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Wireless mobile traffic 

> 19% Q1-2024 Q1-2025
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Wireless standard evolution
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Spectrum (today)

600MHz 2GHz 3,5GHz 6-10GHz 26-40GHz 100-300 GHz

2G/3G/4G/5G

5G

Fixed Access (P2P)

Satcom
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Spectrum (tomorrow)

600MHz 2GHz 3,5GHz 6-10GHz 26-40GHz 100-300 GHz

5G

5G

Fixed Access (P2P)

6G* 6G**

2030:   6,425-7,125 GHz  UIT R1 

7,128-8,5 & 10,7-13,25 & 14-15,35 GHz
100-300 GHz

Satcom
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6G Band

Source NOKIA

5G 6G

x 2

x 5

x 159
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6G Band

Source NOKIA

5G 6G

Increasing EIRP is not an option

Increasing density

x 2

x 5

x 159
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Increasing density
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Increasing density

4 cells, 1 antenna

“Cellular system”

[1] Özlem Tugfe Demir; Emil Björnson; Luca Sanguinetti, "Foundations of User-Centric Cell-Free Massive MIMO " , now, 2021.
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Wireless ambition: Performance Everywhere

4 cells, 64 antennas

“Cellular Massive MIMO”

Distributed MIMO

[1] Özlem Tugfe Demir; Emil Björnson; Luca Sanguinetti, "Foundations of User-Centric Cell-Free Massive MIMO " , now, 2021.
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(co-localized) MIMO to Distributed MIMO
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(co-localized) MIMO to Distributed MIMO
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Increasing density

Users

APs

Can densification be sustainable ?

Future ?
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❑ Definition: Life Cycle Assessment (LCA) is a standardized evaluation method (ISO 14040 and 14044) 

that enables a multi-criteria and multi-stage environmental assessment of a system (product, service, 

company, or process) across its entire life cycle,

❑ Objectives:

❑ assess the environmental contributions of different life cycle stages or subsystems (components, 

materials, processes) to guide eco-design and improve performance;

❑ compare the environmental performance of two systems with the same function, based on an 

equivalent functional unit.

GRETSI'25 - ACV simplifiée CF MIMO - Doré et al 15

Life Cycle Assessment (LCA) 
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Methodology - overview

Use-case scenario

Parameters

Daily demand
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RF Power, densification

16

Run #1 Run #2

K # users unit [1;2;3…;15] [5;10;15]

L # APs unit [1;2;3;…;85;86;87] [1;2;3;…;13;14;15]

M # antennas unit [2;4;8;16;32] [4;8;16;32]

𝐏𝐑𝐅 AP RF power dBm [23] [20;26]
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Methodology - overview

RF simulationsUse-case scenario

Parameters

Daily demand
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RF Power, densification
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Methodology - overview

RF simulationsUse-case scenario

Impact model

Parameters

Daily demand
𝐼𝐶𝑖,𝑢𝑠𝑒 = 𝐷 𝐶𝐹𝑒𝑙𝑒𝑐,𝐶𝑖 න

0

24

𝑃 𝑡 𝑑𝑡

𝐼𝐶𝑖,𝑚𝑎𝑛𝑢𝑓 = ෍

𝑗

𝑒𝑙𝑒𝑚𝑡𝑠

𝐼𝐶𝑖,𝑚𝑎𝑛𝑢𝑓,𝑗
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RF Power, densification
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Methodology - overview

RF simulationsUse-case scenario

Impact model

Parameters

Daily demand

Validation ?

Metrics & 

benchmark

Results

Multi-criteria analysis & 

Recommendations
Main impacts

Influencing parameters

(Planetary boundaries)

𝐼𝐶𝑖,𝑢𝑠𝑒 = 𝐷 𝐶𝐹𝑒𝑙𝑒𝑐,𝐶𝑖 න
0

24

𝑃 𝑡 𝑑𝑡

𝐼𝐶𝑖,𝑚𝑎𝑛𝑢𝑓 = ෍

𝑗

𝑒𝑙𝑒𝑚𝑡𝑠

𝐼𝐶𝑖,𝑚𝑎𝑛𝑢𝑓,𝑗
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RF Power, densification
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Tendencies on total global warming

