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We created three scenarios, "Cybernetic Avatar Society," "City on
the Moon," and “Transcending Time and Space," which are images
of social life around 2035, and identified the necessary key
technologies by back-casting from the future society described in
these scenarios.

It summarizes the scenarios, the use cases that appear in the
scenarios, the key technologies and requirements to realize them,
the R&D roadmap, and the deployment strategy.

B5G/6G

Cybernetic Avatar Society
City on the Moon
Transcending Time and Space
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Key Features for Beyond 5G (6G)

Synchronization of
Physical & Cyber Spaces

THz Waves

Ultra Fast & Large Capacity

ﬂ \
(Ultra eMBB*)

Bevonhd 5G |

Ultra Low Latency
(Ultra URLLC*)

* Green Words are the examples of areas
where Japan has advantages or is actively
engaged in.

Sensing

Ultra Numerous Connectivity
(Ultra mMTC*)

e Network Access: 10x Faster than 5G

e Core Network Access: 100x Faster

than now
*eMBB: enhanced Mobile Broadband

Ultra low power
consumption

&
.
‘e

e Latency: 1/10 of 5G
e Advanced Synchronization with CPS

¢ High Level of Synchronization with
Complementary Network

*URLLC: Ultra-Reliable and Low Latency
Communications

5 Further Upgrade of 5G Features

e Simultaneous Connectivity: 10x
more than 5G

*mMTC: massive Machine Type Communication

Ultra security
and resiliency
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eMBB

e Power Consumption: 1/100

URLLC

mMTC

lower than now

* Without reduction measures, IT-related
power consumption would reach to 36x
than now, (1.5x of total consumption than

i now).
ow Power Consumption
Semiconductor

Autonomy

e Autonomous coordination among devices without
manual intervention

e Construction of optimized network highly
integrating wired and wireless connection

Complete Virtualization

S5G

Adding New Features
Contribute to Generate )
Sustainable and New Values

¢ Always Ensuring Cybersecurity

¢ Instant Recovery from
Disaster/Failure

HAPS

i /

Scalability Inclusive Interface

Seamless Connection with Satellites
and HAPS (incl. space and ocean)

Transforming various interfaces such as terminals and
windows into base stations

Ubiquitous connections through coordination between device

—



Technologies for Beyond 5G / 6G

Increasing the capacity of Increasing the capacity of the core network Coverage expansion
wireless communications Multi-core fiber, multi-mode fiber, etc. Satellite constellations, HAPS, etc.
(Using terahertz band, etc.)

THz Band Silicon = m
Semiconductor Q'

THz Band —
Compact antenna 0.312mm

Space-time synchronization Virtualization Network slicing

+Inter terminal coordination +Cloud native Network functions and resources can be
+Non-GPS location +Highly available resource allocation dynamically managed and flexibly selected.
+Remote synchronization + Network Control with Al Cyber Physical

(" Cyber Space

+Autonomic networks N e e

( Diverse cyberspaces coexist depending on applications

(e.g., Cybernetic Avatar Society, City on the Moon,
Transcending time and space, ...) Data collection and analysis

Application A f
. phySI pac q

Reproduction of the
& 7

Distributed base station Moblllty Managemenl

Call rocessmg ‘.
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| Japonica rice

radio environment,

and network

conditions
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| Acoustic e CMOS Amp
| Resonator v

Orchestrator

+Progress in the use of general-
purpose devices through
virtualization

+Separation of hardware and
software




Trends in network-related technologies
Present Before 2030 After 2030

BandW|f:I L MMW Terahertz
Expansion
Mobile Communication Non-Terrestrial HAPS/LEO-Constellation
System Networks
LTE-M/NB- . . -
LPWA/WLAN loT/WiFi-6 NR-Light, Next-Generation loT, WiFi-X
Signal Wavelength Division Space Division Multiplex
Multiplexing Multiplex(Single Core Fiber) (Multi-Core / Multi-Mode Fiber)
Bandwidth Ultra-Broadband Technology
Expansion e e Ty (el ) (Including U, S, O, T -bands)
Quantum Quantum .
K Tochnal Communication Cryptography RTINS {57 NI S
Network Technology Disaggregation Photonic Disaggregated Computing
.. Network Slicing Slicing
Network Slicing Virtualization (Policy Based) (Al Based) Zero Touch Operation
e le[ele ]y T Y MEC(Area-1X/CDN) Edge Al
Data-Centric .
Technolog Hybrid ICN ICN / CCN
Quantum Quantum .
Computing Annealing Quantum Gating
Brain-fusion Al General Purpose Al
Al / Big-Data Reality XR Digital Twin
Augmentation
Sensory

