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5G is a new paradigm

Delivering Enhanced Mobile Broadband (eMBB), Ultra-Reliable and Low-Latency Communication (URLLC)
and Massive Machine-Type Communication (mMTC), 5G applications represent tremendous opportunities for
consumers, homes, businesses and communities.

e 5G is expected to generate USD 12 trillion in revenues in 2035.

e 80% of telecom revenues (broadband, hardware, and services) will be linked to 5G in 2035.

Furthermore, 5G will help reduce inequality by increasing access and lowering the cost of essential services,
such as healthcare and education. By expanding the scope of wireless technologies and making devices more
autonomous, 5G will help to reduce our carbon footprint and conserve natural resources. Last, economic
growth will boost direct and indirect employment in all economies.

Telecom operators, equipment vendors, and industry stakeholders are
transforming their respective industries using 5G applications, supported by
national strategies

New 5G applications are emerging, supported by national strategies:

e Telecom 5G for home (e.g. Fixed Wireless Access) and mobile

e Media AR/VR gaming, and advertising, multi- broadcasting

e Manufacturing Smart factories & connectivity over the full product lifecycle
e Transportation autonomous driving, in-car infotainment

e Public services healthcare (e.g. telemedicine), education









1.1 5G is not just faster, but a new paradigm
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Figure 1. Three pillars of 5G and examples of related use cases

Source: ITU

Built on 3 main pillars, 5G will create tremendous opportunities:
e Enhanced Mobile Broadband (eMBB) will provide mobile network customers and industrial users with
enhanced capacities, benefiting B2C, entertainment and media, and other service sectors.
e Ultra-reliable and Low-latency Communication (URLLC) will support new use cases in mission critical
applications (e.g. autonomous driving, remote surgical operation, industry automation).
e Massive Machine-type Communications (mMTC) will enable industry players to connect massive numbers
of devices with specific connectivity requirements, in sectors such as manufacturing, utilities, and logistics.
Much more than any previous generation of technology, the 5G paradigm brings together mobile network
operators, equipment vendors, and other industry stakeholders, due to the broad range of technical and
business opportunities opened up by 5G.
* Network operators have a central role in 5G deployment as they will run the 5G networks. They will
commit in the greatest part of the necessary CAPEX and OPEX.
e Equipment vendors develop 5G technologies, define and introduce 5G products (RAN, core network,
services, handsets).
¢ Industry stakeholders are brought into the paradigm by the new opportunities with 5G. Many sectors are
involved because 5G will enable massive innovation both on the product side (e.g. connected vehicles)
and on the productivity side (e.g. industrial 10T).















Release 16, expected to be published in mid-2020, will contain technical enhancements relating to general

improvements in 5G and industry-specific topics.

Release 16 has 2 important vertical sectors: automotive and industrial automation.

e Automotive: Release 16 will include advanced V2X features primarily based on low latency, for use cases
such as platooning.

e Industrial automation: Release 16 will support factory automation by defining time sensitive networking
and high reliability. 3GPP's objective is to make 5G NR complement wired Ethernet connections in
factories. URLLC enhancement are key advances in Release 16.

Release 16 will also support other vertical industries such as Transportation (e.g. Future Mobile

Communication System for Railways), and Media (e.g. 5G Mobile Broadband Media Distribution). Generic

improvements that will benefit multiple industries are also to be delivered, such as advances in positioning,

MIMO, and power consumption.

Regarding overall 5G improvement, Release 16 will specify the 5G Systems further, including Wireless

Wireline Convergence,, Network Automation, Traffic Steering/Switching/Splitting, enhancements to Service

Based Architecture, etc.

Later, Release 17 will add new features supporting more verticals and services enhancing the technical

features specified in releases 15 and 16. An ambitious scope of work is under preparation and will be defined

by the end of 2019. It may include:

e Transversal features: MIMO enhancement, coverage enhancement, small data transfer optimization, etc.

e Industry-specific features: Logistics, e-health, connected factories, etc.






3.1 Multiple spectrum bands are required to address the wide range of 5G
use cases and applications

Spectrum harmonization between national regulatory authorities would support 5G development and
the spread of 5G applications, as harmonization enables economies of scale and facilitates cross-border
coordination and roaming for end users.

