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“We shape our tools and then our tools shape us …
We become what we behold.”

Marshall McLuhan
(1911–1980)

Canada’s eminent media theorist and philosopher:

Credited with predicting the rise of the Internet and phrasing the
term global village in The Gutenberg Galaxy
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PREFACE

Global crises such as the Covid-19 pandemic highlighted the fragility of our
current approach to globalized production, especially where value chains
serve basic human needs. On the flip side, however, virtual experiences
such as Zoom’s cloud-based video platform for online meetings and events
have skyrocketed in popularity as the Covid-19 pandemic’s online-everything
transformation took place. With the mass digital adoption of remote work and
online social activities accelerated by a global pandemic, we may finally find
ourselves on the verge of something big and potentially paradigm-shifting:
The Metaverse – the next step after the Internet, similar to how the mobile
Internet expanded and enhanced the early Internet in the 1990s and 2000s.

The Metaverse will be about being inside the Internet rather than simply
looking at it from a phone or computer screen. With the rise of the Metaverse,
the Internet will no longer be at arm’s length. Instead, it will surround us and
will radically reshape society. Importantly, the Metaverse is not only based on
the social value of today’s Generation Z that online and offline selves are not
different; this is because the younger generation considers the social meaning
of the virtual world as important as that of the real world since they think
that their identity in virtual space and reality is the same. But it also aims at
realizing the fusion of digital and real worlds across all dimensions created and
delivered by non-traditional converged service platforms of future 6G and
Next G networks, where developers do not hesitate to use technologies from
as many disciplines as possible. They do not discriminate whether services and
applications will be used by human beings or by physical, digital, or virtual
objects.

The Metaverse, underpinned by decentralized Web3 technology, is
widely seen as the precursor of the Multiverse. While the Metaverse primarily
focuses on virtual reality (VR) and augmented reality (AR), the Multiverse
offers eight advanced types of extended reality (XR) realms, which together
span the entire reality–virtuality continuum, including but not limited to VR
and AR. This book is a sequel to our last book titled “Toward 6G: A New
Era of Convergence” (Wiley-IEEE Press, January 2021), in which we briefly
touched on the Multiverse and argued that 6G should not only explore more
spectrum at high-frequency bands but also, more importantly, converge
driving technological trends such as multisensory XR applications, connected
robotics and autonomous systems, wireless brain–computer interaction (a
subclass of human–machine interaction), as well as blockchain and distributed
ledger technologies.

xv
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xvi PREFACE

The purpose of this book is to complement our prequel book by describ-
ing the most recent progress and ongoing developments in the area of the
Metaverse and Multiverse. Specifically, the book aims at weaving the follow-
ing emerging themes carefully together in future 6G and Next G networks and
the enhanced services they offer to disruptive applications in order to enable
peak-experiences and human transformations: (i) touch-screen typing will
likely become outdated, while wearable devices will become commonplace,
enabling future communication technologies that are anticipated to fold
into our surroundings, thereby helping us get our noses off the smartphone
screens and back into our physical and biological environments, (ii) human
transformation through unifying experiences across the physical, biological,
and digital worlds, (iii) seamless convergence and harmonious operations
of communication and computation to provide user-intended services and
change or even transform the behavior of humans through social influence,
(iv) creation of new virtual worlds to create a mixed-reality, super-physical
world that enables new superhuman capabilities, and (v) rise of a new regime
that connects all humans and machines into a global matrix, which some call
the global mind or world brain, leveraging on the collective intelligence of
all humans combined with the collective behavior of all machines, plus the
intelligence of nature, plus whatever behavior emerges from this whole.

Despite the current lack of compelling use cases and potential pitfalls of
the Metaverse, a rising number of organizations are searching for ways to use
the Metaverse. This book points to three spheres of contexts, in which we
outline different narratives for the year 2030 and beyond. Due to their striking
similarities, we select Society 5.0 as the frame story or, if you will, meta narra-
tive, in which the Metaverse as well as Multiverse can be embedded naturally.
Taking into account our meta narrative as well as the fact that future 6G and
Next G networks are anticipated to become more human-centered than pre-
vious generations of mobile networks, cross-disciplinary research is necessary,
involving not only communications and computer science but also cognitive
science, social sciences, psychology, and behavioral economics. In addition,
as we shall see, neuroscience and psychological approaches should be used to
better understand humans and thus build a deeper Metaverse. This book aims at
providing the reader with new complementary material, putting a particular
focus on 6G and Next G networks in the context of the emerging Metaverse
as the successor of today’s mobile Internet and precursor of tomorrow’s
Multiverse. We hope that this book will be instrumental in helping the reader
find and overcome some of the most common 6G and Next G blind spots.

