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Home Broadband Accelerates All-Optical Gigabit Coverage

and Gives Rise to 10G

P4 1.1 Multi-Service Homes, More Terminals and Apps, and HD/Interactive Experience

» Home Transforming to a Multi-Service Center

As networks and digital services become widespread,
homes have become versatile, undertaking services such
as online working, e-learning, and live streaming & e-
commerce. These three services have penetrate rates of
47%, 40%, and 71% respectively among broadband users,
indicating that network applications have expanded from
entertainment to work, study, and other facets of life.

Homes evolving from entertainment centers to
multi-service centers

Office 47%
Live streaming 71%

Source: Statistical Report on Internet Development in China, Huawei M/

Education 40%

Home
- becomes
a multi-service
\ center -

» More Terminals and Apps

Intelligent terminals and apps are developing rapidly as
well. Data shows that 68.4% of households in China use
more than 6 terminals. An average of 74 apps are installed
on each mobile phone. Digital assets such as files, images,
than 30%,
demonstrating that user requirements for networks keep

and videos have increased by more

growing.

Number of home terminals: 6+ for 68.4% of homes

34.6%

31.6%
17.5%
7.3% 9.0%
1-5 6-10 11-15 16-20 20+
Average number . 30%+
of applications 74 Home digital( [0 o)
installed on a / assets growth
mobile phone v \___/

Data source: 1. Report on Digital Home Index; 2. Mobile
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» Rise of UHD and Interactive Applications

The application experience is also evolving towards 8K,
interaction, and 3D. Television and OTT providers have
introduced 8K channels and content sections. On OTT
platforms, the number of anchors has exceeded 10
million and 8K games are launched in 2023.

3D display is also advancing rapidly with diverse products,
including 3D tablets that are already in commercial use
and XR goggles with over 10 million shipments. Looking
ahead, interactive applications integrating 8K and 3D
display will be the next trend.

. ecervg@d China's New Year Eve
Resolution UEE Gala 8K live @ 2021
HD - 8K ks OTT 8K content section
More than 10 million
Interaction anchors @ 2023
One-way - Two-way 2 The Grass of Genesis 8K
gaming @ 2023
] More than 10 million XR
Dimensions " ~ users @ 2023
2D - 3D

Naked-eye 3D tablet @ 2023

P4 1.2 Fiber-in Copper-out and Gigabit Broadband Driven by Lower Costs and

Preferential Policies
» Fast Decrease of HP Cost

Statistics shows that the fiber home pass (HP) cost in
major countries have decreased substantially as the
network scales out and new solutions become mature.
Compared to years ago, the cost has been slashed by
60%. Also, fiber is becoming the infrastructure for global
economies and societies, and governments around the
world are setting policies to boost the development of
fiber-based gigabit networks.

HP construction cost reduced by 60%

uﬂ umﬂ

Saudi Arabia

@2016 @ Latest

um - B

South Africa Spain Keniya Mexico Thailand

China: Dual-Gigabit Action Plan
110 gigabit cities built

EU: Digital Compass Plan
100% gigabit ready @ 2030

Thailand: Giga Thailand
100% gigabit coverage @ 2027

Bahrain: NTP
95% gigabit coverage planned

» Gigabit Broadband Becoming the Mainstream

Fiber HP enables operators to provide users with higher
bandwidth. It is estimated that the average access
bandwidth around the world will increase from 160 Mbps
in 2021 to 857 Mbps in 2027. So far, 461 operators have
launched gigabit packages, attracting 180 million users
and expecting to serve 500 million users by 2027.

857
371 483,881
348,220
199,292
71,617
2021 2023 2025 2027
Number of gigabit users (K)
=== Average access bandwidth (Mbps)
Number of operators Number of gigabit
offering gigabit 461 um irstenrsglga ' 180M
packages
» Fiber in and Copper out
Traditional copper cables provide only 11 Mbps for

upstream transmission with latency up to 100 ms, which
can no longer meet the requirements of high-quality
interactive services. In contrast, fibers not only provide
higher upstream bandwidth, but also support smooth
evolution with an extended lifespan. Due to these benefits,
many operators start migrating to fiber-based networks.
Statistics show that the number of copper cable users
peaked in 2022 and started to decline in 2023, and it will
continue to decrease annually by 3.3% for the next five

years.
Optical fiber Copper cable
Upstream bandwidth > 100 Mbps 11 Mbps
Upstream latency 10 ms 100 ms

//,,/'TA:;:%

— CAGR: -3.3%
wsm Optical fiber === Copper cable
2020 2021 2022 2023 2024 2025 2026 2027
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P4 1.3 Commercial Use of 50G PON in 2024 to Boost 10G Applications

» More 10G Application Scenarios

As the next milestone on the F5G-A roadmap, the
application scope of 10G have been expanded to smart
campus, digital production, daily life, and city governance

Smart campus Digital production

scenarios. Industry stakeholders such as the Broadband
Development Alliance (BDA) and major Chinese operators
have released white papers on 10G service scenarios,
exploring the potential of next-gen PON networks.

Better life

City governance

©1aes
FARERE TR SRR
-------- T
Broadband China
Development Alliance  Telecom

» Operators Launch 10G Packages, Striding Towards
the 10G Era

Some regional operators already took a step towards 10G.
For example, Saudi Arabia has set the target of "10 Gbps
Society". In China, Beijing has unfolded the "Capital City
on 10G Optical Networks" initiative, and Hangzhou aims

China
Mobile

fprmne @aes
506 PON
SRTRERERS
R 506 PON
EEAGAFRAES
1.0

omontensnn 1a

China China Telecom
Unicom Shanghai

to build a "Dual 10G City". Moreover, more than 55
operators around the world have launched 10G packages,
and Huawei and more than 30 operators have completed
50G PON technology and service verifications. Thanks to
these efforts, 50G PON will be put into commercial use
since 2024.

Saudi Arabia Beijing Hangzhou
Capital city Dual 10G city
1302255 on 10G optical Smart Asian
4 networks Games

10G package

55
operators

50G PON verification

30+
operators

P4 1.4 Suggestion: Accelerating Fiber Construction for 10G PON Ready Networks and

Piloting 10G Services
"To quickly meet user demands on premium fiber access,
promote 10G services with improved experience, and
continuously benefit from fiber infrastructure, the following

measures are recommended for developing fiber networks."

