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5G in Vodafone Spain
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Vodafone realiza la primera llamada 5G
del mundo entre moviles en Barcelona

La firma ha desplegado diversos nodos en Barcelona para pruebas durante el Mohile World Congress
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El Mobile acoge la primera operacion
teleasistida con 5G

+ El avance probado con el hospital Clinic permite mentorizar a cirujanos que se
encuentran en lugares remotos

Latecnologis SG aparece por todos los rincones del Mobile World
Congress (MWC). Operadoras, fabricanies, empresas de sectores
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vatiopintes... todos hablan de la quinta generacion de
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Vodafone Espana lanzara su 5G este verano
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de abril de 201¢

El Ministerio de Economia y Empresa resuelve la
primera convocatoria de ayudas a proyectos
piloto de tecnologias 5G

Los dos proyectos seleccionados tienen un presupuesto
superior agregado superior a 36 millones de euros, de
los que mas de 10 millones seran cofinanciados por
Red.es a través del FEDER

Los proyectos pertenecen a Uniones Temporales de
Empresas encabezadas por Vodafone y Telefonica, y se
localizardn en las Andalucia y Galicia, respectivamente

El Ministerio de Economia y Empresa ha resuelto la

convocatoria de ayudas al desarrollo de dos pilotos de
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5G encompasses ‘4G Evolution” and a new 5G Radio supported by a
common architectural evolution

5G Key Changes

/ 5G Applications at Edge
m 5G New Radio Low latency More spectrum & Compute sites

radio new antennas

* Gigabit * New spectrum Application
Speeds « Very high servers in the
* Low latenc bandwidths o Internet
_ y &) ) @ o © &
radio * Low latency ﬂll
) <10ms (@) E
oloT radio | ‘ > | _ > -E- ry
capabilities * Enhanced PN ety - N Sy - = . B
efficiency & e 4 W MW= - 3 /
security Internet
* Massive loT Core &
Edge

Architectural Evolution

Network Slicing
* Network Virtualisation, Mobile enables new services
KEdge Computing, Network SIicing/ New 5G Devices
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5G | Everything that can benefit from Being connected will be connected

* Next Tech Generation 5G enables a better connecting world, focused in two main pilars: Higher Speed &

Lower Latency

* |nitial focus is enhanced mobile broadband - From 300Mbps to 10Gbps

* 5G as continuous evolution of current 4G and 4.5 G developments using “New Radio” which will enable

access to GHz of new frequency bands above 6GHz
* 5G is not a simple evolution.... It is a need

-
Enhanced Mobile * Gbps peak speeds
* 10’s Mbps cell edge

\° Wide area coverage -indoors

Broadband

-
* Very high reliability

* Very low latency <1ms

\0 Variable coverage requirements

Mission Critical
Communications

~
* Billions of connected devices

Massive loT * Long life and very low cost

g Wide area & very deep coverage
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4G & 5G Radio Technology Evolution

4G Evolution

PRy e > (2 mon > g eas &

Further evolution of LTE

* Carrier Aggregation * Low Latency Radio * Ultra reliable low latency (URLLC)
* 4x4 MIMO * Massive MIMO * Enhancements to LTE V2X
* Higher Order Modulation * >1Gbps DL e NB-loT / eMTC enhancements
« Dual Connectivity * Licence Assisted Access (LAA) * Support 8 UE receive antenna
« VoLTE « LTE WiFi Aggregation (LWA) e 1024QAM
* NBloT/Cat M Introduction of 5G ‘New Radio’ (NR)
* Vehicle Communications (V2X) * New Radio for eMBB and URLLC

e Support for mmWave bands

O
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4G Evo & 5G will bring significant enhancements in user experience

@ o

Radio Latency Average Customer Experience Peak Speed Capability
(Main Cities) (Main Cities)
> 100 Mbps

20 ms

10-15 ms 50 Mbps

10 Mbps
1-3 ms

’/@ f@ \
inc. 4G Evo inc. 4G Evo inc. 4G Evo
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Initial 5G deployments will reuse the existing 4G Core network before
a new 5G Core supporting both 4G and 5G NR is introduced (in

software
)Step 1: EPC Core for 5G Launch Step 2: Introduce new 5G Core to support
LTE and 5G NR
Initial 5G Deployments Future 5G Evolution

