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Nokia key targets to reduce use of energy, C02* emissions,
materials and waste

Renewable energy in own Limit global warming to 1,5C Net zero in our value chain
operations degrees. 95% circularity rate
100% -50% 5040
Nokia Scope 1,2,3 CO2 emissions**
From our offices, labs, final assembly,

installation and takeback
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**More information: Nokia People & Planet 2022



https://www.globenewswire.com/Tracker?data=yWWtnFmqPSCuGF_rXnHZ4UJXLvle1WLZ6sA2n_p3o8Vkmzk-gcuHqouhBNp4bDAeSgB4m2TByFxtXzun5m-89P1LLpnmlp8IdW5d94nbGXB5-Mtkwf7TvyiWOTnUbDPS

Mobile networks life cycle CO2 emissions
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Energy usage in mobile networks

Other Operation

Data centres 5% Power Amplifier

9% 17%

Core Network

L= DFE & Converters
10%
TS Dty RU Power Supply
2% o
BTS Power BTS Basepand
5% processing
5%
BTS Main control
3%
BTS Air conditioning
29%
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Power A
(relative to
5G mMIMO)

) B

A

[ | i
50% i
25% | 5
Cell switch off 20x > 10x - 20x :E
6G goals* w.r.t. 5G: Capacity
1) = 10x peak capacity
2) < 2x peak power consumption
3) -50 % in average power consumption
NO<IA
BELL
* Harish Viswanathan, Stefan Wesemann, Jinfeng Du and Harri Holma, “Energy LABS

efficiency in next-generation mobile networks”, Nokia White Paper, Nov. 2022



Decoupling traffic growth from energy growth

New RAN technologies

New frame structure More spectrum .\ . Massive MIMO
z
FR1 and FR2 4G 56
4G LTE
: i 400MHz 0
: B
i 20MHz ¥
No cell specific reference
symbols in 5G 4G 5G 5G 4T4R 64T64R
20x 3GPP MIMO mMIMO
+20% 20x 5x
CAPACITY CAPACITY SPECTRAL EFFICIENCY

5G enables 100x times traffic with same energy

Network modernization reduced energy consumption in average by 46%
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Exploiting mobile traffic patterns

Traffic area
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F. Xu, Y. Li, H. Wang, P. Zhang and D. Jin, "Understanding Mobile Traffic Patterns of Large Scale Cellular Towers in
Urban Environment," in [EEE/ACM Transactions on Networking, vol. 25, no. 2, pp. 1147-1161, April 2017
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Traffic

50% of traffic
30%

Up to 70% resources

in idle on average

80% of sites carry 20% of traffic

50% of sites carry
5% of traffic

15% 4%
10% 10% 30% 30% 20%
Percentage of sites
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Discontinuous transmission

RU Power (%)

Discontinuous Transmission (UDTX) 100
PA
High Tx power
80 A
idle idle R 60 1

A
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L1Low Baseband processing
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Transmit power reduction
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Discontinuous Transmission (UDTX) i) e el

100
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80 A
idle idle - 60 1
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40 A
Tx Power Optimization for Low Interference and

Throughput Enhancement (POLITE) 20 4
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Transmit power reduction through antenna muting
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Advanced power amplifiers

Power-DAC* RU Power (%)
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* In cooperation with TU Delft, Ampleon and Mediatek



Energy efficiency improvements: A case study

More details: S. Wesemann, J. Du and H. Viswanathan, "Energy Efficient Extreme MIMO: Design Goals and Directions," in IEEE Communications Magazine, 2023

RU Power (%)
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m DFE
RFIC
100 { (== PA 5G Massive MIMO
192AE at 3.5 GHz
¢ Alcm >
ETSI average

50% load for 8 hours 380 Watt 76

30% load for 10 hours

50 1 AVQL
8x12x2

24 dBi

100 Network Load (%)
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https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=10179153&isnumber=7593423

Energy efficiency improvements: A case study

More details: S. Wesemann, J. Du and H. Viswanathan, "Energy Efficient Extreme MIMO: Design Goals and Directions," in IEEE Communications Magazine, 2023

