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5G will change the world...

2

100 Mbps

whenever needed

>10 Gbps

peak data rates

10 000

Mobile x more traffic
Broadband
10-100

X more devices

<1 ms
radio latency
M2M Massive Critical
ultra low cost machine machine
communication communication
10 years Ultra
oI 2RI reliability
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...and translate into a network architecture for the 5G era to rewrite the paradigm

& O

History ~ Future

Standardization driven Open Source and industry compliance

Large integrated equipment providers Greater collaboration with IT players

Vertical architecture Cloud Optimized architecture

Value in Services and Devices Value in Network and Application Personalization
Yearly Release Cycle 1 Continuous Integration and Development
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5G autonomous driving - world’s first
Connected mobility will become a reality

Close to zero fatalities;
1 million lives saved

hour Personal time gain
day due to traffic optimization

55 Up to 4 times more cars on
oo existing roads possible

« Autonomous cars, solely
steered by 5G live network

* 1 ms latency and ultra reliability
for fast moving vehicles

Transformation of
) traffic and cities

e 5G architecture for overall car
traffic performance

4 ©Nokia 2016 Public NOKIA



5G Massive Capacity - world record
>30Gbps for the user, new business for operators

ﬁ @ faster than 100Mbit/s
_ A BOOX commercial fiber services
Mobile LTE-A today
............ e
e @ Virtual Reality and UHD video
e e Shared A to the mass market
'..- ‘-..-x'-' '...." —
..:.'::.-.:::.-_::.. ASA
@ ~.. ...... i Licensed ((c))
Anyhccess e mmWave « Combining any kind of access
gateway el . . .
Aggregated . ~ Unlicensed (o))  For fixed, mobile, human and
capacity WiFi machine type devices
Fixed * For all traffic types
apcoooooE®lID
G.Fast CPE G Fast ISAM
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Massive Connectivity - world record
Over 1 million devices connected to a single cell site

6

Novel 5G multi-
service waveform

Application
specific
flexible routing

Connectionless
messaging

Simplified signaling
protocols
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’I 5 O more devices than a 3 sector,
X 2 carrier LTE cell site
@ ﬂT Superefficient connected cities
4 il become real
i

e Connect billions of devices

» Support diverse applications in
most efficient manner

* E2e QoE session control
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Nokia’s Architecture vision for the 5G era
Cognitive and cloud optimized network architecture (“CONE”)

Cognitive networks and

shared data, extreme
automation External data @
SOUrces,

Applications C)

Applications

Automotive
platform

Content
distribution
platform

Enterprise
platform Industry
automation

platfarm

Security embedded across
all domains

loT applications platform

Platforms &

Service-enabling i
Middleware

Capabilities

Distributed telco cloud and O B8

mobile edge; telco and IT

i Virtualized r
domain data center Notworrpiooe oo B wen an cPe con
convergence .
SW-defined

Em

Programmable transport
Regional, Metro & Core network

Infrastructure

Software Defined Edge Gloud

Networking and

EPC BIE} Core

Central Cloud

MNetwork, Service,
Security & Appl
Orchestration

Single-Pane
Management

Commor
Data Layer

Network,

Virtualization S Optical B Packet Service &
Security
Converged Analytics &
Heterogeneous backhaul Pearee Optimization
Mobile Fixed Enterprise
Multiple radio technologies B2 [ M= O =
(licensed and unlicensed; full 26..5GMacras, AAS, DAS, , Pico, LPWA. . DSL WiFi Docsis  PON FTTX Optical LAN SmallCell

frequency range; ultra-dense;

virtual zero latency)
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5G Mobile access

Multiple radio technologies collaborating as one system *

Q e ®
»
»

[
»

throughput

radio access

edge cloud

cloud closer to user
personalize service
experience

Multiple technologies
licensed and unlicensed
full frequency range
ultra-dense

virtual zero latency
automated

augmented reality
cloud-based radio
access

Gl Security
ance M

External data ] Applications
sources, fj C
Applications

wtomotive | Enterprise
tform platform

oT applications platform

@]

Service-enabling
Capabilities n s

Virtualized

Network Functions () A (B3] o EPC E Care

SW-defined
Infrastructure m ~
Edge Cloud Programmmable transport Central Cloud
Regional, Metro & Core network
I EN .
k ) Bl Ortical B Packet

Converged
Access

Fixed Enterprise

(t=))|

DSL WiFi Docsis  PON FTTX Optical LAN SmallCell

faster service delivery

Leverage frequencies also >6Ghz ﬁ
Support for all use cases

Local anchoring, low latency switching

Multi-connectivity intra-5G, inter-RAT

Enhanced mobility framework.# —
e2e Network slicing including RAN
aspects

Support for evolved LTE with new
architecture 5G “phase 2”
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Unlocking new spectrum assets | Foundation for 5G
Leveraging all bands , ranging from ~400MHz - 100GHz

