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The GSMA represents the interests of mobile operators worldwide, uniting
more than 750 operators and nearly 400 companies in the broader mobile
ecosystem, including handset and device makers, software companies,
equipment providers and internet companies, as well as organisations in
adjacent industry sectors. The GSMA also produces the industry-leading MWC
events held annually in Barcelona, Los Angeles and Shanghai, as well as the
Mobile 360 Series of regional conferences.
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Foreword

2021 was a key year for 5G’s sustainable and mature development after its initial
success. Globally, 5G is expanding steadily across all regions, and has become the
fastest-growing mobile technology commercially in history. China now leads the world in
the number of 5G base stations and connections. There were 480 million 5G connections
in China by the end of 2021 and was forecast to grow to 650 million in just one year
according to GSMA Intelligence, accounting for over 60% of the global 5G mobile
connections.

A pivotal mission for 5G is to empower industries and their digital transformations.
The success of 5G in verticals will be an important testament of 5G’s full benefits and
value. 2021 marked the start of 5G’s commercial expansion into verticals, and also its
development towards economy of scale for verticals, where the industry is particularly
focused on driving greater economy of scale and showcasing 5G’s ability to replicate
across a wide range of usage scenarios. Scale will be crucial to 5G’s ongoing success
with verticals, and the journey to reach economy of scale is a critical path to new
business opportunities and models in the 5G era.

To achieve economy of scale, the industry needs to explore a wide range of application
scenarios to identify practical and genuine demands which will place 5G as the “must-
have” or “much-preferred” technology of choice instead of “optional”, “substitute” or
“back-up” technology. This year, we made efforts to identify 3 areas - 5G City, 5G +
smart manufacturing, and 5G + smart mining, as potential breakthrough areas to achieve
greater scale. After comprehensive analysis and review of notable application scenarios,
we seleted a few high quality use cases to promote to the global community for wider
adoption that will further encourage development towards digitalized, automated and
intelligent transformation.

Jointly with the Chinese operators and industry partners, the “5G in Verticals in China
2022” report presents 16 exceptional cases covering 5G City, smart manufacturing, and
smart mining with special focus on industrial scenarios, technical features and future
opportunities, including:

® dvanced intelligent city empowered by 5G, and applications in intelligent subway,
visualized emergency command system, and emergency medical response command
platform;

® 5G in smart manufacturing including, intelligent logistics, machine vision for quality
assurance, remote command and control, automated patrol inspection, and flexible
production;

® 5G in smart mining, such as production control, environment monitoring, safety
protection, and autonomous & unmanned mining truck.

We'd like to extend our sincere gratitude to our industry partners for providing these
exceptional use cases, and our appreciation for their efforts and achievements in
promoting 5G in verticals. By sharing these valuable experiences to stakeholders in
China and the rest of the world, we hope to attract more innovators and pioneers to

jointly unleash the massive potential of 5G aross industries and achieve more promising
economy of scale for vertical applications.
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G City

According to the World Bank, the global urbanization rate reached 56.15% by the end of 2020 , and China's seventh census also showed an
urbanization rate of 63.89% by the end of 2020. This means that more than half of the world's population lives in cities. The continuous influx
of people into cities has brought many challenges such as traffic congestion, environmental pollution, complex security situations, and lack of
resources per capita. Therefore, city governors need to actively introduce advanced information technologies to improve the digital intelligence
of urban governance and build smart cities. 5G has been widely deployed worldwide, and the numbers of 5G base stations and subscribers are
growing rapidly. However, 5G is still lack of scale in vertical applications, and diverse and competitive applications of 5G are emerging in urban
governance, which may become a breakthrough for scaling up 5G applications.

Green
city is a new value and a
new urban development concept
against the goals of carbon peak and
carbon neutrality. Through sound urban
planning, comprehensive environmental

protection infrastructure, circular economy,
clean and green energy system, and beautiful
living and office space, natural resources of
all kinds can be well saved and protected to
promote the harmonious coexistence of
humans and nature, and achieve the
carbon emission goals.

Efficient operation is
what distinguishes cities from
the countryside. As more and more
people gather in the cities, continuously
improving the operational efficiency is
the only way to give full play to cities’ scale
advantage, prevent urban disorder, and
make cities the kernels and engines of
economy and society.

Safety is the fundamental
human need. As complex open

systems, cities always face such
disturbances as natural disasters, accidents,
and unexpected public events. 5G City
needs to prevent and control various major
catastrophic events and crisis accidents,
and protect people's lives and properties
while minimizing the harm caused to

N\ g/

5G City is
designed with
five goals

society and economic loss.

People
first is a critical principle
to urban planning and construction
in the new era. All-round development

of people should be made the ultimate goal,
with urban development benefiting all people.
Citizens' feelings of gain and happiness should
be made the priority, and the attention should be
focused on social civilization, economic affluence,
living convenience, health and comfort, as well
as citizens' feelings. All these should be the
fundamental drive and ultimate goal of
building the smart city.

This
means using various
information technologies to
integrate the city's systems and services
for refined and automated governance
through comprehensive and thorough
perception, broadband and ubiquitous
interconnection, as well as intelligent and
integrated applications. That way urban
governance and citizen services can
be optimized to make urban
lives better.
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The mission of 5G is to empower all industries in their digital transformation, and it will certainly play an important role in building 5G City. The
application of 5G in urban governance is mainly found in five areas, and there are numerous scenarios for each area.

5G can be applied to public transportation, transportation management, transportation supervision, transportation
hubs, road and bridge maintenance, harbor and shipping management, and travel assistance. For example, 5G
allows driver fatigue detection, steering wheel snatching alarm, bus priority enforcement, arrival reminder, and
crowding monitoring in intelligent buses. When it comes to subways, 5G fuels safety inspection of tunnels and
Transportation & trains, intelligent cloud security inspection, and face recognition at gates. In ports, 5G enables remote control of high

Logistics attitude cranes, automatic driving of container trucks, and remote driving control. In addition, 5G can help traffic
police to analyze traffic accidents, intelligently adjust traffic signals, quickly check driver’s licenses, and real-time
transmission of videos in traffic police’s body camera.

N

5G can be applied to public security, emergency response, epidemic prevention and control, fire fight, disaster
prevention and control, safety supervision, etc. For example, 5G allows real-time policy body camera, guard robot
control, UAV/unmanned patrol car, assisted reconnaissance of cases; and remote control of fire rescue robots/UAVs,
connections of firefighters' smart helmets/AR glasses; and pre-hospital emergency response in smart ambulances,
Emergency services VR/AR training for emergency personnel, infrared thermal sensor data transmission, social distance monitoring
during epidemics; and early warning and emergency disposal of flood, earthquake, tsunami, hurricane, landslide
and other natural disasters, real-time information collection and delivery; as well as gas use safety supervision and
hazardous materials storage safety supervision.

