


8 key drivers for introducing 5G

Market and/or
technology
leadership

Brand boosting

’ Rise in value

‘ chain
> from connectivity to
added value solutions
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Capacity vs.
demand

LTE congestion
Traffic growth

New use cases

AR/VR with 4K/8K video
and event experience

National or
government
ambition

Fixed Wireless Access
(FWA) over 5G

to avoid deploying fiber
to the home

Global standards
and new
spectrum

Lower TCO of
transferring 1 GB
over the air

compared with
4G/LTE
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5G market traction - the market is accelerating

Nokia is leading 5G innovation with over 60 current agreements

North America -
deploying

Commercial deployments
Q42018

28 & 39Ghz main bands
600Mhz one operator

FCC put 3.7-4.2Ghz on
agenda

Europe - trialling MEA - early trials

Cable operators in trials 5G spectrum auctions

since mid 2017 WSy o tors

making vendor

Latin America - speedingup ———@ Focus on 3.5GHz band selections this year
FWA First launches in late Targeting initial 5G
i . ) 2018 - led by Sweden, deployments for 2H

Trials movmgfast to commercial Finland and Italy 18 and early 2019
selections in 2019

Several 5G activities -

m;fgér;'rta'y' Hamburg Expo 2020 and FIFA

2022
5GPPP - Horizon 2020

Saudi Vision 2030

Nokia engaged to
develop 5G pilots
towards commercial
5G launches

FIFA 2018
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Korea - deploying in 2018

5G spectrum licencing mid 2018
5G RFPs - Vendor selection in 2018

Commercialization - late 2018

China - huge scale
trials

Government is
pushing 5G readiness

NDRC Large scale
trials

Accelerated CSP field
trials to target
2H2019 commercial
readiness

Japan - deploying
in 2018

Testsin 2018

Wide-scale field trial
2019

5G loT trials
CSP refocus to verticals

5G Commercial launch
in 2020 with Tokyo
Summer Olympics

NOKIA



5G use cases materializing and evolving

5G smart sea port 5G showcase events 5G industrial automation

Traffic lights management, data KT 5G trial before and during the winter Coupling advanced interactive robots
processing from mobile sensors olympic games in PyeongChang 2018: 5G- with wireless perimeter intrusion
and virtual reality driven visual demos such as 360° virtual detection
reality and 3D live performance k
’ kt —
QP
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Global snapshot of 5G spectrum

Around the world, there’s a pattern of band allocation

<

- - Afla
* - A L4

Lt

<1GHz

600MHz (2x35MHz)
<+—>

600MHz (2x35MHz)
<+—>

700MHz
<=
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2.5GHz (LTE B41)
<+ >

3GHz

4GHz

" N
3.5GHz (150MHz)
>

3.5GHz (150MHz)
>

3.4-3.8GHz
+—>

3.4-3.8GHz
+—>

3.4-3.7GHz
<+—>

3.46 -3.8GHz
<+—>

3.6-3.8GHz
<+
3.3-3.6GHz
<+“—>
3.4-3.7GHz
<+

3.6-4.2GHz
“—>

3.4-3.7GHz

<+——>
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5GHz

4.8 -5GHz

4.4-4.9GHz
+—>

5.9-7.1GHz
+—>

5.9-7.1GHz
+—>

5.9-6.4GHz
+—>

24-28GHz

27.5-28.35GHz
+“—>

27.5-28.35GHz

f

24.5-27.5GHz
<+—>

26GHz, 28GHz
+-»

26GHz, 28GHz

24.5-27.5GHz
<+—>
26.5-29.5GHz
<+—>
27.5-29.5GHz

<+“—>
28GHz

“-»

New 5G band

<4+—» Licensed
< Unlicensed/shared

<—» Existing band

37-40GHz

37-37.6GHz
37.6-40GHz
4“4

37-37.6GHz
37.6-40GHz
4+

37.5-42.5GHz
<+—>

39GHz
<+ -»

64-71GHz
64-71GHz
+—>

64-71GHz
+—>
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5G Deployment - start on one band and evolve to combination of bands

Starting 5G on 3.5 GHz (on existing urban/metro base station grid)

In combination with LTE on lower-band (e.g. LTE-1800 / LTE-700)

— then expanding 5G into other bands for capacity and coverage

({2)

* Extreme local capacity on 26/39 GHz
* 5G 3.5 GHz massive MIMO
matching 2G/3G/4G coverage

Extreme data « Full coverage with 600/700 MHz
5G 26/39 GHz D [PUSSMSUSEN 10-20 Gbps

5G 3500

6

mMIMO
LTE1800

LTE700
5G 600/700

© 2018 Nokia

10x capacity on
LTE grid with 1- 2 Gbps

loT and critical

communication 100-200 Mbps

<_ >
<_> massive MIMO
s

<

with full coverage

Confidential

incl. Deep indoor
NOKIA



Example for expected 5G Spectrum Usage in a major European City

= 700 MHz 700 MHz layer
= 3500 MHz P - Wide coverage with indoor penetration
~ oo g - Massive loT and ultra reliable low latency
- = 26 GHz SR - Reusing existing sites for 800/900 MHz
ormm 3 i
i I\ 3.5 GHz layer
VSV R T o B - Dense urban coverage
RS, 7 & - Supports enhanced mobile broadband
: - Tm g el - Reusing existing sites for 1800/2100/2600 MHz
) 0; ““"’ " MAX(@ETADT Fekdiorchen ‘::f;l'u
Sermerin 9 ~ 2 Munich rm el 26 GHZ |ayer
S i Hot spots like shopping malls, airports and stadiums
o 5 Supports full enhanced mobile broadband
e i et T Data rate 10 Gbps
0 R eS| orchen:Siegertabrunn COWPEBmMEN T"’ .
ek R European 5G-pioneer bands : 700, 3500, 26 GHz
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Nokia's E2E 5G capability is based on Future X architecture