400 MHz 3 GHz 6 GHz 30 GHz 90 GHz
mmWave

higher capacity and massive throughput >

< continuous coverage, high mobility and reliability:

Different characteristics, licensing, sharing and usage schemes

Carrier BW — n* 20MHz n* 100 MHz 1-2GHz
Duplexing FDD TDD
00
Cell size . Macro :.:Small ::s’ Ultra small
Coverage ¢ » Capacity
A L 3= S "M Y D = 0 @, $ b @
AA (00« >10Gbps 100 Mbps <1'ms 10-100 x dtralow 10 years
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Leading

METIS I &I
spectrum work
package

Leading modeling

know-how
Channel measurements
from 3-73GHz

World’s 1st trials

on shared spectrum
access

NOKIA



Generation interlock
LTE coverage and capacity boosted with 5G

Economically
feasible capacity

10,000x for 10,000x
small traffic

Grow with traffic
demand while

Network evolution study Manhattan

Inter Site Distances (m)
Traffic increase: [Elele]0)% 3000x
WA/small Small

mmWave

building on
existing
investments

Capacity> 6GHz

235/117 | 235/117 | 235/117
Extensive
deployment

studies in NYC,
Tokyo and Chicago

< 6GHz

5G WA Leverage LTE deployments for coverage and capacity
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From pre-standard products and trials to fully standardized 5G solution

5G ready BB to the home 5G extreme mobile BB Interoperable 5G
(pre-standard) (pre-standard) (3GPP compliant)

& () G0 v = &

Extreme broadband 5G Ready Novel mobile experience =8k Internet for people
to every home Product for communities Trial and things

Pervasive 5G connectivity
* 2020 Games, EuroCup
* Full band support for extreme

Mobile wireless access

: . * 2018 Winter Games throughput & wide area coverage
Fixed wireless access * Full mobility » Unlicensed bands
* 1Gbps to the home * 10Gbps peak  Dual connectivity with LTE
* 5Gbps peak commercial * Ims radio latency + 10Gbps peak commercial

* Various bands supported
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Software defined networking for 5G era

SON for
MBH

FN
Apps

Global
VPN

Other global
apps

: : ; ce-enabling
Transport | e - : imization| foca] Sewvice |Other & .3 : i pabilities
control apps. chaining apps .

. A £ -
T “

SDN control

Service & Resource Orchestration | Y

Enterprise
platfarm

Open
APIs

pplications platf

Programmable transpol

Regional, Metro & Core network

Optical o Packet

Security

Central Cloud

Telco cloud with

fixed & mobile services

sbile Fixed
Enterprise cloud

use cases

SON for MBH; fixed networks apps; global VPN
Service and resource orchestration

Transport control
Dynamic optimization
Service chaining
Cloud stacks
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Optical AN SmallCell
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Distributed cloud and datacenter infrastructure
5G ready cloud technologies leverage data center resources

External data e Applications E2EQ Sl Security
management, s cert | auton . a
orchestration Applcatons (&)
laaS API
Service-e_r!a_blmg u
B B B Capabilities
Virtualization (NFV) c VM .
= ommon Virtualized ()l = = =
Data center physical resources Lo oo = =
(Cloud Stacks, SDN SW-defined =
~ C t |) Infrastructure Edge Cloud e ———
einre Regional, Metro & Core natwork
Bl Orical  BJd Packet
Access ‘
Mobile Fixed Enterprise
NEDEEE @
M Pica, LPY y PON FTTX Optical LAN SmaliCell

telco over cloud laaS
evolution

e telco and IT domain network functions on

data center same abstracted
convergence resources for computing,

» fixed mobile storage, network

convergence
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Virtualized network functions

VNF transformation into cloud-optimized layered architecture

Subscriber data Context state

Policy
Data

HSS

Session
States

5G control plane functions

Mobility Session Service
Management Management Control
5G
RAN

5G user plane functions

Policy Network
Connecuvny

“State-less”
transaction
processing

High-speed
packet
processing

C/U plane decomp

. Logical and physical
separation,
independent

scalability

flexibility: distributed
and/or centralized
user plane;
programmable
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Enabling seamless
elasticity and failure
recovery based on pool
redundancy
independent scaling of
number of sessions

Stateless C Plane

i i)
Applications Security
Applications o) e ‘l"‘
Service-enabling
Capabilities n
Virtualized ) = v
Network Functions
Infrastructure Programmabie transport Conta Clou
Regional, Metro & Core network |
/ i Cptical B Packet
Converged
Access
Mobile Fixed Enterprise
RDDEmm )
’G._5GMacras, AAS, D) F LPW. [ FTT Optical LAN SmallCell

consolidated
session data

Enables sharing and
synchronization of state
between control plane
functions, removing
redundant local
information

