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<* ITU-R vision on IMT-2020 and beyond
mm® 5G PPP in Horizon 2020 of the European Union

* Support of vertical sectors
* Overall 5G architecture

* Time plan
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Usage scenarios for IMT for 2020
and beyond (ITU-R)

Enhanced mobile broadband

Gigabytes in a second —|_.

o Work and play m the cloud
Smart home/building
Augmented reality
Industry automation
. ——  Mission critical application

Ll

I

N

(I

3D wvideo, UHD screens

--------

ommunication networks

5G Infrastructure PPP
The European path towards global next generation

Voice
Smarteity —— Self driving car
O (I Future IMT
i Massive machine type Ultra-reliable and low latency
it communications communications
Source: ITU-R: IMT Vision — Framework and overall objectives of the future development of IMT for 2020 and beyond. Recommendation ITU-R
E M.2083-0 (09/2015), https://www.itu.int/dms pubrec/itu-r/rec/m/R-REC-M.2083-0-201509-I!!PDF-E.pdf.
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3 Enhancement of key capabilities from 5,
PPP
IMT-Advanced to IMT-2020 (ITU-R)
MEHEI]I].]P User experienced
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Source: ITU-R: IMT Vision — Framework and overall objectives of the future development of IMT for 2020 and beyond. Recommendation ITU-R
E M.2083-0 (09/2015), https://www.itu.int/dms pubrec/itu-r/rec/m/R-REC-M.2083-0-201509-I!!PDF-E.pdf.
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3 Importance of key capabilities in
different usage scenarios (ITU-R)

Peak Wi oh im ortanc,, User experienced
data rate data rate

4 Enhanced mobile
broadband

O

[T rrp—
[rprrp——

Spectrum

Area traffic efficiency

capacity

Network
s energy efficiency

Mobility

ommunication networks

C

Ultra-reliable
and low latency
communications

Massive machine
,E type communications
it

5G Infrastructure PPP
The European path towards global next generation

Connection density Latency
“T:?::I M.2083-04
Source: ITU-R: IMT Vision — Framework and overall objectives of the future development of IMT for 2020 and beyond. Recommendation ITU-R
M.2083-0 (09/2015), https://www.itu.int/dms pubrec/itu-r/rec/m/R-REC-M.2083-0-201509-I!!PDF-E.pdf.
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3 5G PPP in Horizon 2020 of the EU ‘=5

I

*e B5G PPP is a research program in Horizon 2020 of the EU dedicated to 5G
4 system research
(I

* Budget for 2014 — 2020 time frame
B — Up to 700 million € public funding
— Matched by private side including leveraging factor 5 of additional private
investment results in private value of about 3.5 billion €

Research program is addressing all building blocks of a future
communication network and a huge number of huge cases from vertical
sectors

A w

AT

ommunication networks

W

* 5G Infrastructure Association vision paper published at
Mobile World Congress 2015 in Barcelona

http://5g-ppp.eu/wp-content/uploads/2015/02/5G-Vision-Brochure-v1.pdf

ki

5G Infrastructure PPP
The European path towards global next generation

P oo

..... First set of projects started on July 1, 2015
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5G Infrastructure PPP
The European path towards global next generation
communication networks
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Key challenges ==

PPP Program that will deliver solutions, architectures,
technologies and standards for the ubiquitous 5G communication
iInfrastructures of the next decade

Program Ambitions: Key Challenges / High level KPIs

Providing 1000 times higher wireless area capacity and more varied service
capabilities compared to 2010

Saving up to 90% of energy per service provided. The main focus will be in
mobile communication networks where the dominating energy consumption
comes from the radio access network

Reducing the average service creation time cycle from 90 hours to 90
minutes

Creating a secure, reliable and dependable Internet with a “zero perceived”
downtime for services provision

Facilitating very dense deployments of wireless communication links to
connect over 7 trillion wireless devices serving over 7 billion people

Enabling advanced User controlled privacy

23/02/2016 9

Source: 5G Infrastructure Association.



5G PPP Vision and Requirements
5G will have disruptive capabilities

4 e 5G will provide an order of
magnitude improvement in
performance in the areas of
more capacity, lower latency,
more mobility, increased
reliability and availability

A

5G infrastructures will be also
much more efficient in terms

&

5G Infrastructure PPP
communication networks

— energy consumption

MOBILE DATA VOLUME
10 Th/s/ km?
A

E2E LATENCY PEAK DATA RATE
bms 7 10 Gb/'s

RELIABILTY . 5 Mooy
99.998% . 500Kkm/h

: P
 SERVICE DEPLDYMENT TIME NUMBER OF DEVICES

. '-\'-:.I 90 minutes | M/km?

