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GSMA Intelligence is the definitive source of global mobile
operator data, analysis and forecasts, and publisher of
authoritative industry reports and research. Our data
covers every operator group, network and MVNO in every
country worldwide - from Afghanistan to Zimbabwe. It is
the most accurate and complete set of industry metrics
available, comprising tens of millions of individual data
points, updated daily. GSMA Intelligence is relied on by
leading operators, vendors, regulators, financial institutions
and third-party industry players, to support strategic
decision-making and long-term investment planning. The
data is used as an industry reference point and is frequently
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Executive Summary

China cements its position as a global leader in 5G

2019 was a pivotal year for the Chinese
mobile industry. The country was one of the
first globally to launch 5G services. With
operators and enterprises forging ahead in
the development of 5G services, and growing
consumer excitement, China has cemented its
position as a global leader in 5G.

« Operators: Across China, as well as
globally, operators are increasingly seeking
ways to boost revenue and cut costs
in a low-growth environment. They are
therefore exploring ways to evolve their
networks to meet the demands of the 5G
era, with Asian operators focussing on
indoor 5G coverage, RAN automation, and
transport network and security upgrades.
Meanwhile, Chinese operators are leading
on growth beyond core services, with non-
telecoms services - both for consumers
and enterprises - growing at 30% year-on-
year in local currency (compared to less
than 10% for most other major operators).

« Enterprises: Globally, the key benefits of
5G other than speed gains (e.g. network
slicing, edge computing and low-latency

services) are not widely appreciated, with
many companies believing 4G is ‘good
enough’. But China is a clear exception.
Early partnerships and trials from local
operators have paid dividends, as
evidenced by the widespread intent among
companies in the country’s industrial sector
to utilise 5G. Chinese operators are also
leading the charge for standalone (SA) 5G,
which will help deliver the key benefits of
5G for enterprises.

Consumers: Awareness and knowledge

of 5G are rising as hype makes way for
reality. Chinese consumers are among the
most excited by the prospect of 5G. They
are generally more optimistic than other
markets about the benefits of 5G, with
greater expectations of lower service costs,
innovative services and new connected
devices. In addition, consumers in China
are likely earlier adopters of 5G (versus the
US, Japan and Europe) and seem the most
willing to pay more for 5G services - a key
driver of potential 5G consumer revenue
uplift.
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4G dominates, but 5G will ramp up quickly

4G is by far the dominant mobile technology
across China, accounting for more than 80%
of total connections (excluding licensed
cellular 1oT). However, 4G’s share will peak in
2020 (at 82%) as 5G grows significantly.

Several 5G smartphones have been launched,
many by local OEMs, and Chinese consumers
are among the most keen to upgrade to

5G. As a result, China will account for 70%

of global 5G connections in 2020, and 5G
adoption will grow to just under 50% by
2025, placing the country among the leading
nations along with South Korea, Japan and
the US. To support this generational shift

and drive consumer engagement, Chinese
operators are expected to invest more than
$180 billion between 2020 and 2025 in mobile
capex, roughly 90% of which will be on 5G
networks.

Despite some financial headwinds - including
market saturation, increasing competition
and the country’s ‘speed upgrade and tariff
reduction’ policy - China’s mobile revenue
remains stable. Financials will recover in 2020
and 2021, and revenue will rise steadily at
around 1% per year to 2025, largely because
of growing revenues in enterprise loT and
new 5G services.

Growth is limited, as it is in all advanced markets

By the end of 2019, 1.2 billion people
subscribed to mobile services across China.
This accounts for 82% of the region’s
population and places China among the
world’s most developed markets. As with all
advanced markets, adding new subscribers is
increasingly difficult, with the cost of reaching
rural populations hard to justify against a
challenging financial backdrop for operators.
Despite this, there will be around 60 million
new subscribers by 2025.

Since 2012, the number of people subscribing
to the mobile internet across China has
doubled to more than 900 million. By 2025,
nearly 260 million people will start using the
mobile internet for the very first time, almost
halving the unconnected proportion of the
population to 22%.
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The benefits of mobile are reaching further than ever

With high levels of connectivity, individuals
are increasingly using mobile to access

an array of life-enhancing services that
contribute to and catalyse the achievement
of the UN Sustainable Development Goals
(SDGs). In addition, the mobile industry

is playing a key role in mitigating the
catastrophic impacts of climate change,
which threaten sustainable development
everywhere. However, much more can be
done to leverage the power of mobile and

support the delivery of the SDG 2030 targets.

This includes helping people realise the full
benefits of accessing health information,

public services and digital payments, and
leveraging new technologies to reduce
pollution, improve resilience to climate
change and increase energy efficiency.

Meanwhile, mobile continues to make a
significant contribution to the Chinese
economy. In 2019, mobile technologies and
services generated $759 billion of economic
value added (5.4% of GDP) across China.
This figure will surpass $900 billion by 2024
as the region increasingly benefits from the
improvements in productivity and efficiency
brought about by the increased take-up of
mobile services.
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Policies to enable China’s 5G future

The success of 5G heavily relies on
government support for timely access to

the right amount and type of affordable
spectrum, and under the right conditions. 5G
will need a comprehensive range of spectrum

across sub-1 GHz, 1-6 GHz and above 6 GHz to

satisfy the requirements of 5G services in the
future. The lower- and mid-frequency ranges
are key to improving 5G coverage, speed
and latency compared to 4G, while spectrum
above 24 GHz - mmWave spectrum - will be
a critical component to enable super high
speeds and ultra-low-latency applications.

