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Introductory Framework (1/3)

GROUP OF COMPANIES

& Internet and communication networks are “critical” tools for most areas
and sectors of our modern societies & economies.

# They are radically transforming our world and do constitute fundamental
“pillars” for any evolutionary process supporting effort for growth and
development.

® The communication networks and the wider modern services/facilities
environment of the year 2020 will be “enormously richer and much more
complex than those of today”.

& The underlying (usually heterogeneous) network infrastructure will be
able of “connecting everything” according to an extended multiplicity of
application-specific requirements (thus including users, equipment,
things, goods, computing centres, content, knowledge, information and
processes), in a purely flexible, mobile, and quite powerful way.
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Introductory Framework_(2/3)

GROUP OF COMPANIES

®» Modern innovative aspects not only necessitate but also lmply for
the proper establishment and the effective operation of a relevant

novel kind of infrastructure, able to provide network features and

performance characteristics assuring progress and growth in all corresponding
domains (i.e., technical, business, financial, regulatory, social, etc.).

» The “inclusion” of modern features (such as of virtualisation and of
software-based network functionalities) in network
communications infrastructures
will support the actual transitional process,
via jurtner strengtnening networik flexioility and reactivity,

d by providing a proper means for better network management
d and for the offering of new services.
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Introductory Framework _(3/3)

GROUP OF COMPANIES

B Market “actors” (network operators and service providers,
manufacturers, SMEs, end-users, etc.) are expected to be strongly
involved in such processes.

® This will “redefine” existing value chains and reform roles and/or
relationships between market “players”, whilst creating new and
dynamic opportunities for novelty and investments.

®»These changes will also take place within the forthcoming “fifth
generation” -or 5G- of telecoms systems, that WI// be the most
critical building block of our "digital society" in the next decade.

5G will not only be an evolution of mobile broadband networks, but

+** will bring new unique network and service capabilities,
*»» will create a sustainable and scalable technology,
+* will establish a proper ecosystem for technical/business innovation.
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Challenges for Infrastructures_(1/3)

GROUP OF COMPANIES

® The European economy has to “maintain” but also to “fortify” both its
role and influence within the global international environment,
strongly influenced by the fast Internet penetration.

m [t is important to realize innovative actions and to expand knowledge so

that “to keep a strong position in a strategically important market such
as the one of the ICT sector”.

®» The diversity of new (personal and professional) usages,
leads to new requirements on availability, latency, reliability,
trustworthiness and security.

+ Appearance of new trends, with the related features/functionalities much more
closely “embedded” within the network applications.

+ Users gradually become more and more “demanding” in terms of contents and
service requirements.

+ Privacy and sustainability issues become of prime importance, thus implying for
resilient constraints on networks and service platforms.
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Challenges for Infrastructures_(2/3)

GROUP OF COMPANIES

» Appearance of a variety of major challenges:

= “Handling” of the increased network traffic together with the provision of all necessary
capacity and/or spectrum availability, so that to serve/fulfil all relevant requests coming from
different services, devices and users.

= Accommodation of novel classes of services/facilities (e.g., covering attributes coming from
the loT, M2M communications or content-based applications, or by any other future
“complex” environment that may potentially appear), while preserving a “low” -or a kind of
“reasonable”- CAPEX and OPEX features, supporting economies of scale and avoidance of
unnecessary investments.

= Strengthening Internet’s penetration in all sectors of our lives and economies, by making it
an “indispensable means” for realizing an explicit, ubiquitous and dependable infrastructure
in mobile, wireless and fixed communications.
Internet “drivers” are all kind of services/applications from low (sensor and loT) to high throughput rates
(e.g. high quality video streaming) and from low to high latency.

= Supporting of all actions for providing a guaranteed level of Quality of Service/Quality of
Experience (QoS/QoE) together with enhancement of privacy and security over the
Internet, especially for professional uses and with the aim of offering optimal performance.

