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Opening Statement

Will talk about...

‘Green/Sustainable Wireless Networks’

Will not talk about...

‘Wireless Networks for Green/Sustainable World’ (although very very important)
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Outline

* TNO Introduction

 NGMN’s Green Future Networks Project

« 3GPP Standardisation Work on Green Wireless
« Outlook towards 5G Advanced/6G

« APPENDIX (Greener Fiber, End-to-end energy data sharing)
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TNO
Introduction

TNO: Dutch Research & Development Institute

Established by Dutch law in 1932 as a statutory organization with independent position that allows to give objective,
scientifically founded judgments.

TNO connects people and knowledge to create innovations to strengthen the competitiveness of companies and the
welfare of society in a sustainable way. Hence, ‘Innovation for Life’!

TNO targets 4 societal challenges:
1) safe and secure
2) healthy

3) sustainable FOR LIFE
4) digital

INNOVATION

TNO is not-for-profit, with € 590 min revenues and 3.900 staff (2022)

TNOQO’s activities are organized in 6 units:

Energy & Materials Transition
Defence, safety and security
Healthy Living & Work

High Tech Industry

ICT, Strategy & Policy

Mobility & Built Environment :
Industry

CREATING ACHIEVING
INNOVATION TECHNOLOGICAL
BREAKTHROUGHS

HOME FOR TALENT
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NGMN'’s Green Future Networks Project

Why NGMN’s Green Future Networks Project?

Figure 12: Global mobile network data traffic (EB per month)
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https://www.ericsson.com/4ae28d/assets/local/reports-papers/mobility-report/documents/2022/ericsson-mobility-report-november-2022.pdf

NGMN'’s Green Future Networks Project

NGMN: Sustainability is one of Beyond 5G/6G pillars

Green Future

Networks

Sustainability Challenges and
in Mobile Networks

WE MAKE BETTER CONNECTIONS

Jan._ZO”é@
(% |

Green Future
Networks

Metering for Sustainable Networks

v1.0
www.ngmn.org

WE MAKE BETTER CONNECTIONS

Green Future

Networks

Network Equipment Ec
and End to End Service

)
WWW.Ngmn.org

0-Design

Footprint

WE MAKE BETTER CONNECTIONS
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Green Future Networks:
KPIs and Target Values for

Green Network

Assessment

v1.0

WWW.Ngmn.org

Green Future

Networks
Telco Supply Chain
Sustainability

v1i.0
WWW.Ngmn.org

WWE MAKE BETTER CONNECTIONS _—

—

WE MAKE BETTER CONNECTION

Available from - https://www.ngmn.org/publications.html

— ‘Sustainability’ Sub-Project

‘Metering’ Sub-Project
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NGMN'’s Green Future Networks Project

NGMN: Energy Efficiency Sub-Project

Dec. 2021

+ 2023 + 2024

Green Future
Networks
Network Energy Efficiency

WwWw.Ngmn.org

Solutions for lowering wireless network energy
consumption!

Available from - https://www.ngmn.org/publications.html




NGMN'’s Green Future Networks Project

Where to save energy (high potentials)?

Other, 3.0%
Power, 7.0%

Operator Energy Use

Radio processing, 40.0%

= Radio Networks

= Core Network ‘

Main equipment
50.0%

n Data Centres Air conditioning, 40.0%
= Other Operat|0n Baseband processing, 6.5%
Main control, 3.5%
Figure 4: Power consumption\of base station.
Energy efficient Energy Efficient HW
cooling techniques Energy Efficient SW/Functions (see next slides)

https://www.ngmn.org/wp-content/uploads/211009-GFN-Network-Energy-Efficiency-1.0.pdf
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NGMN’s Green Future Networks Project

BS’s Energy Efficient SW Functions

»

‘Micro’ Sleep [us] BS Power [%] 4
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x;? Aims at facilitating this SW functions!

N

A GLOBAL INITIATIVE
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3GPP Work on Green
Wireless

ENERGY CONSUMPTION (W)

3GPP started ‘Greening’ already with 4G -ﬁ@

A GLOBAL INITIATIVE

ENERGY CONSUMPTION
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Carrier/site shutdown for a given performance target follows
daily traffic profile. Simulations showed good energy saving
potential (see 3GPP TR 32.826/Release 10).

HOUR OF DAY

‘Lean’ 5G carrier design e.g. less signaling overhead and
more possibilities to switch ON/OFF carrier components for
better scaling with traffic level.

4G = 5G
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3GPP Work on Green
Wireless

Latest 3GPP ‘Greening’

BS Power [%] 4

100 —

work examples

G

A GLOBAL INITIATIVE

RAN1 work in TR 38.864 (Study on network energy savings in NR):
Time, frequency, spatial and power domain solutions

- Desired Power vs Load
profile

Service
Quality

Energy

Consumption
r——

TR 38.864 and TR 22.882 are available via
3GPP.org

[ood/ PRB utilization
[%]

l
100

SA1 work in TR 22.882 (Study on Energy Efficiency as service
criteria):

How to deliver services with energy efficiency/consumpten as service
criteria? m

5GS L

®
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Outlook towards 5G
Advanced/6G

‘Greening’ future networks remains priority

Challenge 1:
Energy consumption optimization for disaggregated/virtualized RAN

oz R . /—\//M T % - \ - ~
E Processing Al + Sensing y ~ L \1\ :
Cha”enge 2 i L . . . X Communication Service data p ( g /QK .
Energy consumption optimization including Al + Sensing ~ — = Aland/or Sensing data | == PartyA RN -  oom ForwB
C o ] o 7 e ]
—_ . ?_ J— e w7 \x\‘\ . —--I—
o 9se<—— - — o= Distributed o
_________ Edge’s NS
B B
Challenge 3: 'ﬁ‘
End-to-end visibility of energy consumption & carbon footprint in /
disaggregated and multi-party system | D E
A — :
____________ - Virualized
Terminals XG Core
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Thank you for your attention!

Any Questions?

“D innovation
for life | —

Ljupco Jorguseski
+316 51219560
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APPENDI
X

Additional TNO activities — Greener Fiber

ETSI F5G Advanced and Beyond whitepaper:

Within an end-to-end optical network for FTTH, about 2/3 of the energy is
consumed by the optical access network (60% ONU, 7% OLT) and 1/3 by the
core and aggregation network

Energy saving options

Network Level Equipment Level High level design

Network architecture Higher bitrate: lower energy per bit Dynamic placement of power-hungry tasks
optimization Power saving schemes Exploiting residual capacity in the existing
Energy aware switching/routing Co-packaged optics light-paths
Dynamic energy saving in transport Co-existence of different technologies and
networks generations of optical networks

For many of these we need good insights in the actual energy

consumption in the network. [1We need to measure.

ETSI\((%))\

ETSI White Paper No. #50

Fixed 5" Generation
Advanced and Beyond

1st edition — September 2022
ISBN No. 979108262071

Author:

Dr. F.J. Effenberger, Futurewei (rapporteur) with ibufi from Beijing Uni ity of Post and
T tion (BUPT), Bouyg: T , CAICT, China Telecom, China Unicom, CICT,
CTIC, Global Telecom, Fravenhofer HHI, Huawei, MIN, OI, Orange, POST Luxembourg, TIM, TNO,
Turk Telecom, University of Pairas

ETSI
06921 Sophia Antipolis CEDEX, France
Tel +33 492 94 42 00

info@etsi.org

www.etsi.org
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APPENDI

Additional TNO activities — E2E energy data sharing

Video
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- \/ideo Streaming Data _
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