5G-Advanced / 6G
Extreme MIMO

576AE at 6-7 GHz

RU Power (%)
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200 T 5G Massive MIMO
. PA 192AE at 3.5 GHz
I41 an_,
250
17% Iessva.\/er‘age power / 2030 X
B consumption than today’s 30 dBi
2001 massive MIMO, with 6.7x !
higher traffic.
150 -7 "— o
/ 24 dBi
1001 today
; 2030
50 4!
i 16x32x2
0 32 dBi
0 100 200 300 400 500 600 Network Load (%)
NO<IA
BELL
LABS

13 © 2023 Nokia Public


https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=10179153&isnumber=7593423

Circularity

O
(1

Circular Consultation
Scope of Work definition and
solution creation to maximize
circularity potential

Customer
network

Reuse Collection

Utilizing and reselling circular m Material collection,

equipment and parts warehousing, disassembly
and segregation

>

fN Recycling

E-Waste
Maximizing
Products and parts material recycling
b ) d equi " and minimizing
reparing preowned equipmen landfill
and parts into fully functioning or like- andfiling NOKIA
new equipment BELL
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Circular metals

Nokia’s aluminum cast component suppliers
Goal: >90% by 2030

Top Suppliers 2020 2021 2022

% Recycled Aluminum % Recycled Aluminum | % Recycled Aluminum
(pre-consumer waste) (pre-consumer waste) (pre-consumer waste)

Weighted Average

* Reduction in 2022 attributed to acute shortages of scrap aluminum
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Digitalization is the key to reducing CO2 emissions of societies

Minimizing CO2 footprint Maximizing CO2 handprint — 10 times the footprint *

K1)

€ O, ol _flo o o

' 9 Emissions caused by mobile w Smart...buildings, energy, living,
networks throughout their working, and health, transport and
lifecycle cities, agriculture, manufacturing

Mobile networks can help societies avoid 10 times more emissions than caused

NO<IA
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*Source: GSMA


https://www.gsma.com/betterfuture/wp-content/uploads/2019/12/GSMA_Enablement_Effect.pdf

NO<IA



Timeline for mobile operators with renewable energy targets

2021 (O 100% renewable energy
Deutsche Telekom 2030 Q) 50% renewable energy
2010 Proximus Softbank 2030
Swisscom T-Mobile US Telefénica Telstra

2013 2020 2025 2025 | \ 2050
KPN Telia 'TFG‘TeIeconj Orange SK Telecom
BT TIM Verizon
Vodafone
Source: Mobile-Net-Zero-State-of-the-Industry-on-Climate-Action-2022.pdf (gsma.com) I\O(l,—\
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https://www.gsma.com/betterfuture/wp-content/uploads/2022/05/Moble-Net-Zero-State-of-the-Industry-on-Climate-Action-2022.pdf

Annual emissions of different activities
By GSM Association representing mobile network operators worldwide
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1,000

800

600

400

200

Carbon footprint emission in kg

1,560

600
364
. 75.4 68 59
| ] I

A 300g beef
steak per week

One return
flight from
London to Berlin

Driving 50km
in a petrol car
per week

500g potatoes  Three local bottled  Yearly mobile
per week beers from a shop connection
per week

Source: Mobile-Net-Zero-State-of-the-Industry-on-Climate-Action-2022.pdf (gsma.com)
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https://www.gsma.com/betterfuture/wp-content/uploads/2022/05/Moble-Net-Zero-State-of-the-Industry-on-Climate-Action-2022.pdf

Nokia spectrum vision in the 6G era

Peak capacity

Localized high capacity

Capacity enhancement

Basic capacity

Basic coverage

* To be discussed at WRC-23

** Potential range for
WRC-27 agenda

*** Under research
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5G, refarming to 6G

5G, refarming to 6G

6G Sub-THz***
W-band (92-114.25 GHz),
D-band (130-174.8 GHz),

Bands above 175 GHz

57-71 GHz
(unlicensed)

5G, 5G Adv, 6G 24-52 GHz

5G Adv, 6G 7-15 GHz**
(7.125-8.5, 10.7-11.7, 11.7-12.75,
12.75-13.25, 14-14.8, 14.8-15.35 GHz2)

5G, 5G Ady, 6G 4.4-5 GHz, 6.425-7.125 GHz*

5G, 6G 3.3-4.2 GHz (licensed/shared)
1.5, 1.8, 2.1, 2.3(shared), 2.6 GHz

470-694MHz*, 600, 700, 800, 900 MHz

A

100GHz
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