= Making the communication critical infrastructures “as resilient as required” by consumers of
interconnected critical infrastructures (such as smart grid).

® Supporting measures for realizing reduced energy consumption. & 5G
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Challenges for Infrastructures_(3/3)

OOOOOOOOOOOOOOOO

The forthcoming novel 5G infrastructure “faces” most of the
identified challenges and will offer reliable solutions!

5G will be much more that the next step beyond 4G: it is expected to
be the “core functional system of our modern digital society and
economy”, thus generating a truly converged and tremendously “dense”

communication infrastructure, integrating IT systems (e.g., processing and
storage) with plentiful network resources.

5G is to become a sort of universal, highly flexible and
ultra-low latency virtualized infrastructure, |
= capable of serving immense numbers of smart terminals,
machines, things, sensors, cars, drones, etc.,
= with significant processing and storage capabilities that may be
exponentially increased, via relevant Cloud-based applications .
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The European Policy Approach to 5G_(1/6)

GROUP OF COMPANIES

5G networks will not only be based on transport and routing/switching
technologies but will be more “flexible and open”.

5G networks are expected to evolve more easily than today’s networks
and also to embed sensing, computing and storage resources in a
converged and unified infrastructure,
able to “orchestrate” the delivery of services in a secure manner.

5G networks will provide a significantly higher system capacity than
today and solve any anticipated spectrum scarce.

5G networks should also promote -to the extent possible- a common

network management for mobile and wireless, in terms of
- constant performance optimisation,

- fast failure recovery,
- fast adaptations to changes in network loads, architecture, infrastructure
and technology. & 5G
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The European Policy Approach to 5G_(2/6)

GROUP OF COMPANIES

® Within the 5G-PPP framework, the following KPIs have been identified:

» Possibility for the provision of 1000 times higher wireless area capacity and of
more varied service capabilities, if compared to those of 2010.

» Saving up to 90% of energy per service provided. (Here, the main focus should be in
mobile communication networks, where the dominating energy consumption comes from
the radio access network).

»* Reduction of the average service creation time cycle from 90 hours to 90
minutes.

» Creation of a sufficiently secure, reliable and dependable Internet, with a “zero
perceived” downtime for services provision.

*» Facilitating future very “dense” deployments of wireless communication links to

connect over 7 trillion wireless devices serving over 7 billion people, thus realizing
the option of “connecting everything or everyone at any time at any place”.

» Enabling advanced user controlled privacy, to guarantee a proper level of
protection of the facilities offered. aB 5G

55 pep = ESSENCE

European Union funding
PUBLIC-PRIVATE PARTNERSHIP i e e
20th INFOCOM World Conference — Athens, Greece, November 21, 2018 9/24

European |
Commission



The European Policy Approach to 5G_(3/6)

GROUP OF COMPANIES

The development of the forthcoming 5G systems will be based

on an ecosystem of close cooperation
between industry, SMEs and the research community

with the aim of:

# developing innovative -but also applicable/viable- solutions;

® guaranteeing the exploitation of such in global standards &
markets;

® ensuring interoperability and economies of scale, with affordable
cost for system deployment and the end-users.
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The European Policy Approach to 5G_(4/6)
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The European Policy Approach to 5G_(5/6)
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European Approach within the 5G-PPP Framework

Source: 5G-PPP, https://5q-ppp.eu/
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https://5g-ppp.eu/5g-ppp-phase-2-projects/

oTe

GROUP OF COMPANIES

The European Policy Approach to 5G_(6/6)

