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6G Vision
Unleashing human potential
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What future communications will look like in 2030s?

Effortless to use/control, invisible but everywhere

Smartphones &

accessory type devices

Textile integrated

Flexible/stretchable fabrics

Skin patchable 

devices

Body implantable

Cyborg
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Ubiquitous 
compute

Precision sensing & 
actuation

Knowledge 
systems

Human machine 
interface

The enabling foundation for that future…

6G

Biological 
World 

Digital World

Physical 
World 

6G will unify the experience across physical, digital and biological worlds

<Public>
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Creating the ‘augmented human’
What future communications will look like in 2030s?

Augment human potential and well being at scale

Augment human Intelligence

Augment human control

Augment human experience

Digital assistants

Inherent Security & Privacy

In-body monitoring

Dynamic digital worlds

Digital co-design

Multi-modal telepresence

Cooperative robots

Remote & self driving

Drone/robot swarms

<Public>

Economic sustainability

Environmental sustainability

Inclusiveness and acceptance

Trustworthiness
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The new requirements

Device

Zero Energy

Sub-network (~10)

Intuitive interfaces

Adaptability Response 

Availability and Resilience

Zero touch 

Throughput & Capacity 

> 100 Gbps peak data rates

1 Gbps  whenever needed

Latency, Reliability & Security

Sub  ms

Nine 9s

~100 ns synchronization level

Trustworthiness

Scale, Flexibility & Sustainability

Global coverage

10 Million devices/Sq Km

Platform & services approach

Sustainability & cost efficiency 

Precision & Accuracy

cm range resolution

Max velocity and velocity resolution All the requirements may not be achieved 
simultaneously  

<Public>
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Cognitive, 
automated & 
specialized

Six key 
technologies 

for 6G

Extreme 
connectivity

Security 
and trust

Network as 
a sensor

New spectrum 
technologies

AI native air 
interface

Six key areas for the 6G essential infrastructure

<Public>
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6G new spectrum technologies

Band options for a new generation

Basic  coverage 
& IoT

Basic capacity layers, 
NTN & URLLC

Localized high 
capacity & FWA

<10m
Short range

30m
Local area

100m
Hot spot

300m
Dense urban

1000m
Urban

>3000m
Rural

<1GHz

~10GHz

>100GHz

600, 700, 800, 900 MHz (licensed)

57-71 GHz (unlicensed)

24-52 GHz (licensed)

2.5-7.1 GHz (licensed/shared/unlicensed)

1.5, 1.8, 2.1, 2.3, 2.6 GHz (licensed/shared)

6G Peak capacity layers and 
high precision sensing 

5G, 6G

6G capacity
expansion layer 7-20 GHz(shared) 5G+, 6G

6G coverage
expansion layer

<1.5 GHz (licensed/shared)6G

4G, 5G, refarming to 6G

<Public>

D-band (130-174.8 GHz),
W-band (92-114.25 GHz),

6G

Low band

Mid band

mmWave

Sub-THz

4G, 5G, refarming to 6G

5G, 6G

4G5G6G
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Sub-THz air interface
Efficiently providing ultra high bandwidth under challenging conditions

<Public>

Future applications requiring
up to and beyond 100 Gbit/s

New PHY layer for sub-THz

Low PAPR 
waveforms

High gain
antenna arrays

Advanced beam 
forming for

hybrid architectures

Advanced HW componentsUltra-high data rates
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6G native AI/ML air interface

Transmitter (Tx) Receiver (Rx)

A BChannelMedium
access

Error
coding

Modulation
Front
end

Identifi
cation

DecodingDemod
Front
end

A BChannelMedium
access

Error
coding

Modulation
Front
end

IdentificationDecodingDemod
Front
end

A BChannel

<Public>
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6G network with a 6th sense

Simultaneous communication and sensing

• Waveform multiplexing

• Resource allocation

• Beam sweeping

• CSI based sensing

• High precision localization in NLOS

Imaging 
beyond

Comm. As 
radar

Localization 
and sensing 

for 
Healthcare

THz imaging 

Robot 
localization

<Public>
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Ultra-fine grain Threat Security Responses
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6G security and trust
Mitigate the exploding threat surface

Billions of 
endpoints

New HMI

Millions of 
sub-networks

Open Interfaces 
& disaggregation

Het-Cloud
(public, private, 

hybrid, distributed)

Mix of open source and 
multi-vendor SW, complexity

Zero trust
<Public>

Secure AI/ML Operations

Trusted Execution and systems integrity

Data Privacy

Authentication at scale

Quantum safe systems

Security monitoring 
and Audit

Technology enablers 
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6G Subnetworks

RAN-core unificationHet-Cloud
Automated Management 

and Orchestration

Data and Information 
Architecture

Cognitive Networking

Deep Slicing

6G architecture themes

LDN

<Public>

• Simplification

• Flexibility

• Specialization

• Programmability

• Trustworthiness

• Sustainability
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Nokia’s view on 6G timeline

5G eMBB 5G URLLC 5G-Advanced

6G study 6G specs 6G v26G req.6G concept

R15 R16 R17 R19R18 R20 R21 R22

Requirements Proposals

WRC-23 Agenda Item 
on New Bands

Commercial
Deployment

WRC-27 
New Bands

Industry Alignment IMT-2030 Spec 

First 3GPP 
spec

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 20292018 2030



© 2021 Nokia15

Nokia leads the EU 6G flagship project Hexa-X

• Hexa-X is a flagship research initiative from the European 
Commission, with strong participation of major industry and 
academia stakeholders in Europe, to develop the foundation and 
contribute to industry consensus leading beyond 5G to 6G. 

• The focus is on structuring, framing, and developing technology 
for connectivity needs in the 2030 timeframe, as a first step 
towards realizing 6G. 

• It aims to develop key technology enablers in the areas of

• fundamentally new radio access technologies at high frequencies and 
high-resolution localization and sensing;

• connected intelligence though AI-driven air interface and governance 
for future networks, and

• 6G architectural enablers for network disaggregation and dynamic 
dependability.

Hexa-X vision on 6G and research challenges
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6G related resources

• Webpage: Nokia Bell Labs 6G era research page 

• White Paper: Communications in the 6G Era

• Webpage: Hexa-X official website

• Blog: 6G technology leadership in the US

• Webpage: Nokia Bell Labs 5G standards and research 
leadership

https://www.bell-labs.com/disruption/6g-era-research/?utm_source=press_release&utm_medium=link&utm_campaign=bl_6Gera&utm_term=6Gera&utm_content=textlink
https://onestore.nokia.com/asset/207766?_ga=2.147915191.1261536319.1606086698-74732407.1603734908
https://hexa-x.eu/
https://www.nokia.com/blog/6g-technology-leadership-in-the-us/
https://www.bell-labs.com/our-research/5g-standards-and-research-leadership/our-leading-contributors-5g-standards/