5G can be applied to ecological monitoring, garbage collection, pollution prevention, greening and farmland
protection, biodiversity protection, carbon emission management and urban appearance management. For
Environmental example, 5G enables source tracing of high-rise littering, river garbage cleaning by unmanned boats; and

protection automobile exhaust monitoring, factory discharge monitoring; and forest/green land anti-deforestation and anti-
destruction, forest fire-prevention, arable land usage monitoring; as well as endangered animal and plant protection,
marine pollution monitoring, and biodiversity monitoring.

I b |

5G can be introduced in community management, elderly and disabled assistance, radio and television, cultural
tourism, sports and entertainment, civil administration, social security and medical insurance management,
f children's assistance, etc. For example, 5G supports community entrance and exit monitoring, elevator monitoring,
parking management; and chronic disease management for the elderly, robot escort for the elderly living alone,
Citizen services intelligent glasses for blind people to see the roads and read books; and interactive museum exhibits and display of
changes in tourist attractions; and multi-angle display and immersive experience of sports events and art activities;
as well as lost children search and rescue, and prevention from getting lost for the elderly and mental or physical
patients.

public opinion collection, etc. Specific scenarios include rapid data collection and mobile office for one-stop service,
Digital government production process supervision, taxation audit, end-to-end customs import and export goods monitoring, mobile
court, government news pushing, and digital persons for citizen interaction.

ﬁ 5G can be applied to city brain, digital twin city, business administration, customs and justice, fiscal management,
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To make the amazing 5G City a reality, the following five technologies are crucial:

Intelligent private use of public network: The public network can be used for private through such
technologies as NPN, network slicing, and 5G LAN to reserve resources and isolate critical services on the
public network. Al in Networks allows dynamic, flexible, and automated configuration of wireless and core
Intelligent private network resources to meet the traffic and performance requirements in emergency situations.
use of public network

Efficient deep coverage: Pole station, micro/small cell, and digital indoor coverage system support high- Q@
performance and blind-free full coverage to satisfy services in indoor, hot spot areas and special scenarios

while minimizing costs. Efficient deep

coverage

o
° Low latency and high reliability: Ultra-reliable low latency communications (URLLC), edge computing, dual
1 connectivity, and other features can reduce end-to-end network latency, improve network disaster tolerance,

L]
and offer appropriate response speed and reliability for critical communications.

Low latency and high

reliability
Fast high-accuracy positioning: By combining 5G, GPS, and BeiDou, we can deploy positioning enhancement, Py
fast positioning, and other features to enable satisfactory positioning accuracy and speed for critical =
communications. Fast high-accuracy
positioning
ﬁ?ﬂ Secure group communication: Features like group management and broadcast/multicast can fuel
Secure group interoperability and service convergence between 5G and trunk communication, while ensuring the security
communication of the communication process and communication content.

As 5G technologies and urban governance advance, becoming 5G City will be more important than ever and the 5G City vision will become a
reality step by step. To fulfill the vision, it is recommended to:

o Make 5G coverage better and wider to include all scenarios with a people-oriented approach, and offer citizens with diverse 5G applications,
convenient social services, balanced development opportunities, and consistent experiences anytime and anywhere, therefore improving their
feelings of gain and happiness.

9 Make 5G an infrastructure to enhance digital government in cities; explore the integrated applications of 5G, Al, and big data in urban

governance; build comprehensive governance platforms such as city brain and digital twin city; build digital and intelligent 5G cities in terms of
transportation, emergency public security, environmental protection, citizen services, and digital government; and replicate 5G City applications in
more cities.

e Leverage 5G and digital transformation to facilitate exchanges and cooperation among cities from different countries, deal with challenges

in traffic congestion, environmental pollution, public safety, and public health together, and create green and low-carbon 5G City clusters in the
digital era, therefore building a human community with a shared future.
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Smart Nanshan in Shenzhen:
5G-Powered City

‘ ‘ As a developed administrative area in the first-tier city, Nanshan follows a comprehensive top-level design plan powered by cutting-edge

5G + technologies to enable city-level governance and services. By taking into account governance, public services and industry development, the

plan addresses the most pressing needs of the majority. From terminals to networks, a super-large city-level cognitive network of 5G + loT capability

has been built that presents growth trends of the urban 5G industry in a panoramic, layered, and dynamic manner, and reshapes the coupling effects
of 5G+ smart cities.

Zhang Jun

Party Secretary and Head of Government Services and Data Management

Bureau of Nanshan District, Shenzhen
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In 2018, the Nanshan District started to build its 3D modelling database
and application system for urban buildings which was completed
by telecom cincluded 3D building models covering 170 km? in the
Nanshan District. Then it started a comprehensive overhaul of the 3D
data in the Smart Nanshan database in January 2020 and completed
the construction of the Smart Cloud urban application service platform
of Nanshan, Shenzhen in April 2021.

A super-large city-level cognitive network of 5G + loT capability is
built based on the existing system of "three networks, three platforms,
and three centres"” to facilitate the application of 5G technologies
in different scenarios. A national level security service system that
supports domestic encryption algorithms like SM1, SM2, SM3, SM4, and
SM9 is provided to promote innovation in information technology and
disaster recovery. The network can connect millions or even billions of
loT devices and enable flexible resource expansion. With independent
iterative upgrade capabilities, this digital access network is highly
integrated to serve the development of industrialization in the district.

Convergence of 5G with multiple technologies for city-level governance
and services - A system that presents vital indicators of city operation
is enabled by accurate, comprehensive, real-time, and quantifiable loT
data. In this way, the system provides a consolidate interface to display
and monitor key operational indicators of the city for intelligent early
warning. To break down barriers in urban services and governance, and
to address the pain points in public services and social governance,
5G technology and 5G network are integrated with Al, big data, edge
computing, and cloud computing to drive unified access between

06| Smart Nanshan in Shenzhen: 5G-Powered City

urban governance and public services. Smart application across
different scenarios then facilitates smooth and efficient governance as
well as convenient and considerate public services.

The city's 5G industrial operation is presented in a panoramic, layered,
and dynamic manner. The City Information Modelling (CIM) platform
makes city’s digital-twin possible. Supported by multi-dimensional
cognitive capability and real-time interconnection, the entire city is
visualized and presented to city managers to assist with their urban
decision-making and to optimise the experience and efficiency
of urban management. The CIM platform integrates 5G industry
information from various dimensions and creates digitalised city twins
for comprehensive analysis. This allows the provision of standardised
services for businesses and citizens, and fuels the growth of 5G
industries to rocket in all aspects.




o
/M Industry Challenges

suonn|os

suonn|os

suonnjos

Massive connections of

5G intelligent terminals
A city consists of a vast territory, complex
requirements, and ever-changing conditions
(such as people flow, traffic, transactions,
energy consumption, environment, weather,
etc.). In the era of intelligent 5G connectivity
and loE (Internet of Everything), a wide
portfolio of sensors can be deployed across
the city to timely and accurately capture
information that reflects the state of a city. As
a result, explosive growth has been seen in
the number of terminals and types of devices.
However, the complexity of the networks that
smart sensors connect to can pose challenges
to the compatibility and interworking between
services in a smart city.

