


5G & The Future Mobile Network - Introduction

Overview

5G has been in the news a lot recently, but what is it all aboute Do we need another "G" (Generation)
of mobile technology? Is it true that 5G will enable Augmented Reality, Remote Surgery, Factory
Automation and Self-Driving Carse What is the engineering and commercial reality behind current UK
deployments of 5G and what can we expect in the future?

Topics BT/EE 5G Launch
Early 5G Benchmarking
History of Mobile Generations 5G Technology Components
4G Benchmarking 5G Radio / 5G Spectrum
5G Performance Objectives 5G Architecture
5G Use Cases 5G Core Networks
5G Innovation 5G Future Evolution
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Brief History of Mobile Generations (1G to 5G)

Mobile voice for Expectation: Dependency for Wireless connectivity
the mass market voice, text, internet everyday life is essential

Surprise and wonder
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4G Benchmarking in the UK

Source: OpenSignal UK Mobile Network Experience Report, April 2019
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5G Performance Objectives

100 Mbps

+ 5G performance requirements have been
whenever needed

defined by the ITU (IMT-2020) and >10 Gbps
developed by 3GPP. peak data rates

10 000

+ Astep change (improvement of 10x-100x x more traffic

compared to 4G) in bandwidth, latency, 10-100
density, battery life and reliability is x more devices
demanded. <1 ms
radio latency
. MzZM
* These requirements may not all be ultra low cost

required or met at the same time.

Ultra

10 years reliability

-« 5Gis expected to meet a wide variety of docfl i
use-cases in different ways, e.g. via
specialized devices, priority services, and
a mix of public and private networks.
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Source: Nokia = 5G For Mission Critical Communications
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5G Use Cases

@ced Mobile Broa@“eMBB"

Gigabytes in a second

3D Video, UHD Screens

i\ Work and Play in the Cloud

| \. Mission critical application

Future IMT elf Driving Car

Itra-reliable and low latency
communications

“URLLC”

Smart Home Building Augmented Reality

Industry Automation

Voice

Smart City

Massive machine type
communications

“MMTC”

ITU - “IMT2020” Use Cases

4G unleashed tremendous innovation and disruption over
the last decade, e.g.

-JOF  § §16

5G is expected to enable even greater innovation and
disruption during the next decade, e.g.

- Augmented Reality
- Remote Healthcare
- Factory & Port Automation
- Autonomous Vehicles
- Drone Control
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BT 5G Innovation

BT is playing a leading role in 5G Innovation, developing
new use cases including:

- Sports / Entertainment - 5G AR/VR at Wembley
Stadium

- Mass Events — first 5G Music Festival at Glastonbury
- Healthcare - first remote ultrasound over public 5G
- Smart Ports — pioneering AR over 5G in UK ports.

- Media & Broadcast — first TV broadcast over public
5G.

- Connected Transport — 5G autonomous vehicles at
the Royal Welsh Agricultural Show.

BT trials the UK’s first live TV praduction with 5G
= -
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Connected Ambulance Demo Successful demonstration of remote ultrasound scan
(Remofe HeCI"'hCGI'e) via haptic channel over 5G (low latency required).
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Source:
https://www.qualcomm.com/media/documents/files/future-of-5g.pdf

Factory/Port Automation

Emerging dedicated private
networks for targeted needs

Shipping logs
TG limes
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5G V2X Use Cases
|

Enhanced network | |
communication G J ‘

|

Faster access to cloud for in-vehicle
experiences, car OEM services and
telematics

\‘

Connected car services

In-vehicle experiences

Source:

New direct
communication

| V2V, V2|, and V2P communications for

latency-sensitive use-cases, e.g.

|  collision avoidance
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Road hazard
waning

Speed
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Road safety
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Transportation efficiency

files/future-of-59.
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Massive
Internet of Things

Deeper coverage to connect road
infrastructure (e.g. sensors and traffic
cameras)

 Smartcity

Utilities

Connected road sensors

Evolution to 5G is designed to serve as the unified connectivity fabric
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BT/EE 5G Launch - Leading the UK

THE UK'S FIRST

BT launched 5G in May 2019 under the EE brand - the 56
first in the UK and one of the first in Europe. NETWORK

BT/EE 5G is now available in 50 cities and towns across
the UK (as of Dec 2019).