» Fiber Construction: Governments Making Preferential
Policies for Infrastructure Construction and Operators
Using Flexible Network Solutions to Expand Coverage

To encourage fiber construction, it is recommended that
regulators make related resources available, including
pipes and poles, and set preferential policies such as tax
reduction. In parallel, operators should adopt flexible site
selection, implement thick coverage and short access, and
build digitalize ODNs to reduce the TCO for rapid
expansion.

» 10G PON Ready: Introducing 10G PON During Network
Planning and Deployment as the Base for Gigabit Services

Operators should consider 10G PON at the beginning of fiber
constructions to get ready for quick service provisioning and
gigabit upgrade in the future. A 10G PON ready network is
compatible with both GPON and 10G PON, which helps save
the TCO for future evolution.

» 10G Service Pilot: Actively Piloting 10G Services to
Maintain Competitiveness and Unleash the Potential of
Fibers

With 10G on the horizon, regulators should formulate new
policies to provide guidance, and operators and industry
should utilize and

partners innovative technologies

architectures to promote new 10G services.

| w
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Trend 2

All-Optical Home Network Development Picks Up Speed
Driven by New Services and Premium Experiences

P4 2.1 Current Networks No Longer Meet the Requirements of Smart Home Experience

» Homes Evolving from Entertainment Centers to Multi-
Service Centers

As homes become more digital and intelligent, services
such as remote office, e-Learning, and e-commerce live
streaming become popular in homes, in addition to
entertainment. These services place greater demands on
home network SLAs, requiring 10-fold connection
capacity, 300-100 Mbps bidirectional bandwidths, and a
deterministic latency below 20 ms.

Entertainment center —» multi-service
center, requiring higher SLA

- Number of live Video conferencing
1 E:ﬁ:;‘:‘l J ser anchors Number of users: >
150 million accounts 400 million
Bandwidth: 100 Mbps | Bandwidth: > 3001000 Mbps 11
Latency: 500 ms Connection: 10 Latency: < 20 ms Connection: > 100

Data source: White Paper for Hierarchical Home Broadband, CACIT

» Poor Wi-Fi Experience Causing the Most User
Complaints

As intelligent services emerge and flourish, the network
requirements of home broadband users keep increasing.
Among all broadband complaints, Wi-Fi related ones
account for more than 60%, which results in a higher OPEX
and churn rate, and hinders the development of home
broadband.

Top 5 QoE complaints on home broadband related to Wi-Fi

Slow game Bl 6

response Complaint Reason
Poor voice call 489 Classification
quality ‘
Low Internet 1455
access speed
Video frame
freezing I 1061 v
Frequent o Li
Line
disconnection I 608

= Configuration

Data source: Poor QOF analysis of an operator in Zhejiang



» Subscribed Bandwidth # Actual Bandwidth

Users have gigabit to homes but can hardly enjoy
megabit in rooms. Statistics show that 76% residential
users obtain bandwidths below their subscriptions, and
Wi-Fi bandwidths inside rooms can be as low as dozens

Towards an Intelligent World 2023—All-Optical Network

of megabytes. This is largely due to aging network cables,
outdated ONTs, 2.4 GHz
cumbersome networking with various

single-band routers, and

devices from

different vendors.

Traditional network cables and devices purchased by
users: subscribed bandwidth # actual bandwidth

©—  ONT

e

Network cable
30% unqualified

R'Euﬁ‘

> 70% single-band routers.,
purchased by users

R

Rate
Attenuation

Home access rate
200-1000 Mbps

Room access rate

About 100 Mbps

User-experienced rate

< 50 Mbps

Data source: Statistics of 1.98 million
residential users in XX province, China

P4 2.2 Home Networking as a Major Operator Service Drives FTTR Into a Full Bloom

» From FTTH to FTTR, home networking has become a
majorservice of operators.

Thanks to the mass adoption of FTTH, 84% of operators
around the world are developing their home networking
services. By the end of 2022, the smart networking service
of China Mobile has seen a penetration rate of 39%. In
addition to ARPU
improves user loyalty with long-term package contracts

increase, home networking also

(2-3 years), and lowers the churn rate.

China Mobile smart networking
penetration reached 39% in 2022

Number of

networking users Business benefits

95.16 million P\ hEB Revenue: +20%
v China Mobile
t 67.7% User loyalty: > 2 years
China Mobile@ APRU NPS 2+ year
Guangdong \\// +CNY10 +0.6 points contract

Data source: China Mobile Operations Report 2022

» FTTR is the only solution that guarantees whole-
house gigabit experience.

With more digital home services

requirements for Wi-Fi

available, user
coverage are also growing.
Compared to Wi-Fi mesh, PLC networking, and copper
cable networking, FTTR provides stable whole-house
gigabit coverage without blind spots and supports
seamless roaming, laying an all-optical base for digital

home applications.

FTTR is the only solution that guarantees whole-house
gigabit experience

Living Study Primary Secondary
room bedroom bedroom

Kitchen Bathroom Balcony'

10+ operators LEHEEERELE 10+ Provincial
FTTR solutions e Communications
promise Wi-Fi s e Administrations
rates et White papers on

FTTR standards
Data source: CAICT at 2022 China Optical Network Seminar

» FTTR Becoming Industry Consensus and Starting to
Soar

As gigabit becomes popular, the industry has reached
consensus on FTTR + 10G PON to realize true gigabit
experience. This consensus is shared by more than 20
operators in the world, including AIS Thailand and CTM
Macao in Asia Pacific, STC Saudi Arabia and ET UAE in the
Middle East, TDE Spain and VDF Portugal in Europe, as
well as Oi Brazil and Entel Chile in Latin America. Tens of
millions of residential users around the world have
subscribed to FTTR. Leading operators in China such as
China Unicom Hebei can develop more than 2000 FTTR
users per day.

With 10-fold yearly increase, the number of FTTR users
will exceed 10 million in 2023

10 million sets

1 million sets
100K sets

- -
2022 2023

-
2021 (new era)

10x increase
China Unicom Hebei
develops 2000+ users per
day, expecting to sell over
10M sets by the end of
2023.