Since mmWave spectrum will play a vital
role in the future success of 5G in China,
particularly in the manufacturing sector, the
GSMA recommends the following policy
considerations:

+ Continue to provide policy incentives by

reducing frequency utilisation fees for
mmWave spectrum similar to those for the
2.6, 3.4-3.6 and 4.8-5.0 GHz bands.

 Allocate large and contiguous blocks of

spectrum in the mmWave bands where
possible - around 1 GHz per operator.

Avoid setting aside spectrum for verticals

in priority mmWave bands (e.g. 26 and 40
GHZz). Sharing approaches such as leasing
are better options where verticals require

access to spectrum.

5
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Mainland China TECHNOLOGY MIX*
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Growth is limited: 60 million new subscribers by 2025

Little growth remaining in an increasingly saturated market

Source: GSMA Intelligence

82% 85%
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Unique Penetration
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China (million)

Source: GSMA Intelligence

High unique mobile subscriber penetration places China among the world’s
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China to dominate the global 5G stage
M Source: GSMA Intelligence

4G dominates, but 5G will ramp up quickly: 70% of global 5G connections in
2020 will come from China

% connections in China (excluding licensed cellular |10T)
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m Source: GSMA Intelligence

Along with other north-east Asian markets and the US, China will lead the rest
of the world in terms of 5G adoption

5G adoption in 2025 (% total mobile connections)

Global average 5G connections in 2025

Developed Asia 51% 161Tm
Northern America 48% 205m
China 807m
Europe 34% 231m
GCC Arab States : 18m
cis 5Im
Latin America 5Im
Developing Asia 186m
Rest of MENA 30m
Sub-Saharan Africa 31m

Source: GSMA Intelligence

loT connections will more than double across China by 2025 to reach 8 billion;
most of the growth will come from enterprise

Billion

Enterprise

Smart buildings and
smart manufacturing
are key verticals, in

6 terms of both growth
and size
5
4
Consumer
3 Smart speakers and
. connected appliances
2 will lead growth,
while home security
1 will be the largest
vertical
0

2019 2020 2021 2022 2023 2024 2025

Enterprise Consumer
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Financials to recover in 2020 and 2021, with modest
growth to 2025

m Source: GSMA Intelligence

Total mobile revenues dropped to $171 billion in 2019, due to market saturation, increasing
competition and the country’s ‘speed upgrade and tariff reduction’ policy
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Source: GSMA Intelligence

Chinese operators will invest more than $160 billion in their 5G networks between 2020 and
2025; 90% of their total capex and 19% of global 5G capex

Capex ($ billion)
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in numbers
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A 5G reality check: learnings one year on

Enterprises are taking tentative steps into the 5G era

Companies across a range of verticals (such as
manufacturing, power generation and aerospace)
are evaluating their options for digitising product
assembly and general operations management.
This presents an opportunity for operators that can
offer 5G with complementary infrastructure for
low-latency services (such as data centres close to
the edge) and analytics. However, while a majority
of enterprises recognise the benefits of speed

gains brought about by 5G, other improvements
(such as network slicing, edge computing and
low-latency services) are not widely appreciated,
with many believing 4G is ‘good enough’. China is
a clear exception in this regard: early partnerships
and trials from local operators have paid dividends,
as evidenced by the widespread intent among
companies in the country’s industrial sector to

use 5G.

Source: GSMA Intelligence loT Enterprise Survey Q4 2018

Enterprise verticals are the real opportunity for 5G, with China racing ahead in this area

Which of the following 5G capabilities would make it compelling for your organisation to use 5G for future

loT deployments?
% of respondents, multiple answers possible

74% 74%

Higher data transfer speeds Network slicing

Edge computing Low-latency services

World

China
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Key trends shaping
the mobile industry



Consumers are increasingly aware of the benefits of 5G, but will they
pay for it?

China was one of the first markets globally to launch across China by the end of 2019), consumers in

5G services, and consumer interest was high: the China are among the most excited by the prospect
country’s three mobile operators received more than ~ of 5G - more so than those in the US and Europe.
10 million registrations of interest for pre-orders 5G is still inits infancy though; as more tangible use
of 5G packages and smartphones prior to launch. cases are deployed, more consumers will appreciate
While not all of these have translated into actual the benefits of 5G.

connections (5G connections approached 5 million

m Source: GSMA Intelligence Consumer Insights Survey 2019

Chinese consumers are more optimistic about the benefits of 5G than other markets, with
greater expectations of lower service costs, innovative services and new connected devices

Question: “From what you know of 5G, what do you expect it will deliver?”
% respondents who have heard of 5G

80%
70%

60%

50%
40%
30%
20%
10% I I I I
0% I II I

Improved mobile Improved mobile Innovative new Lower service Connectivity Improved Don’t know
data speed service coverage services costs for previously fixed (home)
unconnected broadband
devices
us Europe Japan
18
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Intention to upgrade to 5G

The Mobile Economy China 2020

m Source: GSMA Intelligence Consumer Insights Survey 2019

Consumers in China are likely early adopters, whereas demand is more muted in the US,
Europe and Japan

90% :
Low awareness, high interest % Early enthusiasts

+
[
D .
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Russia .
50%
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40% . Poland : .

