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Nokia Networks

Fxpand the human possibilities
of the connected world

Celtic-Plus Proposers Day
7 May, 2015, Oulu, Finland
seppo.yrjola@nokia.com
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Technology disruption transforms business and lives

Estimated 2025 Connected devices Comput,e power of
Enterprise IT spend  [in 2025 45Bn of Amazon’s cloud

which are M2M against 14
competitors

2.3Tn EUR 31Bn

Estimated global Estimated Percentage of
spend in the number of mobile automated Services
Internet of Things devices held per without human
g person by 2025 intervention by
2025

3.8Th EUR o+ >80%
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A change we embrace

@ NOKIA%

NOKIA

Connecting People

Only opening up expands
the business for all players

4

Agility
Openness
Innovation
Expertise
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5G for people and things
Expanding the human possibilities of cellular technology

Massive Broadband

Massive machine

o Critical machine
type communication

type communication

© Nokia Solutions and Networks 2015 NOKIA

Explosion of possibilities announcing new performance levels of people and things

Self driving

my Work & game
Augmented == while traveling §
gaming B\ L\ > Automotive
Augmented Time shift Assisted driving

shopping -
Augmented 5 == Ilfl
{] : qj dashboard 4 . R Maintenance Factory @
Personal

optimization automation  Real-time
Real time Smart 9%

- r t trol
ol glime) | - O (/((.\5& . remote control
work in clou clothes 6.3 f‘_‘:j 3D printing Industry 4.0
[ Mobile living smart > = Tracking/ inventory °
8k Video watch systems

beamer 4k Video People & Things

Communication VReaming =1 r 4
Travel & Toll collection HEIUE Tiaiic Mgmt

D commute Traffic steering &

00 Real time Z & management

(2
cloud access ) B Connected AL
S

) home ;\%}@
Virtual 3D Advanced Smart grids %
presence Health monitoring

Safety & Securit Waste mgmt. | 1+:];
Remote @ Y Y Utlllty & El’]el’gy

Diagnosis HD Cams NW @ Reliable emergency
Real-time Touch & steer communications

remote control
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Your application environment following you anywhere

INTERCONNECTED
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o ) “Enhancing my live”
e2)
o\ “Feel more informed”
61 /°> (UK & US)
o “Feel more intelligent”
413 (UK & US)

NOKIA

Enhancing perception of reality in real-time

AUGMENTED

57T T Obiect
) : jec
g & ﬁ recognition
2 : / . Tl
ﬁo Q Shopping 2 City tours’

) Task-specific
@ assistance
by —

Car dashboard?

Interact with
real-word

Assembly
and material
instructions
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of mobile subscribers use

30% ) AR at least once in a week
already today

969 production accuracy - while
software will let engineers
work 30 percent faster®

25 billion AR apps will be
’ downloaded in 2017

“Wearable cognitive assistance will
be the “killer app” of mobile
computing in the next decade”

NOKIA
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Virtually present at any place while interacting with real world

Travel & commute

Any device

loud i
cloudgaming Wireless VR
gaming
Online -
gaming Gaﬂ\\(\%
Virtual manufacturin
O W e R
@ Trpere”

@j *P

Medical SUpport

VIRTUAL
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Touch & steer q%

Real-time
remote avatar
o/o\‘-‘
/

Real-time
remote robot

)

Y

Advanced === Real-time
monitoring remote diagnosis

TACTILE

ZOQ less medical costs with
remote monitoring

doctors are missing in
the US alone - virtual
capabilities required

90000

NOKIA

Rededicate commuting time for work & entertainment

Widespread
video calls

= /
=5 e &

w— == O

Watching a movie while
sitting in the Arena di
Verona - in VR

Autonomous cars turn into
offices or living rooms

L4k

© Nokia Solutions and Networks 2015

REDEDICATED

Real-time working in
the cloud

Gy

100 commuters streaming ultra high
definition content at the same time

1 8% of tablet users demand
connected car services

2020 UHD devices
will be the norm

UHD

NOKIA
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Transforming urban space: autonomous vehicles

Advances in
automotive Sensors used to

Sensors avoid collisions or

_ drivein "road i lowest latency /
"_ trains Sensors + wireless highest reliability
Advances in corr:jmumcatuons
. Car drivers used to react to
wireless iy hazards
comms. information about
hazards ahead
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AUTONOMOUS

0 Close to zero fatalities;
1 million lives saved’

1 hour PErsonal time gain
Tay due to traffic optimization’

=== Up to 4 times more cars on
== highways possible’
(First studies US)

NOKIA

Transforming urban space: superefficient infrastructure

Power management | SmartGrid

[Waste mansgement —— . ML "I

&)

SUPEREFFICIENT
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10- \ reduced utility bills for

0 bwldmg owners [example
35% Etisalat]

2.8- Benefit-to-Cost Ratio
6.0 ofasmartgrid

water lost due to leakage,
20% ° can be avoided by close
sensor based monitoring

“Reduced size of trash
[0]
73%) crews” (Philadelphia)

NOKIA
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4thindustrial revolution: create an "artificially intelligent" production system

]
Cooperatein ‘11' @ ®
completely new ways IL_"I
L

i . Manufacture a wide variety of
Productionmaterials productsin small quantities
with IC chips ‘ .
Oo
o
Arrange themselves for Integrgte
optimal production efficiency operatlons Remotely steer robots with

integrated surveillance cameras

@ Dialogue between @

e.g. 3D printers

0 Improvement of
50% manufacturing
productivity in 10 years

Zero-inventory production
0 system; Minimized labor
and energy costs

“4th industrial revolution:

Creating an artificially intelligent
production system - drastically
increase industrial competitiveness”

