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5G - An evolution of the past or a revolutionary new approach?
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Traditional Cellular Networks - Time for Change?
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Source: D.H. Ring, “Mobile Telephony - Wide Area Coverage,” Bell Laboratories Technical Memorandum, December 11, 1947.
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5G Enables New Capabilities
Beyond Mobile Broadband
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Future X Architecture - Scalable, Open & Agile

4 © Nokia 2018

Digital Value
Platforms

Augmented
Cognition Systems

External data sources

©

=

\/
=== Web, Enterprise

f I X & Vertical apps

&

Analytics Machine
learning
Open APIs

I\él)anﬁgemer)t &

rchestration

Programmable Cp\ SUE LIS

Network OS Dynamic customer Dynamic network

services optimization
. @) =
Universal ((P O

Adaptive Core

—

Access agnostic
converged core

Modular, decomposed
network functions

Dynamic
Data Security
@ » New trust framework

» Ecosystem sharing
» Mass edge monitoring

oy

Multi-operator
federation

O

Common
data layer

Autonomously
optimized coverage ™,
& capacity

>

AT —

Smart Network

Fabric

Short
waves
& wires

Long
fibers

Converged
Node

Source: M. Weldon, The Future X Network: A Bell Labs Perspective. CRC Press, March 2016.
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5G Vision - Enabling New Verticals & Use Cases

FACTORIES OF THE FUTURE @ ENERGY
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Remote control <. . management in hospitals
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| ¥ B Smarter medication
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Immersive and integrated media
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Automated driving
Share-my-view Digitilization of transport and logistics ; . ; "
Bird’s eye view Information society on theroad Source:5G-PPP White Paper, “5G Vertical Sectors,” Feb. 2016
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5G Vision - Enabling New Verticals & Use Cases
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Unified Network Layer - Cloud-native radio access and core network
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Device Layer - Unified 5G-UE ecosystem for connectivity idelity media

2 event experience
User/machine generated content
Immersive and integrated media
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Digitilization of transport and logistics

Information society on theroad Source:5G-PPP White Paper, “5G Vertical Sectors,” Feb. 2016
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*Source: A. Prasad, Z. Li, S. Holtmanns, M.A. Uusitalo, "5G Micro-Operator Networks — A Key Enabler for
New Verticals and Markets," IEEE 25th Telecommunications Forum (TELFOR), Belgrade, Nov. 2017.
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5G Vision - Enabling New Verticals & Use Cases
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Device Layer - Unified 5G-UE ecosystem for connectivity

AUTOMOTIVE

Automated driving
Share-my-view

Digitilization of transport and logistics
Bird’s eyeview

Information society on theroad

7 © Nokia 2018 Public

*Source: A. Prasad, Z. Li, S. Holtmanns, M.A. Uusitalo, "5G Micro-Operator Networks — A Key Enabler for
New Verticals and Markets," IEEE 25th Telecommunications Forum (TELFOR), Belgrade, Nov. 2017.
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5G Key Technology Components

#1 New spectrum
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#2 Beamforming

LTE

#4 Dual-connectivity

T Multi-service

 Flexibility
* Lean carrier

#5 Edge computing
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5G Architecture Options in Release 15

NSA = Non-Standalone
SA = Standalone

Why Standalone SA?

Why Dual Connectivity with NSA?

Option 3x | LTE+5G under EPC

Option 2 | SA 5G under 5GC
EPC

5G core

Available 6 months earlier than SA
Existing EPC core used
Existing LTE idle mode used * Lower setup time in 5G

Data rate aggregation LTE + 5G
VoLTE in LTE

 5G end-to-end for new services
» Lower latency without LTE leg
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Evolution of Non-Standalone Option to 5G Core
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5G Technology Adoption

« IGSA has identified 154 operators in 66 countries that have demonstrated, are testing or trialing,
or have been licensed to conduct, field trials of 5G-enabling and candidate technologies
* Up from 134 operators in April 2018
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. . tSource: GSA Report: “Evolution from LTE to 5G: Global Market Status,” Aug. 2018 (https://gsacom.com/
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5G Technology Adoption
Deployment Plans

67 telecom operators in 39 countries that
have announced intentions of making 5G
available to their customers between 2018
- 2022

Figure only includes countries where operators
have announced their plans

Beyond limited scale launches, ten launches in nine
countries planned to take place by the end of 2018.