5G IA WGs & Activities ‘
. ——
f Pre-standardization WG x@ Trials WG 'Q‘_\TO;E?QAZ’
Develop a roadmap of relevant Teians kv Develop the 5G Pan-EU Trials
standardization and regulatory topics - Roadmap, expanding the work b
for 5G. initi T
SO - initiated by Industry and EC inthe ]
Evaluateexistingroadmaps at _n_‘f* w4 context of the 5G Manifesto and of EUCNC:;
K international level. >, the 5G Action Plan (SGAP).
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Identify research advancements, =t = Foster development of 5G Security
establish and promote a comprehensive ‘0}(_0 ‘ik . (Content and Community wise) the U~ ' OPEN
and coherent view from 5G-PPP Projects) — — way itshould be for 5G to generate
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v Vision and Societal R & Q EFFRA /" ITU-R IMT2020 Evaluation
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‘_:h -nges s ) ; Support ITU-R RITs evaluation process.
Identlfysocue;(all’,economlc,d —> euTCE &1 | Perform independent evaluation of IMT-
environmental, business ani = I 2020RIT proposals.
technological :ene:its associated with f" Prepare complete evaluation report.
5G development 1
& P! J Coritiiiin \.__Focus on 3GPP i5and 16. /
5G International cooperation H e /" Community buildingand
( ivi IMIIF § o Public Relations Activity
Activity e = mBRASIL T h d 2
Support harmonisation activities on o 56& = St ;0 fe;zr_\;i: :h mx;mum
= im| o rou,
5G vision, requirements, concepts, e i o it
architectures and solutions in order ﬁ_ b . < SR
public relation activities on program
to build global consensuson 5G tSdSI
< J asericd) & level.
5G-PPP Contractual
( Arrangement, KPIs Activity Trials WG membership is open (approval is required). D NetWorld2020 membership is free.
- Rl e S Verticals are welcome to join the WG.
project to KPls and ensure efficient
collaboration among 5G-PPP projects S5 5
to reach KPIs targets C] WGs on specific Verticals
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5G IA and 5G-PPP Working Groups
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19 projects

Horizon 2020 5G-PPP

Call 1 selected projects

5G-PPP Phase-1 Projects (1/2)

[T

5G Ensure
Security

SELFNET
Framework for SELF-organ
management in virtua

CoghNet
Building an Intelligent System of
Insights and Action for 5G Network
Management

ized network
lized and

software defined NETworks

Converged Heterogeneous Advanced
5G Cloud-RAN Architecture for
Intelligent and Secure Media Access

CHARISMA

SUPERFLUIDITY )

() Research projects
() nnovation projects

Superfluidity: a
super-fluid, cloud-
native, converged

edge system

S5GEX
5G Exchange
de

Virtuwind

Virtual and programmable
industrial network prototype
loyed in operational Wind park

METIS-1I

Mobile and wireless communications radio access

COHERENT

Coordinated control and spectrum
management for 5G heterogeneous

networks

SONATA
Service Programming and
Orchestration for Virtualized
Software Networks

Enablers for Twenty-twenty (2020)
Information Society-II J

5G Infrastructure PPP

communication networks

SPEED-5G
quality of Service Provision and capacity
L Expansion through Extended-DSA for 5G

5G-Norma
5G NOvel Radio Multiservice
adaptive network Architecture

é FANTASTIC-5G )

SESAME
Small cEllS coordinAtion for
Multi-tenancy and Edge services

Flexible Air iNTerfAce for Scalable service delivery f
wiThin wireless Communication networks of the S5th
- Generation

The European path towards global next generation

—H mmMAGIC
] Millimetre-Wave Based Mobile Radio Access Network
for Fifth Generation Integrated Communications N\

4

2 -

Flex5Gware
Flexible and
efficient
hardware/softwar
e platforms for 5G
network elements
and devices

5G-Xhaul
Dynamically Reconfigurable Optical-Wireless
Backhaul/Fronthaul with Cognitive Control
Plane for Small Cells and Cloud-RANSs

Xhaul
The 5G Integrated fronthaul/backhaul

E Source: 5G-PPP, https://5g-ppp.eu/5g-ppp-phase-1-projects/
Euro-5G project
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Euro-5G
5G PPP Coordination
and Support Action
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https://5g-ppp.eu/5g-ppp-phase-1-projects/
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CogNet SELFNET

Buildingan Intelligent System of Framework for SELF-organized network
Insights and Action for 5G Network management invirtualized and

