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2. E2E Private Network Solution




Mining Digital Transformation: Goals & Trends

Mining Transformation Goals Transformation Trends Market Forecast

Wireless Networks
Full connectivity

2023

2032
Smart mining Rapid growth,
CAGR9.45%

Intelligent decision-making & L Source: Fortune Business Insights

Global mining is moving along the path of Connectivity - Digitalization = Intelligence, driving the realization of Safety,
Efficiency, and Sustainability.



Application Scenarios & Network Requirements in Mining

> Real-time performance;

> High reliability;

Personnel positioning Collision alerts > Deep coverage;

> \Wide-area coverage;

> Qo0S assurance;

Autonomous haul trucks Remote drilling control Plant monitoring _ > Time synch ronization;

= —— o —

> High uplink bandwidth

» Edge computing

> Intelligent O&M

Drone inspection Equipment monitoring Video inspection



Mining Operators’ Top Concerns for Private Networks

Reliability& SLA | - o Security

* |solation network;

* High reliability , zero downtime for critical

services; * Access authorization;

production Data encryption

Coverage & Latency Easy O&M

* Full coverage in both open-pit and

Visual human-machine interface
underground areas

* Millisecond-level latency to enable Unified network management system

autonomous haul trucks and remote * Al-assisted troubleshooting
drilling

Uplink Capacity Integration

« High uplink bandwidth for video Seamless integration with existing IT systems

surveillance, drones, and sensor < (ERP, MES) and OT platforms

~ - * One network carrying multiple services,

avoiding system silos



Why Mines Need 5G Private Networks, Not Wi-Fi

L_? | iRy

* Wide-area (km-level), fewer e <10ms, deterministic for real-time control
base stations, easier to maintain
5G

WiFi WiFi

10~100 times coverage * Short range (100m), requires e 20-50ms typical (priority algorithm:10

many APs, high 0&M workload ms) , unpredictable

. -

WA
C .

Licensed, no interference QoS Flow 2 . *  End-to-end SLA, QoS assurance,
WiFi network slicing
y WiFi
unlicensed,
) e Best-effort, no guaranteed
interference may occur
service

| woBiiy

5G
500 km/h high speed;

Seamless mobility, reliable for haul trucks &

machinery\/\/{ 1

low roaming ability;

Poor handover, unstable for moving equipment

| secwiy
5G
e SIM/eSIM authentication, local core,
fullisolation
WiFi
*  WPA3 encryption only,

weaker access control

One private 5G network delivers what Wi-Fi cannot: wide coverage, mobility, low latency, strong security, and

guaranteed SLA.
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Private 5G Network Solution for Mines
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Terminal RRU/AAU

* Different type: Indoor and .

outdoor CPE, data card, .

wireless router, and industry

module .
* Supporting NSA&SA, full sub6G, .

mmWave

NodeEngine

TOF

(local traffic offload)
eBridge

(Terminal L2L3 Connection)
Positioning
(Indoor UTDOA Positioning)
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Industry's largest capacity BBU

Full-scenario ultra-broadband

AAU

Powerful 5G A+P

Scenarios based small cell

-T.,E IP/MPLS/SR \%‘

4NS |
4dn
1INS
4d0

(0]
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Mining Core
° Common core, one core for .
2/3/4/5G .

*  SBA and microservice-based
architecture .
e i5GC for exclusive private 5G

network

e Edge UPF for vertical

Connection Service Mgt.

SIM Card Mgt.

Industrial APP Mgt.

Terminal Mgt.

Large Screen Monitoring

SLA Service Guarantee

Problem Delimiting and Locating
en API

BN

Microwave backhaul
IP/MPLS /SR routers &
switches

Optical transport equipment

(SPN/PTN/OTN)

&% Internet
_‘} nterne

Mining Data Center

Power Systems: AC/DC power,
hybrid power supply;
Batteries: backup batteries,
energy storage;

Solar Solutions: PV panels;
Data Centers: modular data

centers, containerized data

\\ center. _/)



Solution Highlights —One Network Unlocks Mining’s Digital Future

*  Modular/ Containerized Data Centers

* LTE/5G + MW/IP backhaul;
Edge computing for Al video analytics &

* Fewer base stations, deep coverage;

e Network, Multiple Service

. . automation
*  Worksin complex terrains, ensures

> Supports all mining operations on a single Rapid deployment, ideal for remote

continuous operation.