<>

\/ Web, Enterprise

e Digital Value e Dynamic
Platforms IIX & Vertical apps Data Security
@ » New trust framework

+ Ecosystem sharing

e éugmgnteg @ @ * Mass edge monitoring
ognition Systems Analytics Machine
learning
I‘ganﬁgement&
rchestration
e Programmable C’O‘D SDN NFV
Network OS Dynamic customer Dynamic network Multi-operator
services optimization federation
. Q) =
° Universal Q) O IEII@II@I Ej

Adaptive Core

Access agnostic Modular, decomposed Common
converged core network functions data layer

Short
waves
& wires

Autonomously
@ optimized coverage '\
/\ /_/A & capacity ) .-

Long
fibers

Software-
defined

. . . Converged
Emerging Devices Massive Scale 0 Converged Smart Network Node

& Sensors Access Edge Cloud Fabric
9 © 2018 Nokia Confidential NOKIA



Nokia 5G Future X architecture - end-to-end portfolio - open, Al enabled

breaks limits 1 scales and adapts to you nurtures and optimizes itself green and sustainable

T

r

|_|rr :/
D — \Qﬁ 1me 9 _ﬂrﬁ_ﬂiv—"“’ﬁ

T
e e

Automation 5G acceleration
Wavence + Digital services

IP Routing - Experience Business strategy

powered by FP4 + Digital Prototyping - 5G
processors Operations Labs

Massive scale
access » AirGile cloud-native

5G NR core
5G18 release Shared data layer

AirScale 5G registers
Small cells Cloud packet core

Fiber Edge Cloud incl
DSL MEC

Cable Cloud
Wireless PON infrastructure

Optical Networking § + Digital Design
NG-PON, Lightspan Intelligence Build
System Integration
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Network Architecture Evolution Towards 5G

Today
BTS Core R
. » Current radio is distributed
O * Current core is centralized
Large number Very few
Target
Radio Edge cloud Core » Radio more centralized for
BTS Core L
process'”'g pro' cessing faster scalability
@ l @ « Core more distributed for
low latency
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5G Architecture Options in Release 15

Non-standalone (NSA) Standalone SA

Option 3x | LTE+5G under EPC Option 2 | SA 5G under 5GC
EPC 5G core

New high data rate 5G radio * 5G end-to-end for new services
Existing LTE packet core (EPC) * Lower latency without LTE leg
3GPP specs September 2018 » 3GPP specs December 2018
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5G Radio Architecture Options
100 MHz, 3-sector, 64TX/RX Massive MIMO, 16 Layers

Edge cloud

Radio site

15

CPRI

Baseband hotel

Layer 3
Layer 2

Layer 1 high

Layer 1 low

1 Tbps
<0.1 ms

RF

Challenging

eCPRI

Low layer split

Layer 3

Layer 2

Layer 1 high

100 Gbps
<1l ms

Layer 1 low

a

High layer
split

Layer 3
Layer 2 high

10 Gbps
5ms

Layer 2 low

Layer 1

iI
-

Classical
distributed

10 Gbps
>5 ms

Layer 3

Layer 2 high
Layer 2 low

Layer 1
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Distributed Cloud for new latency critical and uses case specific 5G Services

MEC < (@)
; & atenc
Multi-access @ applicazéion N
Edge Computing h < oF Access to network services and data -
7
Content caching Treating critical
application content locally
Cloud-RAN @ p | N
' X X Y C X )
'Y X o8p ofo op o930
o&p oo
Shared baseband Compute power
processing at the edge

Vv

5G network m
slicing W

Right level of resources
and prioritization

Aggregated edge
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Network and Service Automation is essential for a sustainable business case

E2E Network Slice automation

For automated customer

For policy driven automated . For faster time to market
Self-management —

network operation and service onboarding

Manual
0
TCO +30% Network Slices

A s

NFV & SDN v
Traditionsl +19% ©) 4 Fully automated network slicing

CSP Network (Single- & Zero-touch)

Service Orchestrator

Physical Network

— > -32%
17 ©2018 Nokia Service Diversity NOKIA



Industry 4.0 in Nokia Factory Oulu

Nokia and Telia conduct Industry 4.0 trial
in Finland leveraging low-latency and
high-bandwidth of 5G technology

e,
Deliberate error in"thesassembly processt
-

. I!DKIA

- .=
P .
-

Real time qualiicorerol -
with videgQganahtics

Nokia and Telia leverage 5G per'forfﬁa/hce fofTndustry 40%HeR

. Video! https://www.youtube.com/watch?v=E02Bqgblce7E& NOKIA


https://www.youtube.com/watch?v=E02Bqblce7E&

Benchmarking of 5G and WiFi in Industry Environment

Industry 4.0 use cases

800

700 * 5G gives 1.4 — 3.3x

600 higher efficiency than
< 500 WiFi 802.11ax for

e - Industry 4.0 use cases
8 * 5G benefit is largest
o 300
= 24 compared to 802.11ax
when the delay
3.3X .
requirement gets tough

(10 ms or less)

Surveillance Condition Augmented reality =~ Automation
camera (200 ms) monitoring (10 ms) (4 ms) control (1 ms)

m5G ®Wi-Fi(802.11ax)

Assumptions:80 MHz, 4x4 SU-MIMO, 2 streams, 1024QAM in
9 Wi-Fi, 256QAM in 5G NOKIA



We create the techno