« Solutions and Benefi

Urban governance solutions are categorized

based on the following three types of scenarios:

Convergence of
multi-source heterogeneous data
Urban data usually come from multiple
origins of different structures. They tend
to fall into three categories: unstructured
data from images, voice and text; structured
data acquired from e-government services;
and spatial-temporal data represented by
geographic information and loT data (such as
traffic flow, people flow, energy consumption,
weather, etc.). Data is large in volume and
dynamic, while smart city applications usually
require a multitude of data from many
different types and origins. It is, therefore,
another challenge to manage this complex
data and effectively support applications after

it has been collected into the system.

5G in Verticals
in China 2022

Breaking down information silos

smart public service and management,
empowered by 5G, inevitably requires
information to be accessible among
citizens, governments, and enterprises
when needed. This involves a wide range
of operations, complex methodologies,
and demanding technical requirements
It is difficult to complete this task by any
single organization. In the traditional
model of "integrator + subcontractors”,
all organizations involved tend to do their
jobs based on their own products and
technologies, resulting in information
silos, which are difficult to solve.

To enable urban governance and services in the three
scenarios, a framework is designed as follows:

5G-powered Urban Services and Governance

Government governance

Urban full-lifecycle digital twin applications

5G private network construction and integrated management

of information infrastructure

COVID-19 prevention and control powered by "5G + Big Data +

Al + loT"

Intelligent traffic management powered by "5G + Al + Big Data

5G drone management of illegal buildings

Public Services

5G-enabled emergency response with multi-functional smart poles

5G robots for intelligent urban services

Cultural tourism and government services based on 5G RCS

Industry Development

5G-enabled panoramic industrial chain

— CIM
o . _
T ag — 5G Private Network Construction
S
S — Government _1 Epidemic Prevention and Control
Governance

"

Unmanned
Vehicle

uayzusys Ul ueysueN yews

A

Industry

— Transportation Management

— lllegal Building Monitoring

Emergency Rescue

5G Unmanned Vehicle

Public

Services Smart Service Robot
5G RCS
5G+Vlog

Pedestrian Flow Analysis

Industrial Linkage

Development

Smart
phone

Real-time passenger flow and density statistics powered by "56 ...
+Al"
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Government Governance The end-to-end services that cover the entire process and the full life cycle can empower 5G construction. By
leveraging 5G as the basic communication technology, we can enable CIM, epidemic prevention and control,
intelligent transportation, intelligent building construction, and other applications to assist government decision-
making and improve governance efficiency.

Public Services The fast, stable 5G network with low latency can allow a series of public services such as emergency rescue, 5G
unmanned vehicles, 5G intelligent service robots, 5G RCS, and intelligent cultural tourism.

Industry Development The rapid development of upstream, midstream, and downstream industries can be fuelled through network
infrastructure construction, the introduction of terminals including sensors, cameras, intelligent robots, drones,
and smartphones, and the application of artificial intelligence, big data processing, cloud computing, edge
computing, 5G, and 4K/8K HD video.

01 Governance Scenarios

The Smart Nanshan in Shenzhen project enables COVID-19 epidemic prevention
and control in Nanshan entirely digital. 5G network and terminals play a critical role
in dynamic data aggregation, data mining and analysis, expert video conferencing,
and on-site real-time linkage thanks to fast deployment, high bandwidth, and
low latency. The platform can independently and intelligently collect basic
information and health status of personnel returning to work online, which helps
the government approve enterprises’ production resumption application. Citizens'
travel trajectories in the past 14 days are automatically tracked to identify any
possible source of infection through big data analysis. 5G cameras and NB-loT
locators are deployed in key epidemic prevention and control areas for epidemic
monitoring. Al robots can automatically make calls to investigate persons
and collect information. Technologies like Al, big data, and 5G are integrated
to accelerate virus detection and diagnosis, monitoring and analysis, and full
traceability management.

A 56 in Digital Epidemic Prevention and Control

Traffic management involves various complex scenarios. Easy-to-deploy and
convenient 5G cameras, together with Al and big data, create a new mode of
intelligent traffic management. 5G cameras can be deployed anywhere, both
in ordinary locations and restricted areas such as protected historic sites and
ancient buildings. They feature easy deployment, convenient usage, and low
deployment cost. 5G's high transmission rate, massive bandwidth, and reliability
allow the cameras to capture massive high-definition data, which are turned into
intelligent traffic information after Al and big data analysis and processing. The
information can help in traffic management plan optimization, management
policy development, carbon emission reduction, and determination of traffic
safety technology and management methods through accident cause analysis.

A5G in Intelligent Traffic Management

As to building construction management, the inspection of illegal buildings is a laborious and time-consuming task, and some unauthorized works
may be easily ignored. 5G drones make the process easier. After setting the cruise inspection routes and collecting data during the first flight, officers
can establish a digital model. Flight inspections can then be initiated at a certain interval on demand. Automatic algorithm analysis via Al can spot
the differences among different periods, therefore finding any new illegal buildings. At the same time, the fast and stable 5G network allows real-
time postback and playback of high-definition video to assist manual inspection. 5G drone features high efficiency and low cost and can inspect one
square kilometre in 20 minutes.

08 | Smart Nanshan in Shenzhen: 5G-Powered City



02 Public Services

A 5G Multi-functional Smart Pole Serving Residents

5G intelligent service robot features voice interaction, conversation for Q&A,
face recognition, semantic understanding, environment perception, and
autonomous positioning & navigation. The LED screen on the robot can spread
the knowledge of history, epidemic prevention, and garbage classification
in all areas. When deployed in scenic spots, the robot with a guide function
can interact with visitors to introduce the attractions and recommend routes.
Pedestrians can throw garbage in the trash can brought by the robot to keep

the city clean and tidy.

A5G RCS Serving Residents

5G in Verticals
in China 2022

Unattended early warning for drowning, fire, and trespassing is made possible
by integrating 5G border patrol inspection, 5G multi-functional smart poles,
360-degree panoramic live broadcast equipment, and 5G cameras, along with
regional monitoring linkage and Al. In case of drowning, fire, and tourists crossing
the red line to damage monuments and landscapes, multi-level alarms will be
automatically triggered for broadcast repulsion or rescue. When an accident
occurs, life-saving equipment can be acquired through face recognition, and the
use of equipment and rescue process can be fully recorded in the background.
Compared to traditional rescue boats, intelligent rescue robots are smaller and
more dexterous, thus greatly accelerating the rescue and reducing the risks faced
by rescuers. Fast, safe, and efficient water rescue becomes a reality. 5G broadcast
equipment and 5G video linkage enable remote alerting in key areas, as well as
advertising and emergency evacuation. In addition, 5G multi-functional poles are
equipped with 5G micro-base stations, WIFI6 hotspots, AED defibrillators, and
weather monitoring modules.