network mining areas

> QoS / Network Slicing / SLA ensure mission-
critical reliability

» Reduce CAPEX & OPEX, eliminate fragmented

*/ Power system + Battery + Solar hybrid supply

* Dedicated Core Network + Unified O&M networks

. : . * Solve off-grid power challenges in remote
e Serviceisolation, centralized management

e Carrier-grade SLA, guaranteed uptime for sites

key services. \ U * Meet ESG requirements, enable greener

~ mining




RAN Core MW IP Energy Security
Full Series of 5G RAN Products for Mine Coverage
AAU
- A9651H S35 A9652H S35
Operating band: 3.6GHz Operating band: 3.6GHz
= IBW: 400MHz IBW: 400MHz
h—ill OBW: 200MHz OBW: 200MHz
ksl ; Output power: 320W Output power: 320W
Tx/Rx: 64TR Tx/Rx: 32TR
Qcel R8159 M182135

IBW: 50/60/340MHz
OBW:50/60/300MHz

0
N
U

Mine plant %'

Deep Coverage

ad RRU
P R9115A S35
Operating band:
3.5GHz(3400- 3800MHz)

IBW: 300MHz
Hotspot/Corner OBW: 200MHz
Deep Coverage Output power: 4x10W
i i Tx/Rx: 4TR

Operating band: 1.8GHz, 2.1GHz, 3.5GHz(3410-3800MHz)

Output power:4*750mw @3.5GHz+ 2*250mw@1.8/2.1GHz
Tx/Rx: 4TR for 3.5GHz and 2TR for 1.8/2.1GHz

R9115 M1835

Operating band:
1.8GHz(DL:1825-1880MHz)
3.5GHz(3580-3800MHz)

IBW: 47.5MHz/200MHz
OBW: 45MHz/200MHz

Output power: 4x10W+4x10W
Tx/Rx: 4TR



RAN Core MW IP Energy Security

CampSite 5G Base Stations are tailor-made for Open-pit Mines

p .y
‘ Internet
AEE \\\5\\
Enterprise Seryer |% I @/'7 ® satellite 2 ®
J Y backhaul / a
' private network G Core Networ
: backhaul
~‘1:ﬁi eBridge
_ad — @ Wireless CPE
i | 7 ((t ’)) backhaul
[ -5 NeselaZnizin
Transmission
L af Network
Backhaul CPE t
Host Station - gNodeB
NodeEngine Nomadic Base Station @Fiber backhaul
S P L [ PO [ T
Local Network Backhaul Network

Intelligent 5G coverage unit:

Providing 5G coverage to open-pit mines and providing service access capabilities for
public and private network users

Intelligent backhaul unit: Adopting flexible intelligent backhaul solution
Wireless CPE backhaul: Host station and nomadic station with different frequencies
Fiber optic backhaul: Internet wired backhaul can be used in public network environment

Intelligent computing unit (optional
g P g ( P ) Satellite backhaul: bandwidth <25G, latency 20~50 microseconds, distance 0~100km

Building a local private network through traffic diversion



RAN Core MW IP Energy Security

NodeEngine Solution, Computing Power Sinking, Local Diversion

Mine comprehensive
Ope rator / management and

control platform

Fast MEC
5GC
+ Easy deployment of campus private networks without engineering survey
+ Interconnection with core network NEs is not required to reduce inter-

\ g

department coordination.

Mining Diversif
Area -
Local control center of working
face
(to1) * Local SLA-Based Value-Added Service

Local service flow )i )k

5G Base Station

ngl ILWECIE

« Expansion on demand for sharing O&M with base stations
« Authorized enterprise data self-maintenance

Large network business flow

Board dimensions 1U half-shelf
Capacity
__________________ Other loT Business Main system Single-channel X86/24 C

Shunt port 2*SFP28,

M o o o o o o = = = = = = = = = = = = = = = —————— -

) ( Highlights of the
: L NodeEngine solution



RAN Core MW IP

i5GC is a Dedicated Lightweight CN Product for the Industry

Energy Security

. i5GC
General Public 5GC o
(20* servers) (Minimum One Server)
AMF SMF PCF
(Optiio
UDM UPF =
¢ Mobility management function
AMF . AMF he local configuration of slice informati
UDR NSSF PCF supports the local configuration of slice information
AUSF NRF UPF * UDR s integrated with AUSF, and the authentication process is
UbDM handled rapidly inside the system, simplifying the
authentication process.

. e Establish dedicated bearer for voice
PEF (Cgidonsl) * Dynamic data PCC

i5GC mainly meets the lightweight 5GC edge-deployment industry scenario, and provides small-capacity, low-cost, easy O& M and customizable core network solutions.

i5GC is continuously enhanced in terms of resource cost, reliability, security and industry features. It complements the products and solutions of the public network 5GC to meet the requirements of
different industry scenarios.