Montréal, 24 August 2022 Martin Maier
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C H A P T E R 1
Introduction

“Computers are useless. They can only give you answers.”
PABLO PICASSO

(1881–1973)

1.1. Toward 6G: A New Era of Convergence

This book is a sequel to our last Wiley-IEEE Press book titled “Toward 6G:
A New Era of Convergence,” which was authored together with Amin
Ebrahimzadeh and was the first published book on future 6G mobile
networks [1].

In our prequel book, we argued that 6G should not only explore
more spectrum at high-frequency bands but, more importantly, converge
driving technological trends. Our applied approach was in line with the bold,
forward-looking research agenda put forth by Saad et al. [2], which intends
to serve as a basis for stimulating more out-of-the-box research that will
drive the 6G revolution. Specifically, Saad et al. [2] claim that there will be
the following four driving applications behind 6G: (i) multisensory extended
reality (XR) applications, (ii) connected robotics and autonomous systems,
(iii) wireless brain–computer interaction (a subclass of human–machine
interaction), and (iv) blockchain and distributed ledger technologies. Among
other 6G driving trends, they emphasize the importance of edge intelligence
and the emergence of smart environments and new human-centric service
classes, as well as the end of the smartphone era, given that smart wearables
are increasingly replacing the functionalities of smartphones. They argue
that smartphones were central to 4G and 5G. However, in recent years there
has been an increase in wearable devices whose functionalities are gradually
replacing those of smartphones, ranging from integrated headsets to smart
body implants that can take direct sensory inputs from human senses.

6G and Onward to Next G: The Road to the Multiverse, First Edition. Martin Maier.
© 2023 The Institute of Electrical and Electronics Engineers, Inc.
Published 2023 by John Wiley & Sons, Inc.
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These emerging smart wearables may bring an end to smartphones and
potentially drive a majority of 6G use cases.

One of the most intriguing 6G visions out there at the time of writing our
prequel book was outlined by Harish Viswanathan and Preben E. Mogensen,
two Nokia Bell Labs Fellows, in an open access article titled “Communications
in the 6G Era” [3]. In this article, the authors focus not only on the technolo-
gies but they also expect the human transformation in the 6G era through
unifying experiences across the physical, biological, and digital worlds in what they
refer to as the network with the sixth sense. Combining the multi-modal sens-
ing capabilities with the cognitive technologies enabled by the 6G platform
will allow for analyzing behavioral patterns and people’s preferences and even
emotions, hence creating a sixth sense that anticipates user needs and allowing
for interactions with the physical world in a much more intuitive way.

Furthermore, Viswanathan and Mogensen [3] claim that new themes are
likely to emerge. Specifically, the future of connectivity is in the creation of
digital twin worlds that are a true representation of the physical and biological
worlds at every spatial and time instant, unifying our experience across these
physical, biological, and digital worlds. Digital twins of various objects created
in edge clouds will form the essential foundation of the future digital world.
Digital twin worlds of both physical and biological entities will be an essen-
tial platform for the new digital services of the future. Digitalization will also
pave the way for the creation of new virtual worlds with digital representa-
tions of imaginary objects that can be blended with the digital twin world to
various degrees to create a mixed-reality, super-physical world, enabling new
superhuman capabilities. Augmented reality (AR) user interfaces will enable
efficient and intuitive human control of all these worlds, whether physical,
virtual, or biological, thus creating a unified experience for humans and the
human transformation resulting from it. Dynamic digital twins in the digital
world with increasingly accurate, synchronous updates of the physical world
will be an essential platform for augmenting human intelligence.