Technology/Sharing
of Senses

. Tele-Presence
Transmission




Ch-2 Overview of functional structure of Beyond 5G / 6G

. Requirements of applications
Cyber-physical control plane / and Notification of their

Customized virtual space ¢ ¢
cording to applications Intention

States of Systems Data in physical space

Cyber Physical
System (CPS)

Shareable computing
resources, Storage, and
White Box

-
Resource managemenigchestrator  Data in cyberspace
and Optimized control Data

ilizati £t d collection and
+Utilization of time an analysis

ace rleso:rce; in b?ﬂl Cyber Space / A
physical and cyber space  piyerse cyberspaces coexist depending on’applications

. GEO A . ; iy
Satellite LEQ. &/& (e.g., Cybernetic Avatar Society, City on the Moon,

Transcending time and space, ...)

Physical Space Automatic selection of appropriate wireless system

Hybrid Actuation — Fifme and Space ized
communicat onm /Application A with physical spacé”—
t -

with radio ) egration / Rep.roduction of the radio &
waves and |Ightc berspace and environment and S
y P / network conditions k

Te ' : hysical space £
Mq A = @ f S sV
Local 6G . . g = m ‘l:.—x.:il'; A T e+
A : Sensing Emulation of human Yy "-.
' : +Understanding humah %
_--T nd object behavior, \\WW
J J

Multi-core optical network
\_ (Front/Backhaul / Core network)

adio environment, \
etwork conditions, etc.




Overview of functional structure of Beyond 5G / 6G

Functional structure with specific contents

‘----------------------------------------------------------------------------------------------------------------------------.

Realization of the SDGs
and Society 5.0 Freedom from the limitations of Physical body m
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Cybernetic Avatar Society City on the Moon Transcending Time and Space

Applications
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phySIC -l and. Cyber Space Cusn?n%i i Requirements of applications and

A4 ications Notification of their intention
Cyber Physical

Cyber-physical
control plane

ctomputing resources,
torage, and White Box

States of Systems Data in physical space R System (CPS)
»
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Resourcg management  ochestrator Data in cyberspace
and Optimized control

+Utilization of time
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Physical Space Automatic selection of appropriate wireless system ) nd space r-esourC S Cyber Sgace / |
GEO in both p hySICal and Diverse cyberspaces coexist depending on applications
Satellite LEO 0/ [« yber space (e.g., Cybernetic Avatar Society, City on the Moon, Transcending time
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Technology Vision for Beyond 5G / 6G

Urgent issues: Economic growth under the new-normal= Non-contact society by utilizing ICT

~ "Society 5.0"

Keys are the development of the Beyond 5G /6G, together with the realization of the Cyber-Physical System (CPS)

Spatially dispersed individuals are connected through advanced
networks (B5G / 6G) to collaborate with others, robots and avatars
through cyberspace, creating value at any time.

Realization of a "cyber-physical system" that measures real-world
phenomena (big data), projects them into cyber-space, finds solutions
(optimal solutions), and actuate the real ‘world.

Eyber Spane

Actuation

Sensing & Projection 7 Emesswg"w AN

Physical Space

Seeds of Techs @NICT

| A
T s UG =
Fle 2
C 9
~Tera hertz Space-time Virtualization
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synchronization

Ultra-high capacity
optical network

NW Slicing l Coverage expansion
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History & Future of Mobile Communication System

1T

(web)
Voice E-mail Browser HD-Video
Still Image Video

(Camera) “
with the Internet

Integration with the loT

Data Rate (bit/s)

Integration with Sensing
(NW as a Sensor)

year
9 >

2030
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Beyond 5G (6G)Related Technology Seeds

Terahertz (Handle undeveloped frequencies as intended)

u Development of THz band wireless transceiver using silicon CMOS integrated circuit
. (Jomtly developed with Hiroshima University and Panasonlc Corporation)

World's First Terahertz Communication
Module Achieves 20 Gbps. — 100 Gbps

B THz Band Ampllfler TeChnOIOQV (Joint development with NEC Network Sensors, Ltd.)

