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Possibilities

Making 86 a reality




5G is all about enabling revolutionary use cases

Events and QEDEDICATED

tourism

Homes and
buildings



Use case evolution - 5G business starts now

Business LTE Advanced

driver
Automotive Wi LTE Advanced Pro

+ 1.2 million lost lives - 90% of Assisted driving

crashes by human error * Vehicle hazard warnings Automated driving

* Time & energy waste by traffig * HD location updates and situational « Cooperative advanced cruise control
* Industry to re-define mobility awareness for intelligent vehicles « Vehicle Platooning

» Automated traffic and parking steering « Smart intersection control

* Dynamic environment zones

o
gl sEciEdies - e el Predictive health surveillance
remote medical support

+ 2030 52 million deaths by » Remote diagnostic surveillanceand  risk Remote treatment
communicable diseases EISSEsEImEt * Robot assisted examination and

* Early disease forecasting tele-consultation in 4D and 5D
Events and tourism 1AW * Remote surgeries
* Tourism is 9.8% of world GDP Augmented location experience

with growing competition L .
growing P » Location finder Freely selectable 3D views
* Event visitors expect better

connectivity and apps : Multicast « Freepoint viewing
* Video replay on-demand * Player perspective
» Augmented reality * Virtual reality
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Use case evolution - 5G business starts now

gqsiness LTE Advanced
et . LTE Advanced Pro

Industry 4.0 %
+ 50% higher productivity Cognitive maintenance
» Mass individualization » Sensor connectivity for monitoring and
+ Defragmentation of predictive maintenance

communication systems * Augmented (AR-supported) maintenance
* VR supported plant planning

Artificially intelligent production

Common communication platform for all
manufacturing use cases

Wireless zero latency robot collaboration
Autonomous vehicles in warehouses

Homes and buildings £
+ Cost efficient multi Gbps Building management

aeeess dep‘owem Lo *  Energy management Super-efficient home
+ Efficiency and security gains, - Home security = UHD media to every home

a multi BE market ) I
* Home maintenance: notification of « Home automation
leaks, smoke or high water levels

Mega cities HFL

* Public safety, efficient ty and supply
energy supply and traffic ty
management for dense . il N
urbanﬁpopu\at\'on . o . + Intelligent traffic infrastructure

rol for publ Super efficient mega cities

s all means of tran N
» Surveillance drones

e Tourism AR/VR
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Revolutionary use cases demand widest system capabilities

100 Mbps
whenever needed
>10 Gbps

peak data rates

10 000
Extreme x more traffic
Mobile
1,000,000 Broadband

devices per km? <1ms

radio latency

\0
Ultra low cost : -
for massive Massive Critical Ultra
machine coms. machine machine reliability

communication communication <10 E2E outage

Zero
10 years mobility
on battery interruption

Public
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Versatile

Making’ a reality




Versatile radio—- Scalability, performance and efficiency

Unlocking
spectrum
assets
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Extreme

Mobile

Broadband

Massive
machine
communication

Critical
machine
communication

Dynamic resource usage

Configurability
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Main 5G Radio Technology Components

Allkind of MO S e Flexible frame
spectrum and i y design, dynamic
bandwidth beamforming and 18N, dy
beamsteering , optimization, large
' bandwidth
|
(TR ] | ’Ewﬁ
e
Multi- Cloud RAN for
N connectivity and massive scalability
s aggregation & openness
i 0 O
~ -
@ —— @

9  ©Nokia 2016

Public

NOKIA



Beamforming Gain Potential with MU-MIMO

300 3GPP UM, FTP Traffic (Offered Load = 20M) _ . There iS a major difference in MU-
B 16 TXRUS, 2 VS, 8TX CBOOK (R12 Baseling) M|MO gains W|th ideal feedback
I 16 TXRUs, FD-MIMO, EP CEOOK (12 bits)
-'-}2TKRL=. FO-MIMO, Kpmoox[lzhmj and Wlth LTE COdebOOk.
I:Ifm e
-32TxRLs FD. : | e The ideal results are +100..+140%
I 4 TXRUS, FD-) : . . .
' ' higher. Room for improvement in
5G.