Importantly, Viswanathan and Mogensen [3] outlined a vision of the future
life and digital society on the other side of the 2030s. While the smartphone and
the tablet will still be around, we are likely to see new man–machine inter-
faces that will make it substantially more convenient for us to consume and
control information. The authors expect that wearable devices, such as ear-
buds and devices embedded in our clothing, will become common. We will
have multiple wearables that we carry with us and they will work seamlessly
with each other, providing natural, intuitive interfaces. Touch-screen typing
will likely become outdated. Gesturing and talking to whatever devices we
use to get things done will become the norm. The devices we use will be fully
context-aware, and the network will become increasingly sophisticated at pre-
dicting our needs. This context awareness combined with new man–machine
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interfaces will make our interaction with the physical and digital world much
more intuitive and efficient. The computing needed for these devices will
likely not all reside in the devices themselves because of form factor and bat-
tery power considerations. Rather, they may have to rely on locally available
computing resources to complete tasks beyond the edge cloud. As consumers,
we can expect that the self-driving concept cars of today will be available to
the masses by the 2030s. They will be self-driving most of the time and thus
will substantially increase the time available for us to consume data from the
Internet in the form of more entertainment, rich communications, or educa-
tion. Further, numerous domestic service robots will complement the vacuum
cleaners and lawn mowers we know today. These may take the form of a swarm
of smaller robots that work together to accomplish tasks.

In fact, according to [4], nothing has happened yet in terms of the
Internet. The Internet linked humans together into one very large thing.
From this embryonic net will be born a collaborative interface, a sensing,
cognitive apparatus with power that exceeds any previous invention. The hard
version of it is a future brought about by the triumph of a superintelligence.
According to Kelly, however, a soft singularity is more likely, where artificial
intelligence (AI) and robots converge – humans plus machines – and together
we move to a complex interdependence. This phase has already begun. We are
connecting all humans and all machines into a global matrix, which some
call the global mind or world brain. It is a new regime wherein our creations
will make us better humans. This new platform will include the collective
intelligence (CI) of all humans combined with the collective behavior of all
machines, plus the intelligence of nature, plus whatever behavior emerges
from this whole. Kelly estimates that by the year 2025 every person will have
access to this platform via some almost-free device.

Our prequel book described the latest developments and recent progress
on the key technologies enabling 6G mobile networks, paying particular atten-
tion to their seamless convergence. Among other potential research direc-
tions, 6G will take cloud services to the next level by moving many of the
computational and storage functions from the smartphone to the cloud. As a
result, most of the computational power of the smartphone can focus on pre-
sentation rendering, making virtual reality (VR), AR, or XR more impressive
and affordable. Furthermore, 6G will transform a transmission network into a
computing network. One of the possible trademarks of 6G could be the seam-
less convergence and harmonious operations of transmission, computing, AI,
machine learning, and big data analytics such that 6G is expected to detect the
users’ transmission intent autonomously and automatically provide personal-
ized services based on a user’s intent and desire.

In the final chapter of our prequel book, we took an outlook on how
future profound 6G technologies will weave themselves into the fabric of
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everyday life until they are indistinguishable from it. As a result, the boundary
between virtual (i.e. online) and physical (i.e. offline) worlds is to become
increasingly imperceptible, while both digital and physical capabilities of
humans are to be extended via edge computing variants with embedded
AI capabilities. More specifically, we elaborated on the implications of the
transition from the current gadgets-based Internet to a future Internet
that is evolving from bearables (e.g. smartphone), moves toward wearables
(e.g. Google and Levi’s smart jacket or Amazon’s announced voice-controlled
Echo Loop ring, glasses, and earbuds), and then finally progresses to near-
ables (e.g. intelligent mobile robots). Nearables denote nearby surroundings
or environments with embedded computing/storage technologies and service
provisioning mechanisms that are intelligent enough to learn and react
according to user context and history in order to provide user-intended ser-
vices. While 5G was supposed to be about the Internet of Everything (IoE),
to be transformative 6G might be just about the opposite of Everything, i.e.
Nothing or, more technically, No Things. Toward this end, we introduced
the Internet of No Things as an extension of immersive VR from virtual to
real environments, where human-intended Internet services – either digital
or physical – appear when needed and disappear when not needed. In doing
so, the Internet of No Things helps tie both online and offline worlds closer
together for the extension of human capabilities and experiences, ranging
from conventional VR and AR to advanced XR and even more sophisticated
cross-reality environments that involve various types of physical and digital
realities.

