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Factory Overview
Industry-leading manufacturing facilities of radio networking products/solutions
Oulu, Finland Chennai, India

Produces over 1,000 4G and 5G base stations per day
Campus (2021) ~ 17,600 sgm, employees (2021): ~ 470
Facility expansion of additional 55,000 sgm (2025)

ISO 9001, ISO 14001, and TL 9000 certifications

&D and volume manufacturing
Produces 2G/3G/4G/5G radio and core network products

Campus (2021) ~ 141,000 sgm, employees (2021): ~ 3000+/shift
ISO 9001, ISO 14001, ISO 27001 and TL90OO certifications
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Nokia Oulu conscious factory of the future Nokia Conscious Factory @ Oulu

. . New product introduction (NPI) factory,
leverages private 4G/5G for shop floor automation | S EA e R -
along multiple SMT production lanes
Oulu as “Home of Radio” - Radio R&D incl. 6G
Digitalization and automation since 2014
towards the conscious factory of the future
Award-winning live lab, Industry 4.0 lighthouse

Welcome to Nokia Oulu Factory
Advanced 4th Industrial Revolution Lighthouse
Nt T =

Use Cases & Private Wireless

* 100% of production area covered with 4G and
5G private wireless network including edge
computing and redundancy
Flexibility, mobility and reliability leveraged by
use cases such as
- Dynamic shop floor layout
- Flexible robotics & real-time process mgmt.
- Asset connectivity, monitoring and control
- Cloud-based digital twin & virtualization

Business Benefits
Optimized production layout change time
Increased material feed operation efficiency
Higher overall equipment effectiveness (OEE)
Plus in product quality and manufacturing

productivity
Reduced prototype lead time and assembly
defects
https://www.nokia.com/about-
. | us/news/releases/2019/07/03/nokias-digitalization-of-its-5g-oulu-factory-recognized- NDKIA
© 2023 Nokia by-the-world-economic-forum-as-an-advanced-4th-industrial-revolution-lighthouse

https://youtu.be/I19gw710C-gE



https://www.nokia.com/about-us/news/releases/2019/07/03/nokias-digitalization-of-its-5g-oulu-factory-recognized-by-the-world-economic-forum-as-an-advanced-4th-industrial-revolution-lighthouse/
https://www.nokia.com/about-us/news/releases/2019/07/03/nokias-digitalization-of-its-5g-oulu-factory-recognized-by-the-world-economic-forum-as-an-advanced-4th-industrial-revolution-lighthouse/
https://www.nokia.com/about-us/news/releases/2019/07/03/nokias-digitalization-of-its-5g-oulu-factory-recognized-by-the-world-economic-forum-as-an-advanced-4th-industrial-revolution-lighthouse/
https://youtu.be/I9gw7I0C-gE

Nokia Factory @ Chennai

= High-volume factory, manufacturing 2G, 3G 4G
and 5G radio and core network equipment
along multiple SMT production lanes

» 42 000 sgm and 20 production areas
connected in collaboration with local CSP

Nokia Chennai factory leverages private 4G for
flexibility, mobility and reliability improvements

Use Cases & Private Wireless
* 100% of production area covered with a
4G private wireless network.
= 700 SIMs and 80% of the equipment
connected
= Flexibility, mobility and reliability enabled by
use cases such as
- Connected robots and smart screw drivers
- Positioning (HAIP) for asset tracking,
monitoring and control
- Digital truck management system
- Augmented reality visualization for instant
material information access (“Third Eye”)
- Cloud-based digital twin and virtualization

Business Benefits

» Increased material feed operation efficiency

» Eliminated 23 km walking distance per day

» Higher overall equipment effectiveness (OEE)

» Plus in product quality and manufacturing
productivity

NOKIA
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Nokia AirScale and Enterprise Products

AirScale Base Station:
Multi-band radio +
Baseband Units

AirScale Active Antennas AirFrame Open Edge Nokia Enterprise

l Servers
. I
|I-
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NPI factory - strong manufacturing presence through entire product lifecycle

PRODUCT LIFECYCLE PHASES

NPI factory

Site1

Site X
R&D Site3
D Customer feedback loop
Close collaboration

Efficient product
between R&D and transfers and global
factory

repair services

Fx feedback loop

Fast and

High-quality
prototyping & ramp ups

ACTIVITIES IN NPI FACTORY
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Powered by Nokia own technologies
Proven success in deployment of Industry 4.0 technologies at scale

Private wireless network to Flexible robotics to Cloud-based Digital Twin Virtualization of new
speed up NPI line re-layout ensure high productivity enabling real-time process product introduction (NPI)

and bring reliable and agility for management

connectivity to all assets continuous new ramp-ups

Weloometo F°#
S (Oulu Factory
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Powered by Nokia own technologies

Proven success in deployment of Industry 4.0 technologies at scale

Private wireless network to
speed up NPI line re-layout
and bring reliable
connectivity to all assets

100% factory floor
connected

80% time reduction for
floor plan layout changes
Reduced time for system
maintenance and network
connectivity

© 2023 Nokia |

Flexible robotics to
ensure high productivity
and agility for

continuous new ramp-ups

100% improvement in
logistics / material handling
Increase in OEE in product
assembly & test

Provides reliable
connectivity to AMRs and
mobile assets

Cloud-based Digital Twin
enabling real-time process
management

25%+ increase in
productivity

50% improvementin
product quality

Enables rapid factory floor
reconfiguration and asses
their impact

Virtualization of new
product introduction (NPI)