BT/EE have the best 5G coverage and the fastest 5G
speeds in the UK:

- 5G peak download speeds up to 1 Gbps
- 5G average download speeds around 150-200 Mbps

Vodafone launched 5G in July 2019

Three launched 5G in August 2019 (but currently limited
to a 5G Home Broadband service in London only)

02 launched 5G in October 2019
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BT/EE 5G Rollout - Available in 50 Towns & Cities (as of Dec 19)

EESG
LOCATIONS
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Ed 56 cities
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Birmingham
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Early 5G Benchmarking in the UK

Download speeds 5-6 fimes higher than 4G.
Upload speeds 2 times higher than 4G.
Some reduction in latency compared to 4G.
Further improvements expected over time.

Ookla SpeedTest — “State of Mobile 5G in the UK”

(Dec, 2019)
EE leads 5G speeds at the country level

5G Speeds by Operator in the United Kingdom

Speedtest” Results | Q3 2019

5G 5G 5G 5G Top 10%

Operator Download Upload latency Download
(Mbps) (Mbps) (ms) (Mbps)

EE 205.02 19.17 25 359.66
02 159.48 17.28 26 261.32
Vodafone 140.15 19.36 21 230.57

5G Top
10%
Upload
(Mbps)
34.85
2755

32.97

https://www.speedtest.net/insights/blog/5g-united-kingdom-2019/

RootMetrics — “5G First Look” (Oct/Nov 19)

5G availability (%)

60.6% 51.6% 43.4%
21.7% 10.8% 14.0%
London Birmingham Cardiff
W EE
B Vodafone

5G median and maximum download speeds (Mbps)

median maximum

« T

London

Birmingham

Cardiff

http://www.rootmetrics.com/en-GB/home

13

5G & The Future Mobile Network (Tom Curry, Principal Network Architect, BT)




5G Technology Components

5G Architecture

- Non-Standalone (5G New Radio + 4G Evolved Packet Core)

- Standalone (5G Radio + 5G Next Gen Core)

5G New Radio 5G Next Gen Core

- New Spectrum - Core Network Virtualization

- M-MIMO / Beamforming - Distributed Core / Edge Compute
- 10G Backhaul - Network Slicing

- Phase Sync - Private Networks
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5G NSA (Non-Standalone) vs 5G SA (Standalone)

Almost all operators globally are
launching 5G in NSA (Non-
Standalone) mode, also called
Option 3 or Dual Connectivity.

4G & 5G radio bearers are
combined.

An upgraded version of the existing
4G Core Network (EPC) is used.

Higher bandwidth is achieved, but
latency improvements over 4G are
modest and 5G-CN based services
are not yet possible.

Non-standalone
ntion 2a/x

'EPC /|

v .
Stanaalone

5G SA (Standalone) mode wiill
come later. Also called Option 2.

5G radio is combined with a new
5G Core Network (5G-CN, also
called NGC - Next-Gen Core).

There is no dependency on 4G
radio or 4G core (EPC) within 5G
coverage areas.

Further reductions in latency are
achieved. New services based
on 5G-CN are possible.

Other 5G architecture options (Option 4, Option 5, Option 7) have been
defined, but their adoption is uncertain at this time.
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UK Spectrum Allocations (2G/3G/4G/5G — and WiFi)
Comments

-- Part of this spectrum set aside by Ofcom for Indoor Use Only.

3.8-4.2 GHz 5G (TDD) Set aside by Ofcom as Locally Licensed Spectrum
(where not already used for Satellite, Fixed Links etc).