A5G Intelligent Service Robot Serving Residents

"5G+" services drive intelligent empowerment for enterprise employees and
community residents. In cultural tourism services, auto photo-taking booths
(real-time 5G message pushing), virtual commentary, humanistic propaganda
screens, and 3D guide services are provided. In government affair services, active
5G pushing allows the public to access the services anywhere anytime. As long
as there is 5G network, residents can open their RCS app to get the inquiry,
consultation, reservation, and queuing services offered by the government’s
public accounts and mini programs, instead of downloading, following,
registering, and logging in. Without leaving home, residents can reach out to
more than 500 government services.

Smart Nanshan in Shenzhen: 5G-Powered City | 09
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Advertising
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Built on L4-class autonomous vehicles and stable, low-latency, and fast 5G

network, "5G Smart Unmanned Vehicles" offer a smart service platform on the

Voice Broadcast
Remote Talkback

IntZ:)aIEfion wheels. It can provide residents and tourists with free meals, first-aid medicine,
.,..,-_3-, masks, alcohol, and anti-mosquito medicine. The unmanned vehicle can run
v m 24 hours a day. Residents can beckon the vehicle and scan the code to get the
e -] needed services. The vehicle can also be used as a mobile propaganda station
P Ulsarr for epidemic prevention and extreme weather notification. At the same time, it
Portrait can act as a video collector to connect tourists, vehicles, roads, traffic data in real
time, therefore providing effective data for urban governance.
Screen
Interaction Front LED
QR Code Screen

Mini Program

A5G Intelligent Unmanned Vehicle Serving Residents

The "tourist + scenery” star-style 5G + Vlog can be a cultural carrier to better
expose the scenic spots by stimulating tourists to share the fun. Customized high
frame rate cameras can automatically capture touring clips. With such algorithms
as beauty, background defocusing, and automatic exposing and focusing, the
camera can generate exclusive travel logs to record the amazing moments for
each tourist. Suitable for recording different scenes, the customized camera
allows animal recognition, delayed photography, night photography, and wide-
angle photography. It can automatically select clips and generate a collection of
the best moments for each tourist and the attraction every day. The edge all-in-
one machine locally pulls video streams. Supported by customized recognition
algorithms and theme templates of the scenic spot, the camera can rapidly edit
multi-shot video streams, which can be received and downloaded by tourists
through 5G RCS.

-
[ Summary and Next-steps

The smart city built by Nanshan District maximizes the coupling effect
of 5G + smart city. It comes with digital services across the process,
efficient and orderly urban governance, data opening, integrating and
sharing, green and economic development. A construction model
for smart city 4.0 or 5G + smart city, is put in place to tailor to city
scale, governance needs, construction pain points, budget, industrial
distribution, and other factors. All types of administrative areas in not
only first-tier cities but also second- and third-tier ones can transform
into 5G+ smart cities instantly.

The convergence of 5G with new-generation information technologies
such as big data, Al, 10T, and cloud computing will link up the "end-
edge-hub” hierarchical smart scenarios to empower smart cities. 5G
+ AloT help shape an intelligent Internet of Everything and generate
massive data. 5G + MEC contribute to edge intelligence, which
boosts the seamless connection between urban cognition and urban
intelligence. 5G + I0C make possible central intelligence that promotes
data circulation, sharing, interaction, and collaboration to create
more value and incubate various innovative applications. This further
catalyses urban management and service reform to save countless

10 | Smart Nanshan in Shenzhen: 5G-Powered City

labour, resources, and capital, improve management efficiency, and
bring down costs. With 5G network, smart cities find more and more
application scenarios. Smart community, smart transportation, smart
culture and tourism penetrate all aspects of people’s life. The adoption
of network slicing and edge computing technologies for 5G network
can better satisfy user needs, improve service customization, drive
deeper integration of network and services, and make services more
friendly. Thus, residents can be more aware of the "smart city” and
more satisfied with the services. In addition, integrated, intensive
construction can avoid unnecessary and repeated construction
works for service informatisation, thereby reducing unnecessary and
overlapping investment. In the future, smart city applications can also
be built on the project's construction achievements and information
infrastructure for incremental upgrade or application expansion. This
can not only protect existing investment but also save expenditures on
managing different networks with common needs.

The demonstration project helps verify the digital twin city system
and offers a reproducible solution for 5G-powered urban service and
governance.
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Guangzhou Metro 5G + Smart

S

‘ ‘ "5G technology facilitates the digital development of the traditional urban rail transit industry by driving the transformation from the
traditional multi-layer, complex and fixed network to the flat, lightweight and updateable architecture. First, the high reliability of 5G network enables
trains to better perceive the operating environment and their own operating status, thereby improving the transportation capacity of metro lines.
Second, the massive connections of 5G network facilitate the establishment of a visual resource scheduling system for each line of the urban rail
transit network. The system is designed to monitor the status of passengers and trains in real time, and improve the efficiency of operation and
management. Finally, the large bandwidth of 5G network brings about new customer service platforms, allowing timely and accurate access to
services in abundant transportation scenarios in the entire metro travel chain through multiple online and offline channels, and improving the travel

experience.”

Cai Changjun
Deputy General Manager of Guangzhou Metro Group
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Metro transportation boasts such remarkable advantages as large
capacity, high efficiency, energy saving and environmental protection.
It is the backbone of the public transportation system in mega cities
and a critical part of the urban comprehensive transportation system,
supporting and leading the urban development. Guangzhou Metro
is the urban rail transit system of Guangzhou, the third largest city in
mainland China, and provides transportation services for 44% of the
passengers using public transportation in the city. As of September
2021, the total operating mileage of Guangzhou Metro had reached
590 kilometers, ranking the third in mainland China, and Guangzhou
Metro had transported up to 11,569,400 passengers per day.

59Ukm

total operating mileage
- As of September 2021

Guangzhou Metro, China Mobile and ZTE Corporation partnered
to optimise the performance of the new 5G private network for
Guangzhou Metro, building a safe, accurate, collaborative and
green metro service system featuring ubiquitous interconnection
and holographic perception. Based on the advanced 5G network
technology, a number of 5G + smart applications were deployed to
cater to the actual needs of metro stations, which led to significantly
improved efficiency of station operation, more convenient metro
operation and management, and greater passenger satisfaction.

Guangzhou Metro has been a testament to the capability of 5G private
network in integrating and supporting multiple metro services.

NO.3

ranking of operating
mileage in mainland
China

>hh],

11,569,400

of the passengers using
public transportation
in the city

s

passengers per day

tihEx
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There were many pain points in the Smart Subway Construction and Operation:

Complex systems Inflexible network Poor on-board data backhaul

There were more than ten systems, including vehicle, power
supply, communication, information, water supply and
drainage, heating, ventilation and air conditioning, and each
system had many subsystems. There were also complicated
equipment models and system standards, and a large number
of different types of terminals and equipment nodes. In
addition, the systems, such as the electromechanical system
and communication system, were managed and operated
separately, resulting in various operation problems such as low
intelligence, intensive labour and slow response. Therefore, it
was imperative to improve the operation and management
level.