210 tCO2e

à 6 tCO2e

0,2 Mbps – 1800 Mbps
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Tendencies on total global warming

• Going toward right side = densifying the network

• A wide range of possibilities

• Saturation zone : while K, L, M, P ↗ => impact ++ & perf ++

• Optimal zone : limited number of environmentally relevant parameters 

K=1 K=2 K=3 L 

↗

Saturation 

zone

K #users / time slot

L #APs (Access Points)

M #Antennas /AP

P Transmitted power /AP

Optimal 

zone

Empirical optimal combinations in 

case of optimal zone for carbon indicator
Global warming of the CF-mMIMO network, 10yrs, EU mix

Compromise to find between 

impacts and performance

210 tCO2e

à 6 tCO2e

0,2 Mbps – 1800 Mbps

L 1-22 6-16 12-31 13-87

K 4-15 10-13 13 15

M 4 16 16 32

𝑷𝑹𝑭 (dBm) 20-23 23 23 20

Rmax network 

(Mbps)
25-460 460-750 750-980 980-1800

Rmax/user (Mbps) 6,2-31 46-57 58-75 65-120

W 1-3 3-16 6-16 13-87

tCO2eq 8-27 27-42 27-62 62-210
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Others indicators

ADP – Abiotic Depletion Potential,
GWP – Global Warming Potential, 
AE – Acidification Potential, 
PM – Particulate Matter, 
IR – Ionizing Radiation,
WDP – Water Depletion Potential,
CTUH-c – Cancer Toxicity Unit Hour per unit of concentration, 
CTUH-nc - Cancer Toxicity Unit Hour per unit of concentration for non-carcinogenic substances, 
CTU-e -Ecotoxicity Toxicity Unit
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Grenoble use-case

GRETSI'25 - ACV simplifiée CF MIMO - Doré et al

• Grenoble dense urban area 0,13 km²

• 9000 pers/km² => 1200 pers

• Data plan 2025 : 29,3 GB/month/pers

• Data plan 2029 : 48,9 GB/month/pers

K #users / time slot

L #APs (Access Points)

M #Antennas /AP

P Transmitted power /AP

In 2030, the estimated needs will not reach 

the efficient zone. Deployment would just be 

starting with many other bands available.

2025

(12 tCO2e)

2029

(17 tCO2e)

2040 ?

2025 (0,00036 kgCO2e/GB)

Efficient 

zone

2029 (0,00030 kgCO2e/GB)

2040 ?
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• Historical infrastructure → will 6G come on top or be replacing previous technology ?

• If « on top », this will only increase the impacts

• If replacing partially the current network → what are the impacts ? On what conditions this is

sustainable ? 

GRETSI'25 - ACV simplifiée CF MIMO - Doré et al

Grenoble use-case

• New archtecture could be a candidate to fit with the demand evolution

• But there is a high risk of rebound impact

• Choice of deployment is of prior importance

24



Disposition : Titre et contenu

• Results only valid for the presented model and associated scenario and perimeter.

• Figures represent 10 years of use and consider the daily mobile demand profile

• Electricity mix : EU 

• Model precision is limited (cf exclusions and limits)

• The model is static. This simplification reduces the relevance of the results in the long term. 

On this basis, we can conclude that the environmental impacts have likely been 

underestimated, and that the results are subject to significant uncertainty.

• We do not know yet if densification is feasible from a technological point of view, and no 

deployment are existing so far.

• Those results cannot be extrapolated to other situations

GRETSI'25 - ACV simplifiée CF MIMO - Doré et al

Limits and Disclaimer
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➢ First LCA on CF-mMIMO network

• Taking into account both manufacturing and usage on energy and other environmental impacts
(not limited to carbon)

• DU use impact is predominant

• Manufacturing should not be ignored, it can represent up to 50% of the impacts depending on 
elec mix

➢ It is important to consider multiple life cycle phases …

• Ignoring manufacturing probably leads to optimistic results

➢ … and multiple environmental impacts

• Focusing only on energy cannot lead to the best sustainable solution (other indicators existing)

• Optimization is different for every use-case and indicator. Compromise need to be found.

