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cellnex®

driving telecow connectivity

1. Sobre Cellnex
Cellnex Telecom es el principal operador independiente de infraestructuras de
telecomunicaciones en Europa...

Cerca de 15.000 nuevos emplazamientos en Europa

(hasta 4.000 son nuevos emplazamientos a desplegar entre 2020 y 2027)
+29.000 emplazamientos

c.45k
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5th generation mobile communications cellnex®

diving felecow cownectivity
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| 1G | 2G;=E 3GuNTS 4G ite 5G 56
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1980’s 1990’s 2000’s 2010’s 2020’s
Basic analogue voice Digital voice Digital voice Voice over IP Voice over IP
No IP No IP WWW, Multimedia HD Video VR, V2X, loT
0 kbps 14 kbps 2 Mbps 300 Mbps 1 Gbps
One network for voice
One network for voice One network for voice Other network for IP One network for IP One network for IP
GSM. 1S-95 UMTS, CDMA2000 LTE-Advanced LTE-Advanced Pro
‘ LS U1 ATES 2.5G (GPRS, EDGE) 3.5G (HSDPA, HSUPA, 4.5G (LTE-Advanced Pro) NR
; ] |\ HSPA+, LTE) F L ¥ 3
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5G. Roadmap cellnex®
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Release 15 (5G Phase 1)
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Release 16 (5G Phase 2)
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5G. Key applications. (jellne)(NN
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Enhanced Mobile Broadband | Capacity Enhancement

Gigabytes in a second

3D Video - 4K screens

Work & play in the cloud

Smart city cameras ‘
Augmented reality

Voice
Industrial & vehicular automation

Mission critical broadband

Sensor NW/
Self Driving Car
Massive loT Low Latency
| Massive Connectivity l Ultra-high reliability & Low Latency

N



5G. Key features and benefits cellnex®
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Spectrum RAN? infrastructure Transmission
o New spectrum @ Macro-network densification and layer e Increased I
I I l I ' upgrades (legacy network evolution) fiberization
-- ales-----
cend MIMO3 * Single data 80 to 100 percent
New <800 MHz bands i rate, SON* backhaul fiberization
(such as new coverage features .
bands for loT’) * Network
. (- slicing to
support 5G
applications
New sites
New >3GHz bands E:in;zg::catlon .
(such as those for e
small-cell deployment
in urban areas) ) e New technologies
= @ Small-cell (outdoor) and indoor densification Fiber to the site
Hyper-dense Centralized Advanced FTT-A (Cloud-RAN)
deployments RAN, fiberto  indoor mmWave backhaul
- E the antenna distributed
. (FTT-A), and antenna
+ Unlicensed mmWave system
or secondary-license AN backhaul Py
access i,’ . ‘q A Lo
A0
s\ . )
{I, l‘l; \‘
. L 'Intermet of Things.
'Radic access network,
o Core and features SaaX,® network- Separation of Network slicing ‘Multiple input and multiple output.
functon virtualization, C-plane vs 'Self-organizing network.
ultra SON analytics U-plane ‘Software as a X.

i

McKinsey&Company | Source: Expert interviews; MeKinsey analysis




5G. Key features and benefits: beamforming cellnex®
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5G. Key features and benefits: MIMO cellnex®
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5G. Key features and benefits: MIMO cellne
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L

5G Active MIMO Antenna

for 3,5 GHz Band




e,

5G. Key features and benefits: MEC cellne
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Mobile Edge Computing Mobile Edge Computing

o CORE o CORE

EDGE © Latency EDGE wf Latency
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5G. Adaptive Edge. cellnex®
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Local Content Breakout

NEV-SDK Nby Control
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- Improve user experience.
- Backhaul optimization.
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5G Smallcells

Qué papel
juegan las
infraestructuras

urbanas?
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driving telecow connectivity

5G Smallcells

Evolucion del modelo de infraestructura pablica

Edge
computing

Radio

Fibra

Virtualizacion o
dptica

Camino al 5G
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5G Smallcells

La densificacion

Infraestructuras complementarias = “macro”+ “small cells” & DAS
Comparacion de los “radios™ de cobertura por cada tipo de celda

Indoor DAS A
{hospitales, edificios pablicos, centros comerciales... ) ./ 3G,/4G, 900MHz-2.600Hz

radio<30m /. ..