100+ commercial use cases

86 provincial operators in China
20+ global customers

Data source: Huawei M/
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P4 2.3 FTTR Bringing Additional Smart Home Revenues

» Smart Home Tides over the Trough and Increases Again
with 20%+ CAGR for the Next 5 Years

Shown by the Garner hype cycle, smart home has
overcome the trough of disillusionment and entered the
phase of steady growth. According to a 2022 Omdia
report, the number of smart homes will exceed 200
million globally in the next 5 years and generate market
space of more than $200 billion. At the same time, smart
homes will evolve from individual smart devices to whole-
house intelligence.

Gartner hype cycle for smart home

" Robotic Vacuum Cleaner

& I
Skin Bio Patch 4 -
/ Home Automation
o
/ Smart ther

-
loT Platform

More than 500 million smart devices in China by 2026,
generating more than CNY1 billion market space
Smart home 3.0: smart device - smart
interconnection - whole-house intelligence

Data source: China Smart Home White Paper
» Operators Viewing Smart Homes as the Next Growth
Engine

Leading operators such as LGU+, DT, and three major
Chinese operators are actively leveraging smart homes to
kick into a new gear. China Mobile implements the
"HDICT 1+6" strategy, which stands for value-added
services including mobile home security, smart home,
elderly care, and in-home education, with revenues
increasing by 40% in 2022.

China Mobile smart home services

e-Learning Whole-house

intelligence

Elderly care

Elderly care @ blood
pressure/blood
glucose monitoring:
27 million users by the
end of 2023

Education services @

smart desk lamp: 4 switch: 1.8 million

million users by the users by the end of
end of 2023 2023

Smart lock/smart

Gigabit broadband + whole-house Wi-Fi + broadband TV

China Mobile HDICT strategy, aiming for more than 30
million users by the end of 2023
Second growth engine with smart home revenue
increase by 40%+ in 2022

Data source: China Mobile Operations Report 2022

» FTTH - FTTR - Smart Home

FTTR provides an all-optical base for digital home services
with additional revenues. Using the C-WAN architecture to
create a unified network, operators can extend FTTR

connectivity to whole-house intelligence + cloud

broadband + computer sensing, so as to leverage cloud-
network synergy to provide new intelligent services.

5 Working from home

Space Five strengths to lay a solid b. =
@ Smart home
mert countysice

Indoor space, outdoor space
Time

o
[ P——

One cloud

a
@ applications |y
= smart campus

‘One pair of eyes
Time at home, time away from home @ monitoring
—
x

‘ \ .

Man-man relationship, man-thing | Telemedicine
relationship

Relationships

& HearTng

Five steps to expand the service scope
. . . . .
e Step1 e Step2 — > Step3 ¢ Step4 > Step§ < >

Provide home Provide home

large screens security

Unified network in compliance with FTTR C-WAN standards
Ecosystem creation: cloud PC/security @ cloud-network
convergence, xLink/OH, etc.

P4 2.4 New Services and High Experience Requirements Call for Premium Broadband

Services

With the rapid expansion of UHD, interactive, and
immersive broadband services, users care more about
home broadband experience and are willing to pay for it.
To address these requirements,

operators turn to

premium broadband operations in three aspects:
» Digital Measurement of User Experience

The focus of network evaluation has transitioned from
network quality to user experience, and operators need to
broadband
performance. Some operators in Latin America use Wi-Fi

accurately measure home service
management systems to measure home Wi-Fi experience.
In China, China Mobile is the first operator to pilot the

home broadband experience evaluation system, taking a

step towards evaluation standardization.

Home broadband experience evaluation system

Customer
satisfaction

CEl

Service KPI

Latency/packet loss rate

Network KPI

TX/RX optical power Wi-Fi signal strength

CEl: customer experience index



» Hierarchical Experience Monetization

Operators are developing scenario-specific services based
on all-optical networks to increase revenues. In Europe,
operators are promoting smart home services such as
home security, data storage, video streaming, and
healthcare. In the Middle East and Asia Pacific, operators
have introduced acceleration services for gaming, e-
Learning, and global network access.

Value-added services based on home
broadband develop rapidly

SLA (such as bandwidth

Gami
by and latency) monitoring

Acceleration
Parental control of
network access

Smart home

Towards an Intelligent World 2023—All-Optical Network

» Proactive User Experience Assurance

Intelligent big data analysis and foundation models can
close the loop of experience assurance. The three major
Chinese operators and leading operators outside China
have all launched their foundation models together with
trial applications.

Some operators have started
foundation model pilots

S 3
als e
Call center e ’
&
&
>
<&
&
S

Intelligent Q&A Bot

<

Closed loop
Issues solved before
user perception
Network self-
optimization

-
1')

Technician

-
& '|'t:é

LinkHome
Assistant

P4 2.5 Suggestion: Continuously Improving FTTR Standards and Capabilities for Extensive

Deployment and Long-Term Benefits

Telecom operators and related industries should focus on
bandwidth
monetization, keep improving smart home experience of

experience  monetization instead of
home broadband users, and ensure that true gigabit is
them. The

recommended for advancing the FTTR construction.

available to following measures are

» Standards First: Creating and Improving the FTTR
Standard Ecosystem

To improve FTTR deployment efficiency in residential and
commercial buildings, government departments should
come together to formulate FTTR standards related to
cabling, construction, and acceptance. They should also
work with global organizations such ITU, CCSA, and ETSI
to push forward the FTTR standardization, including the
measurement standard to evaluate service experience
and C-WAN architecture standard.

» Extensive Deployment: All Out for FTTR

FTTR should be vigorously promoted from all facets,

including operators' commercial package design,
construction and acceptance standard setting, engineering
team enablement, and preferential policies. Furthermore,
the delivery of premium FTTR products and services
depends on proper planning, construction, acceptance,
maintenance, and operations. By offering FTTR-based
packages, operators can provide users with true gigabit

experience.

»Sustainable Development: Incubating Value-Added
Smart Home Services Based on FTTR

To gain differentiated advantages, operators can adopt
new capabilities such as Nearlink and HarmonyOS to
create an all-optical base and service ecosystem for
whole-house intelligence. In this way, operators can create
a connectivity, control, compute, and storage center for
smart communities and smart homes, enhance home
broadband quality, and improve user experience.

|
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Trend 3

Campus are Going All-Optical, Realizing "Zero-Wait, Zero-
Frame-Freezing, and Zero-Fault"

P4 3.1 FTTO Meets the Requirements of Campus Cloudification and Sustainable

Development

» More enterprises are migrating services to the cloud. It
is predicted that 80% of enterprises will have 85% of their
services run on cloud and application servers centrally
deployed in data centers or on public/private clouds. The
traffic model of campus networks has also changed from
east-west (horizontal) traffic to north-south (vertical)
traffic.