Mean value

Sweden Spain .

30% Canada @ @

: . Australia
France:

Japan @ Netherlands @ ®
20% o

Germany

10%
5G not on the radar Not yet convinced
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Source: GSMA Intelligence Consumer Insights Survey 2019

Almost 80% of Chinese consumers who plan to upgrade to 5G are willing to pay more for it
than they currently do for 4G - the highest percentage globally

Question: “How much extra would you be willing to pay for 5G?”

% respondents who intend to upgrade to 5G

0% 3%

36%

50%

4% 1%

7%

3
43%

43% 45%
39%
13%
2%
China us Europe South Korea
Don’t know No extra Up to 20% more
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58%

29%

8%
1%
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Source: GSMA Intelligence

China and South Korea lead in potential 5G consumer revenue uplift

Overall service revenue uplift from 5G (%)

3.1%
2.7%
1.8%
us

China South
Korea

Germany France

Note: see Uncovering the impact of 5G on mobile revenue GSMA Intelligence,
2019 for more information and details on methodology.

Japan

* The projection for China is driven by a
populace eager to upgrade to 5G (70%) and
willing to pay more for it.

* Upgrade intentions in South Korea (as in the
US) are slightly weaker comparatively, but
consumers appear willing to pay for faster
service.

The telco of the future

As we enter the 5G era, network innovation has
never been greater. Over the last decade, the
mobile network model has trended away from
asset ownership to infrastructure sharing, in an
effort to cut costs in a low-growth environment.
5G further complicates matters, bringing new ways
of operating a network with or without licensed
spectrum.

The ‘unbundled’ network breaks down entry
barriers, which for operators means the following:

infrastructure competition becomes harder, not
easier

capex will need to be spent more selectively,
particularly for small cells

‘frenemy’-style partnerships with adjacent sector
competitors become the norm rather than the
exception.

The implications are clear: operators need to evolve
their networks to meet the demands of the 5G era
and diversify their revenue streams to seek growth
beyond core telco services.

21
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Network transformation for the 5G era

With the commercialisation of 5G and the While this section reviews network transformation
introduction of mobile network innovations such strategies from a global perspective, Chinese

as virtual RAN, edge networking and network operators are surging ahead with their network
automation, operators’ decisions on network transformation, as highlighted in Figure 13.

transformation strategies are more important than
ever. Such decision-making is key to operators, their
network infrastructure suppliers and the customers
who will rely on the networks of tomorrow.

Source: GSMA Intelligence

Chinese operators have grand ambitions for their networks

China Mobile is undergoing a network transformation plan that aims to integrate technologies such as
Al, 10T, big data, cloud and edge computing into 5G networks, in order to combine connectivity with
digital services and provide customised service capabilities.

For China Telecom meanwhile, cloud-network integration is a key strategic pillar in the 5G era: the
operator is building a next-generation, cloud-network operating system that involves the deployment
of a fully cloud-based 5G core and multi-access edge computing (MEC).

As part of its wider strategy of building intensive, agile and open networks in the 5G era, China Unicom
has launched an intelligent edge service platform - CUBE-Edge - built around a “6C” concept: close-to-
user, cloudification, connection, coordination, computing and capability.

22
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m Source: GSMA Intelligence Network Transformation Survey 2019

Revenue generation and customer experience prioritised over cost-cutting as the primary
stimulus for network transformation

What is the primary goal driving your network transformation strategy?
% of respondents

5% 19

1% 26%
( mercas )~ 28% 32 12%

C=
( wen i 8%

Generating new Improving Saving on opex Saving on capex
revenues customer costs costs
experience
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Source: GSMA Intelligence Network Transformation Survey 2019

Supporting new customers and network architectures are top priorities for RAN
investments, while backhaul and virtualisation upgrades are crucial for the core network

Asia

Americas

MEA
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Top ranked priorities for 5G investment

RAN

Core

In-building 5G coverage

. RAN automation and planning tools

. New spectrum allocations

In-building 5G coverage

. Network densification

. mmWave deployment

RAN automation and planning tools

. Virtual RAN/OpenRAN

. New spectrum allocations

Virtual RAN/OpenRAN

. New spectrum allocations

. In-building 5G coverage

Transport network upgrades

. Network security upgrades

. Virtualisation investments

Service core (IMS etc.) upgrades

. NG core (service-based architecture)

upgrades

. Transport network upgrades

Edge computing

Virtualisation investments

. Service core (IMS etc.) upgrades

. Network security upgrades

Network security upgrades

. Virtualisation investments

. Transport network upgrades
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m Source: GSMA Intelligence Network Transformation Survey 2019

Spectrum is the top concern for operators in the 5G era; cost and technology maturity
barriers should resolve themselves over time, while use cases are becoming clearer

What is the greatest barrier to increasing your planned network investment in 5G?
% of respondents, multiple responses possible

250 64%
LR 46%

Limited spectrum Infrastructure Technology Unclear use cases Consumer device
access costs immaturity costs