“Small Cells”
radio 100-200m

3G/4G, 1.800 MHz @
3,600 MHz

3G/4G, 1.800Mhz

»>1GHz Macro Cells
radio 500m-2km

2.100Mhz

<1GHz Macro Cells
radio 3-6 km 2G, 800Mhz
3G, 900Mhz
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driving telecow connectivity

5G Smallcells

GIX Barcelona

Ajuntament de ,‘Tm
Barcelona m%,

2.000 edificios publicos

2.500 marquesinas y paneles publicitarios
41.000 semaforos

100.000 farolas

INFRA-
ESTRUCTURA
PASIVA

INFRA-
ESTRUCTURA
ACTIVA

+525 km de fibra optica
+1.800 APs

ENNY 16
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driving telecow connectivity

5G Smallcells

El aprovechamiento del mobiliario urbano

Aseos publicos Gran formato Seniors

JCDecaux e Antena

Columnas Small Cell
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5G Smalicells
Soluciones multi-operador y multi-tecnologia: DAS & Small Cells™ "~




5G. Initiatives and projects.

Fiber to the
Antenna

cellnex

diving felecow cownectivity

Real-time VR

X j
5G Barcelona
Mission Critical

AN

cellnex
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Innovation Pro;ects [ GrouSmarter

ESISI® B

\\ ¢
@ C])@@= Cybersecurity
Deploy protection system for Telco critical

i ﬁi
ﬂ I NTERN ETO infrastructures (Marine, TV and Neutral

@THINGS

Smart Cities

Achieve low energy districts, integrated
infrastructures and sustainable mobility

cellnex®
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Agriculture 4.0

Use case where 5G is applied to smart
agriculture using 5G to support
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Innovation Projects

Product Strategy and Innovation

Connected Airport

: H &"“»
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&5 V2XArch [ e

e celinex”

Maritime Comms

Minimize the scale time using advanced VDES Maritime security platform, 3D

technologies to track logistic vehicles

Partners
atkar 2" celinex™
DACHSER Growp D
3 ﬂmmﬂc acha
ts' ;
net) - * EIS
) tecnalia) e

RESILTRACK

E _

Connected Train

Develop of trail in Barcelona of muti-
Operator and multiservice small cell

Partners

ahar O™ cellnex™
, mommﬂc ach aD
it '
o) n EIS
nel)  tecnalig o z

cartography, loT network for alarms.

Partners

Egatel SCO
cellnex>

dviving felecous conmectivity

@Ba STeT

Smart Digital Port

Use of Technologies 4.0 to digitalize
Spanish ports through the advanced
automation of the logistics

Partners

B () CELSA  DACHSER

Intelligent Logistics

0 «

PprobeveLop.

Connected Car

Define technologies and architectures
to test: EVW, FCW, Media and GLOSA

Partners

Clie
cellnex™

Bike Lane of the Future

Apply V2X and advanced loT to design
the future of the bike lane to enable a
modular, efficient and sustainable
transport

B

g
Coner

Partners

> . M




5G. Fire Surveillance. cellnex‘ﬂ
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5G Private Network

o
loT
((=T=>)
ey s Estinguished Fire Perimeter
Info App : Posion & Tackong 2
o WU e R
—— (S Q w =)
‘ — — : ke ‘ ‘ ..... :
5G private network for live video Geo-referenced heat images
Thermal and HD on-board cameras Team position and tracking
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5G. Takeaways.

Connectivity.

“ Capacity.
Latency.

New use cases.
New applications.