Figure 1.1 depicts our proposed architecture of the Internet of No
Things, which integrates the following three evolutionary stages of mobile
computing: (i) ubiquitous, (ii) pervasive, and (iii) persuasive computing. Ubiq-
uitous computing is embedded in the things surrounding us (i.e. nearables),
while pervasive computing involves bearables and wearables. Persuasive
computing aims at changing or even transforming the behavior of human
users through social influence. As explained in technically greater detail
in Chapter 5, the Internet of No Things will be instrumental in not only
establishing XR as the next-generation mobile computing platform for the
extension of human capabilities and experiences but also enabling future com-
munication technologies that are anticipated to fold into our surroundings,
thereby helping us get our noses off the smartphone screens and back into our
physical and biological environments. The Internet of No Things represents
an important stepping stone toward ushering in the 6G post-smartphone era
and its underlying fusion of digital and real worlds created and delivered by
non-traditional converged service platforms.
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Figure 1.1 Internet of No Things: Integrating ubiquitous, pervasive, and persuasive
computing for the extension of human capabilities and experiences.
Source: Maier et al. (2020). © 2020 IEEE.

1.2. Fusion of Digital and Real Worlds:
Multiverse vs. Metaverse

In May 2019, the ITU-T Focus Group Network 2030 (FG-NET-2030), an
initiative focusing on the fixed networks domain, published the first white
paper on their Network 2030 vision [5]. Network 2030 is an abstraction of
network technologies required to deliver advanced applications in 2030 and
the decade after. It aims at coexisting with deployed infrastructures, incre-
mentally inserting new capabilities in both public and private fixed (wireline)
networks. According to [5], the next frontier in multimedia after VR and AR
will include holographic media and multi-sense network services, e.g. haptic
communication services. Soon our experiences with VR/AR will determine
that they are not real enough, calling for new media, unencumbered by
today’s head-mounted displays (HMDs). The fusion of digital and real worlds
across all dimensions is the driving theme for Network 2030, created and



�

� �

�

6 6G AND ONWARD TO NEXT G

delivered by non-traditional converged service platforms, where developers
do not hesitate to use technologies from as many disciplines as possible.
They do not discriminate whether services and applications will be used by
human beings, or by physical, digital, or virtual objects.

The European Telecommunications Standards Institute (ETSI) launched
its Industry Specification Group (ISG) fifth generation fixed network (F5G)
initiative, which aims at promoting the expansion of fixed networks to as many
sectors as possible via fiber-to-the-everywhere-and-everything (FTTE) [6].
F5G also considers complementary wireless technologies, most notably
WiFi 6, for the last meters to enable use cases such as cloud VR, online
gaming, smart factory, and the support for the evolution of 5G networks.
According to [6], F5G is the foundation of the new digital age and is a
prerequisite for the digital transformation of the whole society. F5G is just
the beginning and a first step for more generations to come. The evolution
of F5G, together with that of mobile 5G and 6G, is expected to support
new application scenarios involving digital avatar life, full sensory (including
tactile and haptic) Internet, and a ubiquitous intelligent society in this new
era of convergence.

In the final chapter of our prequel book, we also introduced the concept
of the so-called Multiverse as an interesting attempt to help realize the fusion
of digital and real worlds. The Multiverse offers eight different types of reality,
including but not limited to VR and AR, as explained shortly. A term closely
related to the Multiverse is the recently emerging Metaverse. According to [7],
the Metaverse will be the precursor of the Multiverse. Specifically, the Meta-
verse might be viewed as the next step after the Internet, similar to how the
mobile Internet expanded and enhanced the early Internet in the 1990s and
2000s. The various adventures that this place has to offer will surround us
both socially and visually. The Metaverse is unique in that it spans a wide
range of interconnected platforms as well as the digital and physical worlds
underpinned by decentralized Web3 technology.

As shown in Figure 1.2, while the Web1 (read-only web) and Web2
(read-and-write web) enabled the knowledge economy and today’s platform
economy, respectively, the Web3 will enable the token economy where anyone’s
contribution is compensated with a token. The token economy enables com-
pletely new use cases, business models, and types of assets and access rights
in a digital way that were economically not feasible before, thus enabling
completely new use cases and value creation models. Note that the term
token economy is far from novel. In cognitive psychology, it has been widely
studied as a medium of exchange, and arguably more importantly, as a positive
reinforcement method for establishing desirable human behavior, which in
itself may be viewed as one kind of value creation. Unlike coins, however,
which have been typically used only as a payment medium, tokens may serve a