EP o Sroenuss L . [Aiming for 100 G
©@® 0t Tho pand amplification technol g for ps even
g Z Dand ampiirication tecnnology using at a distance of 1 km

vacuum tube technology with backhaul lines, etc

u Compact and Wideband Antenna Technology for THz Band Wireless Comm.

Small antenna with impedance bandwidth of 70 GHz or more, antenna
gain of 10 dBi or more, and gain bandwidth of 80 GHz or more

o 4 I Terahertz antennas can be mounted on cell phones and other devices

11



Beyond 5G (6G)Related Technology Seeds
Ultra-high-capacity optical network

It is the basis of data
communication not only
in the real world, but
also within and between
cyberspace and the real
world.

B multicore optical fiber
Achieves 38-core 10P
(peta) bps capacity with a
single optical fiber. We also
achieved 1Pbps switching
with 22-core optical fiber.
We are aiming for further
advancement.

m Fiber optic radio (RoF*)

1.5 Gbps communication has
already been established with
trains running at high speed in
the 90 GHz band. Further
upgrading will support B5G.

% RoF (Radio on Fiber)

Photoelectric |
converter (Reference) 1 Pbps is equivalent to 10 million
channels of 8K broadcasting 19



Beyond 5G (6G)Related Technology Seeds

Space-time synchronization (To a base of non-GPS location)

(Joint development with Tohoku University and Tokyo Institute of Technology)

B Using Mechanical Vibrations of Piezoelectric Thin Films to Make
Atomic Clocks Small Enough to Be Installed in Smartphones
—A Major Step Toward Chip Technology

Inter terminal coordination Non-GPS location Remote synchronization
® Accurate location services even in areas  gynchronized operation as if
where signals from global positioning there was no propagation delay
system (e.g., GPS) satellites with -
atomic clocks cannot reach (e.g., A\ = A\
underground, indoors, in buildings, High-resolution image synch.
etc.)
e Continuity of service even in the event "n D !‘
Ultra-short range is linked by of system anomalies (solar flares, s = -
millimeter and terahertz waves ionospheric anomalies, conflicts) Synch. of work equipment

13



Beyond 5G (6G)Related Technology Seeds

NTN (Non-Terrestrial Network)
Space B5G (NTN) (Innovative expansion of coverage area)

B Wireless network control and = Wireless Network B Global Optical Satellite

management technology Adaptive Techs Communication Network
Inter-operator cooperation, multiple  Highly efficient data Optical communication
connections, |QV\_’ latency, propagation  transfer technology, ultra technology to cope with the
modeling in millimeter and THz bands  power-saving operation  increasing capacity of
_ technology, and modeling satellite and ground station
B Wireless Network of wireless usage networking
Reliability Technology environment

B Marine and Space
Broadband Satellite

Provide broadband comms

| for maritime and air.

"¢ —Reducing the size and weight
=—0f comms equipment.

High reliability and expansion of
communication environment, such

as low latency radio for drone

control and extreme environment ._3,-
radio for underwater and in-vivo
communication

Flexible, reliable, and fast connection without user awareness, at any time, at any place

14



Beyond 5G (6G)Related Technology Seeds +Cloud native

Conventional networks

Vs

Individual dedicated devices for each of

the various functions (Hundreds of types)

L

iumséu__ .

+Highly available resource allocation

Future Networks + Network Control with Al + Autonomic networks

Vs

Distribtited base station Mobility Management
.

Copnection M3
* *

* +*

Call processing

TTTTTT N T T T T TR

+Progress in the use of general-

purpose devices through

virtualization

. +Separation of hardware and
software

________________________________________________________________________




Beyond 5G Research and Development Promotion Project

With the aim of realising the next generation of wireless technology, Beyond 5G, which will be the foundation of
society and various industries, the government is providing the National Institute of Information and Communications
Technology (NICT) with the necessary shared research facilities and equipment, like testbeds, etc., in addition to
providing funds for public R&D calls. Revised budget for fiscal 2020: ¥49.97bil
(Items : Competitive funds: ¥30bil. ¥19.97bil)

Industry
&
NICP
Support l.__/
MIC :;(I::l Commission
|

Competitive funds to promote /Support
Ministry of Internal B5G R&D (Funds)
Affairs and

o ) Provid
Communications ¥20bil B5G shared research facilities rovice
and equipment (Testbeds)
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