The search for revenue beyond the core

Over the last 10 years, the rise of the digital added $100-200 billion in revenue between 2010
era (signified by the launch of 4G, growth of and 2018, while Facebook, Alibaba and Tencent have
smartphone adoption and emergence of digital reached considerable scale, with revenues now at
services) has allowed many companies in the wider around $50 billion. Meanwhile, mobile operators,
tech and digital universes to reap the benefits which had their revenue boom in the previous

of an expanding digital ecosystem. However, the decade, have experienced lower revenue increases

pace and magnitude of revenue growth has varied since 2010.
significantly. Apple, Amazon and Alphabet each

Key trends shaping
the mobile industry
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Source: company reports, GSMA Intelligence

Operators have struggled to compete with the internet/tech giants in terms of revenue

growth in the digital era

Revenue (billion)

Internet/tech companies OEMs Chinese BAT trio Operators
$300
$250
$200
$150
$100
$50
$0
s ¥ % 3 & g ¥ &g § & 5 § g =28 3
© © 3 o o 2 © 8 2 4 < £ () Eﬁ) =
£ & g g i £ z = 2 “ 2 = 3o g
< < S & 8 2 o 5
S £
2010-2018 increase 2018 revenue
Note: Annual figures based on fiscal year reporting periods. Revenue increase at 2018 constant forex.
For most major operator groups around the world, ($22 billion) in revenue for the three Chinese
core mobile and fixed services account for 80-90% operators (in aggregate) in 2018, growing around
of revenue, with non-telecoms at 10-20%. A few 30% year-on-year in local currency. This includes
exceptions exist, namely AT&T and SoftBank (non- pay TV, content and advertising, 10T, enterprise
telecoms at around 40% and 30% respectively) solutions and the broader universe of digital
but these are the result of M&A rather than organic services including finance, payments and lifestyle.
growth. China Mobile, China Telecom and China Unicom are
China, meanwhile, leads on growth beyond core. br?(tjt'enr?t;n :Eeesd'tiltarlotra?ﬁg?rr??t'grgelzdgztr'es
Non-telecoms services - both for consumers and Ze ond copnnectivitg w dtu vend
enterprises - generated a total of RMB144 billion y Y.
26
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Source: company reports and GSMA Intelligence

Figure 18

China leads on revenue growth beyond traditional telecoms services

50%

45%

AT&T

« @)

40%

35%

25%

NTT Docomo ‘
20%

. Telstra
15%
Telenor .

SK Telecom

Revenue beyond core telecoms - as a % of revenue

10%

5%
-10% 0% 10%

’ Verizon
‘ America Movil )
Singtel

‘ SoftBank
30%

@ Turkcell
China Telecom
Telefonica
China Mobile ‘ China Unicom .
20% 30% 40%

Revenue beyond core telecoms - year-on-year growth

Annual figures based on fiscal year
Bubble size reflects 2018 non-telecoms services revenue

Edge computing: China at the forefront of global developments

Edge computing is moving from concept to early-
stage deployments as new use cases demand a
more decentralised approach to computing and
networking than a traditional, fully cloud-based
model. Driven by the government’s ambition to
make China a global leader of new technologies and

Industry 4.0, the country’s ecosystem is looking to
spearhead the development of edge computing.
For more information, see the GSMA report Edge
computing in the 5G era: Technology and market
developments in China.
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A confluence of factors places China in a unique position to play a leading role in global
edge computing development

((g)) China has made 5G a national priority gg :ﬁg‘iﬁ:ﬁ;ﬁ;ﬁe‘;n new technologies

* 5Gis the access technology that will

The Mobile Economy China 2020

Source: GSMA Intelligence

drive edge deployments and use cases,
and China will have the largest consumer
market for 5G in the world: more than
800 million 5G connections by 2025.

The three Chinese operators are
demonstrating a clear commitment to
rolling out standalone (SA) 5G networks,
which offer a favourable environment
for the deployment of edge computing

technologies. China Telecom, for example,

is leading the drafting of 5G standalone
(SA) implementation guidelines.

A diverse and highly active ecosystem

driving edge development

* Many China-based companies are

exploring opportunities for new services
and solutions at the edge, including the
three mobile network operators, major
network vendors (Huawei and ZTE),
smaller ICT companies, cloud and edge
specialists, and enterprises from industry
verticals.

Ecosystem cooperation is also growing,
driven by the work of local organisations
such as the Edge Computing Consortium
(ECC), the China Academy of Information
and Communications Technology
(CAICT), the China Communications
Standards Association (CCSA) and the 5G
Deterministic Network Alliance (5G DNA).

Key trends shaping
the mobile industry

» Over the last few years, China has

emerged as a leading place for testing
and implementing new technologies,
including early edge computing
applications.

Benefitting from the largest digital
consumer base in the world, competitive
costs, a large industrial sector and
enormous economies of scale, the
Chinese ecosystem is ramping up its
technology leadership and innovation,
giving rise to a large number of start-ups
and innovative companies in mobile and
beyond.

Operator intent to move beyond

connectivity

China leads on operator revenue growth
beyond core telecoms services.

All three operators are betting on the
digital transformation of industries and
enterprises to grow their future revenues
beyond connectivity, positioning the
integration of core networks, cloud

and edge as a key technology enabler
for companies looking to digitise their
operations and services.
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Source: GSMA Intelligence

Edge capabilities and key use cases in China: autonomous driving, smart manufacturing and

gaming will lead the way

Ultra-low

=

Security and
data protection
Ramp-up likely in 2023-2025,
with need for further

developments in legislation
and vehicle technology, and

significant road infrastructure

investment.

latency

L

Real-time
processing
Process automation depends on
low-latency connectivity to
satisfy precision thresholds and
real-time analytics. Smart
factories and ports are already
seeing good momentum.