Mean UE Throughput (Mbps)
u ¥ =

LTE codebook |deal
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Flexible Design : 5G Lean Carrier

Zero users — zero power consumption

Minimized intercell interference improves
capacity

Dedicated user specific reference
signals for massive MIMO

|
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5G True Always-On

LTE
4 RRC signalling RRC
idle connected

oG

Minimized signalling
RRC PRI RRC connected RRC
idle inactive connected

RRC = Radio Resource Control

* Maintain RRC connection

* Minimize signalling and
power consumption

. NOKIA



Multi-Access Edge Computing (MEC) in 5G

Distributed computing for intense, local tasks

Real-time delivery of live and on-demand
content

Apps with unmatched interactivity

loT analytics at the point of capture

Robust low latency for critical communication

NOKIA



All Spectrum needed to adress traffic explosion

il

Economically
feasible capacity
for 10,000x
traffic

Network evolution study Manhattan

Inter Site Distances (m)
Traffic increase:
1000x 3000x 10,000x
WA/SC WA/SC SC

Grow with traffic
demand while

building on
existing
investments

Capacity> 6GHz

235/117 235/117 235/117 .
Extensive

deployment

studies in NYC,
Tokyo and Chicago

Leverage LTE deployments for coverage and capacity
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System of
systems

Making’ a reality




System of systems - capabilities for 5G

Gy

Extrgrlne
Mobile . .
Broadband Dynamic experience
management
Network
Slicing . .
Service-determined

Massive Critical connectivity
machine machine
communication communication

Mobility on demand Critical latency control

NOKIA
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Future-X : The architecture vision for the 5G era

DYNAMIC DIGITAL
SECURITY

External .
data sources . Integrated Machine Ecosystem

analytlcs Iearnlng sharing

. Scale Security
AUGMENTED rf‘j.ca%r.ﬁtyy
Network COGNITION SYSTEMS Operations

. S User experlence Trust
framework

User
applications PROGRAMMABLE

NETWORK OS Dynamic network Dynamic customer Multi-operator
optimization services federation

Accessing anything @ PAN
Umderstabnding an?thmg gg%,gﬁaélao% A"l &b Mass edge
Controlling anything monitoring

Short waves

@E = L:é &wireis. . m
~ ° L]
5 People&
&’F eecee eccoe
§_Things T E
Sl Massive CONVERGED Massive A
scale access EDGECLOUD scale access
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E2E Network slicing

Enable tailored Network as Service for diverse use cases and Verticals

Use case-specific slices

Cloud scalability
and efficiency

Autonomous
driving

Flexibility to meet

diverse requirement Self service

Automotive -

Low cost Not price critical

Short range Wide range R +
Best effort HighQoS Health ..
Low datarates Highestdata rates Q ................................................ -.
Static Mobie O,
Battery life critical Power not critical Util |ty
Health High Latency Low Latency
SmartMeter T 1
Connectivity, performance and security
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5G New Core : A cloud-native architecture

9 % Cloud-native architecture

Configurability

Scalability

Separation of control Multi-access Deployment flexibility Cloud data store suchss State-efficient VNF

and user (data) plane ) Shared Data Layer processing

+ Shared @

(é « Licensedi=; Shared Data Layer G : ' ;
Control plane Q - Unlcensed i -{‘ e £
.. Fied m——— Stateless control i i — -

User plane @ - e el plane VNFs ooog || =
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Shared Data Layer (SDL) concept

A key component of data-center optimized 5G architecture

Analytics
4 Open Export API

Stateless
Control Plane

Data Export API's

Stateles Reduces

VOLTE data loT data

Control Plane Complexity

SDL built-in scalability
for supporting Billions
of loT devices.