Nikkei Asian Review

REVOLUTIONIZED
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Introducing extreme range of requirements
>10 Gbps Massive Broadband 100 Mbps
peak data rates whenever needed
S
S
0 10 000
10-100 S Hraffi
x more devices N Caeﬁgyg\'\/tn'nfsr x more traffic
/ideo /
iK screens Work in U|tl’a
M2M Srart.city egoud 2 reliability
cameras . S
ultra low cost VR gaming X
Industry 4.0 Q)(\
9
1 O yea rs Remofte %or;tro\ < 1 ms
oTrobo B
on battery ) ) A el N ) radio latency
Massive machine Sensor NW S‘faAutmmouSd,,-“‘,-mg/g(.( Critical machine
type communication e lPIVaIREeISHNz A type communication
(Low power) Wide area Crowd Ultra-dense Outdoor

GB transferred in an instant

Atrillion of devices with different needs
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Mission-critical wireless control and automation

NOKIA
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Networks to become much denser
5G flexibly integrates multiple air interfaces and layers

Spectrum Spectral efficiency # of base stations

Perception of
infinite capacity

Wide area Crowd Ultra-dense Outdoor
- al a® - ® a®Be XYY 3
Atrillion of devices with different needs GB transferred in an instant Mission-critical wireless control and automation
© Nokia Solutions and Networks 2015 NOKIA

5G is to enable above 6 GHz access & optimize below 6 GHz access

Spectrum availability Antenna Interference

Spectrum technologies conditions

+ Low Rank

MIMO/BF

Dynamic TDD - efficient beam
. steering

~1 GHz

carrier bandwidth

More noise
limited
(70-90GHz)

mmWave
Ultra broadband

Several
= Higher Rank
00N MIMO & BF

Strong
interference
handling

cmWave

Enhanced urban
Dynamic TDD

Up to 100 MHz .
< 6GHz P High Rank

Wide area

carrier bandwidth

Full coverage is
essential

MIMO &
beamforming

sawayds a3esn pue 3uleys
‘Buisua2i| wnJ3aads JuaJa4ig

diverse spectrum,
FDD and TDD

Cell size
LOS/NLOS

© Nokia Solutions and Networks 2015 NOKIA
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Frequency-specific air interfaces managed as one system

Spectrum availability

mmWave Convergence layers (CL)

Ultra broadband

PDCP
RLC

cmWave
Enhanced urban “
MAC MA MAC MAC
PHY cmWave mmWave
Enhanced urban @ Ultra broadband

LTE-A Evo. 5 air interfaces

Cell size
LOS/NLOS

NOKIA
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A symbiotic integration of novel and existing access technologies
Nokia 5G system vision

Scalable service experience anytime and everywhere
Wide area and Ultra-Dense deployments Unified solution

Virtual zero latency and GB experience - when and where it matters
For end user For operator

Ubiquitous Tight integration for
connectivity. + efficient operation
high and consistent  with cloud.and SDN

user experience technologies as.
underlying principles

| LTE-M

Smpal!qajv

+ gradual
introduction of 5G

(Low power) Wide area Crowd Ultra-dense Qutdoor

Atrillion of devices with different needs GB transferred in an instant Mission-critical wireless control and automation

NOKIA
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What is needed to make 5G a true global success?
Growth and enabler of societal innovation

Flagship of Cross region Legislation on Business models

DIfEIWAY=alell Collaborative Net Neutrality o
research and Connectivity
pre- .
Coneensus Apps enabling &

More globally
harmonized
spectrum
(for LTE and

5G)

Data
Protection for
information
centric
networks

management

Data brokerage &
analytics

will have to evolve
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NOKIA

Connecting things is a different business

Connection
volumes
2020

ARPC 2015 Data pricing | Connectivity Security

best effort,

Connecting High
QoE mgtm.

Qo] ' bilon @ 3$30/month

High Based on
~359 volume of

often more data

Important

Based on SLAs
Reliability

Low Low

Tens of @ $3/month ~10% or less | value of data Critical

billions

Criticality
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5G as a platform for innovation

Platform which allows
others to innovate and
apply 5G to improve life,
business and society

Useful for every industry,
every vertical, every
human, every machine
and every thing

Finnish 51 Gear 5G test
network project in Oulu
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Nokia active on 5G

COLLABORATION . RESEARCH

c A Holistic systems research,
%G, Miloes @ prototyping & development

Leading Chairing Leading
HetNet  association Wp2 A ((_)J @ JECHNISCHE
P [y DRESDEN

University collaborations

Conference, Journal & ‘QlEEE

Advc Technol
Workshops Adwancing Technology

POLICY

Supporting right technology
related policies

L
Y

Focused customer collaborations

hEEHAE
CHINA MOBLE

dacomo S'?f'?elecom

ngmn_ Requirements RR‘B SGSF\IJrum

* contribution  TT™"
@ rrsaanes

ALIGNMENT The Brooklyn 5G Summit
Bringing together industry, April 8-10 2015
academia & regulators &

REGULATORY & STANDARDS

ITU-R Evolution

o

- find regular updates under www. networks.nokia.com/innovation/5G
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Imagine

© Nokia Solutions and Networks 2015

NOKIA

o ‘

&>

ero road
fatalities?

« Zero fatalities = 1 million lives saved

* Annual economic cost of car crashes in U.S
alone ~ $300 billion

* Autonomous cars could reduce annual CO2
emissions by as much as 300 million tons

13
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Zero loss in water
distribution?

20% water lost due to leakage today
= 71 billion gallons lost everyday

= Daily water usage in California, Texas and Ohio Combined

>
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b

Always find
“home...
‘% never be lost?

”

r

the one...|
never
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