There was a large amount of data from
online monitoring of on-board equipment
to be sent back, Due to the insufficient
transmission bandwidth, transmission
reliability and anti-interference ability of
the existing vehicle-to-ground wireless
technology, the practical application
mainly relies on inefficient manual
copying, and efficient real-time automatic
return transmission is urgently needed.

The terminals and servers of
subsystems in the stations were
connected through a wired
network, resulting in various
problems such as troublesome
and costly integrated wiring,
inflexible operation and
maintenance, and slow
emergency response.

< Solutions and Benefits

The project combines the actual business needs of the subway, based on the customized and optimized 5G network and multi-cloud platform
architecture capabilities, and introduces a series of integrated and innovative applications in typical subway scenarios to effectively improve the
efficiency of subway stations and internal management.

Technology

| @ 1

Enhanced and optimised 5G private

network performance
Carrier aggregation (CA) was adopted to
enable a multiLine video backhaul; detection
and compensation algorithm for Doppler
frequency offset and super-cell technology
guaranteed a high-performance network
at a high driving spreed of 160 km/h; and
differentiated tunnel coverage solutions
were adopted to boost the uplink rate to 750
Mbps.

T |

| 2 |

Multi-level industry cloud-based
network solution
Hierarchical and fine-grained management
was adopted to meet the customers’
differentiated business needs with precisely
matched cloud-based network solution;
safe and effective end-to-end isolation was
achieved by "keeping data inside stations”;
and the solution was flexibly deployed
together with base stations as a plug-and-

play solution without prior site survey.

T |

| o |

Innovative 5G indoor positioning

Based on the independently-developed
UTDOA(Uplink Time Difference of Arrival)
algorithm, 5G indoor positioning could keep
the deviation within 2 meters.

Application

01 China's first 5G metro train
V
For the currently fastest D-type metro train, a dedicated 5G receiving antenna and TAU(Train Access Unit) were designed and new trains are

equipped with 5G upon leaving the factory to enable full-band 5G reception in shock-proof, fire-proof and wind-resistant environments for rail
transit, bring high gains to the customer, and better support the platform for train data monitoring.

12 | Guangzhou Metro 5G + Smart Metro
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02 5G vehicle-ground wireless solution
V

A vehicle-ground wireless solution was created for driving safety control monitoring, operation management and passenger services, leading to
enhanced protection, improved operation and maintenance efficiency and better service experience. The advantages of this solution are as follows:

A Switch from passive protection to active A Switch from offline video surveillance to A Switch from train operation-centric services
protection intelligent online video surveillancev to passenger—centric services

03 Comprehensive upgrading of physical tunnels to "tunnel digital perception"
V

The 5G transformation of physical metro tunnels enabled real-time perception of tunnel status from the train cab and monitoring centre, which
enhanced driving safety and management and control of the metro line network, accelerated fully automatic unmanned driving, and enabled tunnel
digital perception applications such as identification of track water logging, identification of foreign body falling, monitoring of civil air defense door
intrusion, identification of roadbed cracks, identification of track deviation, and environmental monitoring.

A ldentification of track water logging A ldentification of foreign body falling A Monitoring of civil air defense door
intrusion

—

7

A anomaly monitoring of tunnel wall box A evacuation platform personnel A Environmental monitoring

04 Innovative smart metro applications
V

Based on the 5G SA environment, various operation management and passenger travel services are provided in metro stations together with
partners:

By utilising the benefits of 5G network, such as high bandwidth, low latency and no additional
wiring, turnstiles in metro stations are transformed to realise face recognition, which significantly
improves the passing efficiency.

Guangzhou Metro 5G + Smart Metro | 13



Based on 5G network and 5G CPE, mobile electronic guidance screens, intelligent customer service
machines, turnstiles using face recognition, intelligent security control and harmful gas sensors are
deployed.

The data generated by the X-ray security check in the security check subsystem are transmitted
back to the back office for monitoring through the 5G network in real time, allowing the schedulers
in the back office to coordinate the X-ray security check data at all entrances and exits of the
entire metro station and quickly locate any dangerous items and persons; In case of any trouble
when entering the station, passengers may talk to the administrators in the back-office monitoring
centre through the 5G wireless network, instead of waiting for assistance at the side door, which
significantly reduces the workload of metro staff.

HD video surveillance cameras in the station are e
connected through the 5G network, and back- = I
office Al video analysis capability is utilised
in various scenarios such as passenger flow k. 0 |
analysis, abnormal behavior analysis, and people
evacuation. i

Entrance/Exit | to -2F w
of the TV Tower Plaza

Entrance/Exit B

The high-precision indoor positioning application based on 5G Qcell+MEC integration uses open L]
APIs to connect with third-party applications. Based on the independently-developed UTDOA "
algorithm, 5G indoor positioning keeps the deviation within 2 meters, providing passengers with
accurate indoor navigation, push notifications, in-station navigation and other positioning services.

Entrance/Exit A

l—h

Entrance/Exit Il
to -2F of the TV
Tower Plaza

05 Intelligent metro operation and maintenance
V

A massive amount of data on train operation is collected through 5G, and Al intelligent analysis is integrated to switch from passive to active
operation and maintenance, leading to reduced costs and increased efficiency. The real-time backhaul and collection of a massive amount of data on
train status enables the switch from passive to active operation and maintenance, timely intervention, and early warning. In addition, previous fixed

repair is changed to on-demand repair, which reduces the maintenance cost.
Economic benefits Social benefits

At present, the online data on people, trains, operating environment,
equipment and scheduling in this Guangzhou Metro project is being
shared with unprecedented breadth, depth and speed, which not
only improves the driving safety and transportation efficiency, but
also reduces the metro operation costs. The Guangzhou Metro 5G +
smart metro model may be gradually rolled out to other parts of the
country. With 5G's deep integration with and wide implementation
in the metro industry, the 5G industry will see substantial growth in
economic benefits.

The research of 5G in the metro industry facilitates the integration
with the applications in the metro industry in terms of various wireless
network coverage, collaborative management of cloud-edge-terminal
resources, etc. By improving the convenience of urban transportation
and promote the digital development of traditional industries, a new
high-end and intelligent industrial ecosystem will be created to lead
the high-quality development of urban rail transit.

"
[ Summary and Next-Steg

In the future, new types of common network technology including private network for dedicated purposes, edge computing, network slicing and
ubiquitous integration will be applied in the Guangzhou Metro project, so as to improve the flexibility, scalability and resilience of the typical industry
systems during their construction and application. Focusing on the national key R&D plan "Broadband Communication and New Types of Network”
launched by the Ministry of Science and Technology of China, we will continue to make full use of our innovative achievements starting from
demonstration projects and establish a complete energy-saving system for 5G equipment in metro scenarios to meet the national requirements for
energy saving and emission reduction and achieve technological breakthroughs.

