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The energy challenge in telecommunications

Mobile Network Operators consumed around 320 TWh of
electricity in 2022, accounting for 1.3% of global electricity
usage.

The Radio Access Network is the largest energy consumer,
responsible for 73% of a typical operator's total energy
costs.

Depending on the energy source, this demand leads to
significant CO, emissions, contributing to the
environmental impact.
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Measuring energy consumption
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Optimizing energy consumption

Accurate traffic prediction for timely BS
activation/deactivation.

Carrier shutdown transfers the load to
neighboring BSs during low-demand periods.

Reinforcement learning methods for policy
optimization have been proposed but tested
only in simulations.
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Our contribution: a reality check

While many studies have addressed energy efficiency in
telecom networks, there’s a lack of empirical evidence on
the real-world impact of energy-saving policies.

Real evaluation of:
* Benchmark five different energy-saving strategies

* Measuring the cell downtime, energy consumption,
and user throughput impact.

* The trade-off between energy savings and end-
user performance

 Recommendations for future energy-saving strategies



Implementing energy
saving policies

RANSs are highly redundant systems.
Antennas at High frequency for capacity.
Antennas at Low frequency for coverage.

F1 Coverage F2 a Capacity




Implementing energy
saving policies

Two-threshold energy-saving framework

— PRB utilisation

Policy ON threshold
— -+ Policy OFF threshold

I Policy deployment time window
Energy saving period
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* Power groups: cohort of antennas in an
area

e Utilization: KPIs of power groups

* Thresholds: ON/OFF trigger

* Activation time: stability requirement

* Deployment time: night/day, 24H/12H
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Spatial characteristics of the trial
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Temporal characteristics of the trial

February - March 2023
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Week 1 Week 2 Week 3 Week 4 Week 5 Now
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Pilot tests over the dense and sparse areas
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Datasets for assessing trials’ performance

Network Deployment

 Country wide

e Daily resolution
* Lat, Lon
 Manufacturer

* Generation

* Power
 Azimuth

o Tilt

* Deployment date

KPlIs

Country wide
Hourly resolution

+200 KPlIs
PRB
Network side
User side

Mobility management

 Country wide

e Real-time resolution
e ~5TB per day

* Handover

* Service requests

* Changein TAU

* Attach
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Hourly time series of the mean downtime

Antennas downtime
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Antennas downtime

Percentage of capacity cells affected by the energy-saving strategies
and their corresponding mean downtime

Bl Cells affected 771 Mean downtime
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Energy eensu

Mption savings

“How much energy would the antennas have consumed without the

energy-saving strategies?”
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Y. Ma, et al, “Sustainable connections: Exploring energy efficiency in 5 G networks,” in CONEXT ’24.
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Network usage

Available cells (%)
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Current strategies leave a significant
gap between the actual available cells
and the minimum needed to meet
demand, leaving room for
improvement.

Night-strict and Full-strict strategies are
the most effective within their
timeframes.
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Carbon efficiency # Energy efficiency

---- Carbon intensity —— Energy consumption . . o
* Scope 2 covers indirect emissions

100 from purchased energy, i.e, electricity
q 300 90 ‘\é from the grid.
oo —t . . . .
22250 B * Estimated carbon intensity in gCO2
E% 80 g L
ggzoo L eg/kWh and energy consumption in
2% > the Sparse region during the week of
& 150 S _
0 & the second trial.
100 .. . . .
N O e Carbon emissions during Night-strict
A week show daily patterns and

exploitable day-to-day variability for
efficient policies.
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| essons learned

* Uniform ON/OFF thresholds are sub-optimal Applying the
same thresholds across all cells leads to inefficiencies, too
conservative for some cells, and disruptive for others.

* Potential of dynamic thresholds. ML can be used to adjust

thresholds based on traffic and network context dynamically.

* Neighbor-aware decisions. Incorporating information about
nearby cell loads could further enhance the performance of
sleep strategies.

e Opportunity for carbon-aware policies. Considering carbon
intensity in cell sleep decisions to improve emissions
reduction.
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Thank you!

Questions?
jesusalberto.omana@telefonica.com
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