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Recall of the Sustain 6G project objectives

FOCUS

Influence WHAT _
1 : HH " . __re u
sustainability” means in 6G 005 q .’rem@r)
context N graefinition,. S

Handprint: answer operator
and enterprise needs on
integrated E2E solutions

Validation,
evaluation, integration
testing

Support Nokia’s ESG visibility
in European context
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Where is the market?

SUST%[I%

Sustainability

Tzchplcal Eco-design . _ by design
esign Disruptive Target: Scope 3
approach
required Environment
Business : From Speed
Society to QOE
Environment Soclety
Secure the
market

|
More speed, more

capacity to attract clients

New business model!

From a “push market” to a
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Sustainability by design

“Sustainability by design”™ means: adopt key value indicators and key
performance indicators to identify an absolute optimized product solution.

Example of a sustainability by design methodology

Start with a market
segment or a use case for

Use case or network segment

New KPIs added
imposed by the
KVis

* ) T )
Loopd.2.1 k + Lovp 1.1.1

N “u
[T Eco-design rules and
key technology
!E enablers j
Take into account the physical

KPli
[ Solution proposed ] limits of a technology by
< p adopting a technology
Solution adopted
[—] complementary approach and

take into account
Final objective

interdependencies of sub-
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converge towards the best

verticals, and propose a
) » convergent method to
|
solution

Added KPli

A
B

i% ‘Loop 3] boop
New points:

6 loops (4 for the
KPlIs and 2 for the
KVIs)

Zoom of this
presentation

segments



Towards an inclusive eco-design approach (l)

* Need to follow the eco-design rules for an optimal sustainable design

System as
a chipset

Eco-design rules

Life Cycle Assessment _ _ . — ==

Minimize Resource use
Designed for durability M
Designed for disassembly \

Oxt clean production techniqu

Optimize packaging

syl esigned for Energy savings

critical
materials

20/10/2025

Plan for End-of-life

Avoid Hazardous substances
Comply with environmental standards Z nnnnnn

Respect laws &
standards

susni}nm

Two directions

* Reduce the electr|C|ty demand to reduce the
electricity bill: Associate, when required, a
micro-grid associated with an energy
management system to reduce the electricity
demand to the national electricity grid.

\ « Wasted energies: Minimize the wasted

\ energies through a conversion or through an
\ exploitation of these energies for societal or
\ economic purposes.

nnnnnn
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Towards an inclusive eco-design approach (ll) 166

* Need to follow the eco-design rules for an optimal sustainable design

. Target
Eco-design rules low Key technology enablers
footprint Cloud native sustainability A\l societal & economic
- Life Cycle Assessment ” [, Sustanability  EcoS\W
LOtlf'g life = y Energy efficient orchestration  Sarvice-based architecture
1me Minimize Resource use /
: " i ) Secondary
Designed for durability / Primary list l
Designed for disassembly / Enabling it
A opt clean production techniques 4 - SO RIEMENER
Ootimi Kaq / teChnOl(_)g'eS technologies that
Circular . ptimize packaging . / structuring a can be put on the
economy De5|gned for Energy savmgs\ product top of the primary
Plan for End-of-life ~ - technology
Avoid Hazardous substances ~
Comply with environmental standards Energy Aware Kubernetes
Green Data Centers Green Al Power management

Eco-management Channel/Symbol shutdown

A fondamental approach
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Key technology enablers: primary versus secondary
Examplel: Transmission system at the physical layer

1. Low power consumption ereleSS 1. Low power consumption
4 modulator e demodulator A
2. Sleeping mode transmission 2. Sleeping mode
3. Power shedding per antenna system 3. Sampling
;1. Bit interleaving Free space, air 4. ..
" " Modulator + Antenna +
Antenna demodulator

Transmitter Transmission medium Receiver

Laser + modulator Photodiode + TIA +

1. Ialgg Icgnergyj eﬁ[ic/igntflaser Optical fibers + optical amplifiers 1 Lowdee:;?g;, {ﬁ&)r
emtoJoule/bit for : L= :
VCSELs) _ _ 1. WDM, FDM, TDM 2. ggtmegtl;gg instead of diregt
2 l\'/z;/t[ZMI'XTX VSRS it ehe 2. WDM for reduced amplifiers 3. Low power consuming
3. Bitinterleaving 3. p electronics
v 4. Low power consuming . .. o v
o Gl Optical transmission system

Primary key technology

Secondary key technology _
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Minimize the energy consumption of products
Example2: Passive Optical Network from the State of the Art

* Example of technology Secondary key technolo
adopted in the GreenTouch Primar y y gy
project (2010 - 2015) y enablers

exploiting primary and -
secondary key  technology technology: PON )

enablers.

Ref (2010): GPON

« Technology __investigated: nablers
GPON ( Prima ry key EUSIEY;Elhgiemt EWircless LAN
Passive Optical Local DIAS+ER
technology enabler). i

DReach extender
EOLT{per user)
BHGW processor
OWireline LAN {Eth.}

* Main criteria: long life cycle of
zero energy optical fibers and
optical couplers for low
power consuming network
infrastructure.