14 | Guangzhou Metro 5G + Smart Metro
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The Project of 5G Emergency
Visualization System in Lishui

‘ ‘ Lishui is the prefecture level city with the largest land area in Zhejiang Province. With nearly 90% of forest coverage, 5% of water, and
5% of field areas, the city suffers from a wide range of disasters that occur frequently and cause great losses. A visualization system is the basis for
quickly handling emergencies, as well as important guarantee for informed decision-making and command and scheduling. Lishui 5G emergency
visualization system is a platform integrating cloud, management and terminal based on the requirement of the Bureau of Emergency Management
for the benefit of people’s livelihood. Powered by the 5G network, 5G mobile cabin, satellite communication system, visualised scheduling system,
and other capabilities, the platform provides features such as disaster early warning, remote search and rescue, real-time command, 24/7 and all-
weather protection. Early warnings and larger scope of search and rescue provide the possibility to minimize people's losses and the basis for major
decision-making. The platform integrates automated monitoring and early warning of disasters and efficient rescue for disaster prevention and relief.

Yang Jinyue
Director of Bureau of Emergency Management of Lishui

Partners @

China Maobile

=N i
@ hEFEEh

fi

T

-
=
ERICSSON

ol

|

Lishui is in an area prone to frequent natural disasters. During the flood season,
secondary disasters such as mountain torrents and geological disasters
frequently occur in small basin areas. According to the "Statement of Work on
Local Construction of a Video Scheduling System for Emergency Command" set
forth by the Department of Emergency Management and based on the actual
situation of emergency management in Zhejiang Province, China Mobile has
worked with the Bureau of Big Data of Lishui, Institute of Mountain Hazards and
Environment under CAS, the First Geology Group of Zhejiang Province, Ericsson,
and Dinnovate Technology to create a dual-way visualized command and
scheduling system for on-site disaster relief and emergency rescue at all levels
of emergency management departments across the province by leveraging
transmission resources such as 4G/5G wireless communication networks and
satellite communications, on-site mobile visualization acquisition devices, and
TeleEye video platform and Internet of Videos platform of China Mobile Zhejiang.

This project applies 5G capabilities to the monitoring and early warning of and
emergency response to natural disasters in small basin areas. By empowering

:
Real-time End-to-end slice guarantee

collection of

on-site data -\

5G NR

Collection terminals: Real-
time collection with multiple
terminals

5G Core

systems and equipment with 5G network, network slicing and edge computing,
a 5G-based converged communication platform is built to connect the
mobile visualization front-end devices such as loT sensors, individual devices,
monitoring balls, and drones with communication channels such as satellite
communications and 5G cabins to monitor the progress of major disasters in
small basin areas in real time. Based on 5G + Al big data analysis, as well as
the early warning model of CAS for five types of disasters (mountain torrents,
landslides, collapses, dam failures and debris flows) under small basin scenarios,
accurate early warning of disasters in small basins throughout the city is realized.
5G RCS is used to broadcast messages and videos of emergency evasion routes
to effectively avoid information delay. 5G drones are employed to post back
panoramic videos, search and rescue persons with thermal infrared detection
equipment, and broadcast in a high altitude. The drones, unmanned ships and
unmanned lifebuoys form a life-saving system covering the space, air and ground
for automated person search and rescue and a 5G-based closed-loop disaster
management and control system to realize real-time disaster early warning and
command.

Control centre: a real-time
emergency command
platform

5G NR

Directly connected
control platform

The Project of 5G Emergency Visualization System in Lishui | 15
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China suffers from many kinds of natural disasters that bring economic losses of more than trillions of CNY per year. The prevention and control of
natural disasters have the following pain points:

inaccurate disaster prediction

Although each business depart-
ment has an early warning and
disposal platform, the disaster
early warning systems under the
departments of water and land
are deployed by district/county,
which results in inaccurate early
warning, lack of clear goals for
disaster prevention and relief,
and great challenges at work.

invisibility of disasters

When a natural disaster occurs,
government disaster relief de-
partments and leaders expect
to know the current disaster
situation as soon as possible.
However, there is no flexible and
effective rapid response tools
that can send all the data on site
back to the command centre for
informed decision-making.

data silos

The departments of water, land,
and air have their own monitor-
ing and pre-warning systems,
but these systems do not share
data and are not connected.

untimely transfer and escape

Natural disasters often occur
suddenly and are accompanied
by some secondary disasters. It
is difficult for ordinary people to
tell their occurrence in a timely
and accurate manner. As a result,
the affected people would not be
able to immediately respond to
and escape from sudden natural
disasters.

BERLEERR

A Screen of the 5G emergency visualization system cockpit

A Scene of forest fire

7 Solutic

In view of the pain points in the country (excessive small basin areas,
frequent occurrence of floods, untimely emergency evacuation, etc.),
innovative solutions should be proposed to meet the requirements of
the Ministry of Emergency Management of China for the construction o s

of a visualization scheduling system for two-way interactive emergen- Space Verall investigation:
cy control. Under the guidance of the Zhejiang Department of Emer-
gency Management, China Mobile Lishui takes the lead in cooperating
with Lishui Bureau of Emergency Management to ensure interactive,
coordinated and efficient rescue and access at any time via the 5G
visualization scheduling system and realize on-site video command,
rapid scheduling and broadband and narrow bandwidth wireless
communication and other functions. To meet the requirements of
"targeted coverage, 24/7 availability and prioritized control”, the 5G
network featuring large bandwidth, high availability and low latency
supports the management and use of the 5G emergency visualization
command system.

Digitalisation and Grid-Based Investigation Throughout an Area

e ® satellite remote sensing
5G communication
@ nterferometric radar

Overall monitoring:
® Integrate and add 2,089 sets
of monitoring devices in 11 cat-
as iy egories
|| Torrential floe

lo Field inspection + dynamic
level meter, -

patrol inspection:

i
Audible and
visual alari

® 4,424 grid-based workers
Vibration S
1T ARl rator i
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Main technical applications in the project

01 5G network slicing
V

Through 5G end-to-end network slicing technology, network
resources are flexibly allocated, network capabilities are combined
as required, and multiple virtual logical subnetworks with different
characteristics are generated based on a 5G network. This
technology enables high reliability, high security and service SLA
guarantee, ensuring the remote control of drones and unmanned
lifeboats. The L4 slice level is used to ensure the over-the-horizon
control of drones and unmanned lifebuoys for safe and stable
control. This helps to achieve effective coverage of small basin
areas.

02 Edge computing
V

In view of the ultra-low latency required for the remote control of
drones and real-time processing of HD video backhaul, city-level
edge computing provides strong support for the 5G-based closed-
loop disaster management and control system deployed in the city.
As edge computing supports local data processing, the offloading
of large-traffic local services may reduce the burdens on backhaul
and effectively reduce costs.

03 Various types of 5G terminals
V

These terminals include individual terminals, monitoring balls,
5G cameras, etc. After the monitoring devices of the project are
installed, data is transmitted to the monitoring and control central
system for centralised management through the 5G wireless
network. The system has a multi-layer structure. It can operate
efficiently and is easy to maintain and manage.