»Bandwidth increases by five times every 5-8 years due
to service demand. In traditional solutions, re-cabling is

required each time the bandwidth needs an upgrade.

» Moreover, as campus requirements outgrow the
traditional switched Ethernet architecture, enterprises are
in urgent need for a network that supports north-south
traffic and fast bandwidth increase with a simplified
architecture. The Huawei FTTO solution can meet these
with  P2MP architecture, high

efficiency, renewable resources, and smooth bandwidth

requirements energy

evolution.

Campus services migrating to cloud: east-west traffic — south-north traffic

Traditional campus traffic
is switched locally
Most traffic is east-west
(horizontal) traffic

i r=
Core switch ETm Server
(T =

Aggregation
switch

Access
switch

5 bn
= @Eé@@'@
pC

PC Server PC PC  Server

Servers are centralized and
cloud-based
Most traffic is north-south
(vertical) traffic

[=] [=] [=]
= =] =]
LIX)
Core switch
eI
\ . -
'. Aggregation switch
|

Access switch
S

N
Qe
PC

~

’

7/

7 ‘ “
dia oR
pC PC

Requiring a network that is simple in architecture
and easy to deploy
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Bandwidth increasing by five times every 5-8 years due to service demand

, 2000 , 2010

' 2020 ' 2025~
>

2D image 2D images
1 image 500-800 images
100 Mbps 500 Mbps

3D Holography
2,000-5,000 images 20,000+ images
2 Gbps 10+ Gbps

Traditional solutions require re-cabling for bandwidth upgrade.

FTTO simplifies campus network architecture from three layers to two layers

Traditional switch networking

Core layer

Core X
equipment ”FL Core switch

room

Building
ELV room
Fiber

Floor
=| [=
=

—|Access
(= 5
room =—>/switch
70-100m
(Nety k [Netwofk | Network
cable cable cable

Fiber Aggregation layer
] A 9
'o¥ | Aggregation
d switch

Access layer

FTTO networking

Core layer
L] Core switch
o

Fiber

VS

Optical splitter
Fiber

Access layer
Toan) [Tes) ONU

Netwofk [Netwogk | Telephone

rom100ml 1551 Leabie cable

FTTO P2MP architecture supports one-hop connection
to the data center.

P4 3.2 FTTO Enables Hard Isolation of Office, Security, and Other Services over One

Network, Reducing over 70%

» There are many services running in a campus, including
office, security, production, and IoT. It is difficult to isolate

these services and guarantee service security on

traditional networks, which lead to high equipment
high

footprint, large-scale cabling, and

difficult O&M.

investments,

» To achieve lower cost and higher efficiency in network
O&M, customers are seeking multi-network convergence
and multi-service transport while ensuring service

Siloed networking — multiple services carried over one network

Aggregatio

[ | [ i

Access

Access Access Access

=

Office Monitoring loT Office

Monitoring loT
network network network network

network network

Siloed networking - multi-network convergence, enabling
simplified O&M and unified management

isolation and security.

»FTTO provides multiple isolation solutions, including D-
NET private network isolation, OSU over PON private line
isolation, and 50G PON combo wavelength isolation. With
the solutions, all services including office, security, loT, and
production can be carried over one network, reducing 70%
cable usage. Therefore, FTTO is applicable to education,
healthcare, retail, large business, and many other industry
scenarios.

50G PON combo wavelength isolation

@ Security/loT
ﬁ OA/Production
[V cT1/pR

Wavelength 1

Wavelength 1

Wavelength 2 Wavelength 2
10G

GPON

Wavelength 3
Wavelength 3
Wi-Fi 7

06PN 2
:\Q AR/VR

One fiber for one storey, upgrade on demand, and
multi-service bearing

| ©
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P4 3.3 FTTO Becomes the Best Partner for Campus Wi-Fi 7 to Evolve from

GPON/XGS-PON to 50G PON

» Wi-Fi 7 has moved from standardization to commercial
use. Since 2022, Wi-Fi 7 chips were launched by vendors
such as Qualcomm, Broadcom, MTK, and Intel. More than
50 countries have authorized 6 GHz to Wi-Fi, making 160
MHz continuous networking possible and providing over
5 Gbps peak rate for a single terminal.

»  Wi-Fi upgrade boosts the upgrade of wired (Wi-Fi AP
backhaul) networks, and 25 GE is the minimum

bandwidth for Wi-Fi 7 APs. The proportion of multi-GE
(2.5/5/10 GE) port shipment for campus networks will
continue to increase.

» FTTO supports smooth evolution from GPON/XGS-PON
to 50G PON, meeting the requirements of high-burst and
high-density bandwidth in campus Wi-Fi. Therefore, it is
an optimal choice for Wi-Fi 7 AP backhaul.

50+ countries have authorized the 6 GHz band

2.4GHz 5GHz 6GHz

2401 2483 5170 5330 5490 5730 57355835 5925 7125
MHZ MHZ MHZ MHZ MHZ ~ MHZ MHZMHZ ~ MHZ MHZ

20mHz  QIE DARMAAE ADURURDNNVDEMORME RORRURCRDRURRDRURRRCRDRDRRRDCRDRURRRDARRRRRDADRRRRNINE

80MHz m

deown: mmm wew 00 0 SSSSSSSESSmE

320Mbiz T

160 MHz continuous networking becomes possible and the
single-terminal peak rate can exceed 5 Gbps

More multi-GE port shipped for campus wired networks

2372
854 1104 1374 e 200

1217 1647 2085 2576 3009 3457

1597

11573

10411 9588
2022 2023 2024
= 100Mb 1000Mb 2.5Gb/5Gb

Y 5710 115 6419
Multi-GE market space continues to grow, eating up the GE market

1938

2311

8687 7932 7268
2025 2026 2027
10Gb 40Gb 25Gb/50Gb 100Gb

Wi-Fi upgrade boosts the upgrade of wired
(backhaul) networks

P4 3.4 Suggestion: Continuously Building Consensus on FTTO Standards and Capabilities

FTTO features full-fiber connection (FFC), enhanced fixed
broadband (eFFB), and guaranteed reliable experience
(GRE). It is an optimal solution to replace the traditional
Ethernet and game changer in improving competitiveness.
» Enhancing Industry Consensus on FTTO by Expanding
Application Scope

It is recommended that stakeholders throughout the all-
optical industry — including design institutes, integrators,
and typical customers and partners — work together to
optimize the FTTO solutions, set engineering standards
and specifications, promote demonstrative use cases,
cultivate talents, tackle challenges with extensive

collaboration, and ultimately realize sustainable industry

development.

