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Introduction

¢ Reducing energy consumption is one of the main goals of sustainability planning in
most countries. For instance in Europe, the EC established the objectives in the
Communication “20 20 by 2020 Europe's climate change opportunity”.

Future ICT-based
opportunities Consumer
Equipment

Data Centres

* Next Generation Networks (NGN) - One of the most relevant upcoming ICT
development

¢ The role of energy consumption seems mostly absent from the main analysis and the
debate on NGN deployment.
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Research questions

* What are the network related
parameters that define the future
scenarios in terms of energy
consumption in mobile networks?

* How a variation on these parameters
levels affects the energy consumption
estimations?
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* 4G Networks = Alternative to fixed networks

* Energy model. A thorough analysis in terms of identifying and defining clearly
the future scenario of diverse network related parameters:
* Demand
* Traffic
* Usage during the day
* Device energy consumption
e Energy price
* Demographic changes

* The complexity lies on the proper combination of those parameters and their
introduction in the model proposed.

* The analysis of the results would help us determine the relative importance
of each factor and the need of improving the accuracy on the calculation of
each of them.
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Energy model complete framework

4G Mobile NGAN Energy
consumption model

Demographic framework
Calculation process
description
Network coverage

Forecasting of
demand
using different
growth models
according to actual
data on the mobile
market

Traffic evolution and

congestion model
Active network devices
energy consumption
profiles evolution

RESULTS
Annual energy consumption
and average energy
consumption per subscriber
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Demographic framework

| ASSUMPTIONS
L - DEMAND

FORECASTING

\
RESULTS J

¢ Spain is used as a case study (applicable without major
modifications to other countries).

e Classification in 10 geographical zones with population density
as the basic parameter.

* The model allows for more precise estimations in the areas where only one
broadband network operator is present

* To improve the lack of information on buildings clustering, mainly for suburban and
rural areas = Division of each zone in 2 different geotypes “A” & “B”.
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4G Access network architecture
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Traffic evolution

Average data rate
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Power consumption (%)

Active device energy profiles
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¢ Instead of assuming a 100% work cycle at all times for the
devices an average daily profile of network usage is used

Network usage (%)
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Main results

Demand forecasting results assumprions |

120,00% -
100,00% 100,03% 100,00% 100,03% 100,00% 100,02%

100,00% - 20,47% 92,23%

84,38%
80,00% |
el Calculations %

taking the Logistic |
model as a reference

40,00% -

20,00% -

0,00% -
Number of total subscribers ~ Total energy for the 5 year period  Energy per subscriber level at
forecasted at 2016 2016

® Logistic| m Gompertz © Gompertz

Mobile penetration saturation level redu n of 5% -6,9% -6,9% -6,0%

artp e ket saturation level reduction of 10% -9,2% -9,3% -5,6%

Effect of market saturation variation in the different stages of demand forecasting on
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Main results
Sensitivity analysis

ASSUMPTIONS

e Comparisons with the complete forecasting scenario. RESULTS

* Main variations:

e No demand variation: Complete coverage of the demographic scenario according to
penetration levels assumed for the entire 6-year period

* No traffic model: No variations on the mobile data traffic along the years

* No device consumption variation and 24/7 network usage at 100% level along the entire
year

180% 164%

Complete forecasting scenario  With demand fix levels from Without traffic model Without device consumption
the beginning application profiles

m Total energy consumed In the 5-year period w Energy per subscriber
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Main results
Sensitivity analysis [ assumprions |
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e This study considers three main effects in the energy consumption of a 4G NGAN,
each of them impacts significantly in the energy consumption of the access network.

1. The adoption of the network (evolution of take-up as the network is deployed)

2. Yearly traffic evolution (scaling up of data traffic per user, both average and
peak due to new applications and new users), quality of service and network
congestion

3. The daily traffic pattern and energy consumption profiles of network devices

e The variation on the different models used for demand forecasting influences the
final results. Variations on the approach using the same model do not have
significant effect.

e The model is highly dependent on the market saturation levels estimated for each
forecasting stage.

e The demand is a significant factor that requires and accurate calculation.

ICT/Telecommunications A Session
ENERGY CONSUMPTION FORECAST IN 4G NETWORKS: THE CASE OF SPAIN




e Subscriber distribution on the deployed network is also a factor of high importance
and should be carefully estimated.

e Traffic congestion model usage translates into and increase of 9% in energy
consumption. This assuming some changes along the years in data rate per user to
accommodate to traffic variations.

 Data rate per user estimation is a critical factor.

e The improvement of energy consumption profiles of the active network equipment
will derive in significant energy consumption reductions.
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What'’s next in the roadmap?

¢ Forecasting process: statistical measures and diffusion models improvement,...

¢ Application of the model to fixed NGANs to allow comparisons among the different
technologies.

¢ Energy prices evolution

¢ This further step would allow for comparisons among energy consumption costs
and deployment related expenditures

¢ Demographic evolution forecasting

¢ As a continuous varying scenario, the demographic changes should be taking
into account as well.
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Thank you for your attention!!
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