5G in Verticals
in China 2022

04 5G drones and unmanned lifebuoys for
real-time rescue
V

These terminals include individual terminals, monitoring balls,
5G cameras, etc. After the monitoring devices of the project are
installed, data is transmitted to the monitoring and control central
system for centralised management through the 5G wireless
network. The system has a multi-layer structure. It can operate
efficiently and is easy to maintain and manage.

05 5G real-time 3D modelling emergency
command platform
V

This is the first project in the province to adopt 5G drones and
3D panoramic map. The 5G network is applied to locate the
disaster site; drones are adopted to conduct automated oblique
photography in the front end; and 3D models are built in the back
end. Monitoring information, early warning information, disaster
information and resource information are combined for visualized
marking and direct display of all the hidden danger points prior
to any disaster and the conditions and situation of the affected
villages in "one map" for emergency management. The system
integrates the information collected in the front end for intelligent
decision-making and display on the big screen in the provincial
or municipal command centre. The centralized platform facilitates
effective real-time guidance from the provincial leaders and
experts for on-site prevention and control of disasters.

06 5G RCS for emergency communication
V

5G RCS is used to send messages about escape routes to trapped
persons once the escape routes are found through intelligent big
data analysis and the trapped persons are located with 5G. The
affected people are notified timely for effective evacuation. In
addition, "safety code” and intelligent analysis of the monitoring of
disaster shelters are also used to get hold of the evacuation.

A Example of 5G terminal in the project

A Example of drone search and rescue in the project

The Project of 5G Emergency Visualization System in Lishui | 17
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This project is a one-stop solution from automated monitoring and
early warning to efficient disaster prevention, management and
rescue. If it is widely used in other areas where natural disasters
pose a greater threat to the safety of people’s lives and properties
in the province, even the country, people's lives and properties
will be effectively protected through active disaster relief and
prevention. After a year of implementation, the project of the "5G
emergency visualization system” has achieved its expected goals.
According to different types of risks such as mountain torrents,
landslides, debris flows and collapses, standardized packages of
devices and their alternatives have been specified. Based on the "1
+ 30 + 200 + X" distribution plan, a real-time monitoring network
covering the whole city will be built in batches. Step by step, the
plan will be implemented until all 973 small basin areas in the city
are within the scope of monitoring and early warning.

Based on the characteristics of 5G communication network,
the system is positioned to be one assisting in early warning of
multiple types of natural disasters, collaborative decision-making

[ Summary and Next-steps

The 5G emergency visualization system proposed in this project
provides a product integrating both software and hardware. For
the software, the mainstream modular software development
method is adopted to develop server software and client software.
The method also supports the customization of plug-ins at module
level for different application scenarios, and is compatible with
standard general-purpose servers and customized servers. The
involved raw material market, logistics, process equipment, human
resources, etc. already have mature business models. Therefore,
the assessment shows that large-scale production is feasible.
For the hardware, on the basis of field investigation of different
application scenarios at different locations, devices are customized
specifically for small basin areas. All the devices are purchased in
bulk from major manufacturers in the industry to reduce costs. The
involved raw material market, logistics, process equipment, human
resources, etc. already have mature business models. Therefore,
the assessment shows that large-scale production is feasible.

Based on the 5G technology, this project supports the
customization of plug-ins at module level for different application
scenarios, and can be deployed at standard general-purpose
servers and customized servers. With the capacities of fast
deployment and upgrading, the project adopts 5G network slicing
technologies and sensors, and 5G sensor private network slices for
disaster relief devices to effectively link all types of early warning
with disaster relief devices in the covered areas. More intelligent
products for faster response are suitable for wide application
in the banks of the Yangtze River and areas where geological
disasters occur frequently.

The innovative system integrates 5G into emergency disaster relief,
featuring unique combination of devices. Unmanned boats and
unmanned lifebuoys account for more than 80% of the domestic
market shares, and stand out in battery life, volume, and 5G
integration capability.

This project provides solutions to the problems in the emergency

18 | The Project of 5G Emergency Visualization System in Lishui

and control and scheduling. Through the deployment of monitoring
systems, analysis modelling and multi-channel early warnings in
various forms, a small closed loop covering "monitoring, analysis,
early warning and evaluation” is formed. The early warning
information of a small basin area is used as a trigger to start the
closed loop of emergency response, and eventually form a large
closed loop consisting of "early warning and emergency response
for small basins”. In addition, the 3D content from oblique
photography makes the decision-making more intuitive. The
project significantly improves the efficiency of the disaster relief
system, expand the scope of its application, and effectively reduce
the personal and property losses caused by disasters, making it an
inflexible demand for smart cities. By effectively utilizing the 5G
communication network and the existing disaster relief resources,
the intelligent early warning and disaster relief system allows
customized plug-ins at module level depending on application
scenarios and geographic conditions to satisfy the needs of typical
users in the market in terms of product functions and prices.

industry such as low degree of digitalization and automation
and slow response, boasting promising prospects. It is also a
competitive lightweight disaster relief system on the edge side
constructed based on the 5G communication network and Al.

This system consists of an emergency control platform, dedicated
front-end devices such as 5G drones, 5G unmanned lifebuoys and
5G cameras, which can not only be used for emergency disaster
control in small basins, but also for other smart city emergency
scenarios such as commanding in emergency response to fires, city
monitoring and administration. These make the system expandable
into new markets. This project has been widely promoted in other
fields. In the field of public security, 5G visualization is adopted for
the surveillance system on the cloud. The 5G network featuring
large bandwidth, high speed and wide connection enables real-
time backhaul of images from the 5G vehicle-mounted monitoring
balls and HD videos from 5G high-altitude ball cameras, and
deployment of the 5G network within five minutes at temporary
sites. Additionally, 5G drones and 5G communication vehicles are
also used to assist in security. The security visualization system
at high, medium and low levels developed using the surveillance
system on the cloud enables whole-process 5G visualization
security in major events. So far, it has been used in two national
conferences, the National Rural Improvement Conference in
Jingning, Lishui, and the worship of Emperor Jinyun in Lishui. This
project is the first in Zhejiang Province to be promoted for security
in major events. In the field of firefighting, a 5G private network
has been established for smart firefighting. With the support of the
5G network for fast backhaul, data are collected in the front end
in real time and sent back to the back end for real-time analysis,
intelligent early warning, and remote control. In this way, a smart
firefighting platform is developed in Liandu District to effectively
improve the capabilities for emergency rescue and fire prevention
in high-rise residential buildings, reduce fire hazards, and protect
the safety of people’s lives and properties.
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SG-Powered Cities:
Pre-Hospital Emergency Treatment: M\b ‘LY‘(

‘ ‘ China Mobile Guangzhou has built 16,000 5G base stations, making Guangzhou China's first in the number of stations. The endeavour

will promote 5G across different industries for business development. We work to build the country’s first model pre-hospital emergency treatment
project for 5G+ cities to support the Greater Bay Area. In this way, race against time to save lives with prompt medical services.