RAN Core MW IP Energy Security

i5GC Provides 5G/4G/NB Access, Achieving Ultra-light Integration and Three-network
Integration

| T
in i i d IMS e
Mining Area Fully integrated i5GC, one P
network, three uses ‘ 4
(te1)
il
% a i5GC __
5G 4
4G (including LTE Cat.1) _ | Application
NB-loT SMF/GW-C UDM/HSS ) s

(t=)

Internet of
Things

4G/NB == e
e } r < nL\
5G is used in high-speed scenarios: video backhaul, smart 2* A 0
4 L \o‘ 2%

Q%

manufacturing, smart power q, . (,,, \

«
Cat.1 is used in medium-speed scenarios: patient monitoring, voice R
needs, etc.

NB is used in narrowband, low-frequency and low-speed scenarios:

data monitoring, remote meter reading, etc.

Deploy a lightweight integrated i5GC network to meet the needs of high-speed , medium-speed ,
and low-speed access to mine-specific networks



RAN Core MW IP Energy Security

Fit-it-all Private 5G Core, Empowering Digitalization for All Industries

Cloud-network AIO

—“\_\ieﬁral-i be /==

Single server for one Core

==\_Coppact -15GC /= —— == WiultipleXing - Eige UPF /=

Hybrid private network

UME R88
i5GC/iIMS
MEP

3rd APP
TCF

}1 600mm (W) * 950mm (H) * 600mm(D)

100k subs, 50Gbps

* One-stop
delivery
* Providing industry
e Convergent 4G/NB-loT/5G access
* Rich MEC capabilities

432mm(W) * 87.6mm(H) * 780mm(D)
50k subs, 5~20Gbps )

Super-integration,

5G/4G/NB-IOT convergent access

Low cost, power consumption reduced by
60%

Edge UPF

432mm(W) * 87.6mm(H) * 780mm(D)
2~ 4 Servers, 40 ~ 120Gbps

e Control-plane is shared with public
network, and UPF is deployed to the edge
or campus

* Flexible network slicing, rapidly matching

differentiated service requirements



RAN Core MW IP Energy Security

All Outdoor Enterprise Microwave Solution

Capactiy: 620M
Distance: > 10km
Frequncy: 6-42GHz

NR 8961 EBU

Power Cable

ETH/Optical Cable

IF Cable




RAN Core MW IP Energy Security

[ution for Long Range

All Outdoor Installation, Zero Footprint

IP-based all outdoor microwave radio

|
[® GE2

1

GE1&PoE

PWR

248mm

|
lo1
\

| -
T
1S

1+0 Direction Mounting
on Antenna

EBU+SRU2

WIFI Access
Easy O&M

EBU(Baseband, Traffic
Interface & Power Input)




RAN Core MW IP Energy Security

on

i ¢ Fan board
* 6 service slots
¢ Built-in 4 fans Power Board

e e v (2 2 i e G
— 1 R 25G ._1_' 100GE, i, o
1+1 Redundancy u 3 . L Lioﬁ 'Lu ,—{;:] =) l!l'-’ E- - :

e R ==y = ]

A [j 3 ZXCTN 6120H-S Technical Specifications
Dimensions (W*H*D,mm) 442*%44.5%270, 1U
Power Supply AC(1+0) or DC(1+1) ; Typical 160W, Maximum 350W
Switching Capacity (Full duplex) 1.0T
Interface Type 100GE, 50GE, 25GE, 10GE, GE, FE
* Power supply unit - Etinanacemendhoces=lunit Feature SRv6, SR policy, Telemetry, Twamp, Inband OAM, etc
¢ 1+1 redundancy ¢ 1+1 redundancy
Operating Temperature -40°C ~ 55°C
M6000-2S6 Technical Specifications 48* 10335 SFP+ 5960X-54DU-HF 6*100GIIE QSFP28
Switching capability 1.2T bps =Sl e e e e e ;E,,,w::,mm,n,—,,_-
48*25GE SFP28 8*100GE QSFP28
Service slot 6 A
MPU 1+1 redundancy
Power supply DC, 1+1 redundancy 5960X-54DU-HF 5960X-56QU-HF
Dimensions(H*W*D mm) 130.5%442 %199 3U e 48*10GE SFP+ + 6*100GE 48*25GE SFP28 + 8*100GE
i i .
’ xed port QSFP28 QSFP28
Feature SRv6, SR policy, Telemetry, Twamp, Inband OAM, Switching Capacity 2.16Tbps 4.0Tbps
etc ; ;
D\I/?/q*eg:;-? nmm 442x420%43.6(1U)
Operating Temperature -40°C ~ 55°C ( )
Power Supply Type AC/DC/HVDC

Hardware Components Four fan modules and two power modules



RAN Core MW IP Energy Security

ZTE Off-grid Power Solution Overview

iEnergy Solution pra—— ‘
m—) AC Power Network Energy Management ——— ==
) DC Power ‘ i | p—
Sign

