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Mobile networks: 
ubiquitously deployed
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Mobile networks: ubiquitously deployed

Coverage, capacity, and resilience

● A mobile user receives high quality signal from 
many base stations (BS), e.g., 5-10 depending on 
urbanity level of the device location

● Overprovisioned, e.g., mostly average load lower 
than 30% [1]

[1] L. Golard, J. Louveaux, and D. Bol, Evaluation and projection of 4G and 5G RAN energy footprints: the 
case of Belgium for 2020–2025,  Annals of Telecommunications  2022.

https://link.springer.com/journal/12243


Operation with low load: not desirable 
due to overhead in power consumption

● A static traffic-independent power component: 
○ Idle/static power

● Traffic-dependent power component: 
○ Dynamic power
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Growing sustainability concerns 

Electricity demand (IEA 2025) Total carbon footprint 2024 
(Malmodin et al. ICT4S 2026)

https://iea.blob.core.windows.net/assets/dd7c2387-2f60-4b60-8c5f-6563b6aa1e4c/EnergyandAI.pdf


The problem

Densely-deployed, lowly-loaded, energy-hungry 

mobile network infrastructures 
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Infrastructure sharing for sustainability
N. L. Omnes, C. Adam, A. Braud, F. Latron, L. le Beller, and B. Radier, How to favour more cooperative 

deployments for network infrastructures, ICT4S 2024.



Promise of neutral host networks (NHN)
● Shared multi-tenant infrastructure operated by a third party
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● Reduced hardware → 
decrease in embodied 
carbon

● Higher utilization of the 
RAN resources (more 
efficient use of power) → 
decrease in operational 
carbon 
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What is the resulting impact on 

power consumption, carbon 

emissions, and network 

performance in terms of 

coverage, redundancy and SNR 

when replacing separate MNOs 

with a single NHN?



Research Methodology

○ Open data: RDI [ARCEP and BAKOM]
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https://antennekaart.nl/kaart/4g?lng=5.63104989&lat=52.38130151&zoom=9
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Research Methodology

○ Realistic scenarios constructed from public data in the 

Netherlands combined with models 

○ Open data: RDI [ARCEP and BAKOM]

○ Simulations for different neutral host scenarios

○ Comparison with current operation (independent RAN 

deployment by three operators) 
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Sustainability
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Operational carbon emission: 
Average carbon intensity of the 
(Dutch) grid * RAN annual power 
consumption 

Radio Access Network 
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Performance

● Receiver’s signal quality: measured as Signal-to-Noise 

Ratio (SNR)

● Resilience: measured as the number of BSs whose SNR at 

the receiver is above a certain threshold SNR
min
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Case study: Dutch national cellular infrastructure
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● Cell tower data 
(for 
infrastructure 
info) 

Antenna data



Case study: Dutch national cellular infrastructure
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● Cell tower data (for infrastructure info)
● Population data (for traffic intensity)

 

WorldPop data



Case study: Dutch national cellular infrastructure
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● Cell tower data (for infrastructure info)
● Population data (for traffic intensity)

● EARTH E3F population density categories 

● Urban macrocell (UMa) and Rural Macrocell (RMa),

Urbanity level 
→ 3GPP 
channel 
models



Case study: Dutch national cellular 
infrastructure
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Many modelling decisions and assumptions



Research Methodology
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NHN construction: A simple heuristic based on current 
cell-tower locations



Neutral Host Construction

● 2-step heuristic: 

○ Clustering the BSs based on their geographic 

proximity and demand served (distance below 

d
thresh

)

○ Merge infrastructure if 

■ The BS can still satisfy the user demand: 

load is below max load 
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Scenarios

● Business as usual: today’s separate MNOs

● NHN Optimistic (d
thresh

= 1000 meters, max load = 0.9)

● NHN Moderate (d
thresh

= 500 meters, max load = 0.7)

● NHN Conservative (d
thresh

= 200 meters, max load = 0.5)
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Promise: power and carbon savings 
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Promise: power and carbon savings 
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Power consumption Carbon emissions

Idle power: lower proportion due to better utilization of the BSs



Promise: power and carbon savings 
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Power consumption Carbon emissions

Embodied: Large reductions in BS and antennas across scenarios



Resulting infrastructure
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BS load gets higher



Coverage: SNR

34SNR decreases but coverage loss remains marginal



Need for a more dynamic deployment 
approach 
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Change in SNR in 
each density class



Resilience

Still multiple BSs 

in the service 

range
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Revisiting RQs
● RQ1: How can we design an NHN that delivers adequate network 

performance in terms of coverage, redundancy and signal quality 
(SNR) on a national scale while minimizing power consumption?  
→ A better approach considering density classes of each area

● RQ2: What is the resulting impact on power consumption, carbon 
emissions, and network performance in terms of coverage, 
redundancy and SNR when replacing separate MNOs with a single 
NHN? → Significant power and carbon emission decrease without 
a drastic reduction in SNR or resiliency

37



Key limitations

● More accurate information about MNO infrastructures and 

operations (e.g., interference, traffic dynamics)

● Neutral host: optimized deployment

● 5G models

● Decarbonization etc. impacts in the future
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