2600 MHz 4G (FDD/TDD) High-band spectrum - used for capacity ~ Eventually re-farmed as 5G 2

2300 MHz 4G (TDD) Includes 10 MHz set aside by Ofcom as Locally Licensed Spectrum

2100 MHz 3G/4G (FDD) Mid-band spectrum — provides coverage & capacity

1800 MHz 2G/3G/4G (FDD) Mid-band spectrum — provides coverage & capacity %
1400 MHz SDL Used for 4G Supplementary Downlink (SDL) o
900 MHz 2G/3G/4G (FDD) Low-band spectrum — used for coverage %
800 MHz 4G (FDD) Low-band spectrum — used for coverage O
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5G New Radio - Technology Components

17

Scalable OFDM-
based air interface

Scalable OFDM
numerology

Address diverse services,
spectrum, deployments

Flexible slot-based
framework

Self-contained
slot structure

Low latency, URLLC,
forward compatibility

Advanced
channel coding

Multi-Edge LDPC and
CRC-Aided Polar

Support large data blocks,
reliable control channel

Source:

https://www.qualcomm.com/media/documents/

files/future-of-5g.pdf

Massive
MIMO

Reciprocity-based
MU-MIMO

Large # of antennas to

increase coverage/capacity

Spatial diversity / spatial multiplexing (e.g. 64T64R “Massive MIMO”
antennas) will significantly increase cell capacity in 5G.

May require tower upgrades due to larger/heavier antennas).

Mobile
mmWave

=
S~

Beamforming
and beam-tracking

For extreme capacity
and throughput
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Increasingly, operators are moving away from appliance-based
network functions to “Network Functions Virtualization” (NFV).

Core Network Virtualization

5G Core Networks have been designed as “Cloud Native” from
day one (this is a further evolution of the NFV concept).

Classical Network Network Functions Cloud Native
Appliance Approach Virtualisation Approach Virtualization

Independent Software Vendors m m

‘ Virtual i  Virtual
= 1= Do
I“Iessage Session Border WAN r
Router Controller Acceleration o . R
Container Engine

e B R

remote install

Firewall Carrier TesterQoE Why Virtualization?
Grade MNAT manitor
Tﬂ m — « Lower cost & improved scalability.
== . - * Increased aufomation, easier to upgrade.
PE Router RAS SGSN/GGSN  Radio Access Network AR e
ene . . . .
i ¢ . « Easier to distribute network functions.
SGW PGW MME 4G Evolved Packet Core .
? . . 1 Network elements Generic High Volurne Storage Why CIOUd Ndflve?
"- i] ﬁ]  Smaller/re-usable blocks of code in “contfainers”.
Generic High Volume « Separately scalable, separately upgradeable.

Ethernet Switches

* Increased agility and resilience.
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Distributed Core Network / Edge Compute
Historically, 2G/3G/4G mobile core
networks have been highly centralized.

Distribute (virtualized) mobile core This is ch inain 5G
functions to reduce network latency. 515 changing in o%s...

\IW\

core Provider 2G/3G/4G
E <<( 0 ) < CDN IP/MPLS Core Mobile Internet etc
(N x 100G) Core

UE Backhaul Edge
(Device) (Nx 10G) Compute Central

Cell Sites Sites
Regional/
Metro Sites

Distribute content caching (CDN) I_Ed%eisfrii’r&sﬁc;%r}lgslseocbe used for:

and/or edge compute capability
) o - Phase Sync Clocks (PRTC)
(to support low-latency applications). _ RAN Functional Decomposifion
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What are the drivers ¢

Support for different operational models

5G Network Slicing & 5G Private Networks ST T,
| Traffic lsolation & Data Sovereignty |

Support for conflicting functional requirements

Traffic Isolation & Data Sovereignty

Sy Connected Cars

‘.* Virtual Reality Services
T

Enhanced Mobile Broadband 7 Multiple virtual networks

p_—
A (P, ” - - Common physical infrastructure
rvare
"‘J':'p Edge Cloud
Compute

Node

Edge Cloud
Compute Node

@ Core Node
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Source:
https://www.qualcomm.com/media/documents/files/future-of-5g.pdf

5G Future Evolution

Continue expansion to new verticals,

Delivering on deployments, use cases, spectrum
ke phaat the 5G vision >
platform —_—— Rel-18+ evolution

Rel-17
HE \
Rel-15 commercialization Rel-16 commercialization Rel-17 commercialization

LTE essential part

of the 5G platform
2019 eMBB 2020 eMBB expansion Longer term expansion
* Global smartphone * Beyond smartphone (PC, FWA, ..) * Industrial loT, enterprise, automotive network
launches * New markets/regions * Private networks
- Fixed wireless access  + Nationwide coverage & SA ation . Unliceni spectrum / /
2018 2019 2020 2021 ' 2022 2023+
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