Powered by Bing
© GeoNames, MSFT, Microsoft, Navinfo, Navteg, Thinkware Extract, Wikipedia

B Launched - limited availability B Launched - event service only; full launch 2019
B Deployed - selected areas only B Expected 2018
B Expected 2019 B Expected 2020

M Expected 2021
Source: GSA Report: “Evolution from LTE to 5G: Global Market Status,” Aug. 2018. (https://gsacom.com/)
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5G-Xcast - Unified Framework
for Common Content Delivery
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5G-Xcast i T
Consortium N

Xcast: An efficient corﬁbination
of uni-, multi-, and broad-cast
transmission mechanisms EBU

NOIMOIr = broadpeatiA
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CONTENT GENERATION DISTRIBUTION CONSUMPTION

* Broadcast and Multicast Communication Enablers for the Fifth-Generation of Wireless
Systems (5G-Xcast)
— Start and end date: June 2017 - May 2019 (24 months)

— European Union funded project; Call H2020-ICT-2016-2; Grant Number: 761498
Public NOKIA
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Convergence Vision

The converged media
delivery architecture
of 5G-Xcast over fixed
broadband, mobile
broadband and
terrestrial broadcast
networks allows a
seamless,
uninterrupted service
to be offered to the
users as they move.
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5G-Xcast
Vision

© Multimedia& ¥/  Automotive |/  Internetof | PublicWarning
Entertainment Things ‘ﬁ =

1 Autonomous driving

1UHDTV delivery information HSoftware & IDisaster alerts (e.g
IVR, AR, 360° video I Infotainment firmware updates i h . .k
Y - . 1 Common control tsunami, earthquake)
- EContent prepositioning | |  KSafety applications | to devi IEmergency alerts (e.g.
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Multicast Mixed Mode and Terrestrial Broadcast Mode

Switched unicast, multicast

and broadcast
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E2E 5G-Xcast architecture, based
on Rel-15 5G Service Based
Architecture (SBA)

(1) 5G Unicast Evolution -
Transparent Mode

Broadband service provider

« Analysis of the limitations of multicast/broadcast capabilities in LTE and designed building blocks to
enable multicast/broadcast in the service-based 5G architecture (D4.1)

« Description of the key drivers, benefits and use cases for full fixed-mobile network convergence (D4.2
on-going) and call flows (D4.3 on-going)
— D&.1:
» http://5g-xcast.eu/wp-content/uploads/2018/07/5G-Xcast D4.1 v1.1_web-1.pdf

— Tutorial WP4:
*» hitp.//5g-xcast.eu/wp-content/uploads/2018/07/5G-Xcast Tutorial 06 _WP4 CoreNetwork pdf
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5G-Xcast and 3GPP from Vision to Reality Eﬁf YCAST
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5G Value Proposition =5 X CAST

EBU MNOs / BNOs ==TIM

— Simplified and efficient transport, with reduced transport network load and total
cost of ownership for Xcast content

» Leveraging OTT innovations and ecosystem partnerships
— Novel collaborations with content providers for advertisements / new revenue

BTi\ streams, efficient transport of ‘elephant pipes II
4]

* Supporting new business models using AR/VR deployments

« Content Providers
EB — Controllable QoE and seamless multi-access connectivity with Xcasting
« UEVendors

— Access to the massive and global end-to-end 5G ecosystem
— Simplified implementation with minimal testing complexity m&%
— Empowering new use cases and features with minimal added cost |
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Public deliverables, scientific papers, presentations: Website:
http://5g-xcast.eu/documents/ WWWw.5g-xcast.eu

=G XA CAST

Twitter:

@ocucast NOKIA
LinkedIn:

https://linkedin.com/company/5g-xcast

Videos:
https://www.youtube.com/channel/lUCCI2iISqTDx42UiLoRcDyDBq
https://youtu.be/daFOf30NG2U

DISCLAIMER: This work was supported in part by the European Commission under the 5G-PPP project
Broadcast and Multicast Communication Enablers for the Fifth-Generation of Wireless Systems 5G-Xcast
(H2020-ICT-2016-2 call, grant number 761498). The views expressed in this contribution are those of the
authors and do not necessarily represent the project.
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