» Replacing Traditional Ethernet Networking with FTTO

Advanced technologies such as FTTO, 50G PON, and network
slicing should be applied to campus networks with growing
north-south traffic, bandwidth-hungry services, and multi-
network convergence. Benefits of these technologies are
substantial, including simplified network architecture, easy
evolution and O&M, and high reliability. They can greatly
reduce the complexity of campus network construction,
reduce the TCO and carbon footprint, and improve O&M

efficiency.



.........

Trend 4

All-Optical Network

Industry Communication Networks Are Upgraded and
Developed Towards Digitalization and More Reliable

Connections

P4 4.1 Industries Such as Energy and Transportation Are Upgrading Towards Intelligence,
Green and Low-Carbon Development, and Networked Control

» Electric Power

Guided by carbon peak and carbon neutrality strategies,
more small-inertia clean energy will be connected to grid.
Against the backdrop, the proportion of new energy will
reach 48% by 2030. In the future, new power system will
undergo five major changes. First, the number of new
energy connections will increase to 100 million. Second,
the type of new digital applications will increase by
several dozens during their deployment from substations
to distribution networks. Third, the number of low-carbon
energy transaction users will increase to 500 million.
Fourth, new energy poses higher requirements on precise
load control with low latency and high reliability. Fifth,
the rapid development of new energy vehicles brings
increase in the number and coverage rate of charging piles.

Five changes in new electric power systems
New energy

Number of connections increases from
8000 to 100 million

New load
Number of charging
piles increases from 6.4

o
million to 30 million

New service

Dozens of new services
and applications,
including UAV, AR/VR,
individual device, etc.

New direction
Represented by precise
load management and
dual control of energy
consumption

New model

Low-cost and low-carbon
energy trading, with number
of users increasing from 1
million to 500 million

» Urban Rail

To implement the strategic goal of building national

strength in transportation, the wurban rail industry
proposes to develop smart urban rail. In a development
outline by Chinese government, the "1-8-1-1" layout
structure (one blueprint, eight intelligent systems, one
urban rail cloud and big data platform, and one technical
standards system) has been proposed to promote service
cloudification and smart transformation. Specific
development goals are also provided in the outline. By
2025, 85% services will be migrated to the cloud, posing
higher

traffic.

requirements on bandwidth and north-south

Cloudification and smart transformation of urban rail services

Service cloudification
North-south traffic surges, leading to sharp bandwidth increase

8 smart service systems
1 urban rail cloud and big data platform

Smart service development
Various services bring differentiated
security requirements.

85% services will migrate to cloud by 2025
Camera: SD - 4K . 8K

e

Network-based operations
Single-line operations — Network-
based operations

85% cities construct NOCC by 2025.
Service bandwidth requirements: 10G - 100G+
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» Highway

Infrastructure has witnessed rapid digital upgrade. Road
network awareness and online joint control will be
realized by 2025. V2X through smart road + smart
vehicles and L2+ autonomous driving capabilities will be
supported by 2027. For video security and charging

services, specific quality improvement objectives have
been proposed, including great improvements in video
spot density, video online rate, and charging accuracy. To
achieve smart highways in the future, infrastructure
networks with lower latency and higher reliability are
required.

Road network awareness + V2X

Video cloud networking
Visible, manageable,
measurable, and serviceable

ETC free-flow tolling
Agent tolling - Online tolling

V2X
Interaction supported by
deterministic low latency

Video security density x 3+
Tunnel camera/100 m
Roadway camera/1 km

Video coverage: 100%
Access and online rate: 95%

Tolling data fully and accurately uploaded in real time
Tolling accuracy improved from 99% to 99.99%

Communication networks require 99.999% reliability.
E2E deterministic low latency: 20 ms

p4{ 4.2 Multiple Networks Are Converged to Meet Production Networks' Requirements
for Physical Isolation, High Bandwidth, Wide Connection, and Low Latency

» Electric Power

1. Electric power has been digitally upgraded, with zone
I11/1V services deployed to distribution networks, calling
for multi-network convergence, physical isolation, and
unified bearing.

2. The grid connection of small-inertia clean energy and
tens of millions of charging piles have posed higher
requirements on precise network control, with the latency
shortened from seconds to milliseconds.

» Urban Rail

Video cloudification and centralized image analysis have
brought surging north-south traffic. As such, 10-fold

Multi-network convergence, intensiveness and efficiency, high
security and reliability

Substation

Switching station ONU
Zone I/1 Zone III/IV
. - | j&Y
DTU FTU Me[e.rr-lr.e";ding Video security Intelligent monitoring system

Environmental monitoring
Buried Aerial

guaranteed bandwidth and low latency are required to
accelerate image analysis.

» Roadway

1. Roadside situational awareness of vehicle-road
synergy, vehicle to everything (V2X), and intelligent
driving have brought 50-fold traffic for one site,
calling for high—speed, real-time, stable, and reliable
service control networks.

2. In the construction of a modern comprehensive

transportation system, more cameras will be

deployed for the connection of video cloud, and the
online rate requirement of cameras exceeds 99%.

Industry digitalization poses higher requirements on
networks
Application of four types of terminals

rapidly increases P—
pidly Communication

reliability
99.999% - 99.9999%
3 = ® (e
Video
(video securlty, aulory control, ARVR, _ Smart device  Things-things connections  _ Sensor Latency
= (mobile, assisted) (IoT, environment) (digital,visual) Within seconds . within ms
ata
aggregation
Bandwidth
Model push x10
L V [
‘ E h .
PTZ camera E] L g Number of connections
Infrared temperature - 5 Body-worn camera per node
i =
camera  Moble dome =) Y sart nelmet X100

camera
Wheeled inspection uav
Inspection operation
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P4 4.3 Time for SDH Network Upgrade, with the Latest fgOTN Standard Being the Best

Solution

After more than 20 years of use, the industry's SDH
production networks failed to ensure industry chain
health and keep pace with the evolution of standards and
new technologies. For ever-changing digital applications,
various terminals, and AV/VR intelligent assistance, the
10G bandwidth upper limit has presented challenges for
the industry's further development.