AC Load

In-band/out-band
network

“ Lithium batteries Y

585Wp Solar Panel

,I_\

P e i i i

Stackable Power Cabinet N Lithium battery p



RAN

Energy Equipment Proposed for Mine

Smart Modular Power System

32KW Power Core
» Modular design

Smart breaker PDU

97.8% rectifier

- 01 extra PDU

High efficiency, high power density
1U*2U

Existing ZTE
97.8% efficiency

SR

Electricity saving in 5G network

- 97.8% cost-efficiency

Industry level 25%7 : ZTE
[T T Jaw s |
16kW/12kwW ' Vs 20kW

Anti-theft 150Ah Lithium-ion Battery

Smart lithium battery R421

iLock technol
- - [Locktechnology

» Supporting IP network

IP40 High protection level

iBreaker, precise power supply & backup

(& ===
BBU . .
Transmission -
RRU1 H&
RRU2 1
RRU3 [ [
AAUlAAU2 L

iBreaker, control @ each load
Differentiated LLVD & battery backup
& precise measurement for each load

Core

MW IP Energy Security

Stackable Power Cabinet

« Max. 32kW & 750Ah
« Modualr design
+ Anti-theft structure
2000W HE for rectifier cabinet

Same platform, unified management

1U*2U unified platform

4kW rectifier

BREH

Solar PU
(in case need)

Y Y

i B N S N

Multi Multi Environment Multi Site
power module tenants security

600W Air conditioner for Battery cabinet



Solar Panel Technical Specifications

Highlights

¢ 144 half-cut mono cells, up to 22.6% efficiency

e Anti-reflective, hydrophobic coating

*TOPCon + half-cell tech, lower resistance

*10BB design, less loss, more power

e Works well in low light (cloudy, morning, sunset)
e Withstands 2400 Pa wind / 5400 Pa show

¢ Anti-theft cable support

RAN Core

Item

Solar Cell

No. of Cells

Dimensions(L*W*H)

Frame

Junction Box(protection degree)
Weight

Output Cables

Connectors

STC

Open Circuit Voltage(Voc)

Short Circuit Current(lsc)
Optimum Operating Voltage(Vmp)
Optimum Operating Current(Imp)
Maximum Power at STC(Pmax)

Module Efficiency

Operating Temperature
Maximum Series FuseRating

Power Tolerance

MW IP Energy Security

Parameter
Mono-crystalline silicon 182mm*91mm
144(6*24)
2278*1134*30mm
Anodized aluminum alloy
IP68

32.1kg

Up 400mm/ 4 mm?

MC4 compatible

585Wp

51.5V

14.36A

43.27V

13.52A

585W

22.6%
1500V DC(IEC)

-40°Cto +85°C(IEC)
30A
0~+5W



RAN Core MW IP Energy Security

All-round Network Security Protection to Dispel Customers' Security Concerns

User Authentication and Authorization

Access
authentication
Secondary
= authentication
(=)
Security of UEs to the Core Network
Il \
o [ ] End-to-end slicing End-to-end slicing
03 X X MEP S app2CT) o APPA(m)
(1|
pe—= Air interface security 0 EI: E-: IPSEC 5GC
UPF 5. APPL(CT) FI7 APP3(T) RS
T
= MEC laa$
T
Park service aggregation equipment room
Access Security Data Security Network Security
= User access control by >  Dedicated network, signaling & data »  Isolates 5G network and corporate intranet
- Two-way authentication to ensure mutual trust between through for secure access control;
users and the network > URL blacklist, illegal website filtering > Traffic filtering based on IP, protocol and port.
- Second authentication: When the terminal accesses an storage of account number, password and - Isolation of network management domain and
important slice or PDU session is established ,the second other sensitive information business domain
access authentication is performed. isolation >  Centralized O&M access for enhanced 0&M

binding > IPSec/SSL VPN tunnel ensure data transmission security security



Mining Network Project Ecosystem

o}

' Mining Terminals

eIndustrial terminals&gateway
«Vehicle units
*Sensors & cameras

l Operator

*Spectrum & compliance

«Provide customer chanr..;

I

' Mining Applications

*Dispatch & scheduling
*Autonomous driving
*Video analytics
«Safety monitoring

Ecosystem Enablement Ring

' Network Equipment Provide
«Industrial RAN & transmission&core

«Energy&DC infrastructures
- Network reliability foundation

Network Inercture Ring

o

i

' Operations&Services

L ocal maintenance
«System upgrades
*Training & support

)

' EPC/SI

+E2E design
*Multi-vendor integration

,‘i%oject delivery
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