Smooth
transition

cellnex

diving felecow cownectivity
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5G. Oportunidades

FACTORIES OF THE FUTURE <@ ENERGY

<

Oportunidades en los
Oportunidades en la Casos de Uso (+ 70!) y Modelos de Negocio
Tecnologia 5G soportados por redes 5G

Fuente 1: 5G PPP Architecture Working Group, “View on 5G Architecture”, 2016
Fuente 2: 5G PPP, “5G empowering vertical industries”, 2015

N



5G. Oportunidades

Maobile broadband Vertical 1 Services Vertical 82 Services
Services (e.g., Factory of the (e.2., Automotive) -
Busmens
z Fumcton
o5 S o Layer
Vertical #1 Vertical 2 0 Vertical ¥3
i 1P [P e AT funcson gy
‘v Regasitory Regositary Repasitory

Operator 8

Wirsless _Optical ___ Cloud
Edge Cloud  Core Clowd.

RAN snd wireless  Optical snd  Optical Optic RANand wisless  Optical and  Optical
beckhed  Satelite Access  Metro backnaul Satedite Access Metro
Network  Network Network  Network

Oportunidades en la
Tecnologia 5G

Fuente 1: 5G PPP Architecture Working Group, “View on 5G Architecture”, 2016

)
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+Self management of network [virtual) functions
*Deployment and management of cloud facilities resources
*Network programmability

*Service programmability

+Slice support (configuration mode selection, adaptation)

H *Decomposition and reutilization of functional blocks

“Flexible placement of virtual network functions and interfacing
*Muti-Domain Orchestration and Life Cycle Management
*Multi-domain control management and orchestration

* Security as a service

*Multi-tenancy support

*Qpen access

tion & Control

+Slice support
+SDN support and full exploitation of NFV

Slice support (at least slice awareness)
* Control/user plane split

*Fixed-Mobile Convergence
*Slice support

= NFV support [possibly limited) +SDN & NFV support *Control and user plane split :
i = C-RAN/D-RAN functional splits “Heterogeneous fixed and wireless access comman RAN/CN interface for LTE and H
~Tight Interworking of LTE and new radio technologies the new AlVs for the 5G RAN H

+Fixed Mobile Convergence
<CN/RAN split
*Security

interfaces for the 5G RAN
*Common RAN/CN interface for LTE and the new
AlVs for the 5G RAN

* Multi-connectivity

* Enhanced/new network access functions
*CN/RAN split

i sNetwork re-programmability of radio functions
i “New RAT for higher frequencies up to 100 GHz
i (eg. access, handovers etc}

*Support for mm-wave standalone and non-
standalone operation

* PHY numerology (TTI, waveform, coding, etc)
*Security

*Converged Fronthaul and Backhaul

*Flexible optical transport in the metro domain
*Compute and storage hardware availablein
aggregation nodes

Central, regional and edge clouds, cloudlets
*Functional splits can vary from D-RAN to C-RAN
*Control and user plane split

*New fronthaul

*Security

Radio Acc

2

Prioridades en I+D para 5G




5G. Oportunidades

AUTOMOTIVE

DATA RATE

COVERAGE

RELIABILITY DENSITY

Automated driving

Share my view

Bird's eye view

Digitalization of transport and logistics
® Information society on the road

FACTORIES

DATA RATE

COVERAGE

ITIONING
LATENCYURACY

DENSITY

Time-critical process control

Non time-critical factory automation

Remote control

Intra/Inter-enterprise communication
@® Connected goods

Fuente 1: 5G PPP, “5G empowering vertical industries”, 2015

POSITIONING
ACCURACY

MEDIA &
ENTERTAINMENT

DATA RATE

MOBILIT

(SPEED)

(Low)
LATE

RELIABILITY DENSITY

Ultra high fidelity media

On-site Live Event Experience
User/Machine generated content
Immersive and integrated media
Cooperative media production
Collabarative gaming

cellnex

o\riv%ma Yelecou, com:div}{'\/

e-HEALTH

DATA RATE

COVERAGE MOBILITY COVERAGE MOBILITY
‘ y
“# (SPEED) (SPEED}

POSITIONING (Low)
ACCURACY LATENCY

DENSITY

RELIABILITY DENSITY RELIABILITY

Assets and interventions management in Hospital
@ Robotics

Remote monitoring

Smarter medication

@ Grid access
Grid backhaul
Grid backbone
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5G. Oportunidades

Algunos modelos de negocio:

Automocion: Pay as you drive, Mobility as a
Service, Predictive Maintenance, ProSe (Servicios
de proximidad) ...