Will likely gain momentum in
2021-2022, but requires
widescale deployment of
edge infrastructure.

Deterministic
networking

High-volume
data transfers
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m Source: GSMA Intelligence

Most industry players see edge computing as an opportunity to generate incremental
revenue in the 5G era - but with different perspectives

((g)) Operators

« Edge computing plays into 5G’s strengths, adding extra capabilities to the digital
transformation of industries and enterprises, and pushing the boundaries beyond
connectivity.

» Operators have a smaller presence in the cloud market than Alibaba and Tencent,
so extracting new use cases from network slicing and the integration of cloud, edge
and core telecoms networks offers more promise.

« Opening up the 5G network itself to third-party developers is another opportunity,
with the aim of catalysing an ecosystem of 5G service development at the edge of
the network.

& ‘ Telecoms network vendors

» Asthe integration of new technologies such as edge computing and Al into
networks grows in scale and complexity, vendors will increasingly be seen as key
partners for operators and cloud companies looking to deploy edge computing.

» The challenge for vendors is to design not only truly seamless, end-to-end network
transformation solutions, but also to develop a new B2B2B approach (vendor-
operator-enterprise) on a larger scale, to help bridge the ICT and vertical industry
worlds.

O ‘ Major cloud providers

« For Alibaba, Tencent and other cloud companies, edge technology is an extension
of their cloud capabilities and offerings. These companies have established
experience working with Chinese enterprises from all industries, and have extensive
cloud resources to build on.

* However, an edge computing ecosystem increasingly built around 5G poses new
challenges, taking cloud companies into a new world of distributed computing that
involves mobile connectivity and devices on a larger scale, and requires deep edge/
cloud orchestration.

+ At the same time, cloud providers are looking to leverage and integrate edge
computing into their internet-based consumer services, such as cloud gaming.

30
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Source: GSMA Intelligence

Chinese operators will likely deploy edge computing in three phases, reflecting the gradual
rollout of 5G networks and the speed of the digitisation of industry

2018-2020 2021-2023 2024 and beyond

Wave 1: Trials and bespoke,
small deployments

Wave 2: Ramp-up

Wave 3: Mainstream

Deployments are mostly
private implementations,
designed to serve the
requirements of smart

ports, smart campuses and
smart factories, with edge
infrastructure largely sited on-
premises.

Market education is key to
bring enterprises on-board.
The usefulness of edge
computing is not a given; it
needs to be proven for each
use-case scenario.

As 5G deployments gain
scale, edge use cases such

as autonomous driving,
sporting events and gaming
are increasingly explored, with
edge infrastructure deployed
close to aggregation points

of base stations, at district or
city level or in regional data
centres.

The costs of operating a large
number of micro data centres
mean the cost of running
applications is higher in the
ramp-up phase when there
are fewer tenants to spread
computing loads across.

The maturity of 5G, lower
cost of 5G devices and more
established collaboration
between the mobile industry
and enterprises drive edge
deployments on a larger
scale.

Further technology
developments in autonomous
driving and smart
manufacturing create a more
favourable environment

and the need for edge
deployments.

The economics of edge
computing improve as a result
of larger scale; upgrades are
made to increase efficiency
(e.g. nano-processing), and
market acceptance grows.
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Source: GSMA Intelligence

Much work remains to help drive developments and adoption of edge computing in China
over the next five years: recommendations for industry and policymakers

Technology
developments

Policy and
regulation
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Clarify the most suitable
deployment model

for edge computing,
and drive edge
standardisation

Take industry
collaboration to the next
level, expanding edge
computing discussions
with vertical industries

Establish clear and
focused regulation that
recognises the unique
nature and challenges of
edge computing

Integrate edge computing
into the wider 5G network
investment roadmap

Leverage enterprise
awareness of edge
computing to promote
new trials and
deployments

Address the issue of high
energy costs related to
cloud/edge computing
and, more broadly, 5G
networks

Increase focus on media &
entertainment and smart
cities




=
=+
-+
-
v -+
+
+
+




ELll The Mobile Economy China 2020

Mobile contribution to economic growth

In 2019, mobile technologies and services generated almost $90 billion raised through general taxation.

5.4% of GDP across China - a contribution that By 2024, mobile’s contribution will surpass $900
amounted to $759 billion of economic value added. billion as the region increasingly benefits from
The mobile ecosystem also supported 6.6 million the improvements in productivity and efficiency
jobs (directly and indirectly) and made a substantial brought about by the increased take-up of mobile

contribution to the funding of the public sector, with services.

