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

] ! virtual !
virtual : ; iy
' 1 lo) real | interconnected

" 4_,\ eah i
150

Y [\ VRdevice . -
. cloud server

cloud'server

N
é\e

¢
S

interconnecteq, %
VR device /-~

PCor
portable device

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

Extended reality

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

The user lives “naked” without Services materialize whenthe user ... and disappear when not needed.

gadgets. needs them ...

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”
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Ubiquitous Computing

ark Weiser, CTO Xerox PARC

cientific American, September 1991):

he most profound technologies

are those that disappear. They

weave themselves into the fabric
of everyday life until they are indistin-
guishable from it.

The Computer
for the 21st Century

Specialized elements of hardware and software,
connected by wires, radio waves and infrared, will be
so ubiquitous that no one will notice their presence

he most profound technologies

are those that disappear. They

weave themselves into the fabric
of everyday life until they are indistin-
guishable from it.

Consider writing, perhaps the first
information technology. The ability to
represent spoken language symbolical-
ly for long-term storage freed informa-
tion from the limits of individual mem-
ory. Today this technology is ubiqui-
tous in industrialized countries. Not
only do books, magazines and newspa-
pers convey written information, but so
do street signs, billboards, shop signs
and even graffiti. Candy wrappers are
covered in writing. The constant back-
ground presence of these products of
“literacy technology” does not require
active attention, but the information to
be transmitted is ready for use at a
glance. It is difficult to imagine modern
life otherwise.

Silicon-based information technology,
in contrast, is far from having become
part of the environment. More than 50
‘million personal computers have been
sold, and the computer nonetheless re-
‘mains largely in a world of its own. It

MARK WEISER is head of the Comput-
er Science Laboratory at the Xerox Palo
Alto Research Center. He is working on
the next revolution of computing after
workstations, variously known as ubiqui-
tous computing or embodied virtuali
Before working at PARC, he was a profe:
sor of computer science at the University
of Maryland; he received his Ph.D. from
the University of Michigan in 1979, Weis-
er also helped found an electronic pub-
lishing company and a video arts compa-
ny and claims to enjoy computer pro-
gramming “for the fun of it.” His most
recent technical work involved the imple-
mentation of new theories of automatic
computer memory reclamation, known
in the field as garbage collection.

by Mark Weiser

is approachable only through complex
jargon that has nothing to do with the
tasks for which people use computers.
‘The state of the art is perhaps analo-
gous to the period when scribes had to
know as much about making ink or
baking clay as they did about writing.

The arcane aura that surrounds per-
sonal computers is not just a “user in-
terface” problem. My colleagues and 1
at the Xerox Palo Alto Research Center
think that the idea of a “personal” com-
puter itself is misplaced and that the
vision of laptop machines, dynabooks
and “knowledge navigators” is only a
transitional step toward achieving the
real potential of information technolo-
gv. Such machines cannot truly make
computing an integral, invisible part of
people’s lives. We are therefore trying to
conceive a new way of thinking about
computers, one that takes into account
the human world and allows the com-
puters themselves to vanish into the
background.

uch a disappearance is a funda-

mental consequence not of tech-

nology but of human psycholo-
gy. Whenever people learn something
sufficiently well, they cease to be aware
of it. When you look at a street sign,
for example, you absorb its informa-
tion without consciously performing
the act of reading. Computer scientist,
economist and Nobelist Herbert A. Si-
mon calls this phenomenon “compil-
ing”; philosopher Michael Polanyi calls
it the “tacit dimension”; psychologist
J. J. Gibson calls it “visual invariants”;
philosophers Hans Georg Gadamer and
Martin Heidegger call it the *horizon”
and the “ready-to-hand”; John Seely
Brown of PARC calls it the “periphe-
1y.” All say, in essence, that only when
things disappear in this way are we
freed to use them without thinking and
50 to focus beyond them on new goals.

94 SCIENTIFIC AMERICAN September 1991

© 1991 SCIENTIFIC AMERICAN, INC

This ot downloaded from
206.172.156.46 on Wed, 02 Jun 2021 17:4:
All usé subject to hitps://aboutstor.o

The idea of integrating computers
seamlessly into the world at large runs
counter to a number of present-d:
trends. “Ubiquitous computing” in this
context does not mean just computers
that can be carried to the beach, jun-
gle or airport. Even the most powerful
notebook computer, with access to a
worldwide information network, still
focuses attention on a single box. By
analogy with writing, carrying a super-
laptop is like owning just one very im-
portant book. Customizing this book,
even writing millions of other books,
does not begin to capture the real pow-
er of literacy.