Subscriber Session Operational
Data Data Data

Standard Protocol API (e.g. LDAP, CQL)

Stateless é é é é é é é Multi-vendor API
Telco VNFs

AAA  3tParty TAS  CSCF 31Party

Slicing Support Scalebility

NOKIA
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5G Industry Roadmap

5G Trial 3GPP 5G Phase 1 3GPP 5G Phase 2 3GPP 5G Rel 17

Mobile Broadband

Specifications
Future-X-like new core

Massive loT

Critical loT >40 GHz
™% 3|
ey

5G standards roadmab

2016 2018 2020

5G industry roadmap

o gl o | . %)

US 28, 39 GHz Korea 28 GHz *3 Japan Korea = <6GHz
45GHz  35GHz
EU/CN 3.5 GHz US/EU
600/700MHz

5G Spectrum
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Potential 5G Bands in (Early) 5G Deployments

600 MHz LTE/5G North America I
Full coverage with <1 GHz
700 MHz LTE/5G APAC, EMEA, LatAm 9

3.3-3.4GHz LTE/5G APAC, Africa, LatAm
3.4-3.6 LTE/5G Global

B ot LTE/5G Us Dense urban high data rates at 3.5 —
4.5 GHz

3.6-3.8 (€] Europe
4.5

Japan  China

28 US,Korea  Japan
39 us Hotspot 10 Gbps at 28/39 GHz
24.25-27.5 WRC-19 band, Europe
31.8-33.4 WRC-19 band (Fra, UK) Future mmwave options
~40,~50,~70 WRC-19 bands
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Driving the global 5G end-to-end ecosystem

3GPP 5G contributions, Jan-Aug 2016

500

450

400

) e EMEE 350

Engagements with 30+ world o 300
technology leading customer mn_ 250
200

150

mSAT mSA2 - SA3 l%AN‘I m RAN2 m RAN3 = RAN4
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http://www.google.co.jp/url?url=http://www.5gforum.org/eng/main/&rct=j&frm=1&q=&esrc=s&sa=U&ei=Wj_UVK6tJ8vxUKrPgLAB&ved=0CBgQ9QEwAQ&sig2=QHEKaaMvweMBudChl2dZjA&usg=AFQjCNHcS7Z32FBz5kHs8-0WJnJLZg5cPg
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5G Automotive Association

(o)
E= \( )/
Automotive Industry Telecommunications
Vehicle Platform, Connectivity and
Hardware and Software Networking Systems,
Solutions Devices and Technologies

Automotive and Telecom Industries to Develop and Accelerate Availability

of Communications Solutions for Connected Mobility, Road Safety,
Autonomous Driving and Intelligent Transportation

5GAA Launched on 27 September, 2016 in Munich

NOKIA



5GAA Members

Global association open to companies and organizations
engaged in the automotive and ICT industries and the

broader eco-system and value chain for vehicle and road
transportation systems

Founding Members
NOKIA E'};"(‘)“{,p =@W= ko
Audi —

V2 paiMLER (intel)” Quaoww
AU e Emcsson
‘ J . .]l]-:'..l'.}l"'n' ‘»
vodagf:)ne lelekom SK telecom N————

Several LOI received. >55 companies expressed interest in 5GAA
NOKIA






5G key technology component enable new revenue

8 o £ O

Netwo rk@

@ ted  Realti 8k vid 4k Vid Virtual Ad d “_ Hale]
A Oﬂgle“ncee Wofl?inlg?oeud bea‘mg? e pre;rs::ce moﬁaipcffmg n+ = content + tarlﬁ:lng/
XXL broadband UHD video Virtual reality packaging
Performance Connectivity *
01010 _ ® ?v& l ﬂ
01010110101 r == <= dlE SN ;—‘@ T
1010101010110 Augmented  Augmented Self driving T. mgmt. Logistics Factory Waste Smart grids

gaming dashboard automation mgmt.

110010101001011
10100110 Augmented

1010101 reality
Data Information brokering

Traffic systems Advanced logistics & ~ Massive metering

production

)
B ||| Tt ||| ™| @ -
Safety & Mobile Utility & Traffic Automotive Health Communi- Logistics
Security living Energy Mgmt. cation

Tailored vertical XaaS solutions

Network as a Service
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Making 5G a reality

Extreme
Mobile
Broadband

Massive Critical
machine machine
communication communication

Public
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