Average Power/Subscriber {Watt)

Opties

* PON used in POL solution .i._iI;I:l:=’
0 Short Term Hednln Term
gﬁggcsg?ﬁgsmup%gﬁ \?v? /fo 0; From a presentation of Nl in
classical Ethernet LAN. 2022 From the GreenTouch project

(2010-2015)
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Minimize the energy consumption of products

Example 3: virtual RAN

Virtualized,—

Packet
Core

Lipen

Fronthaul

RU : Radio Unit

Radio

Unit

CrossHaulinﬁ

U STZi}ﬂg

Operator Energy Use

= Radio Networks
= Core Network
= Data centres

Paint o paint Pt o poind Kot vishle Exploiiztion of existing SioMsropsmton
Taduction of s srerzy Rizicior sccepebiiy commnzion beem B T,
consmption Efficient inthe | the o skE tEes 0 cellsiie and fe VDU
axlpat o WM Reduoatuss ofmaedd & | Redosdimgaaty | Lessenpeassesoiion
hgempyoost tokshenslsos | omsnecioa/ wilt mspect o e
e, peint b pointsclion. D U /CU
Frotection e be
gt
FOX Reduoaduse ofmatedd dhe | Redwcedimgua by | Evendthemaddof Skepinzmode Effectiveratwcioncfte  Fomntisl smemyeost | Canbs fportntior
i S z enerzy momaption. sediction le=ding o | incresing femeriat
. tokss fibe installetings. mm. Ol iy PR oy
Option optintisation  Trade-cffbemveenthe Notvisitie Conmibue . PR
(6,787, T} gnsicl bt e znd e lx:):%‘}_mm G Optial Ring Lowpowercomemgiion | Redoedimped by | Provides zew Baleres Liquid codling_ o | S22 o= 3= sbom Se= sbove
ﬁﬁg:m soffion offring pew oomsirecion B edimct commections Data managemant o : Mew fanwes. usinem
Eez ey law Pdimaies wit =gpect | msidlafon bevemarioma (e BepelbyAl A
Micro Grid Combasiorsoxs | Foaidemrmoow  Everscomreduzin nPURE Bnaed _r R”?’_"]%F\W ?fi’_;:.nmﬂ‘m
s grificanlly e dadricity ine poichoan bi-dredional rafedion lesds o fhe Frafic ; ceaira
mE Tower coemedivity = l = e
: AL 6r Energy s coster matoet
s Systam | ke coolng lagovementzin
WDMTRX Exphitdion ofthe opfical | Can comiabuie o have | Cam open new maked B seduces fen e slcricity sedlionce / solisbility
pralelsmi rae e | alekocy mdpendest | pespachive.
5 foibe balfic Jad.
Hitinterleaving Can beefficient
FON for e 8.
ATforthe EMS Codbgsimopiziate | Dotenidmermoos  Bocsarfor temanimt I
gt v |Wef'"“m‘; iedme  Lpvemmin. Dumbddond  Coosdmensdmie | Nvels e
=s [moemens TESTOE plvsical bitio the axact merket H H
zsitisnre -
frsin et Micro-Grid at RU
Storage Proddesz stzhilistion of | Potentisl enersycost Fnprovementsin I
e deriitydelieryand | redudtionfeadingto  msilionce ) raiibiity.
Cat s ok Lower ivi Cost tradeoffs o te
prices imvastizzed. Brarecionai
fiznce | DC Sola charge
comm [ ey i e o o nd

eCPRI : evolved Common Public Radio Interface
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RIC: RAN Intelligent Controller
vCU: virtual Central Unit
vDU: virtual Distributed Unit
RoE: Radio over Ethernet

Some key technology
enablers per sub-segment

SUSTAIN-6G project
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supply (230 VAC.
phase aistrbution

monitoring +

grotecton devies

points (f inside box =
embedded metering
inside devices)

g

System controller
application(s)

AN + Energy
control(s)
(tools & apps)
-e.g.laptop
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Conclusion

Need to address all the layers of a
network for a strong impact.
Environmental, societal and economic
criteria and driving the sustainable design.

Per network segment at the physical layer:

* Access points: Go beyond the RF technologies (Wi-Fi,
BLE, ..) and envisage also optical technologies
(additional energy savings demonstrated in different
scenarios)

* Fixed access: Go beyond the incremental evolution of
PONs. Envisage secondary technologies and a roadmap to
provide concrete perspectives.

* RAN and vRAN including the cloud: This is the most
important technology to optimize (73% of an electricity bill
of operators). We need here to act at the RU, XH, DU, MH
and CU levels. Need to select what should be the primary
technologies at the physical layer mainly, and what could
be the secondary technologies for all the network layers.
Need to have an heterogenous approach.

* Metro and Core: Less critical at the ICT level, but these
network segments will have to support highest capacities.
So, need to grow in capacity to support in particular a gen
Al. Optical technologies remain fundamental in this
segment.
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Dynamic

Digital Value
Data Security

Platforms /

Vertical ‘;.‘;'

T R = New trust framework

oty o e / - Ecosystem sharing
Augmented (.—\ e - Mass edge monitoring

o — Itics achi
Cognition Systems L~ Q, Analy s Q)(j eaming
S
Open APIS >/
3 “anagement & m.t\

it

E] = r_J ommon data ayer

Modula omposed
networ L functions i

Programmable
Network OS

nﬂt\:k
optimization

\_/

o Universal
Adaptive Core

Humans
& Machines

o Smart Network Fabric :"_‘ o =
N & wires |7
N ,J/ﬂ‘\L_ Long
\‘ De n
;,/‘k“*———__s \_,//’k_, J
Converged \ j a‘t\« fined,

Edge Cloud nd-end

Access
Remote

Massive-Scale
Access

Need to integrate a responsible Al. If Al can help the ICT
to provide energy savings, it is important to associate to
this gain its additional energy consumption. We need also
to identify the resources that need to be used for an
optimal design.
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