Lai Jianjun

Deputy General Manager, Guangzhou Branch of China Mobile Group Guangdong Co., Ltd.
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In 2020, Guangzhou Emergency Medical Centre (hereinafter referred to
as "Guangzhou 120") and China Mobile jointly launched the "5G City-level
Pre-hospital Emergency Treatment Innovation Demonstration Project”
in Guangzhou. Relying on the ability of Guangzhou 120 to coordinate
140 local medical institutions and the 5G technology which boasts large
bandwidth, low latency, and wide connectivity, the project combines
5G and remote ultra-high-definition multidisciplinary consultation and
real-time return of vital signs with 5G+ interactive video capability as
the core, building a 5G urban emergency treatment network and a 5G+
pre-hospital emergency treatment platform, reshaping the pre-hospital
emergency treatment process, assigning medical treatment resources
in advance, and filling the information blind spots to solve the problems
caused by the lack of information, such as patients’ inability to save
themselves, untimely medical and nursing preparation, and poor pre-
hospital and in-hospital handover. The project aims to provide instant
first aid, and ensure more efficient pre-hospital emergency treatment,
smoother pre-hospital and in-hospital transition, and better integrated
service capability of pre-hospital and in-hospital emergency treatment.
More time can be saved for patients within the golden emergency time
window for higher treatment success rate.

In addition to the emergency command and dispatch system, electronic
medical record system, and call positioning system built by Guangzhou
120, the project plans to create a 5G city emergency network and a
5G+ pre-hospital care platform that includes a 5G emergency guidance
system, a 5G RCS system, a VOLTE system, a 5G on-board consultation
system, a 5G coordinated command and dispatch system, a volunteer
paging system, and an AED resource management system. At the same A Director Li Shuangming (Guangzhou 120) Commanding
time, 400 emergency vehicles will be updated with 5G technologies. Treatment in the Centre

5G-Powered Cities: Pre-Hospital Emergency Treatment | 19
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Challenges Facing Pre-hospital Emergency Treatment

The 14-minute emergency treatment
window and information absence restrict
life-saving aid for patients with acute and

critical ilinesses

It takes an average of 14 minutes for an ambulance
to arrive at the patient’s location when an
emergency call is made. The golden rescue time is
only 4 minutes after the onset of common critical
ilinesses, such as cardiac arrest, foreign-body airway
obstruction, and severe burns. The traditional
120 call model fails to effectively collect patients’
immediate pathological status, resulting in wasted
time window and insufficient information collected,
which prevents targeted guidance for self and

o
/M Industry Challenges

Traditional pre-hospital and in-hospital
information is not well connected,
leading to untimely assignment of
high-quality in-hospital medical
resources.

There is a certain degree of interaction
bottleneck in the pre-hospital and hospital
electronic medical records, pathology
information, and registration system, and the
relevant diagnosis and treatment information
cannot be shared with medical institutions
in real time. As a result, the hospital's high-
quality medical resources cannot be used
in the pre-hospital emergency treatment

Traditional call technology cannot
meet the requirement of instant
and efficient video consultation

The traditional mode of communication
between the emergency medical
command centre and the 120 operators
by means of voice call access cannot
meet the current demand. Video
interaction platforms and technologies
are flourishing in China. Although live
streaming and on-demand streaming
services are common in entertainment
and education, they have not yet been
employed by government social welfare

mutual medical aid and preparation of doctors in
the ambulance and hospital. This severely affects
the rescue effect and efficiency on patients with
acute and critical illnesses.

< Solutions and Benefits

process in a timely manner.

agencies.

Featured with stable, safe, and efficient data transfer, the private 5G medical network has become a trend. It enables video calls among the 120
command centre, first witnesses, volunteers, onboard doctors, in-hospital doctors, medical officers, and patient families by using 5G+ video
interaction technology, big data analysis, network slicing, and other technologies. 5G RCS allows rescue mission release, AED resource positioning
and release, rescue video guidance, patient identity and family signature, which breaks down the information silos, helps patients in self medical
care, gives hospitals necessary preparation time, and guides emergency treatment on the road. In this way, the high-quality medical resources in the
hospitals are utilized earlier. Information sharing and collaborative interaction shorten the response time and improve the rescue success rate.

Solutions

01 System architecture
V

An innovative "1+1+N" 5G+ city-level pre-hospital emergency
treatment demonstration project is built by using modern information
technologies such as 5G, Internet of Things, cloud computing, big data,
and artificial intelligence.

A dedicated 5G emergency treatment network covering Guangzhou is
established to connect Guangzhou 120, hospitals, ambulances, medical

1+1+N D
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personnel, and medical equipment for precise emergency treatment
right after emergency calls.

A 5G+ pre-hospital emergency treatment platform is built to allow
information sharing and exchange in all scenarios to facilitate
collaboration.

A number of pre-hospital emergency treatment scenarios, especially
call reception, task scheduling, pre-hospital referral, pre-hospital
emergency treatment, hospital admission, and in-hospital emergency
treatment, are created to reshape the pre-hospital emergency
treatment process and provide medical treatment resources earlier.
Such information as 120 first-aid, on-site information of patients,
ambulance location, onboard situation, inspection results of medical
equipment onboard can be shared to medical treatment officers,
social rescue volunteers, in-hospital emergency ICU doctors and other
rescuers in real time, which allows instant emergency treatment via
professional guidance.
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5G+ Pre-hospital Emergency Treatment Platform
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02 Network

A dedicated, secure, and reliable 5G urban emergency treatment network that offers all-round and continuous coverage, high speed, low latency,
and wide connection is built by using key technologies such as network slicing and edge computing to connect the 120 command centre, digital and
intelligent middle office, hospitals, ambulances, medical personnel, and medical equipment.

03 Technical solutions
4

o A 5G+ pre-hospital emergency treatment platform emergency treatment. More time can be saved for patients within the
golden emergency time window for higher treatment success rate.

The platform is comprised of a 5G emergency treatment guidance
system, a 5G RCS system, a VOLTE system, a 5G on-board consultation
system, a 5G coordinated command and dispatch system, a volunteer
paging system, and an AED resource management system. Such
information as 120 first-aid, on-site information of patients, ambulance
location, onboard situation, inspection results of medical equipment
onboard can be shared to medical treatment officers, social rescue
volunteers, in-hospital emergency ICU doctors and other rescuers
in real time. This ensures more efficient pre-hospital emergency
treatment, smoother pre-hospital and in-hospital transition, and
better integrated service capability of pre-hospital and in-hospital

9 Renovation of 5G ambulances

5G is introduced in ambulances with multidisciplinary consultation
devices, cameras, and customized management software. When
medical equipment and systems such as ECG monitors, ultrasound,
and respiratory machines are connected to the 5G network, patients'
examination information (such as routine vital signs, and data from
ECG, a multi-parameter monitor, and other test and examinations) in
the ambulances can be transferred to hospitals in real time to help
diagnose patients and devel