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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.
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3Key Features for Beyond 5G (6G)

Scalability

Ultra low power 
consumption

Beyond 5G (6G)

Ultra security 
and resiliency

Further Upgrade of 5G Features

eMBB URLLC mMTC

5G
Adding New Features 
Contribute to Generate 
Sustainable and New Values

Autonomy

•Network Access: 10x Faster than 5G

•Core Network Access: 100x Faster 
than now

*eMBB: enhanced Mobile Broadband

• Latency: 1/10 of 5G

• Advanced Synchronization with CPS

•High Level of Synchronization with 
Complementary Network

*URLLC: Ultra-Reliable and Low Latency 
Communications

•Simultaneous Connectivity: 10x 
more than 5G
*mMTC: massive Machine Type Communication

•Power Consumption: 1/100 
lower than now
* Without reduction measures, IT-related 

power consumption would reach to 36x 
than now, (1.5x of total consumption than 
now).

•Always Ensuring Cybersecurity

• Instant Recovery from 
Disaster/Failure

• Autonomous coordination among devices without 
manual intervention

• Construction of optimized network highly 
integrating wired and wireless connection

• 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 devices

THz Waves

All-Photonics Network

Complete Virtualization

Quantum
Cryptography

Synchronization of 
Physical & Cyber Spaces

Sensing

HAPS

Inclusive Interface

Low Power Consumption 
Semiconductor

Ultra Fast & Large Capacity
(Ultra eMBB*)

Ultra Low Latency
(Ultra URLLC*)

Ultra Numerous Connectivity 
(Ultra mMTC*)

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

wireless communications

(Using terahertz band, etc.)

Coverage expansion

Satellite constellations, HAPS, etc.

Increasing the capacity of the core network

Multi-core fiber, multi-mode fiber, etc.

Virtualization

+Cloud native

+Highly available resource allocation

+Network Control with AI 

+Autonomic networks

Network slicing

Network functions and resources can be 

dynamically managed and flexibly selected.

20mm

70mm0.312mm

Technologies for Beyond 5G / 6G

THz Band Silicon 

Semiconductor

THz Band 

Compact antenna

Space-time synchronization 

+Inter terminal coordination

+Non-GPS location

+Remote synchronization
Cyber Physical 

System (CPS)

Data collection and analysis

Cyber Space

Time and Space 

synchronized with 

physical space

Emulation of 

human and 

things

Reproduction of the 

radio environment 

and network 

conditions

Diverse cyberspaces coexist depending on applications

(e.g., Cybernetic Avatar Society, City on the Moon, 

Transcending time and space, ...)

Application A
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Technical Field Technical Area Present Before 2030 After 2030

Mobile Communication 

System

Bandwidth 

Expansion
MMW Terahertz

Non-Terrestrial 

Networks
HAPS/LEO-Constellation

LPWA/WLAN
LTE-M/NB-

IoT/WiFi-6
NR-Light, Next-Generation IoT, WiFi-X

Network Technology

Optical

Signal 

Multiplexing

Wavelength Division 

Multiplex(Single Core Fiber)

Space Division Multiplex

(Multi-Core / Multi-Mode  Fiber)

Bandwidth 

Expansion
Broadband Technology (C+L band)

Ultra-Broadband Technology 

(Including U, S, O, T -bands)

Quantum 

Communication

Quantum 

Cryptography
Quantum Security Network

Disaggregation Photonic Disaggregated Computing

Network Slicing
Network 

Virtualization

Slicing 

(Policy Based)

Slicing 

(AI Based) Zero Touch Operation

Edge Computing MEC(Area-IX/CDN) Edge AI

Data-Centric 

Technology
Hybrid ICN ICN / CCN

AI / Big-Data

Quantum 

Computing

Quantum 

Annealing
Quantum Gating

AI Brain-fusion AI General Purpose AI

Reality 

Augmentation 

Technology/Sharing 

of Senses

XR Digital Twin

Sensory 

Transmission
Tele-Presence

Trends in network-related technologies
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Overview of functional structure of Beyond 5G / 6GCh-2

Physical Space

+Utilization of time and 

space resources in both 

physical and cyber space

Customized virtual space 

according to applications
Shareable computing 

resources, Storage, and  

White Box
Data in cyberspaceOrchestrator

Data in physical space

Cyber-physical control plane
Requirements of applications 

and Notification of their 

intention

Automatic selection of appropriate wireless system

States of Systems

Resource management 

and Optimized control

Sensing

Actuation

Cyber Physical 

System (CPS)

Data 

collection and 

analysis

Accumulation of the past

Forecasting the future

Cyber Space

Time and Space synchronized 

with physical space

Emulation of human 

and things

Reproduction of the radio 

environment and 

network conditions

Diverse cyberspaces coexist depending on applications

(e.g., Cybernetic Avatar Society, City on the Moon, 

Transcending time and space, ...)