— service creation time
— hardware flexibility

The European path towards global next generation

23/02/2016

Source: 5G Infrastructure Association: Vision White Paper, February 2015.
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Building an Intelligent System of Insights
and Action for 5G Network Management

5G Infréstructure PPP

The European path towards global next g

communication networks

Horizon 2020 5G PPP

Call 1 selected projects

CogNet

SUPERFLUIDITY
Superfluidity: a
super-fluid, cloud-
native, converged
edge system

FAN'I‘AS[‘IC%

SEE Y im MAGIC

¥ 13/02/2016

5Gex
5GEx

5G Exchange

SELFNET

Framework for SELF-organized network
management in virtualized and software

defined NETworks

vt Yo VirtuWind ;
Virtual and programmable industrial 3
network prototype deployed in
operational Wind park

=
~nata ' soNATA
Service Programming and
Orchestration for Virtualized
Software Networks

NONRMA

SESAME SESAME

Small cElIS coordinAtion for Multi-

() Radio-related cluster
() Fronthaul/Backhaul

() Hardware implementation

@ Network automation

D SDN, NFV, Cloud and
Virtualisation

- Security

tenancy and Edge services

s Flex5Gware
recvareliDl€ @and efficient
hardware/software
platforms for 5G
network elements
and devices

Source: 5G PPP, https://5g-ppp.eu/5g-ppp-phase-1-projects/.
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https://5g-ppp.eu/5g-ppp-phase-1-projects/
https://5g-ppp.eu/euro-5g/
https://5g-ppp.eu/5g-ensure/
https://5g-ppp.eu/charisma/
https://5g-ppp.eu/selfnet/
https://5g-ppp.eu/cognet/
https://5g-ppp.eu/5gex/
https://5g-ppp.eu/5g-xhaul/
https://5g-ppp.eu/xhaul/
https://5g-ppp.eu/sesame/
https://5g-ppp.eu/virtuwind/
https://5g-ppp.eu/sonata/
https://5g-ppp.eu/superfluidity/
https://5g-ppp.eu/5g-norma/
https://5g-ppp.eu/metis-ii/
https://5g-ppp.eu/fantastic-5g/
https://5g-ppp.eu/coherent/
https://5g-ppp.eu/mmmagic/
https://5g-ppp.eu/speed-5g/
http://www.flex5gware.eu/

K Vertical sectors ‘G5,
""" e White papers on
" 4 — 5G and Factories of the Future
& — 5G and Healthcare
%’ e — 5G and Energy
- J — 5G and Media (under preparation)
% % E = - 5Gand Automotive ‘=
=g 8 L -
g . gz |dentification of L
EBs — main use cases
g5t = - requirements and AN i
EEE W — areas for research and innovation = -
g & § : E
o e Vertical workshops
u% E — June 18, 2015 : ‘ :
§ — November 9, 2015 R |
i
“we  White Paper will be published at Mobile World Congress 2016
E Source: 5G Infrastructure Association.
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FACTORIES OF THE FUTURE <@ ENERGY

o
€ Time-critical process control i © Grid access
H

@ Non time-critical factory automation o @ Gnd backhaul
HINOI 110 A ' A 2 © Grid backbona
1
e @ Intra/Inter-antarprisa o'
e—— communication

® Assets and intorventions

management in Hospital
e © Robotics
© Remots monitoring

© Smarter medication

MEDIA &
ENTERTAINMENT

@ Ultra High Rdelity Media
@ On-site Liva Evant Experiance
© UsenMachine Generated Content

communication networks
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@ Immarsive and Intagratad Madia
© Cooparative Madia Production

AUTOMOTIVE - o

-
L

© Automated driving © Digitalization of Transport and Logistics
© Share My View © Information Society on the road

Source: 5G Infrastructure Association: 5G Empowering vertical industries. White Paper, 2016.
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An involving value chain
(5G PPP)

)

. v/
= AUTO

MOTIVE

a ng:::dﬁz Factory automation
radio node softwars \
Shared
towers NETWORK
between FUNCTIONS SOFTWARE
broadcasters Netwark PROVIDER PROVIDER
and telcos slicing

NETWORK & SERVICE
OPERATORS
FACILITY &
EQUIPEMENT s
MANAGER

i

-----------------------------------------------

ENERGY

MEDIA & I
ENTERTAINEMENT ﬁ eHEALTH
MANUFACTURING

Blood pressura

sansor for e-haalth
Energy smart meters

HARDWARE
MANUFACTURER / VENDOR

OTT CONTENT &
SERVICE PROVIDERS

Source: 5G Infrastructure Association: 5G Empowering vertical industries. White Paper, 2016.
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Vertical sectors
Main technical reqguirements