Furthermore, although ubiquitous
computers may use sound and video
in addition to text and graphics, that
does not make them “multimedia com-
puters.” Today’s multimedia machine
‘makes the computer screen into a de-
manding focus of attention rather than
allowing it to fade into the background.

Perhaps most diametrically opposed
to our vision is the notion of virtual re-
ality, which attempts to make a world
inside the computer. Users don special
goggles that project an artificial scene
onto their eyes; they wear gloves or
even bodysuits that sense their mo-
tions and gestures so that they can
move about and manipulate virtual ob-
jects. Although it may have its purpose
in allowing people to explore realms
otherwise inaccessible—the insides of
cells, the surfaces of distant planets, the
information web of data bases—virtu-
al reality is only a map, not a territo-
1y. It excludes desks, offices, other peo-
ple not wearing goggles and bodysuits,
weather, trees, walks, chance encoun-
ters and, in general, the infinite rich-
ness of the universe. Virtual reality fo-
Cuses an enormous apparatus on simu-
lating the world rather than on invisibly
enhancing the world that already exists.

Indeed, the opposition between the

36 UTC
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Nissan's |12V Concept to See the Invisible’

Invisible-to-Visible
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Nissan Newsroom, “Nissan unveils Invisible-to-Visible technology concept at CES: Future connected-car technology merges real and virtual 25
worlds to help drivers “see the invisible’,” Jan. 2019.



Nissan's |12V Concept to See the Invisible’

Rs Nissan Newsroom, “Nissan unveils Invisible-to-Visible technology concept at CES: Future connected-car technology merges real and virtual 26
worlds to help drivers “see the invisible’,” Jan. 2019.
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Internet of No Things’
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* The term Internet of No Things was first coined by Demos Helsinki founder Roope Mokka in 2015.



Fusion of Digital & Real Worlds

PRINCETON
UNIVERSITY
PRESS

The Multiverse:

Physics & Astronomy

An architecture of The Many-Worlds
. Interpretation of Quantum
Extended Reality Mechanics

(XR) experiences

Edited by Bryce Seligman Dewitt and
Neill Graham

Collections:

Princeton Legacy Library

Series:

Creation of cross-
reality environments
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B. J. Pine Il and K. C. Korn, “Infinite Possibility: Creating Customer Value on the Digital Frontier,” Berret-Koehler Publishers, Aug. 2011.

Books Resources Ideas
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The Many Worlds
Interpretation of
Quantum Mechanics
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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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Ex Extrasensory perception

Pe From Wikipedia, the free encyclopedia =
WIKIPEDIA

The Free Encyclopedia

| For the book, see Extrasensory Perception (book).
"Second sight" redirects here. For other uses, see Second Sight.

Extrasensory perception or ESP, also called|sixth sensel includes
« claimed reception of information not gained through the recognized

physical senses, but sensed with the mind. The term was adopted by
« Duke University psychologist J. B. Rhine to denote psychic abilities

such as intuition, telepathy, psychometry ) clairvoyance| and their

trans-temporal operation as| precognition |or retrocognition. ']

iplications
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ESP Network: Mimicking The Quantum Realm
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Eternalism: Time Travel
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Precognition: Regret of “Trusting Al Blindly”
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Communications in the 6G Era: Biological World

L Multi Sensory
Ubiquitous
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H. Viswanathan and P. E. Mogensen, “Communications in the 6G Era,” IEEE Access, March 2020.
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Stigmergy Enhanced Internet of No Things

ESPN's Online Environment
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Stigmergy: Nature's Indirect Communication

Neuron Communication L~y

« Stigmergy (Greek): Stigma
“sign” and ergon “work”
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Industry 5.0
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6G vs 5G: Internet of No Things vs Everything

“6G will be transformative”

5G — 6G
Supposed to be What's the opposite
Internet of of Everything?

Everything (lIoE)



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

- Teleyeglasses

Hugo Gernsback
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