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Year 15 of 5G research
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Year 1 of 5G deployments

Year O of B5G/6G research




South Korea: the first massive-5G deployment

Sectors in
ZOOO 3.5 GHZ band

TB/day
Share of 5G Planhed population
traffic coverage by end of 4

2019 v

>10% 30%
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Nokia 5G performing well in

Korea

©42019 NokeD19 Nokia

Peak DL throughput in
the field 1.45 Gbps

Live throughputs when drive
testing (LTE+5G)

400-600 Mbps




New digital experience defines network requirements for 5G evolution

Seemingly infinite capacity Imperceptible latency Global-local alliance

Local delivery with global reach

B 10Gbps ‘
D e e e * New global-local value chains
I 00 » Disruptive business models
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Latency

28

Core Cloud < mmp Edge Cloud

Source: The road to 5G, McKinsey, 2018

>100x more capacity and >10x lower latency in < 10 years
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Anchoring strategies in FX network architecture, to drive new value creation

FX Network Architecture Key Attributes
m \@\8 gg::g:zurity Pervasive Al/ML

7 Digital Value Platforms
6 Augmented Cognition Systems /—/ @ @
& \

5 Programmable Network OS (

0 Emerging Devices Massive Scale 2 Converged
& Sensors Access Edge Cloud

6
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Automation and
Slicing

Cloud native

Elastic and Economic

Radio Access

Programmable FX networks enable unique cost & service structure, driving willingness to pay
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E2e 5G portfolio and solution metrics
Bell Labs differentiation for the future

Fixed wireless access Massive Scale RAN Converged Core Converged Transport Advanced 5G Services

E2E Fixed Wireless Massive Scale Converged Converged
5G Access RAN Core Transport

NOKIA Bell Labs
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New Al/ML tools for
verifiable network
optimization

Cost & performance Autonomously
optimized mMIMO, scalable, serverless
mmWave & vRAN distributed cloud

Terabit capacity with Autonomous, self-
massive spatial optimizing E2E
parallelism services
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38%

Lower TCO

4 X 9s

Higher reliability

12m

Faster TTM
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Realizing the full promise of 5G through 3GPP evolution
5G connectivity fabric builds on existing LTE deployments

DL: 1.5Gbps
UL: 300Mbps 10Gbps

st 5G standards
focusing on mobile
broadband CSP
deployments

2

mobile
broadband

Expected Rel-16

5 G @%@ standards and

terminals in 2022
massive critical

loT & sensors garrgmrzjenication machine machine
R17+ communication R16 communication
eMTC & NB-loT Latency <10ms All “vertical” features “Vertical” features
o bt rterlong battery e Reliability 3-5x 9's incl. “NR-Lite” connectivity Reliability, Latency & Slicing

End-to-end 5G will redefine the human condition and industrial productivity paradigm
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3GPP standardization timeline
Early CSP 5G deployments with Release 15, lloT capabilities starting R16

5G standard releases roadmap

%)

A
R15 5GNSA 5GS

Mobile BB / CSP deployments (S Optimized
R16 15t Critical Machine Communication support ’ ol Sti.andard
covering full

NSA i ¥ R17 Full Critical Machine comm & new loT profil Rt
drop drop < 5@G vision

Full Massive loT

2018 2020 2021 2022 2023

5G

ecosystem A

roadmap ( | < L I €

1st standard based
5G deployments possible

Q (@) O

Today oy p P

Tst mass market st 5G industrial
commercial 5G ‘ features capable UE

end user devices
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Evolution of 5G strategic direction - transforming the business model

»
|

Beyond 3GPP

3GPP

10

A

Network
slicing / ML

Cloud native

>10 Gbit/s
1T ms
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CSP centric

Wide

Indoor

Dedicated |

networks

Capacity & Coverage

99.9%, 10 ms
Mainly Licensed Spectrum

> Ex

Latency & Reliability

>99.9999%, < 0.3 ms

Licensed & Unlicensed
High Performance

Vertical Industries

SA

Digital Value
Platform

=

=

Al-boosted
services and NW
automation

Programmable &

accelerated
universally
adaptive core

Data flow and
streams as design
principles

5G evolution
and beyond

DSP

DSP imperatives

Create service agility

Move beyond
connectivity

Focus on most
promising use case
domains

Platform business
models and
ecosystem play

Reduce time-to-
market with CI/CD

Decouple cost from
growth by automation
& slicing

Drive e2e service
assurance by design-
time

v
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Decoupling cost from growth in operations is critical — early adoption of the

transformation path is key

TCO Initial Virtualized
4 Network
TCO +19%
Classical O virtualization
physical (®Parallel platforms

CSP Network
e — '
. —-—"00
0lV)

O Degree of transformation
O Degree of automation
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w8 Manually Sliced

Ao Network
TCO +30%

OVirtuaIization

(® Parallel platforms
(¥ Manualslicing

R YN

Automated Sliced
Network

¢ TCO -32%
\ OVirtuaIization
*

ONO parallel platforms
Earliest \ (® Automated slicing

strategizing will
make the curve

shorter and . ‘

shallower

Reference: Bell Labs Consulting study
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Nokia end-to-end value proposition

12

One-stop-
shop across
network
and IT

Frictionless evolution

Cross-domain
services and tools

Cloud native cross-
domain

Foundational high
performance HW
platforms

OO

Autonomously
@ optimized coverage
=\ & capacity Long
fibers

Emerging Devices
& Sensors

© 2019 Nokia

Gy

Software-
O O

Massive Scale Converged
Access Edge Cloud Smart Network Fabric Node

& wires

Converged
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Technology research domains for 6@
Enabling augmented worlds

Ubiquitous and pervasive wireless access
to Al and quantum computes

 Tera-bps,
microsecond delay

Microsecond

Enabling augmented hyper-reality with |
- synchronicity & jitter

real-time audio and video overlays

Unbreakable privacy & security with user 100% K-anonymity

controlled data filtering
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THz comms, full duplex, M-MIMO,

Al optimized networking
- —— I

Dynamic Deterministic Networks
as a Service (advanced TSC)

Formal verification security,

multi-layer secure ID

NOKIA
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