Factorias del futuro: Modelos de negocio basados
en datos, Servitizacién - Machines as a Service
(MaaS), Direccion remota de fabricas ... AUTOMOTIVE

Energia: Operador de red privada virtual, Red
dedicada privada, Pay-as-you-go, Bartering
(Trueque), Real-time peak pricing, Calidades Oportunidades en los

variedadas de provision (tradicional, bajo coste, Casos de Uso (+ 70!) y Modelos de Negocio
SUTEIERIE, o) soportados por redes 5G




5G. Oportunidades Galicia

cellnex
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Un sector TIC gallego diversificado que abarca desde desarrolladores de software, fabricantes de
componentes o hardware, hasta operadores de telefonia e infraestructura de difusién.

0 9 @ P G >>

%= ALARTY D

Desarrollos especificos para 5G 5G como soporte de la digitalizacion y de
las nuevas tendencias en casos de uso

* En términos generales:

* Monitor. & diagnoéstico multicapa de red (QOE) .
« Comms. RF > 6GHz, fibra, satélite, 6pticas

* Aprovechamiento espectral (full duplex, sharing)
» Softwarizacion de componentes de red

Valorizacion del dato (Inteligencia &Negocio)
Seguridad

XaaS (Anything as a Service)

Cloud + Softwarizacion

» Analitica para gestion de red — Inteligencia « Enlas verticales:

* Antenas, sistemas MIMO vy sistemas distribuidos
» Seguridad

Agricultura inteligente apoyada en loT

Salud y envejecimiento activo

Vehiculos autbnomos

Fabrica inteligente. Gestion industrial en el Cloud
Apps y Contenidos de VR y AR en Media & Ent.

N
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COOPERATIVE AND AUTOMATED DRIVING: C-ITS SERVICES

i B B , ‘l ' '
' g NEY

B ' Vehlcle to-

infrastructure V2I) )

e.g. traffic signal
timing/ priority _

Vehicle-to- n
vehicle (V2V)

e.g. collision avoidance safety systems

(g7 97 L S
[

: ’!‘
® Vehicle-to-network (V2N)
¢ e.g. real-time traffic / routing, cloud services

=

.|||l'3l §isai _ﬂ-“* o i

T
”“”“"1. d " (“n

kT‘

Vehicle-to-pedestrian
(V2P)

e.g. safety aleris to
pedestrians, bicyclists
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COOPERATIVE AND AUTOMATED DRIVING: C-ITS SERVICES




COOPERATIVE AND AUTOMATED DRIVING: C-ITS SERVICES celimex

THE SITE

On the road

Solar & Wind energy

loT sensors
Edge node
Energy switching
Radio nodes




5G. Factoria del Futuro

CONECTADA
® Cooperacion e interrelaciéon

@ Integracién de sistemas

SOSTENIBLE

© Medioambiental

© Econémico

SOCIAL

o Espacios compartidos por personas y maquinas
© Responsabilidad social

cellnex
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AUTOMATIZADA
® Repetitividad y fiabilidad

© Mayor productividad y eficiencia

FLEXIBLE
© Capacidad de reconfiguracion

© Integracion de procesos y sistemas

INTELIGENTE

© Sistemas sensibles a cambios del entorno
© Uso racional de recursos

® Preventivo y predictivo




5G. celnex"
SECTORES INDUSTRIALES

El Operario 4.0 abre la posibilidad a escenarios industriales irresolubles sin
el uso las nuevas herramientas inteligentes (wearables, smart PPEs, smart
glass, smart rings, HW platforms, smart clothes, wrist computers, smart

tools, ....).
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Muchas gracias

francisco.marcos@cellnextelecom.com
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