A multi-layer spectrum approach is required to address the wide range of 5G use cases:

e The "Coverage Layer" exploits spectrum below 2 GHz (e.g. 700 MHz) providing wide-area and deep
indoor coverage. When used in combination with bands in the 3,300-3,800 MHz range, the pairing allows
operators to benefit from their features, thus delivering enhanced capacity and coverage.

e The "Coverage and Capacity Layer" is spectrum in the 2 to 6 GHz range (e.g. C-band) that delivers the
best compromise between capacity and coverage.

e The "Super Data Layer" is spectrum above 6 GHz (e.g. 24.25-29.5 and 37-43.5 GHz), used to address
specific use cases requiring extremely high data rates (e.g. FWA and hotspot).

National governments and regulators should focus on making large blocks of contiguous spectrum available

in these ranges (80 to 100 MHz per network in the Coverage and Capacity Layer, 800 MHz in the Super Data

Layer), because fragmentation can impact spectrum efficiency and can drive up costs.

More medium-frequency bands will be required in the next wave of 5G development (i.e. in 5-10 years) in

order to provide better 5G coverage and capacity. Spectrum between 5925-7125 MHz, within the medium-

frequency range, is a good candidate, as it provides a good balance between coverage and capacity. As
incumbent services already occupy this band in some countries, Huawei recommends creating a hew WRC-

23 Agenda Item to study the sharing and compatibility between IMT and incumbent services and to consider

IMT identification based on ITU-R studies.

3.2 Regulatory frameworks need to be supportive of 5G deployment and
applications

3 key points arise regarding regulatory frameworks:

e Regulatory frameworks should embrace the principle of technology and service neutrality for the smooth
introduction of the latest technologies and services in existing and new bands. They should allow uplink
spectrum sharing between LTE and NR.

e National licenses should remain the main and preferred authorization model for access to 5G spectrum,
as they give operators the confidence to invest, and support predictable network performance and service
quality.

National licenses as the main and preferred authorization model for accessing 5G spectrum

Huawei recommends a consensus approach to spectrum authorization, involving all stakeholders at the national
level, Consensus should be based on ample discussion and studies, especially on market demand and spectrum
supply. In the first wave of spectrum awards worldwide, most regulators granted national licenses in priority
or exclusively to MNOs, with MNOs providing network access and solutions to vertical sectors using slicing

technologies.
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Worcestershire 5G testbed

e The testbed in Worcestershire is exploring ways to increase productivity
by using robotics, big data analytics and augmented reality with 5G in a
manufacturing setting. Global experts and partners are involved in trials at the
Worcestershire 5G testbed, a government-backed program.

* The Worcestershire 5G Consortia will explore:

- Increased productivity in manufacturing

- Detection

- Remote maintenance

- New models — manufacturing as a service * Security by design’
- Training the next generation 5G engineers

Sources; gov.uk, UK5G.com, zanet.com

4.2.4 Transportation

The automotive industry has been an early adopter of various connectivity technologies. There has been a
major impetus by car manufacturers to develop connection-ready cars, taking small steps forward within a
long-term vision of autonomous vehicle control using eMBB and URLLC.

Main 5G opportunities

5G will bring improvements to services in the automotive industry in the form of vehicle-to-everything (V2X)
communications on the path to autonomous driving, but also in the form of improved in-car 'infotainment'.
As cars become more connected and collect a larger amount of data (location, usage, performance,
telematics), opportunities also open up for remote diagnostics, pay-as-you-drive insurance models, and driver
assistance using 5G technology.

Such use cases can be transposed at a later stage to other forms of transportation such as rail, air
transportation, ports, etc.

5G network requirements

5G may be helpful for use cases associated with autonomous driving and V2V telecommunications, and
some in-car infotainment services. 5G can support real-time, low latency exchange of data in a mobile
context.

The connected car concept extends beyond V2V communication. It also requires communication with
infrastructure (V2I) and pedestrians (V2P). Taken together, these are referred to as V2X communication. An
increasingly popular solution for V2X communication is Cellular-Vehicle-to-Everything (C-V2X), the C referring
to 4G or 5G.

Beginning in Release 16, 5G-V2X will offer improved features for autonomous driving. Specifically, short
range direct communications will rely on 5G capabilities (lower latencies and increased bandwidth). *°

° OECD
Y 5GAA, Timeline for deployment of C-V2X
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4.2.5 Public services

The global demand for better healthcare continues to grow, and costs are rising, up from 8.5% of total GDP
in 2000 to over 10% in 2016™. As well as its positive economic impact, 5G can bring sustainable health
benefits and improved quality of life.

Main 5G opportunities

5G opportunities in healthcare rely on a combination of massive 0T and enhanced broadband to support
telemedicine. 5G will help to improve diagnoses requiring multiple connections at a remote site (e.g. patient
dialysis at home, or remote control of medical equipment). Telemedicine and connected equipment inside
hospitals will be possible using 5G.