Welcome fo

Oulu Factory
¥

50% reduction in
prototype lead times
30% fewer assembly
defects

Use of AR to accelerate
training of assembly
workers

NOKIA



Digital Twin of the production
Application examples

Interval:

=) . . 10 minutes | Hour Day = Week Manth

I N .
I I .
Automated process error analytics Real time status of assembly line Production environment monitoring
* Real time process performance » Status of each robot cell can be * |oT sensor data utilized to
monitoring seen anytime from the dashboard monitor production environment
* Automated {3”3'&’5]5 speedir?g up » Progress of the assembly process  Deviations in humidity and
error detection and correction can be monitored real time temperature levels can be

: : observed
Various machines and data * Visibility to individual product level

sources connected enabled * Automated alarms can be
triggered for maintenance staff
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High Accuracy Indoor Positioning System (HAIP)

HAIP Factory GUI

Warehouse v
Jitems

[T TP PEErEErEEE o, I

Tester v

29 items

AGV/AIV v
4 items

Area Covered - 4000 sgm
No. of Locators - 96, PoE Switches - 8, No. of Tags - 200

» Real-time, low latency, high precision tracking of key assets in factory » Geo Mapping for High value assets
el fi » Shortest route navigation to the asset location , locate and
» Enabler for movable asset tracking and material pickup guidance navigate to test equipment
» Up to 30cm positional accuracy (typical <1m) with Angle of Arrival * Integrate with Warehouse Smart Putaway/Picking application
method to guide operators to navigate during Putaway/Picking
operations

» High security of data due to Edge computing

» Open API for easy integration and use of location information in
automated business workflows
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5G campus networks - a powerful enabler of higher efficiency

Some examples ...
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5G Rel. 15 NSA

3GPP Estimation & Outlook

Standar- 5G Rel. 16
disati
isation 5G Rel. 17 <@

Network 5G NSA @ Rel. 15 < g
Infra- 5G SA @ Rel. 15

structure

First standard based Key 5G industrial features Massive loT & remaining
5G deployments possible (URLLC, TSN, etc.) industrial feature set
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Standar-
disation

Network
Infra-
structure

Device
Eco-
system
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5GRel. 16

First standard based
5G deployments possible

Key 5G industrial features
(URLLC, TSN, etc.)

NOKIA



Private 5G for industrial readiness

Complex equation - key factors and multiple interdependencies

Customer Environment
Which 5G rel
matches the

Application application’s

requirements?

requirements

>

Which spectrum
type and bandwidth
matches the application’s
requirements (latency,
datarate)?

Customer

>

location

What spectrumis
available in the customer
country?

16 © 2023 Nokia

Networking

Is the chipset for
matching 5G rel,
spectrum available
and required, available
in modem/UE?

>

Is the chipset for
the 5G rel required,
commercial?

UE chipsets

> readiness

Is the spectrum required
& available in customer’s
country, standardised in
that 5G rel?

Is the spectrum
matching the app
requirement and
country availability
in commercial

chipsets?

Is the chipset for
matching 5G rel,
spectrum available
and required,
available in industrial
system or machines?

Networking
solution

>

readiness
(Std/freq)

Is the spectrum
matching the app
requirements + country
availability, commercial
in RAN?

Ecosystem

UE/Modems
commercial

readiness

If not, can |
add an external
modem?

Industrial
systems,

machines,
tools

NOKIA






Copyright and confidentiality

The contents of this document are proprietary
and confidential property of Nokia. This document
is provided subject to confidentiality obligations of
the applicable agreement(s).

This document is intended for use by Nokia’s
customers and collaborators only for the purpose
for which this document is submitted by Nokia. No
part of this document may be reproduced or made
available to the public or to any third party in any
form or means without the prior written permission
of Nokia. This document is to be used by properly
trained professional personnel. Any use of the
contents in this document is limited strictly to the
use(s) specifically created in the applicable
agreement(s) under which the document is
submitted. The user of this document may
voluntarily provide suggestions, comments or
other feedback to Nokia in respect of the

contents of this document ("Feedback").
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Such Feedback may be used in Nokia products and
related specifications or other documentation.
Accordingly, if the user of this document gives
Nokia Feedback on the contents of this document,
Nokia may freely use, disclose, reproduce, license,
distribute and otherwise commercialize the
feedback in any Nokia product, technology, service,
specification or other documentation.

Nokia operates a policy of ongoing development.
Nokia reserves the right to make changes and
improvements to any of the products and/or
services described in this document or withdraw
this document at any time without prior notice.

The contents of this document are provided
"asis". Except as required by applicable law, no
warranties of any kind, either express or implied,
including, but not limited to, the implied warranties
of merchantability and fitness for a particular

purpose, are made in relation to the accuracy,
reliability or contents of this document. NOKIA
SHALL NOT BE RESPONSIBLE IN ANY EVENT FOR
ERRORS IN THIS DOCUMENT or for any loss of data
or income or any special, incidental, consequential,
indirect or direct damages howsoever caused, that
might arise from the use of this document or any
contents of this document.

This document and the product(s) it describes
are protected by copyright according to the
applicable laws.

Nokia is a registered trademark of Nokia
Corporation. Other product and company names
mentioned herein may be trademarks or trade
names of their respective owners.

NO<IA
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