➢ The higher the performance, the higher the costs

• Densifying the network too much leads to a poorer efficiency

• Peaks are costly - look for mechanisms that could flatten them (time-dependent subscription …)

Conclusion

26

K #users

L # APs

M #Antennas /AP

P Transmitted power /AP

GRETSI'25 - ACV simplifiée CF MIMO - Doré et al
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October 2024

New consumption peak record in France
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October 2024

New consumption peak record in France

Pre-launch Call of Duty
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Towards reduction of environmental impacts of ICT

Part of the problem ?

• Accumulation of networks

• Rebound effects

Will the 6G be …

Part of the solution ?

• More energy efficient 

per GB w.r.t 3G, 4G, 5G
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Wireless mobile market

31



Disposition : Titre et contenu 2 colonnes

GenAI traffic represents only 0.06% of th total network data traffic. 

In most mobile networks, the typical traffic distribution is heavily skewed, with a 90-to-10 percent 

downlink-to-uplink ratio. However, AI traffic exhibits a higher uplink distribution, with 74% downlink and 

26%uplink traffic

In the measured network, ChatGPT accounts for 60% of total AI traffic and 70% of all AI traffic in the 

uplink.

ChatGPT, 71% DL – 29%UL. DeepSeek and Microsoft Copilot exhibit a roughly equal 50/50 

uplink/downlink ratio

GRETSI'25 - ACV simplifiée CF MIMO - Doré et al 32

GenAI’s impact on network data traffic today
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Environnemental impacts

[1] Etienne Lees Perasso, Caroline Vateau, et Firmin Domon, « Etude Numérique et Environnement - Analyse prospective 2030 et 2050 », Étude réalisée pour le compte de l’ADEME et l’Arcep par : LCIE Bureau 

Veritas, IDATE, janv. 2023.

[FRANCE]
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Wireless mobile market

Average monthly mobile data usage per

smartphone is expected to reach 56 GB in

2030, rising from 21GB at the end of 2023.

[1] Etienne Lees Perasso, Caroline Vateau, et Firmin Domon, « Etude Numérique et Environnement -

Analyse prospective 2030 et 2050 », Étude réalisée pour le compte de l’ADEME et l’Arcep par : LCIE 

Bureau Veritas, IDATE, janv. 2023.
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Backcasting approach

2018 2028

CF elec, Data, 

Techno …

2030 2040

CF elec

Static model

Data

Techno

Dynamic & prospective model

2030 2040

CF elec

Data

Techno

Backcasting : taking planetary 

boundaries into account

Planetary boundary

➢ A novel approach where sustainability is mandatory 

and not optional

➢ Ongoing work with a lot to do and a lot to improve
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Life cycle impacts of the CF-mMIMO network per category, 

10yrs, EU mix, K=10, L=8, M=16, P_RF=26 dBm
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Impacts per category

• For most categories, use >> manuf

• Except for ADP, WDP, CTUh-c where manuf >> use

• Regarding ADP, manuf AP and DU >> manuf FH = 0

• Opposite for WDP and CTUh, manuf FH >> manuf AP 
and DU

• Manuf carbon impacts ≈ 10-50% (20% for the optimized 
config)

K #users / time slot

L #APs (Access Points)

M #Antennas /AP

P Transmitted power /AP

Approximately for carbon 

footprint,

𝐸𝑙𝑒𝑐 𝑚𝑖𝑥 𝐹𝑅 =
Elec mix EU

4
• With a EU electricity mix, the use phase 

represents the major impacts (80/20).

• With a FR electricity mix, conclusion 

would probably be 50/50.

GRETSI'25 - ACV simplifiée CF MIMO - Doré et al
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Carbon impact per node and phase

• DU carbon impacts >> AP & FH

• DU impacts are mainly due to use phase

• AP & FH : the Use/Manuf ratios for other nodes are 
fluctuating

While the energy use of DU concentrate 

the major impacts, manufacturing should 

not be overlooked

Global warming of the CF-mMIMO network per node and phase, 

10yrs, EU mix, K=10, L=8, M=16, P_RF=26 dBm

K #users / time slot

L #APs (Access Points)

M #Antennas /AP

P Transmitted power /AP
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