@ Source: GSMA Intelligence

The Chinese mobile ecosystem directly generated almost $250 billion of economic value in
2019, with mobile operators and device manufacturers accounting for the vast majority

$ billion, % of GDP 2019

() B
598 596

56

Infrastructure providers Mobile Device Distributors Content, applications
operators manufacturers and retailers and other services
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m Source: GSMA Intelligence

Additional indirect and productivity benefits bring the total contribution of the Chinese
mobile industry to $759 billion (5.4% of GDP)

$ billion, % of GDP 2019 $428

560

5.4%
Sl
:
Mobile Rest of mobile Indirect Productivity Total
operators ecosystem

N /

@ Source: GSMA Intelligence

The Chinese mobile ecosystem directly employs 2.8 million people, plus another 3.7 million
indirectly through adjacent industries

Jobs (million) 3 7

INDIRECT

TOTAL

g 03 28
12 - DIRECT

|
Infrastructure Mobile Device Distributors Distributors  Content, apps
providers operators manufacturers  and retailers  and retailers  and service
(formal) (informal) providers

Note: totals may not add up due to rounding
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Source: GSMA Intelligence
Figure 27

In 2019, the Chinese mobile ecosystem contributed almost $90 billion to the funding of the
public sector through general taxation

Billion
Services VAT, sales Handset VAT, sales Corporate taxes Employment taxes Total
taxes and excise taxes, excise and on profits and social security
duties customs duties

Source: GSMA Intelligence
Figure 28

Driven mostly by productivity gains, the Chinese economic contribution of mobile will
surpass $900 billion by 2024

$ billion, % of GDP

Total
contribution

S
5759 ST81 5810 5839 5869 306

$434 $443

$91 $95

2019 2020 2021 2022 2023 2024

$103 $108

Productivity Direct
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Expanding the benefits of mobile internet

Mobile internet access continues to grow. Since
2012, the number of people subscribing to the
mobile internet across China has doubled to more
than 900 million (62% of the population). However,
this leaves a large proportion of the population -
more than half a billion people - unconnected.

The unconnected can be split into two groups: the
‘uncovered’ and the ‘covered but not connected’.
The ‘uncovered’ are those with no access to a
mobile broadband network (3G and above): this is
the coverage gap. The ‘covered but not connected’

are those who live within the footprint of a mobile
broadband network but are not using mobile
internet services: this is the usage gap.

As the key barriers to mobile internet adoption -
infrastructure, affordability, consumer readiness,
and availability of locally relevant content and
services - are overcome over the next few years,
the connectivity gap will continue to close. By 2025,
nearly 260 million people across China will start
using the mobile internet for the first time, almost
halving the unconnected to 22% of the population.

Source: GSMA Intelligence

Mobile internet penetration in China has doubled since 2012, and the number of

unconnected will almost half by 2025

People (million)
1,600
1,400
1,200
1,000
800
600
400

200

2012

2025

Usage gap

Connected
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m Source: GSMA

China’s Index score is well ahead of the global average. However, it trails some leading
markets, particularly in affordability and consumer readiness

GSMA Mobile Connectivity Index scores

2018

Improvement
I 2015

China World Japan South Korea Europe

Note: totals may not add up due to rounding

The GSMA Mobile Connectivity Index measures the performance of 165 countries (representing 99% of the global population) against key enablers of mobile
internet adoption.

m Source: GSMA Intelligence Consumer Insights Survey 2019

No single reason stands out for Chinese consumers not using the mobile internet, though
affordability and relevance seem most pressing

6%

Other

31%

Affordability

1%

Network

21%

Relevance

Base: Adults aged 18+ who have used a mobile phone in the last three months but have never used it, despite being aware of the mobile internet (excludes mobile
users who are not aware of mobile internet).

Percentages indicate the proportion of respondents who answered, “This is the most important reason stopping me” to the question, “Which one of those factors
would you say is the single most important reason stopping you from using the internet on a mobile phone?” Eighteen different response options have been
grouped into categories for this analysis.
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Mobile delivering social impact

With 1.2 billion unique subscribers across China,

and nearly 1.5 billion people covered by a mobile
network, mobile is increasingly being used to access
an array of life-enhancing services that contribute to
and catalyse the achievement of the UN Sustainable
Development Goals (SDGs).

In China, SDG 9 (Industry, Innovation and
Infrastructure) remains the most impacted goal:
99% of the population are covered by 4G networks,
underscoring mobile’s role in providing critical
infrastructure to spur innovation as well as inclusive
and sustainable development. Mobile is also playing
a key role in providing increased access to quality
education (SDG 4), while helping reduce inequalities
(SDG10).

Source: GSMA

Mobile’s impact on the SDGs in China, 2018

INDUSTRY, INNOVATION
AND INFRASTRUCTURE

Most
impacted

GLEAN WATER

AND SANITATION

Most improved
(versus 2017)

Despite the reach of mobile, much more can be
done to leverage its power and support the delivery
of the SDG 2030 targets. Crucial to this will be
helping people realise the full benefits of using
mobile and mobile internet services in terms of
accessing health information, public services and
digital payments, in both developed and developing

QUALITY 1 U REDUCED
EDUCATION INEQUALITIES

A
(=)

v

QUALITY NO

EDUCATION POVERTY

countries. New technologies that are supported by
loT also need to achieve scale if mobile operators
are to maximise their impact on the SDGs - for
example, solutions in smart cities that can reduce
pollution, and smart buildings and homes that can
increase energy efficiency.
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Deep dive on SDG 13: Climate Action

Climate change threatens sustainable development
everywhere. Collaboration on a global scale is vital
to mitigating the catastrophic impacts of the world’s
rising temperatures. While the mobile industry is

not the largest contributor of carbon emissions
compared to other sectors, it can be an important
part of the solution. It can do this in three ways:
enabling the global transition towards a zero-carbon
economy; improving resilience to the effects of
climate change; and reducing emissions and driving
energy efficiency.