Application A

Integration of 

cyberspace and 

physical space

THz-Waves

Non-Terrestrial 

Network

GEO

HAPS

LEO

Marine and disaster areas

Local 6G

Terrestrial Systems

Mobile network /

Local 6G

Satellite 

Networks

Multi-core optical network

(Front/Backhaul / Core network)

Hybrid 

communication 

with radio 

waves and light

+Understanding human 

and object behavior, 

radio environment, 

network conditions, etc.
6



Overview of functional structure of Beyond 5G / 6G
Functional structure with specific contents 

Physical Space

+Utilization of time 

and space resources 

in both physical and 

cyber space

Customized virtual space 

according to applications

Shareable computing resources, 

Storage, and  White Box

Data in cyberspaceOrchestrator

Data in physical space

Cyber Physical 

System (CPS)Cyber-physical 

control plane

Basic services and 

functions that enable 

applications to run across 

physical and cyber space Requirements of applications and 

Notification of their intention

Enablers

Automatic selection of appropriate wireless system

Applications

Cybernetic Avatar Society City on the Moon Transcending Time and Space

・・・

Cyber Space

Time and Space 

synchronized with 

physical space

Emulation of human 

and things

Reproduction of the radio 

environment and network 

conditions

States of Systems

Resource management 

and Optimized control

Diverse cyberspaces coexist depending on applications

(e.g., Cybernetic Avatar Society, City on the Moon, Transcending time 

and space, ...)

・・・ ・・・

Space and Time Physical body Brain

Application A

Sensing

Actuation

e-Commerce

Data collection and 

analysis

e-Sports
Sky-Car

AI-enhanced 

Factory AI-enhanced 

Medical
Disaster 

monitoring/pr

ediction

spatial 

prediction

Avatar 

workers Cyber 

classroom

CPS Security space 

communication

Accumulation of the past

Forecasting the future

Integration of 

cyberspace and 

physical space

Realization of the SDGs 

and Society 5.0

THz-Waves

Non-Terrestrial Network

GEO

HAPS

LEO

Marine and disaster areas

Local 6G

Terrestrial Systems

Mobile network /

Local 6G

Satellite 

Networks

Multi-core optical network

(Front/Backhaul / Core network)

Hybrid 

communication with 

radio waves and 

light

Freedom from the limitations of &

+Understanding 

human and object 

behavior, radio 

environment, network 

conditions, etc.

7



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

Cyber

Cyber Space

ProcessingSensing & Projection Actuation

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.
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Physical Space

Seeds of Techs @NICT

Terahertz
Space-time 

synchronization
Coverage expansion

Ultra-high capacity
optical network

mm

Virtualization

Cyber 

Physical 

System 

(CPS)

Data collection and 

analysis

Cyber 

Space

Time and Space 

synchronized 

with physical 

space

Emulation 

of human 

and things

Reproduction 

of the radio 

environment 

and network 

conditions

Diverse cyberspaces coexist depending on 

applications

(e.g., Cybernetic Avatar Society, City on the 

Moon, Transcending time and space, ...)Applicati

on A

NW Slicing
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History & Future of Mobile Communication System

Analog Digital

3GPP(Global Standardization)

One million times in 40 years

Voice E-mail

Still Image

(Camera)

(web) 

Browser

Video

HD-Video

Integration with the Internet

Integration with the IoT

Integration with Sensing

(NW as a Sensor)

Generations are updated approximately every 10 years.
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Beyond 5G (6G)Related Technology Seeds
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Beyond 5G (6G)Related Technology Seeds
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Beyond 5G (6G)Related Technology Seeds
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Beyond 5G (6G)Related Technology Seeds
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Conventional networks

～ ～

User terminals

Core-NWBase Station

Antenna

Individual dedicated devices for each of 

the various functions (Hundreds of types)

User terminals

Antenna

～ ～

…

Distributed base station
Aggregate base station

Call processing

Mobility Management

Connection Management

Orchestration

Core-NWBase Station

Functional definitions

White Boxes

Future Networks
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+Cloud native

+Highly available resource allocation

+Network Control with AI +Autonomic networks

+Progress in the use of general-

purpose devices through 

virtualization

+Separation of hardware and 

software

Soft ware

Beyond 5G (6G)Related Technology Seeds
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Beyond 5G Research and Development Promotion ProjectBeyond5G

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）

Support 
Fund

Commission
/Support

B5G shared research facilities 
and equipment (Testbeds)

Competitive funds to promote 
B5G R&D (Funds)

Provide

¥30bil

¥20bil

MIC

Industry
&

academia

Ministry of Internal 

Affairs and 

Communications
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