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AI4GREEN is built around the need for 
sustainable network design and manage-
ment by saving energy with guaranteed 
network performance. Project develops 
machine learning algorithms for green 
network management and network ano-
maly detection; proposes new architec-
tures enabling joint orchestration of radio, 
transport and cloud processing resources.  

Main focus 

AI4Green focuses on the following areas:  

 Data collection, measurements and 
analysis. 

 Anomaly and fault detection in mobile 
networks with crowd-sourced data.  

 Joint communication and sensing for 
environmental awareness for intelligent 
beamforming 

 AI assisted energy savings in 4G live 
networks 

 AI assisted energy savings in 5G and 
beyond networks with digital twin 

 Cloud and AI-native network architec-
tures to enable flexible user-centric re-
source allocation for energy-efficiency 

Approach 

 Measurement probes are developed for 
real time energy consumption measure-
ments in base stations. ML is used for 
energy consumption modeling. 

 A large set of mobile traffic data is ana-
lyzed with successful classification of 
base stations with different traffic behav-
iors. Base stations are classified based 
on temporal and geo-spatial traffic be-
havior to make intelligent resource allo-
cation at different times of the day at 
different locations.  

 Anomaly and fault detection demonstra-
tion is performed both in Tele2 and 
Turkcell networks by using machine 
learning on crowd sourced data in com-
bination with the network data.  
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 For 4G networks, data driven, AI 
assisted energy saving algo-
rithms developed and tested in 
Turkcell’s mobile networks fo-
cusing on carrier shut down and 
sector shut down. Set of ma-
chine learning and prediction 
algorithms are developed and 
adapted to decide on when and 
where to activate these features 
considering the risks of mobile 
user service quality degradations 
at the service quality degreda-
tions. 

 Data driven, AI assisted energy 
saving algorithms are developed 
using 3 different levels of ad-
vanced sleep modes in 5G base 
stations using Tele2 network 
data by creating a digital twin. 
Several reinforcement learning 
algorithms are designed and 
adapted to make decisions in the 
network regarding when and 
how deep to sleep.  

 A novel network management 
framework is proposed with a 
digital twin continuously analyz-
ing the probability of risk and 
orchestrating the usage of ML.  

 We have developed innovative 
intelligent network architectures 
with the joint planning of compu-
tational and communication re-
sources in addition to data-
driven estimation and optimiza-
tion approaches to energy con-
sumption for network slicing. 

 End-to-end network slicing is 
optimized for the first time consi-

dering the energy 
consumption in addition to the 
QoS guaranteeing.  

 Cell-free Massive MIMO on top 
of Virtualized C-RAN is proposed 
as a more flexible architecture 
enabling network resources to 
adapt and cloud resources to be 
shared between different radio 
access points when traffic load is 
low. Data rate increase around 
x1.7 is achieved with up to 14% 
energy saving compared to the 
traditional cellular system.  

Achieved results 

Project achieved its goals in terms 
of energy savings and fault/
detection testing and demonstrat-
ing solutions on live networks. In 
the most crowded area in Istanbul, 
we demonstrated up to 14% ener-
gy savings in live networks by AI 
assisted sector and carrier shut 
down. 10% extra energy savings is 
achieved with the proposed ap-
proach compared to existing mod-
el-based approach when it comes 
to sector shut down. Normally 
when the traffic load is high during 
day time, energy saving features 
are not activated, especially during 
special events with large crowds 
gathering to avoid risk of perfor-
mance degradation. Via mobility 
prediction, modeling and analysis 
of temporal and geo-spatial crowd 
movements, energy saving can be 
selectively enabled in more than 
50% of the cells during 5 hours 
right after a football game in the 
city center. Deep packet inspec-

tion functionality is developed in 
Tele2 networks in two seconds 
granularity. 

New architectures and communi-
cation technologies such as Cell-
free massive MIMO on top of virtu-
alized cloud RAN is studied with 
intelligent access point clustering 
and switching off. AI is used to 
adaptively configure 5G base sta-
tions with large antenna elements 
together with advanced sleep 
modes bringing in energy savings 
in the range of 30 to 90%. This 
high percentage comes from the 
deep sleep capability of the mod-
ern technologies in combination 
with our ML algorithms.   

Novel fault detection solutions has 
been developed avoiding extra 
drive tests and fuel consumption 
thanks to the data analytics and 
implementation of AI algorithms. 

For vehicular communications, 
joint radar sensing and communi-
cation is studied. It is shown that 
50 % energy saving can be 
achieved compared to the case of 
vehicles equipped with separate 
radar and communication devices. 
A ray tracing tool is developed and 
tested in a field trial to model sig-
nal propagation. 

In C-RAN based cell-free massive 
MIMO, Deep RL is adapted for 
switching Access Points(APs) ON/
OFF with the dynamic traffic. 30% 
energy-efficiency improvement is 
obtained compared to the model-
based algorithm for AP switching 
off. 

Impact 

Project resulted in 6 new products 
and 11 improved products demon-
strating a high impact in business. 
Expected return of investment 
(RoI) within the next 3 years is 1-
50x depending on partner. 12-14 
number of new permanent em-
ployees hired or expected to be 
hired by the partner organisations 
or spin-off companies due to activ-
ities generated by project results 
are reported. During the project 7 
field trials have been performed 
within the following areas: anoma-
ly detection, energy savings in live 
networks at Turkcell and Tele2, 
and tests of UXPERT framework. 
27 Scientific articles were pub-
lished in journals and presented in 
international conferences. 4 PhD 
and 6 Ms theses were supported 
by the project (KTH, ISEL, 
CELFINET, PI WORKS). 20 Dis-
seminations and outreach activi-
ties including project presentations 
have been reported. 