NOKIA



Cognitive Domain: SEC*, Shared Data and APIs

Full QoE awareness
of applica ions

Immediate action
before problems arise

shared data

. big data analytics for
cross-layer
orchestration and

real-time actuation
self-aware, cognitive
networks

extensive automation
predictive learning
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Immediate QoE degradation ==

Applications

Security

120}
. . 4"\[;.‘Ir:5|.:ma L
prediction
N RDD’[CEIUSG Service-enabling
anall\"’SiS Capabilities
Virtualized "
Netwérl:l:l.:il?:iinns
SW-defined

Infrastructure

Programmable transport

Regional, Metro & Core network

Bl Packet

Decision rﬂaking Rocess” Wobile

powered by self-learning =
M F LPY

enabling new service
verticals to access
network data and
optimize connectivity.
flexible service control,

integration and
optimization across
different service

verticals

Open API

*service enabling capabilities

Fixed

Enterprise

PON  FTTX Optical AN SmallCell

PaaS

Developer support
Enterprise and loT

APl incl. exposure to
VNF; various mashups;
runtime; messaging;
streaming; shared data;
ML**; reporting, visual

NOKIA

**machine learning



Application Layer

ternal dats g “ “
Travel & commute Touch & steer Eremaidata Applications
Applications ) y i :
/ tilT‘Et
remofe avatar
A vice Service-enabling &
cous gaming - By Capabilities [+ e
Wireless e
- gaming o Virtualized
gca:rllr‘lirl:‘eg - - RBal-time Network Functions (‘P)
H = te robot :
= — SW-defined
Infrastructure -2, . N m
| dge Clou rogrammable transport
W —% R The s TR ter
e =|‘¢E Optica :’uE Packet
Bl
Converged
A
coess Mobile Fixed Enterprise
e ') =)
ical SUIDDOF't Advanced TT———— pedl time M Pico, LP¥ v PON  FTT Optical LAN SmaliCell
manitering remct@ diagnosis

SaaS

CID*; self-service, CRM,
billing, analytics,

personalized and

service aware
* knowledge of real-time
radio

machine learning,
support of business
model B2B2x, open APIs
Enterprise and loT: e.g.,
Health; Industry4.0

information and

location awareness

» with SEC for zone-
specific services in high
density locations
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CONE Roadmap translation -- cloud and legacy co-existence
How to cost efficiently evolve the network?

Cloud optimized VNF architecture

Multi-tier architecture Reduced risk and

for resiliency, elasticity return of investment
and cloud infrastructure improvement by up
agnosticism. to 30%.

Database

Business
logic

Juswadeuey

Cloud
optimized TCO

Load balancing

migration

Sequential
paziwndo pno|)

V‘rtual’network functions

BEHMEE
Common infrastructure
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E2e management and orchestration

. TR
data Applications

— — Service-enablin
2 Capabilities - u
Applications

Virtualized
Platforms Network Functions W

SW-defined — m

Infrastructure Infrastructure :“—m e oo
--\\. Regional, Metro & Core network
/) Optica 5’? Packet

w
i
-
(L]
o
=

el

a
=
i

[

m

o
=

a
=

[

a

=

c

(=]
L=

[ HDvideo slice

.

>

Converged
A
C t . "_tﬂl" ceess WMobile Fixed Enterprise
ognitive rammable =ff - |
M: F LPY

Dynamic network level g g fined
control & orchestration d i

PON FTT Optical AN SmallCell

network slicing

Optimized service

delivery for
heterogeneous use
cases

multi-tenant capability
B2B2x business mode
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Security

rastructure &
Central Cloud

External data e Applications
sources, ontent tomative || Enterprise
Applications (ﬁ) di ";:L‘T “ttarm platform
; lications platf
&b () e~ @ @
Virtualized )
btwork Functions
Security Security Security Access Vuinerability Policy defined SN |

Edge Cloud Soort

ional, Core network

L e L "
spicel [ Packor

Monitoring Reporting N Configuration 8 Management § Management § Management

Mobile Fixed Enterprise

iofoR=]-] - -]
Macros, AAS, DAS, , Pico, LPWA D A wsis  PON FTTX Optical AN SmallCell

cognitive

+ predictive security
through efficient
correlation, ML engines
and analytics

Integrated dashboard
for all security related
events in the
converged network
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Evolution to a Cognitive and Cloud optimized Architecture for the 5G era
Key benefits

New use cases and new
markets
B2b2x

Dynamic experience Continuous integration
management and development

New Business

Ecosystem
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