5G-PPP Phase-1 Projects _(2/2)
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/
/() Radio-related cluster
'I () Fronthaul/Backhaul

@ Network automation

: SDN, NFV, Cloud and
M t ft defined NETwork S
anagemen soltware.detine WEILC \ D Virtualisation
5GEx vero o VirtuWind sonata - . Security
SUPERFI..U'IDITY 5GEx Virtual and programmable - 'SONATA \
Superfluidity:a 5G Exchange industrial network prototype Service Programmingand S o -
super-fluid, cloud- deployed in operational Wind park] Orchestration for Virtualized ==

native, converged

Software Networks
edge system

(ORITIA

SESAME SESAME

Small cEllS coordinAtion for
Multi-tenancy and Edge services

Flex5Gware
R Flexibleand
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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5G-PPP Phase-2 Projects (1/2)

GROUP OF COMPANIES

5G-PPP Phase 2 programme
f
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Layers : i
! _ i TA20 (ICT 8) ]i TA21 (ICT 8) ] !
i [ 5G-Xcast ] l P Open "Blue” TA Open "Blue” TA |
- 1 """" -
5G-Cities 5G-MEDIA
—lﬁ
\ J
<tAppS 5GTANGO Ji MATILDA NCEa2> ]]
—\ N
( 13 TA14
NRG-5 esilience, and High Multi-Tenant / Domain
bility Plug & Play C?n-tml—'lkane ( TA25
T P EUJ-012
z TA12 o
(@] W Networks 2
= b 5G TRANSFORMER
n m BlueSpace =
< 5G-Monarch 8
8 5G ESSENCE r N ( "
- 0 DESTgN 7 5G-Coral 3 Zo
— : 5| 2| .35
< EUJ-01 1 /1 = ' 28=
D) TA3 ’ a o <0
ONE5SG 5G - & |—_E!.E-
mmWave ( TAZ6 CLEAR5SG LN § IO
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- J \ y, V,
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‘ Note: The size and the orientation of the TAs boxes do not indicate the potential size or manpower of future Projects

Source: 5G-PPP, https://5q-ppp.eu/5q-ppp-phase-2-projects/
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https://5g-ppp.eu/5g-ppp-phase-2-projects/

21 projects

Source: 5G-PPP, https://5qg-ppp.eu/5g-ppp-phase-2-projects/

OHRANSFORMER

N&paas

Next Generation Platform as a
Service (PaaS)

Mobile Network Archi
5G and beyond

E2E Cognitive NetworkSlicing
and Slice Mgmt in 5G Networks

L 89 comeleuTaivanseproiccs

5G-PPP Phase-2 Projects _(2/2)
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. 5G Network Control and Managemenf]

&% MATILDA

NRS'S

Smart Energy as a Servicevia5G
Mobile Network advances

\

-
Clebalb6G

Global vision, standardisation &
stakeholderengagementin 5G
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https://5g-ppp.eu/5g-ppp-phase-2-projects/

5G-PPP Phase-3 Projects

3 projects

@ Main Facility that offers Services to 1CT-19 with well defined SLAs
\J Experimentation Facility for advanced Experimentation and Testing

@ Moving Experimentation Facility Site

5G-Vinni
5G-EVE
5Genesis

Rapid response vehicle
{anvy eaciiity / socation)

SG-VINNI : https://www.Ss-vinni.eu /facility-site
SG-EVE: https://www.5z-eve eu/end-to-end-facili
SGENESIS: www.Ssenesiseu

Aveiro J

Vesselwith on-board hotspot

' 5G Ir;frastructu;e{ PPP’Phase 3 P[‘a_tforrr’:'s Projects — Geo&raphic qutggra;’ihy

Source: 5G-PPP, https://5q-ppp.eu/5g-ppp-phase-3-projects/
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https://5g-ppp.eu/5g-ppp-phase-2-projects/

Challenges for Growth_(1/5)

