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Wireless system design principles
From 2G to 5G

Capacity and
throughput

Scale and
flexibility

Reliability
and latency
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Wireless system design principles
In 6G: Adding three key value drivers

Capacity and
throughput

Sustainability

Digital
inclusion
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What to expect from 6G?

Critical dimensions

6G Value drivers
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Capacity and
throughput
. 20xtraffic

. 100 Gps peak rates
. 1 Gbps where needed

Scalability and flexibility

. Global coverage

. 10 million devices/Sq Km

. Platform and services
approach

Reliability and latency

* 0.Tms-1ms

e Nine 9s

« Nanosecond synchronization
level

Sustainability

» Zero-carbon-footprint
networks
and 6G for a sustainable
future

Digital inclusion
+ Global connectivity will
be a basic human right

Security and privacy

. Evolve networks towards
fully trustworthy and
resilient systems

NOKIA



6G System Architecture: Goals and challenges

Specialization Simplification and sustainability
« tailored features and functions * minimize number of protocols

* subnetworks * minimize/simplify interfaces

» extreme networking * automation

Programmability

* micro-services

* cloud agnostic

* programmable hardware

Cloud platform

* public/private/hybrid

* on-prem/(far-Jedge/metro/core
» acceleration

Flexibility

« function placement
* scalability
 topologies

Robustness and security
 full coverage

* multi-connected

* trust, privacy and resiliency
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Fully cloud native architecture

Common exposure and automation framework
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System architecture (r)evolution

Edge Cloud Regional Cloud

Core/central Cloud
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RAN Core
Current RAN-Core Service-based RAN-Core Service-based RAN-Core
framework interface framework
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Data and Information framework

Data and Information exposure

Data and Information discovery

Data and Information delivery fabric
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6G Al native air interface

« 5G-Advanced phase 2: ML replaces multiple processing blocks

Transmitter Receiver

. Symbol

« 6G ML designs part of the PHY itself

Modul- ML

ation / ML Deep RX ML

Wave-form

Transmitter Receiver

ML ML
Deep TX Deep RX
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Hexa-X EU project has identified services and use cases for @ S
6G: clustered into 6 families Hexa-X'

Consumer robots Human-centric
communications

Al partners

Infrastructure-less network
extensions and embedded
networks

* Local coverage for
\ temporary usage

Interacting and
cooperative mobile
robots

Trusted
embedded
networks

Robots to cobots

Flexible manufacturing

Situation-aware device

. g Small coverage, low power
reconfiguration ge, po

micro-network in networks
for production &
manufacturing

Fully merged cyber-
physical worlds

Hyperconnected
resilient network

Sensor infrastructure web
Al-assisted Vehicle-to-

Mixed reality co- ittt S

design i infrastructures Everything (V2X)

Immersive sport event Interconnected loT micro-
networks

Merged reality game/

work Enhanced public protection

E-health for all

Massive Enabling

Digital Twins for twinning Additional sustainability Institutional coverage
mamHsctiving sl Earth monitor

: evolving use
Immersive smart -
cities h_ cases Autonomous supply chains

Sustainable food production

Internet of Tags ’?

. Network trade-offs for minimised

environmental impact

Network functionality for crisis
resilience



Spectrum evolution aspects: Improve spectrum utilization & D S
extend current spectrum boundaries g

Sub-THz spectrum will be utilized with combinations of bands:
low, mid, and mmw ranges to optimize wireless link

characteristics and cooperatively provide the full set =

of service requirements
Spectrum under 6 GHz pivotal for wide area radio coverages

Possible usage of spectrum in 7-24 GHz range; currently not
available for mobile communications to be exploited by proper
design of sharing methods with current users

Improved intelligent spectrum access systems, in particular in
newly available spectrum resources” in higher bands, to
dynamically assign frequency resources ~to authorised
subsystems on both time and geographical basis while
preventing interference issues

Extending spectrum utilization

» Improving the usage of available spectrum in the different
frequency bands identified for IMT

 New coordination mechanisms and techniques for local
spectrum use

* Improving assumptions and models to better fit more
realistic Scenarios

Hexa-X
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An overview of spectrum allocations m séveral ranges
between 6 GHz and 1,000 GHz



Hexa-X Architectural enablers for 6G Hexa-X%

* Main objectives are to develop:
« Technical enablers for Al integration and network programmability
 Architectural components that support a new flexible network design
» Streamlined and redesigned architecture for a cloud-native RAN and CN

Flexibly topologies,

o000
In-robot sub-
integrating e

networks

Efficient:
Cloud Core Network
and RAN

In-car sub-
EIS



Hexa-X standardization activities Hexa-X"

ITU-R IMT2030 Vision work
» Use case justifying the Al/ML applicability,
» To the use of Sub THz radio.

3GPP contributions about the energy efficiency and analytics to support Al/ML
NGMN to use case and their analysis
GSMA E2E Network Slicing Architecture



Nokia’'s view on 6G timeline

@ Industry Alignment Requirements Proposals IMT-2030 Spec

5G eMBB 5G URLLC 5G-Advanced

B R15 R16 R17 R18 R19 R20 R21 R22
2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
WRC-23 Agenda WRC-27 Commercial
ltem on New Bands New Bands Deployment
5G commercial First version of Commercial First 3GPP
deployment 5G-Advanced Deployment 6G spec
standard
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