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5G - When did this started?

Several initiatives across the world now.
Europe was piooneer, discussing this from 2011.

Objective: trying to catch up lost leadership in mobile
communications

Early drive from EU:

® Setting a workprogramme inside H2020
® Last calls of FP7 already pushing in this direction
® Setting up the ETP (Networld2020) and the PPP (5G IA)
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So, 9G?

Long term discussion on the future of cellular systems
Being pursued across the whole world

Cooperative research
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5G Time Frame - Standardization

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

5G in 3GPP . Rel-14SI (sa/RaN) | Rel-15 Rel-16
4G in 3GPP Rel-12 Rel-13 Rel-14 Rel-15 Rel-16
[] [WRC'15 || WRC'19

ITU Requirements / Method ~ Wkp | Proposals  Evaluation

IMT-2020
Specifications

ECFP7 | ECFP7 Pre-5G | METIS, 5GNOW...
| ¢1: Specification

EC5G PPP | 5GPPP Set-up 5G PPP ¢1 5G PPP ¢2 5G PPP ¢3 ¢2: Development
03: Experimentation

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

|

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

* Summer Olympics in Japan

Mobile
Networks

N N I I
> Radio Experiments > Trials > 5G Deployment and Commercialization >
v v
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Standards/Industry Organisations with
2G-related activities

Industry NGMN Architecture 3GPP
g“g"me"t GSMA ETSI 1SG NFV
ETSI ISG MEC
Adoption  ITU-R
Small Cell
Access 3GPP 2
Technology
I[EEE 802.11 OPNEV
IETF ITU-T SG13
ETSI ISG mWT IMT2020 FG
ETSIISG ORI Network TMF
ETSI RRS Management
Web W3C
Innovation

Note: although not listed, 5GPPP is an
important organisation expected to make
eereontributions to standards organisations. *~»
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Research? Innovation?

5G Is an economic vision
® (it does not stop in 2020, though)

Communications are not the focus: they

are simply the enablers

¢ And without IT, is not really very serious
anymore

Economic and societal value Is the
key guideline.
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Socio-technical evolution requirements for beyond
2020

Broadband Internet Need for a strong More context-related
connectivity limit on energy information
dissipation and CO,

widely available footprint per capita

(e.g. augmented
reality)

Increasing average
age and higher
Importance

of health care

Need for more Personal data
stored in the cloud
and transmitted
over wireless
channels

efficient and safer
transportation
EERES
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China flower

f User experienced data rate (Gbps) Connections density (10°/Km?)
0.110 71 Gbps 1 1 miflion connections/Km?

Performance Requirements <

Tratfic volume density (Tbps/Km?) End to End Latency (ms)
Tens of Thps/Km® 100 1 ms level
\ Peak data rate (Gbps) Mobility (Kmv/h)
f Tens of Gbps 1000 SO00Km/h
- 5G
- 4G

Efficiency Requirements <
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Korea 5G Forum

Data Rate
| peak Rate
Energy Efficiency fdge Rate Mobility
bit/jould 1000Km/h
1Gbps
300Km/h
1Mbps
Positioning
Accuracy Reliability
centimeter 99.% 99.§§9%

msec

Latency

Millions Deyice

Trillion Devices
(Areal Capacity)

0it/dollar Connectivity

w

Cost effectiveness
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Europe 5G PPP 1A

Traffic capacity
Achievable Mobility

Massive

_____________________

user data-rates . and
coverage

Spectrum and
bandwidth 2"
flexibility

‘;'I*;a Network and
device energy
efficiency

Vi il N

Massive number
_____________________ of devices [B]
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In a nutshell:

Different visions, but somewhat aligned
* In general, “more” (capacity, density, data rates) and “less” (energy,
latency)

* Addressing multiple real life scenarios: focus is different according
to the scenarios that are preferred in different areas.

Intelligent networking are common in all of them.
® What impact will system integration have as an enabling role of
this?
® What challenges will (re)appear from different “vertical” sectors?

URSI

ATNEG
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What changes with “Real Life™?

The “verticals” discussion

Communication industry Vertical industry

_—Production network AR /ﬁﬂ
. . . ’ .
, Flexible value chains with = T =
information available in realtime — 7
~across company boundaries / B Pmmemmerl i
Fusion 0 V) "o >

Y

ntegration of product design and
production engineering for shorter
time to market

Cyber-physical systems
. Modular production units

Nvﬁi‘tgcomplete and consistent
virtual image

IT-industry

ATNEG
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Expected Technology

Integration of different technologies (not only physical layer)
® Following the current trends....
Complex radio environment
® CRAN, HCRAN, microcells, as now but device # explosion
Separation between infrastructure, network,
computation and service

® Reconfigurable network and service provision (SDN, NFV,
virtualization, cloud...)

Multitenant environment
® Different types of providers, different types of interrelations

URSI
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Overview of key organisation timescales

2015 2016 2017 2018 2019 2020
¢ Release of 5G Whitepaper

¢ WRC'15 € 2WRC19

[T 202 [ IMT-2020 specs |
IMT 2020 Vision luation

€  Start of SA solutions work?
L 2 Start of service requirements

xs ; E | Serwces study _—

7\/

lllllllllllllllll

4G Evolution to 5G pape
K( 7) 5G - Strategic topic for Board

World Class Standards

=

DZED V2

Note: to be updated when further input on organisations is

available ‘
= = 2018 A
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How wide can 959G bhe?

Manufacturing/ Vehicular/

idi " Farming/
Home/Building 1,4ystry Automation Transportation Healthcare ~ Energy ~ Cities  Wearables pqifood
o o 4 - o = (e N Y N A )
e O (M 1oy ) (Comeen) [ O || (B | S | @
92:. UPnP Tl @ S @ 1y ¢ . N g7 Tibee _
CENELEC EDERCHIE 736 CENELEC IEEE B ‘°”"'“"‘" @i. ace @ = Ci.‘?.?.’:.
G o) B s OU | [vey M| | IHESS-|| o0 CENELEC ot IEC
W B 239_'0_55 === 'l o || e pope
e prowee ~| eoicon | | [E] *° S IEEE
Migeone < IEEE @ 1O-Link (B8 | [ open automonve Aliance = 1P ;
A AN ) RSN ’ . SouyWiey .** CONSQRTIIM
& o 0”"“’""‘“ "‘m Om = e RSl 3 ;wvw L cooemon
ol " i 4 >
\_ CAIOTI W, \ Cmon AN, S, \C AIOT1 pmon/ (&7 o ) S‘Auonj gmonj

f R— ﬁ WIRELESS WORLD
HYPER/CAT Laww fs
206 G &y Bl fPm onsisa (531214

D T e

N 00> s e
o @ s ’ B o m ( AIOTI l°T¢ i HI'OI)(’/I( ROUP
LoRa JTC 1 iR > @ K city

Omemar__on PO M9 g\ 8

X
Horizontal/Telecommunication
Source: AIOTI WG3 (IoT Standardisation) — Release 2.0
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5G 1s...

* NOT a communications network, but a large
distributed system

® With real-time constrains
® With an arbitrary complexity
® Multi-tenant
® With dimensions unseen until now
® With integrated HW and SW components
® With fast service automation
¢ Stable
* The “real definition” of 5G will be the result from different

power balances between economical sectors and
geographical blocks.
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ATNEC
S 81st Tech Day PT-Inovacao
Aveiro, December 2015

5G - How (And where) to reach there

Rui L. Aguiar ruilaa@ua.pt

Questions?
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