FACTORIES

RELIABILITY

Time-critical process control

Non time-critical factory automation
Remote control

Intra/Inter-enterprise communication
. Connected goods

=
it

200

EHEALTH

RELIABILITY

Assets and Interventions management
Robatics
Remote manitoring

Smart Medication

MEDIA &
ENTERTAINMENT

DATA RATE

COVERAGE

POSITIONING
ACCURACY

.
@

23/02/2016

MOBILITY

LATENCY

&
RELIABILITY

DENSITY

Ultra high fidelity media

On-site live

User/Machine generated content
Immersive and integrated media
Cooperative media production
Collaborative gaming

Source: 5G Infrastructure Association: Vision White Paper, February 2016.

@

ENERGY

DATA RATE

COVERAGE .
MOBILITY

(SPEED)

..JF—N
POSITIONING

(LoW)
ACCURACY

LATENCY
DENSITY

RELIABILITY
@ Grid backbone

@ Grid access
Grid backhaul

AUTOMOTIVE

Automated driving

Share my view

Bird's eye view

Digitalization of transport and logistics
Information society on the road

15



5G Infrastructure PPP
The European path towards global next generation

ommunication networks

| fal

[T
i

mobile broadband and vertical services (5G PPP)

Integrated 5G architecture for

Vertical-centric services

@
@
=
@
71
o
=
=
=
@
o

Network-

MOBILE BROADBAND SERVICES
Service Service
#1 #2

1
L}
1
T
L}

Vertical #1
Function
Repository

VERTICAL #2 SERVICES
(E.G., AUTOMOTIVE)

VERTICAL #1 SERVICES
{E.G., FACTORY OF THE FUTURE)

Service Service Service Service Service
#2 #3 #1 #2

r ]
1

L _E
L

I === Vercalsg SN

| Function

Repository

lzu-(:H

Satellite Network

2 %

P

i
RAN and wireless backhaul &»

Network
Funclfion
() Repository
Abstract resources: Wireless

\;t\ Satellite @) Optical [N

— Edge Cloud

e, )

Optical Access Network Optical Metro Network Optical Core Network

Source: 5G Infrastructure Association: 5G Empowering vertical industries. White Paper, 2016.
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Core Cloud
]

Northbound Interfaces

Southbound Interfaces

Business Service

Layer

Business Function

Layer

Multi-service Control

Layer

Network Function

Layer

Infrastructure
Layer
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5G roadmap

3 5G PPP Vision and Requirements
(L

2016 | 2017 | 218 | 2019 | 2020

IMT-2020 proposals IMT-2020 spec

ITU IMT-2020 reguirements

§ wrc1g

....... = H2020

RN DU

3GPP
* RAN
SI: 5G req.

SI: 5G enhancements Sl: self-evaluation

A s Ul

ommunication networks

C

LINY\S SA1 SMARTER S| SA1 SMARTER Wi

ETSI NFV Phase 2

NFV Phase 3

5G Infrastructure PPP
The European path towards global next generation
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Exploitation of results

>

I

[T
i

5G research in FP7 and

4 in the private sector

Results from FP7
(I Projects contributed
"""""" to ITU-R on 5G vision

and requirements

v
o
E ONF, Open Daylight, OPNFV, Open Stack, ...
@ T T
c m v '. 'n
& | ITU-R Vision and Recommendatior> { {
o v v
= -:4 H@ WRC preparatory process
E
g EeEE ]

Trials

Contributions to standardisation and regulatory process via
member organisations in respective bodies

Prototype and product development

Winter Olympics, IFA World Cup, Summer Olympics,
ﬁ Korea@ Russia 2018 Japan
" 2012 2013 2014 2015 2016 2017 2018 2019 2020
E K oy K cin% K cin% K cin% FIFA World
23/02/2016 Release 12 Release 13 Reiease 14 Reiease 15 1Qatar 2

Source: 5G Infrastructure Association.
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3 Conclusions S

 |TU-R developed a vision recommendation on IMT-2020 and beyond
4 e 5G PPP vision is complementary to ITU-R vision
e 5G PPP project portfolio is addressing all major building blocks of 5G systems

[T rrp—

---------- * Close cooperation with vertical sectors initiated

e Different vertical use cases have different
— needs and
— technical requirements on 5G systems
— high flexibility required

A s Ul

5G PPP time plan in line with global activities on standardisation and
_— regulatory activities

ommunication networks

C
®

Horizon 2020 is open for international participation

5G Infrastructure PPP
The European path towards global next generation
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