0
: 1000
slices 0 sllces
0
Deterministic low latency
Encapsulation layers: 5 > 3 e .
Single-site latency: about 10 ps, Y
70% 1
Flexibility and efficiency |' 50M 3'

- 10M

Ubiquitous connectivity

10 Mbps, smaller granularity
1000/0DU4, number of
connections: 12.5x 1

Seamless bandwidth adjustment
Zero packet loss and interruption

Incorporating SDH's small granularity and OTN's 100G+
high bandwidth, the latest fgOTN technology has become
the best technical solution to replace SDH. fgOTN has
been widely recognized in the communication industry
and will be officially released at ITU-T/IEEE/CCSA by the
end of 2023.

Oriented to Sub1G, fgOTN has been widely recognized by
international standards organizations

OSU: next: i dard for SDH

10x 100% Mus
bandwidth physical

deterministic
2M > 100G isolation latency

China Comumications Standards Association

& IEEE

Released P2893

Plan to release Plan to release

p4 4.4 Suggestion: Helping Enterprises Upgrade Digitally and Build a High-Quality
Industry Communication Network That Features Multi-Network Convergence

» Constructing High-Quality Networks Featuring Multi-
network Convergence

Industry production networks pose higher requirements
for latency and reliability, and industry office networks
are increasingly demanding on network bandwidth
upgrade. New types of services and applications
continuously emerge. Against the backdrop, a high-
quality communication base featuring multi-network
convergence should be built to pave the way for the
industry's digital upgrade.

» Upgrading Bandwidth and Fundamental Technologies

OSU technology and industry chain are mature, and
related standards have been fully released. Global
enterprises have witnessed rapid digital upgrade, leading

to surging bandwidth requirements. It is time for SDH

network reconstruction and upgrade. The latest
transmission and access technologies can be used for

network upgrade to improve bandwidth and network KQls.

» Performing E2E Visualized Management

Network digital twin has been widely recognized in the
industry. Industry network requirements are gradually
extended and expanded beyond transmission. In addition,
the number of access terminals is increasing rapidly,
adding complexity to network management. As such, a
visible and manageable E2E network from transmission
to access should be built to provide an overview for

unified management and O&M.




Trend 5

Network DCI, East-West Traffic Surge, Transmission Capacity
Upgrade, and Large-Scale Application of High Baud Rate

Technologies

P4 5.1 Rapid Growth of Global Data Centers Places Higher Demands on DCI

» Data Centers Flourish, Driving Data Center Interconnect
(DCI) Demand Growth

The DCI investment scale is growing rapidly, with ICPs/
CNPs and CSPs making up a large proportion of the
investment: ICPs/CNPs makes up 50% of the investment,

and CSPs 36%.

(ICP is short for Internet content provider, typically AAG;
CNP is short for carrier-neutral provider, typically Equinix
and Digital Realty; CSP is short for communications

service provider.)

Overall global CAGR stands at 7.1% in the next five years
ICPs/CNPs and operators account for 86%, doubling DCI investment

8 CAGR for the next five
R7- 1% years
y Y18-Y23 - Y23-Y28
6 m Subsea (21%->8.2%)
B Enterprise (4%->6.7%)
0]
N
o
N

 ICP/CNP(5.2%->9.5%)
m Govern(11.8%->5.2%)
m CSP(2.4%->5.1%)

revenue ($bn)

N BN
2022 I
2023 I
2024 IR

2025
2026
2027

» OTT Giants Deploy Al Full Stack, and the Generative Al
Industry Will Be Rapidly Developed in 2-5 Years

With the rapid development of generative Al, massive
bandwidth

development from text to video and machine awareness.

requirements will be released during the
Foundation models drive computing power to the cloud, and
a new mode of intelligent computing cloud services has been
created, including computing power generation and
transmission. Computing service provisioning points tend to
be centralized, and computing training requires continuous
interaction of new data to enable smarter and real-time
judgment. Massive data is efficiently transmitted for
hundreds or even thousands of kilometers between DCs and

between DCs and enterprises.

AWDIA Awe O6edcos (OMeta M ®wnm e G
GPT4 Gopher, OPT Pangu NLP Ernie 3.0 Mée
NLP model MTNLG | LaMDA, ica| AlexaTM | Pangu | (ERNIE | (Multi-
PalLM, etc.| LLaMA Alpha Bot) | modal)
- Paddle
Al development CUDA |DeepSeed [TensorFlow| PyTorch| MXNet CANN ¢ MNN
ddle)
framework — 2
H100/GH2 Trainium Ascend | Kunlun
Al chip oopex | Athena | TPUVA | MTIA |\ orentia| Atlas | chip |'
Computing power Computing power transmission:
eneration: long-haul/ultra-broadband
contralized Globalization of  pan-Asia Pacific

intelligent computing
cloud services

backbone
Pan- Middle East

>> Computing cluster backbone

100 million+
investment
(trillion

parameters)

Ultra-high
bandwidth
(hundreds of
megabytes/Al card)

Integration of
training and
inference

Pan-Africa
backbone



» Operators Accelerate the Deployment of Computing
Power Centers and Use the Network-Driven Computing
Enhancement Strategy to Promote the Rapid Growth of
DCI Requirements

Operators in  China implement the east-to-west
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computing resource transfer project to build high-speed
DCI national backbone networks, and tier-1 operators in
backbone

regions outside China build pan-regional

networks to improve single-fiber capacity.

Building all-optical networks featuring one-hop
connection (user-DC & DC-DC)

Edge DC
Integrated access

s F g ’
N .- -
¢ , ’: - —~
X %
Q [
o - =

~ Central

bC

Low latency, programmable, green, and highly secure, providing

integrated cloud-network services

P4 5.2 High-Baud-Rate Technologies Are Mature, and 400G/800G Ultra-Long-Haul
Transmission Capability Has Been Verified

Based on the development of the following technologies,
the networking capability of 400G optical modules has
reached the same level as that of 100G/200G optical
modules, covering and

long-haul ultra-long-haul

backbone transmission scenarios.