() ()

Connectivity Connectivity

- 1 5G User & Control
eoe / m\_ Plane
i

Single Core for all mobile accesses (4G, NB-loT, 5G)

4G User & Control

Plane

* Re-use 4G core for Connection & Mobility Control

* Data aggregated over both 4G and 5G NR with Dual Provides enhanced efficiency & flexibility for MEC,
Connectivity Network Slicing & other functions when deployed at scale

O

* Potentially required for low band 5G coverage
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5G Bands — Different scenarios for
5G

Capacity Capacity
] (>26 GHz)
Coverage & Capacity Massive MIMO
(3.7GHz TDD) ;
Massive MIMO l User 5 Gbps
User 1.5 Gbps L Cell 1 O Gbps
Coverage . cel S Gbps Active Antenna
(700 MHz FDD) Active Antenna mmW
64T64R Macro Outdoor
RRU + Passive Macro Outdoor 1 T
Antenna Indoor solution

Macro Oudoor Band 43 / mmW
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5G technology as Gigabit Society enabler

@® £nhanced Speed & Capacity

Enhanced Mobile Broadband 10+ Gbps
Virtual Reality | Collaboration

i-l - )
A
Massive Machine Type communications | Ultra-Reliable Low Latency communications

Smart Meters e-Health '_'_'f"_‘stfy 40 Smart Cities
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iiil d | Trag
L /" . ‘x\l
Wearables St pa= EEySSS ‘
£ |

. Connected Carzv 2X) ’

Vehicle 2 Vehicle
Vehicle 2 Infrastructurs
Vehicle 2 Person

e
Massive Communications Latency
1 million objects / kn?P 7-10 msec
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5G advantages

) 5G

INDUSTRIAL

TRAFFIC SAFETY

FLEET S LOGISTICS APPLICATION &
MANAGEMENT & CONTROL CONTROL
SMART REMOTE
AGRICULTURE 0 / \ TRAINING
0 REMOTE
SMART 1- Ultra Rellable LOW MANUEACTURING REMOTE
METER SURGERY
Latency.
2. Enhanced Mobile
Broadband
3. Massive Machine Type &S 32
o Communications. seeaRcION VIRTUALIZACION
@ 4. Other Basic Principles. CONTROL Y
MOBILE/
WIRELESS/ ° MEC
FIXED
VENUES SMARTPHONES * Network SIICIng ORQUESTACION

\\ e  Virtualization /

C2 General



5G and loT — LTE Mobile Private Networks

Cloud & Security

® Public/Private Radio ® Dedicated MEC ® SIM Provisioning
® Operator/Private Core ® Distributed MEC ® SIM status
® | ocal Data Routing ® SIM Monitoring
® Other |OT products

Value Added
Services

® Partner eco-system

® Analytics

® Devices

* MDM/EMM

® SD-WAN/LAN Integrati

Global Service Model
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5G and loT — LTE Mobile Private Networks

Slice 1:
Public Mobile

Broadband

Slice 2:
Public lOT

Mobile Private Network
(Industrial IoT)

Mobile Private Network
(Video Surveillance
&Analytics)
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Upload/
Download
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Latency

QoS

Upload/
Download

Latency

A
N

QoS

Narrowband
loT

QoS

Mobile Edge
Computing

QoS

Customer
Application
Hosting

Public & Private
Services




5G and loT — LTE Mobile Private Networks

Cloud services Local network at edge
Cloud analytics and virtualized RAN, core network and
core network functions analytics functions .
P9
(&) R
e, aem
¥0 Sw]

=
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Sensitive data
stays on site

Quick turnaround for
ultra low latency

Qualcomm Technologies, Inc.
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Industrial loT devices

Sensing, processing, security, intelligence

@ ) Sensors
Security
Gateway 15.4 W-HART
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W Processing
() Wi-Fi
Wired

Machines
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Road to 5G - LTE Evolution

[Advanced Carrier\ /Advanced MIMO

SPEEd Aggregation
\ / \_
4 MEC Solutions ) 4 Lower Latency
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Gracias por su atencidn.
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