GROUP OF COMPANIES

2014 2015 2016 |2017 [2018 |2019 | 2020 2021 2022 | 2023 ‘ 2024
/ N Note: Draft figure under
5G Pan-EU > EU 5G Vertical Pilots (incl. s satelite Intiative for 5G Piots) > ?an::\Ilﬁlc(l)epdmiﬁrLth. ng]glp\;enr_Sé%n.Fga?:

Roadmap Version 2.0 to be
released in November 2017

Trials

% EU 5G City Challenge

Y 5G (UEFA)
EURO 2020

EC FP7 Pre-5G
EC FP7 | re | . , ! o1: Specification

I I
EC5GPPP | 5GePPSetup | \ 5GPPP g1 | 5G PPP 92 l 5G PPP ¢3 /| ¢2: Development/Tests

= T - ¢3: Experimentation/Pilots
| Rel-14 1 | 1st Drop NR
3GPP el- ) |
Rel-15 Rel-16
[J| WRC15 WRC 19
ITU 0 Requireme ethod p | Proposals Evaluation

IMT-2020
Specifications

SDN/NFV ONF, Open Daylight, OPNFV, Open Stack..

% Winter Olympics in South Korea Note: Other Regions events under elaboration
% FIFA World Cup in Russia |

| * Summer Olympics in Japan

N
5G Networks S First Exp;riments 3 Trialsx 5G Deployment and Commeraallzatlon>

Vv

Pan-European Trials Roadmap

Source: 5G-PPP, https://5q-ppp.eu/
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https://5g-ppp.eu/5g-ppp-phase-2-projects/

Challenges for Growth_(2/5)

GROUP OF COMPANIES

e CONNECTED CITY

- )éf CONNECTEDTHINGS * % ._..r. - .
e 2 T o v icommm-lmm EL

CONNECTED HOUSE N Q ¢ 'H

o |9 o AEIET
/ }\ " : uli
i 1 =N | S
CONNECTED TRANSPORTATION

] CONNECTED PEOPLE

The Vision for the 5G-oriented future

Source: 5G-PPP, https://5q-ppp.eu/
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https://5g-ppp.eu/5g-ppp-phase-2-projects/

Challenges for Growth_(3/5)

GROUP OF COMPANIES
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The Vision for the 5G-oriented future
Source: 5G-PPP, https://5q-ppp.eu/
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https://5g-ppp.eu/5g-ppp-phase-2-projects/

Challenges for Growth_(4/5)

GROUP OF COMPANIES
'\
’ -

Standardisation
Organisations

Business
Verticals

5G-related
Organisations

Others (Europe &

International)

Strong Interactions with the 5G Stakeholders

Source: 5G-PPP, https://5q-ppp.eu/
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https://5g-ppp.eu/5g-ppp-phase-2-projects/

Challenges for Growth_(5/5)

GROUP OF COMPANIES

Early 5G
launch in
selected 2018
areas
5G in all
urban areas
and
Commercial Along main 2025
Iaunf:h Df. SGt 2020 transport
services in a
aths
least one P _ - -7
major city in -
all MS _ - -
- - -
____________ } - - -
Coordinated/quasi- Aggressive roll-out with
simultaneous launch geographical and sectorial
throughout single market focus
Source: 5G-PPP, https://5qg-ppp.eu/ ‘ 5 G
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For further communication...

GROUP OF COMPANIES

Dr. loannis P. Chochliouros
Head of Fixed Network R&D Programs Section
5G ESSENCE Project Coordinator

Hellenic Telecommunications Organization S.A. (OTE)

Core Network DevOps & Technology Strategy Division, Fixed & Mobile
Research and Development Department, Fixed & Mobile

Fixed Network R&D Programs Section

1, Pelika & Spartis Street
15122 Maroussi-Athens
Greece

Tel.: +30-210-6114651
Fax: +30-210-6114650
E-Mail: ichochliouros@oteresearch.gr; ic152369@ote.qr;
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