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About us

Paolo Dini
(RU leader)

Marco Miozzo
(Researcher)

Francesc Wilhelmi
(Researcher)

Sustainable AI (SAI) research unit
Multidisciplinary team:
data/computer science, energy,
communications
Main areas: edge intelligence,
sustainable comp., MLops
Supercom initiative Our office!

P. Dini, M. Miozzo, & F. Wilhelmi ITU AI/ML Challenge 2022 10 May 2022 2 / 24



Traffic Prediction in Beyond 5G Supercom’s LTE Data Measurements Problem Statement

Previous Experience in Organizing a PS

2020 & 2021 editionsa

Channel Bonding (CB) WLANs
Spatial Reuse in IEEE 802.11ax
WLANs

Webinars, hands-on, personal
feedback...
Joint contributions (ITU Journal)

aAll the details can be found at
https://www.upf.edu/web/wnrg/ai_challenge
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The Problem of Traffic Prediction

Traffic prediction
Key in modern communications systems
Useful for planning, optimization,
management...

Problems
Requirements: edge data has to be
transmitted to central servers
Implications in security (leaks),
efficiency (high costs for transmission),
and communication (big overheads)

Novel trends
MEC: edge intelligence, distributed
learning, transfer learning...
Federated Learning (our focus)

Collect data
(measurements)

Process data
(averaging,
cleaning...)

Generate
predictions
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Traffic Prediction & ML

Classical ML
Autoregressive Integrated Moving
Average (ARIMA), Random Forests
(RF), logistic regression, K-Nearest
Neighbor (KNN), Support Vector
Regression (SVR)...
Problem: fail at capturing
complex interactions (seasonality,
irregular patterns)

Suitable DL methods
Convolutional Neural Networks
(CNN)
Recurrent Neural Networks (RNN)
Long Short-Term Memory units
(LSTMs)

O-RU2

O-RU1,1

O-RU1,2Cell A (OP1)

SMO2

O-CU1

O-DU1

O-CU2

O-DU2SMO 1

Cell B (OP2)

Non-RT / Near-RT

RAN
management

apps

RICRIC
SMO1

O-Cloud (OP2)O-Cloud (OP1)
RAN

management
apps

O-RAN centralized unit (O-CU):

RRC, SDAP, PDCP

O-RAN decentralized unit (O-DU):

RLC, MAC, PHY-high layers of gNB

O-RAN radio unit (O-RU):

PHY-low layers of gNB (RF processing)

System management 

and orchestration (SMO):
O&M, FCAPS, RIC

RAN intelligent controller (RIC):

Non-RT + Near-RT operations

DatabasexAppsTraffic
forecasting

Popular application for intelligent
controllers (e.g., RIC in O-RAN)
Used for traffic steering, slice SLA
assurance, resource allocation,
QoE/QoS optimization, dynamic
handover...

Jiang, W. (2022). Cellular traffic prediction with machine learning: A survey. Expert Systems with
Applications, 117163.
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The Supercom Initiative

Supercom
SUstainable and high PErformance
COMputing platform:

Data collection
Data exploration
Data processing

LTE/PHY measurements

OWL framework [BW16]
Downlink Control Information (DCI)
messages
Features: RNTI, MCS, RBs per frame...

www.supercom.cttc.es

Source: ShareTechnote
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Data Collection Campaigns at Supercom

Cell sites in the metropolitan
area of Barcelona
Two main outputs:

Labeled (YouTube, Vimeo,
Spotify...)
Unlabeled (our focus)

Datasets oriented to academic
& research purposes Data measurement campaign in

Les Corts, Barcelona
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Not Just Data

Supercom provides:
Datasets
Baseline ML models
Data processing
Data visualization
Explainability (XAI) tools

→ Understand data & ML models
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Previous Work at Supercom

Analysis & modeling [TBW+17]
Traffic prediction [TGD18]
Identification of patterns [RPT+19]
Anomaly detection [TGD19]
Traffic classification [TGG+20]
Multi-task learning [RPBD20]

P. Dini, M. Miozzo, & F. Wilhelmi ITU AI/ML Challenge 2022 10 May 2022 12 / 24



Traffic Prediction in Beyond 5G Supercom’s LTE Data Measurements Problem Statement

Traffic Prediction through LSTMs

LSTM are a kind of RNN
Avoid long-term dependency
(address vanishing-gradient)
More details in [TGD18]...
... comparison with ARIMA,
FFNN
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Federated Learning

Federated Learning
Introduced by Google
Decentralized data distribution
Some features:

Specialized training
High scalability
Fault-tolerant
Privacy

https://ai.googleblog.com/2017/04/federated-learning-collaborative.html
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Federated Learning for Traffic Prediction

Central server

...

...

... ...

...

... ...

...

...

1

2 2 2

Download global model1

2 Local training

3 Pull updates and aggr.

1

1

3 3 3

3

Goal
Generate a model able to predict
K + 1, ..., K + n data points with K
observations

FL procedure
1 Publish an initial global model w0

2 Clients train on local data and
submit local updates

3 Update the global model

Evaluation
Normalized Root Mean Square Error
(NRMSE):

NRMSE = 1
x

√∑N

t=1
(x̂t−xt)2

N
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Federated Learning Frameworks

TensorFlow Federated (TFF)
1 Framework for simulating

FL
2 Ready-to-use
3 High-level (Federated

Learning) and low-level
(Federated Core) APIs

Pytorch
1 Custom implementation
2 PySyft
3 More deployment flexibility www.tensorflow.org
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The Dataset (I)

1 [PS] Poble Sec (28 days)
2 [EB] El Born (7 days)
3 [LC] Les Corts (12 days)

⇐⇒
19909 + 5421 + 8615
samples in total
Features are averaged every
120 seconds
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The Dataset (II)
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Problem Statement: Goals & Next Steps

Procedure
1 We will publish a dataset with LTE measurements

3 Base Station (BS) locations
Features: RNTI, MCS up/down, RB up/down
Label: Up/down
Train vs Test datasets

2 Participants will design an FL model for traffic forecasting
3 The solution will be evaluated in a test dataset (with different

measurements)

All the info will be found at https://supercom.
cttc.es/index.php/ai-challenge-2022
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Questions

Paolo Dini, Ph.D., paolo.dini@cttc.es
Marco Miozzo, Ph.D., mmiozzo@cttc.cat

Francesc Wilhelmi, Ph.D., fwilhelmi@cttc.cat
Centre Tecnològic de Telecomunicacions de Catalunya (CTTC)
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