5G network requirements

Smart emergency vehicles, remote sensor networks and other wearable devices all demand rapid data

transmission and low latency to function effectively.

ARA A A A URLLC mMTC
Use case {eU0i00 GOUCAGI (ms/%") (density)
Remote therapies, connected medication |<10 <10 High
Smarter ) )
medication Enhance_d therapies: m_ulhple 100 10 Medium
connections, telemedicine
Wireless tele- Wireless telesurgery with a robot <1/ 99,999% |10-15 Low
surgery
Asset Tracking equipment location and usage
managementin |. . g equipn 9 100 <10 High
. inside the hospital
hospitals
Sources; Wireless X Labs, U BEREC, Huawes, expert interviews 1. Latency in milliseconds, reliability in %

Market development insights

Based on projected timelines, 5G opportunities in public services are expected to scale up in 7 to 10 years.
Most current pilots are extensions of telemedicine initiatives or connected devices that already exist and can
be easily scaled up (e.g. video).

" World Bank: World Health Organization Global Health Expenditure database
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The diversity of services and end users brought by 5G technology has opened up new business models for
operators and industry stakeholders. Today, operators face a more diverse range of demands: the need for
increased security and isolation (e.g. data privacy in factories), more local and denser coverage of key areas.
Collaboration with industry stakeholders will deepen so that operators and their partners can build networks
customized to specific needs.

A model based on the public network could be efficient. The network can be owned by operators, or by
new players offering network slicing and/or APN services in collaboration with the infrastructure owner. The
industry stakeholders may typically leverage the public network via slicing technologies without having to
bear the costs of a privately-owned network. The operators’ networks would be so powerful that they could
meet the end users’ customized needs in terms of data isolation and management.
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5.3 Stakeholders should coordinate to build the capabilities required for
potential applications, target business models, and the 5G ecosystem

Industry associations should work together with research institutes, operators, equipment vendors, and other

industry players to achieve common objectives:

» Understanding and aligning on the needs of specific verticals

* Meeting the needs of verticals in standards

e Exploring commercial use cases and business models across verticals and fostering advanced research

Some sectors are leading the way in terms of collaborating and coordinating on 5G developments:

* 5GAA (5G Automotive Association) coordinates with the European regulator to promote C-V2X as a
technology option. Industry stakeholders collaborated on the white papers concerning scenarios, roadmap,
and key technical requirements.

e 5G-ACIA (5G Alliance for Connected Industry & Automation), was founded in 2018 with the goal of
applying industrial 5G in the best possible way.

e 5G AlA, dedicated to the commercial development of industry use cases, encompasses 5 working groups
from different verticals, which work to build coordinated value chains for their respective industries. There
is also an Investment & Financing Group which is responsible for incubation funds to develop 5G industry
pilot projects.
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GLOSSARY

3GPP: 3rd Generation Partnership Project

5G-ACIA: 5G Alliance for Connected Industries
and Automation

5G AIA: 5G Applications Industry Array
5GAA: the 5G Automotive Association

API: Application Programming Interface
B2B: Business-to-Business

B2C: Business-to-Consumers

CAPEX: Capital Expenditures

CAPIF: Common API Framework

C-V2X: Cellular-Vehicle-to-Everything

DSRC: dedicated Short-Range Communication
eCAPIF: Enhanced Common API Framework
FDD: Frequency Division Duplex

FRMCS: Future Mobile Communications System
for Railways

FWA: Fixed Wireless Access
IMT-2020: International Mobile

Telecommunications 2020 — requirement issued by

the ITU-R for 5G networks, devices and services
ITS: Intelligent Transport Systems
ITU: International Telecommunication Union

ITU-R: International Telecommunication Union
Radiocommunications sector

LGA: Land Grid Array

LTE-A: Long Term Evolution Advanced

M.2 / NGFF: Next Generation Form Factor
MC: Mission Critical

MEC: Multi-access Edge Computing

MIMO: Multiple-Input Multiple-Output
mloT: massive Internet of Things

mMMTC: massive Machine Type Communications
MNOs: Mobile Network Operators

NR: New Radio

OPEX: Operating Expenditures

PDC: Personal Digital Cellular

SDOs: Standard Development Organizations
TDD: Time Division Duplex

o{Dt al01Ci0Aa GeUOIO0ATIIC e6d§&6

V2V: Vehicle-to-Vehicle

V2X: Vehicle-to-everything

WLAN: Wireless Local Access Network
WRC: World Radiocommunication Conference
WTTx: Wireless to everything

XR: Extended Reality
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