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1. ROEX %A, UTOMVICER L.
Holographic Telepresence (Teleportation)

The human tendency to connect remotely with increasing fidelity will pose severe communication
challenges in 6G networks. Reference details the data rate requirements of a 3D holographic display: a

raw hologram, without any compression, with colors, full parallax, and 30 fps, would require 4.32 Tb/s.

The latency requirement will hit sub-millisecond, and thousands of synchronized view angles will be

necessary, as opposed to the few reqmred for VR/AR. LA) Moreover, to fully realize an immersive remote

(FEg%)

Pervasive Connectivity

billion devices worldwide by 2030. 6G will connect personal devices, sensors (to 1mplement the smart city

paradigm), vehicles, and so on. Moreover, 6G networks will require a higher overall energy efficiency

(10-100x with respect to 5G) to enable scalable, low-cost deployments with low environmental impact and
better coverage. Indeed, while 80 percent of mobile traffic is generated indoors, 5G cellular networks,
which are being mainly deployed outdoors and may be operating in the mmWave spectrum, will hardly
provide indoor connectivity as high-frequency radio signals cannot easily penetrate dielectric materials
(e.g., concrete). 6G networks will instead provide seamless and pervasive connectivity in a variety of
different contexts, matching stringent QoS requirements in outdoor and indoor scenarios with a
cost-aware and resilient infrastructure.
Industry 4.0 and Robotics

6G will fully realize the Industry 4.0 revolution started with 5G, that is, the digital transformation of
manufacturing through eyber physical systems and 1oT services. ﬁQLOleQOmg_the_anndams_lmtmn

comes with its own set of requirements in terms of reliable and isochronous communication.

g Reprinted with permission from Marco Giordani, Michele Polese, Marco Mezzavilla, Sundeep Rangan, and Michele Zorzi Toward
2%+ BG Networks: Use Cases and Technologie, IEEE Communications Magazine, Volume: 58 lssue: 3, March 2020
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2. ROFEXEFBH, LLFORVWIE % &,

(1) To understand why quantum omputers can process data rapi and in a ance, i 4
understand the qubit. or quantum bit. Classical bits are binary — they are either “0” or “1.” but not both,
Qubits. on the other hand. can be “0” and “1.” or any point in betweeh, in a state called superposition,

Superposition creates a large state space (29), allowing many possible variables, each with its own

probability amplitude. The issue with qubits is that when they are “read,” they will assume a state of “0”
or “1” like a classical bit. But unlike a classical bit, which can be read multiple times, a qubit is destroyed.
In other words, it can only be read once.

Because qubits aren’t a static 0 or 1, they can represent multiple variables at once, and in turn, these
variables can be processed at the same time using parallel processing. This is (2) a key difference between

Quantum and classical computers. To solve a common optimization problem, such as the traveling
salesman, a classical computer would have to solve for every route individually, then find the most
efficient route. A quantum computer, due to the properties of qubits, can solve for every route at the same
time.

Entanglement is another property of quantum physics that provides a substantial processing speedup

compared with classical bits. (3) mwm@mnwem
another one. Once they become entangled. if one of the qubits is manipulated. it will affect the value of

the other qubit. When you measure qubit 2 in this fashion, you are really measuring the opposite states of
qubit 1. Thus, processing one qubit provides the results of two qubits. Reading one qubit will destroy the
entangled qubit; however, it should be said that there are means to get partial information from a quibit

without destroying the rest. (This is outside of the scope of this article.)

issi i i i FORMS), from Guantum
i f The Institute for Operations Research _and the Management Smgnqes (IN ) |
EIF - gzzﬁw:sltsh]ﬁferIWgI:?g: :nd Qilantum Augmented Digital Twins, Michael Heiner, 2023; permission conveyed through Copyright

Clearance Genter, Inc.
(%) qubit: B> k superposition: & E a5 entanglement: & ¥ % >,
Bl THREQZBAEICRL2 S,

f2. THERQ) E R R R A AR TR R A,
3. THRERG)Z BARRICIR L R &0,
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1. ROEX % FTH, UTORIcEZ X.
Holographic Telepresence (Teleportation)

The human tendency to connect remotely with increasing fidelity will pose severe communication
challenges in 6G networks. Reference details the data rate requirements of a 3D holographic display: a
raw hologram, without any compression, with colors, full parallax, and 30 fps, would require 4.32 Th/s.
The latency requirement will hit sub-millisecond, and thousands of synchronized view angles will be
necessary, as opposed to the few requn'ed for VR/AR. fA)_MQrgoygg,_tg_ﬁ;l]y_maim_an_;_emmm_tﬂ
ss future networks,

hlﬂlon_de!ms_ﬂoﬂdﬂxde_blzm 6G will connect personal devices, sensors (to mplement the smart city

paradigm), vehicles, and so on. Moreover, 6G networks will require a higher overall energy efficiency

(10-100x with respect to 5G) to enable scalable, low-cost deployments with low environmental impact and
better coverage. Indeed, while 80 percent of mobile traffic is generated indoors, 5G cellular networks,
which are being mainly deployed outdoors and may be operating in the mmWave spectrum, will hardly
provide indoor connectivity as high-frequency radio signals cannot easily penetrate dielectric materials
(e.g., concrete). 6G networks will instead provide seamless and pervasive connectivity in a variety of
different contexts, matching stringent QoS requirements in outdoor and indoor scenarios with a
cost-aware and resilient infrastructure.
Industry 4.0 and Robotics

6G will fully realize the Industry 4.0 revolution started with 5G, that is, the digital transformation of
manufacturing through eyber physical systems and IoT services. L_Mgmgj_he_bmnd_amb_em_&n

comes with its own set of requirements in terms of reliable and isochronous communication.

0 Reprinted with permission from Marco G_iordani, Michele Polese, Marco Mezzavilla, Sundeep Rangan, and Michele Zorzi, Toward
* 6G Networks: Use Cases and Technologie, IEEE Communications Magazine, Volume: 58 Issue: 3, March 2020
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