1. Mature high-speed optical components: high-speed
optoelectronic components with a baud rate of 130+ GBd
have been mature in 2023, including modulators, ADCs,
DACs, ICRs,

and enabling QPSK high-performance

encoding for 400G optical modules.

2. Packaging technique has broken the bandwidth limit:
Optoelectronic packaging is used to package oDSP,

modulator, driver, and receiver on the same substrate.

This helps eliminate the problem of key impedance

discontinuity, reflection, and increase

bandwidth.

greatly reduce

3. High-performance optical algorithms compensate for
system performance impairment and allow transmission
performance to approach the Shannon limit: The indicator
discretization and E2E impairment of optoelectronic
components are the main factors that affect performance.
DSP algorithm compensates issues including component
consistency indicator defects, crosstalk, and nonlinearity
using constellation

shaping modulation, component

impairment calibration, and nonlinearity suppression

technologies.

Technologies with a baud rate of 130+ GBd have been put into large-scale
commercial use
High-performance optical components with a baud rate of 130+ GBd have been
mature in 2023. The availability of DSP has been supported by multiple vendors

(Acacia/Cisco, Ciena, Infinera, NEL, Nokia, and

High-speed optical components
90 GB - 130 GB

Packaging technique breaks the
bandwidth limit

Huawei)

High-performance DSP algorithm
Approaching the Shannon limit

Isolated - Co-substrate

Modulator
Drive
Receiver
TIA

]

etc.

oDSP/modulator/
drive/receiver,

Shaping modulation

g}

Ll
1]

I Impairment calibration

Nonlinearity compensation
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400G QPSK Performance Test Covers 5000 km+, Meeting
Backbone Deployment Requirements

In June 2023, China Mobile and Huawei jointly completed the live network test and

verification for 6028 km 400G transmission from Ningbo, Zhejiang, to Gui'an,

Guizhou. According to the results, the network fully satisfies the requirements of the

© BED | W HuawEl

east-to-west computing resource transfer project. In addition, Huawei uses Super C+L

band technology to provide the industry's widest spectrum: 12 THz. http://qiye.

eastday.com/n34/u1ai1117410.html

In March 2023, Nokia cooperated with GlobalConnect to conduct the first live

network test of the sixth-generation super coherent photonic service engine: PSE-6s,

NO<KIA

which supports a baud rate of 130 GBd, and 1.2 Tbps metro transmission (118 km)

and 800 Gbps long-haul transmission (2019 km). https://it.sohu.com/a/718554148_

121118997

G GlobalConnect

P4 5.3 Computing Power/DC User Experience Upgrade, Promoting Network Upgrade in

Transmission Capacity Quality and O&M

» DC-Centric Network Construction Drives the Upgrade
of Transmission Capacity Quality

Amid accelerated digital transformation of enterprises
and the rapid development of intelligent computing,
supercomputing, and AIGC services, vendors such as
operators and OTT providers have witnessed rapid
increase in their DC scale and quantity. In addition,
industries such as finance, smart transportation, smart
manufacturing, healthcare, and video rendering require

that massive data be quickly transmitted between the

DCI network

Low latency
1 ms, 5 ms, and 20
ms latency circles

Tms 5ms 20ms

cities A-Z provinces hubs

and hubs

- 30%

DC-centric
network
construction

Integrated grooming
One network for the
entire country
* Traffic between hubs x 30
Between Between  Between - Inter-provincial services: 5%

cloud and the edge through highly-reliable and low-
latency networks. Functioning as the link between users
and computing centers, transmission capacity networks
are accelerating the evolution towards certainty and high
quality. Ubiquitous transmission capacity networks
featuring low latency, high reliability, and integrated
scheduling will be available on demand and help unleash
computing

service potential, bringing ultimate user

experiences.

Data center access network

High reliability
Networks with
99.999% reliability

Finance/Healthcar
e/Manufacturing
24/7 services

Source: China's Operator Market Insights



» Automatic and Intelligent Optical Networks Accelerate
O&M Upgrade

The scale of optical networks continues to grow.
Traditional optical network O&M is user-centric, which
cannot meet operators' requirements for OPEX reduction
and high-quality operations of services. For example: In
Europe, TTM of services can be several months. In Africa,
fiber fault locating takes 4 to 8 hours. In Asia-Pacific,
there are strong demands for agile provisioning of private
line services, online bandwidth adjustment, and service
SLAs. In Middle East and Latin America, much attention is

paid to resource visibility and forecast. In China, we focus

Operations strategy
Zero Touch Provisioning (ZTP), Zero Touch
Operation (ZTO)
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on differentiated operations of deterministic service SLAs,
and three tier-1 operators have released the goal of
achieving L4 autonomous networks by 2025. Amid the
development of converged sensing, data analysis, and
intelligent technologies, the transmission capacity
assurance of optical networks will gradually evolve to
high-level automation. In this way, differentiated and
deterministic transmission capacity assurance can be
provided for various industries, helping operators reduce
and increase

costs, improve efficiency and quality,

revenue.

Enterprise interconnection & Industry
application

Bandwidth operations - SLA (bandwidth + latency

TTM shortening
Online service
planning, agile

service provisioning

O&M upgrade Challenges

1-6 4-8
months hours
Service TTM Fiber fault locating time

Automation vision or strategy
0O&M efficiency improvement
Digital employees, intelligent
demarcation and locating

+ availability) operations

Latency Availability

No measurement or monitoring,
manual handling
Deterministic SLA
assurance
Proactive assurance for
latency and availability

P4 5.4 Suggestion: Building All-Optical Premium Transmission Capacity Networks, with
Single-Fiber Capacity Evolved to 100T to Match Traffic Surge

Matching the cloud-network strategy, build all-optical
transmission capacity networks, upgrade the single-
wavelength rate and optical spectrum simultaneously,
and implement Moore's Law. (The capacity of a single
fiber is doubled, with the backbone network upgraded
from 16 Tbps to 32 Tbps, and the metro network
upgraded from 32 Tbps to 64 Tbps or 96 Tbps.)