Helping to make net-zero a reality

Mobile technology’s biggest impact on climate
change is from its ability to enable other sectors
of the economy to reduce their greenhouse gas
(GHG) emissions. The mobile industry achieves
this by providing connectivity for digital solutions
that reduce energy use, travel and transport, or
otherwise lower GHG emissions.

The impact of mobile-based solutions is closely
linked to improvements in connectivity. Operators’
networks offer a scalable, secure and standardised
way to connect assets across a variety of services
in an economically sustainable manner. This goes
hand in hand with advancing mobile technology
innovations in areas such as big data and IoT that
can enable energy-efficient and environmental
solutions across multiple sectors, including
transport, manufacturing, agriculture and energy.

Improving resilience to climate change

Climate change has made weather patterns harder
to predict and extreme events (such as droughts
and floods) more frequent and severe, resulting

in famine, hunger and displacement. The industry
has an important role to play in adapting and
responding to the effects of climate change. For
example, mobile networks are facilitating access
to information and coordinating assistance before,
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during and after climate-related emergencies. These
efforts are often supported by operators’ in-house
disaster response teams, while mobile technology
has rapidly become an attractive delivery channel
for many forms of aid.

Driving energy efficiency

For most operators, the bulk of energy consumption
(approximately 90%), and hence GHG emissions,
within their own operations stems from the
deployment and running of networks. Mobile
operators are striving to minimise their own climate
impact, embarking on an ambitious journey towards
decarbonisation, but delivering a zero-carbon future
will require timely and effective action in a number
of areas:

1. Energy efficiency: As mobile use continues to
grow at pace, so does the demand for energy,
particularly from network infrastructure. With
the risk of energy cost inflation in the future,
operators’ targets for reducing energy use and
GHG emissions are intrinsically linked to the
implementation of energy efficiency practices.

2. Renewable energy: Progressing towards zero
carbon necessitates the industry make big strides
in its migration to renewable energy sources,
including wind, solar, biomass and hydropower.
Against a backdrop of growing mobile data
traffic, the switch to renewables also makes good
business sense.

3. Value-chain emissions: Mobile operators have
the potential, and responsibility, to positively
influence emissions levels across the value chain.
This means working with suppliers and customers
to reduce emissions created in the production of
goods (e.g. handsets and network equipment)
and in the use of products by customers (e.g. the
electricity used when charging mobile devices
and other equipment).



Compared to the global carbon footprint of mobile

networks themselves, the level of avoided emissions
enabled by mobile communications technologies is

10 times greater.

The majority of these avoided emissions resulted
from a decrease in electricity, gas and fuel
consumption, either through the use of loT
technologies or changes in behaviour stemming
from the use of smartphones.

The majority of avoided emissions from loT
technologies are primarily in:

* buildings (e.g. building management systems and
smart meters)

* transport (e.g. facilitating the use of charging
points and, through telematics, optimising routes/
vehicle fuel efficiency)

* manufacturing (e.g. storage and inventory
management)

* the energy sector (e.g. smart grids).

1. For more information, see The Enablement Effect: The impact of mobile communications
technologies on carbon emission reductions, GSMA, 2019

The Mobile Economy China 2020 E&A

The use of smartphones helps to avoid emissions by:
» reducing travel for commuting and leisure

* increasing the use of public transport with apps
that provide real-time updates

* enabling accommodation sharing for short stays
and holidays

* reducing travel through use of mobile shopping
and mobile banking apps.

Digitisation is expected to disrupt all parts of the
economy over the next decade. If suitable policy is
implemented and sufficient investment is received,
digitisation has the potential to be a key driver

of low-carbon development. Mobile network-
enabled technologies form an important part of the
decarbonisation solution, as they facilitate rapid
emissions reductions while improving quality of

life and supporting economic growth. By 2025, the
growth in smartphone users and number of loT
connections could result in a further doubling of the
avoided emissions enabled by mobile technologies
seen in 2018/
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Source: operator websites

Operator initiatives for reducing climate impact

China
Mobile

China
Unicom

China
Telecom

Chunghwa
Telecom
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Through its “Green Action Plan”, China Mobile is promoting a
climate strategy with energy saving and emissions reduction at
its core. It aims to reduce the environmental impact of its own
operations and that of value-chain stakeholders, while helping to
reduce customers’ environmental impact through low-carbon ICT
services.

Upholding the philosophy of green “information life”, China
Unicom is aiming to cut energy consumption in its own operations,
reduce greenhouse gas emissions and enhance sewage and waste
emission management in an effort to minimise its impact on the
environment.

Through its “Administrative Measures on Energy Conservation,
Emission Reduction”, China Telecom has established an energy-
saving and emissions reduction plan. In 2018, it increased
investment in energy conservation and emissions reduction to
RMB674 million (just under $100 million) - an increase of 27%. Much
of this investment was to help China Telecom conserve natural
resources: in 2018, its coal consumption decreased by 46% year-
on-year, reclaimed water usage increased by 22%, and more than
100,000 tonnes of waste and used materials were recycled.