» 400G/800G Are Deployed at the Electrical Layer,
Reducing Per-bit Costs

1. Ultra-long-haul backbone network: 200G QPSK -
400G QPSK

2. Metro medium- and short-haul: 400G 16QAM - 800G
16QAM/1.2T 64QAM

» Optical Layer Is Upgraded to C120+L120 to Release
Fiber Spectrum

1. Wavelength spectrum upgrade: C120 - C120+L120

2. Optical-layer grooming upgrade: FOADM/ROADM -
C+L integrated OXC

» Towards All-Optical Transmission Autonomous
Networks, Enabling Premium Operations
1. O&M upgrade: offline service planning, manual fault

locating - online planning, automatic optical-layer

deployment, and intelligent fault locating

2. Service quality upgrade: bandwidth assurance -
differentiated SLA agile scheduling, availability assurance,

and latency assurance
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Trend 6

Traffic and Experience Drive Metro All-Optical Bearing and
Grooming, ingAccelerat the Deployment of Optical Networks

4 6.1 New Cloud-Based Services Require Differentiated Network Experience, and
Explosive Traffic Growth Is Driven by FMC Acceleration and 10G Home Broadband

» New Cloud-based Services Require Differentiated SLA
Network Experiences

With the

intelligence, ultra-fast cloud interaction services, such as

rapid development of digitalization and

naked-eye 3D, cloud NAS, VR cloud gaming, and cloud
office are developing rapidly. Network bandwidth and
latency must be improved by 10 times to ensure user
experience. For example, the interactive cloud gaming
service requires higher than 1 Gbps bandwidth and lower
than 20 ms latency, and cloud NAS services require up to
2 Gbps bandwidth.

Better experiences are required for ultra-fast cloud
interactive applications

iCloud :> -

Cloud NAS
>2 Gbps | < 30 ms

-

VR cloud games
1 Gbps | <20 ms

Cloud drive
100 Mbps | within seconds

Interactive cloud gaming
100 Mbps | about 200 ms

» The FMC Trend Accelerates, and Optical Fibers Become
Network Bottlenecks

In the past four years, 29% global mobile operators have

developed fixed network services, transformed into
integrated operators, and released full-service packages to
enhance their competitive edge. Most of operators have
insufficient fiber coverage, and 53% operators need to
lease more fibers. In this case, fiber efficiency needs to be
maximized to reduce fiber leasing costs.

As FMC accelerates, 53% operators have
insufficient fiber resources

Operator 29% MBB - MBB&FBB

200 4

MBB only
100

MBB & FBB

2018 2019 2020 2021 2022

Source: Omdia



» Average Annual Growth of Network Traffic: 30%

With the development of 5G, gigabit home broadband,
and enterprise services, the average annual growth rate
of network traffic exceeds 30%. Per-bit cost of networks
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needs to be continuously reduced, and network resource

utilization needs to be improved to meet service

development requirements.

Stable network investment & Fast-growing traffic

PB

600

Annual growth of traffic: 30%

400

200

Annual growth of
network investment:

|I|||“"’°
O AR

Source: Omdia

P4 6.2 More Optical Networks Are Deployed for Flexible Scheduling of Networks and
Improved Automation Capabilities to Efficiently Construct Networks

» Operators Accelerate Constructing Metro Optical
Networks

In the past five years, the proportion of global optical
transmission networks deployed at metro aggregation
sites has increased from 20% to 85%, and the proportion
of global optical transmission networks deployed at metro
CO sites has increased to 41%. The main reason is that the
site scale increases tenfold for each network layer. In the
future, all-optical networks will be further extended to
cover 70% of CO sites, and all-optical integrated bearer
networks will be built to implement operators' all-service
development strategy.

Global optical networks are increasingly

deployed to the edge
o ploy: . g

( \
2022 | 2027

Aggregation "

\
Aggregation | 85% | 99%

7

// \ co  [41%]| 70%
N co /

Source: Huawei M&1

» Efficient Network Construction Using the Pooling
Architecture

Traditional metro networks mainly use FOADM, which has
inflexible scheduling and low resource utilization. Metro
networks with optimal TCO can be built by innovating the
pooling architecture solution, building bandwidth resource
pool to efficiently share wavelength resources at aggregation
sites, and by leveraging 100G to site, E2E all-optical
switching, one-hop service connection, and lower network

latency.

This solution takes network costs and efficiency into account
and supports smooth evolution. It has been deployed on
more than 30 networks around the world and has become
one of the mainstream solutions for metro network
construction.

E2E all-optical switching, bandwidth pool sharing
Aggregation| [Aggtegation

A v
) Bandwidth sharing AN
g Dynamic allocation '
/ \ / \
co co co
W B

» E2E Network Automation

Amid the large-scale construction of metro networks and
O&M
requirements.
in the

increasing network nodes, traditional manual

cannot satisfy network development
Network automation needs to be provided
planning, construction, maintenance, and optimization
phases to improve network O&M efficiency and reduce

network OPEX.

Automatic and simplified E2E O&M

Optical resource assurance Automatic deployment

@ and provisioning

/ \
' \

A Real-time network data ,7

AR () i za tion S ——

Digital fiber, health assurance .
of optical networks Intelligent fault management
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P4 6.3 Suggestion: Building Wide-Coverage Metro Optical Networks to Enable Ultimate
Service Experiences and Facilitate All-Service Development

» Constructing Metro Optical Networks with All-Service
Bearing

New types of services and applications continue to
develop. Metro optical networks that carry all services
with
and availability. This can help

need to be constructed,
bandwidth,

promote operators'

improvements on
latency,
all-service development strategy,
meet service requirements in the next 10 years, and
provide premium experiences.

» Efficient Network Construction Using Metro Pooling
Architecture

The resource-sharing pooling architecture enables 100G
services to be delivered to sites, flexible E2E all-optical
grooming, and one-hop connection to the core network to

build efficient and flexible metro networks. By doing so,
energy-saving services, ultra-low latency, and cloud-network
synergy can be enabled to promote network evolution in the
next 10 years.

» Network Automation, Simplifying O&M

Network digital twin has been widely recognized in the
industry. The number of network nodes increases rapidly,
adding complexity to network management. Transmission
networks are evolving towards automation. Digitalization
at the optical layer and Al technologies are introduced to
improve network O&M and self-optimization capabilities,
thereby lowering skill requirements for O&M personnel
and simplifying O&M.
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