As the largest mobile operator in Taiwan, Chunghwa Telecom

aims to be a “Green Enterprise” that leads the industry towards
environmental protection and sustainability via green operation.
To efficiently monitor and manage energy utilisation and lower
carbon emissions, Chunghwa Telecom laboratories developed the
Environment ARtificer THeurgy (EARTH) system which has helped
enhance the company’s environmental management efficiency
and reduce its energy consumption expense. Chunghwa also
promotes paperless services, including electronic billing, automatic
bill payment, consolidated billing and SMS billing, saving 560
million sheets of paper per year. Furthermore, the capacity of the
company’s self-built photovoltaic system reached 672 kWp by the
end of 2018, and aims to reach 1,000 kWp by 2023.
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Enabling China’s 5G future

The success of 5G heavily relies on government
support for timely access to the right amount and
type of affordable spectrum, and under the right
conditions. The Ministry of Industry and Information
Technology set a good example by assigning

the 2.6 GHz, 3.4-3.6 GHz and 4.8-5.0 GHz bands
which became the basis of the fast-developing 5G
networks across the country. The decision by the
National Development and Reform Commission
and Ministry of Finance to significantly reduce the
frequency utilisation fees in the first six years” for
these spectrum bands provided much needed relief
to operators. In Hong Kong, the Communications
Authority also auctioned the 3.3-3.6 GHz and 4.9
GHz bands to the industry at reasonable reserve
prices and assigned the 26 and 28 GHz bands to
the industry for free, following public consultation.
These practices will no doubt allow operators to
focus more on deployment and services, which
will ultimately benefit consumers and businesses,
contributing to overall social and economic
improvements.

The above bands (mid-bands) are ideal for
improving 5G coverage, speed and latency
compared to 4G. However, 5G will need a
comprehensive range of spectrum across sub-

1 GHz, 1-6 GHz and above 6 GHz to realise its
potential across the three key use cases - enhanced
mobile broadband, ultra-reliable and low-latency

communications, and massive machine-type
communications. Spectrum above 24 GHz - the
mmWave spectrum that was identified for IMT at
the World Radiocommunication Conference 2019
- will be a critical component to enable super high
speeds and ultra-low-latency applications.

Many independent research studies show that
5G will empower significant new opportunities
for vertical industries. A recent GSMA report on
the impact of mmWave 5G in China showed that
the manufacturing sector among other vertical
industries will receive the biggest improvements
from the use of mmWave 5G (see Figure 34).

China is already a pioneer in the digitisation of
manufacturing and industrial applications, and
mmWave 5G will empower smart manufacturing

to provide fast and reliable data flows across

the factory floor and to various locations around
the facility. mmWave spectrum can support the
necessary network conditions for manufacturers

to realise the full potential of interconnected
devices and autonomous processes by providing
higher-capacity, lower-latency mobile connectivity
compared to some existing solutions using 5G in
the mid-bands. mmWave applications that can
help realise the full potential of 5G for China’s
“5G+Industrial Internet” plan include remote control
systems, industrial robotics, high-speed imaging and
autonomous transport in factories.

2. Fees for the first three years are waived, followed by a staged reduction of 25%, 50% and 75% for years four, five and six respectively. Full fees apply from year seven onwards.

44

Policies to accelerate
digital development



The Mobile Economy China 2020 E&A

Source: GSMA and TMG

mmWave 5G: contribution to GDP in China by 2034, by vertical

9%

Agriculture and mining

12%
Professional and
financial services

In light of the potential for 5G to bring significant
benefits to vertical applications, some industry
verticals may advocate access to dedicated
spectrum. This presents a significant challenge

as spectrum set-asides or exclusive spectrum for
verticals may jeopardise the efficiency of spectrum
allocation and risk spectrum remaining under-
utilised.

Spectrum that is set aside nationally for vertical
industries in priority 5G bands (e.g. 26 and 40
GHz) poses a threat to the wider success of 5G.
Set-asides can limit the assignment of sufficiently
large contiguous blocks to allow mobile operators
to deliver the fastest 5G services and leverage

their extensive network experience. In particular,
regulators should avoid set-asides that mean they
cannot make available around 1 GHz per operator in
mmWave spectrum (e.g. 26 and 40 GHz).

More broadly, setting aside spectrum for restricted
use cases can lead to inefficient usage. Vertical
industries are unlikely to use spectrum in priority
5G bands widely across countries, so national set-

asides are likely to go unused in many areas. Instead,

mobile operators can provide customised 5G

$104bn

contribution to GDP

62%
Manufacturing
and utilities

services for verticals, which can then benefit from
the network slicing, small cells, wider geographical
coverage, larger, more diverse spectrum assets

and deployment experience at operators’ disposal.
Mobile operators are best placed to provide the
range of services envisaged, including private
networks with leased spectrum in cases where
needed due to specific requirements from verticals.

mmWave will play an important role in the future
success of 5G in China. The GSMA therefore
recommends the following policy considerations:

- Continue to provide policy incentives by reducing
frequency utilisation fees for mmWave spectrum,
similar to those for the 2.6, 3.4-3.6 and 4.8-5.0
GHz bands.

- Allocate large and contiguous blocks of spectrum
in the mmWave bands where possible - around 1
GHz per operator.

- Avoid spectrum set-asides for verticals in priority
mmWave bands (e.g. 26 and 40 GHz). Sharing
approaches such as leasing are better options
where verticals require access to spectrum.
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