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2020 Edition

e Performance prediction of Channel
Bonding (CB) WLANs®

e 5 teams, 3 finalists (students +
professionals), 1 runner-up prize

CHANNEL BONDING IN
NEXT-GENERATION IEEE 802.11 WLANS.

e Webinars, hands-on, personal i '
feedback... 2
e Joint contribution (ITU Journal) PR —————

. 1. INTRODUCTION

+ Learniag (ML) techa
dress the o

“All the details can be found at el
https://www.upf.edu/web/wnrg/ai_challenge
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© Spatial Reuse
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Spatial Reuse

Spatial Reuse in a nutshell
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Spatial Reuse in a nutshell

Methods to address density in wireless networks

e Time: scheduling, medium access adaptation
@ Frequency: Dynamic spectrum access, Dynamic channel bonding

@ Space: Directional transmissions, Interference cancellation,
Transmit power control, Sensitivity adjustment
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Spatial Reuse in a nutshell

Methods to address density in wireless networks

e Time: scheduling, medium access adaptation
@ Frequency: Dynamic spectrum access, Dynamic channel bonding

@ Space: Directional transmissions, Interference cancellation,
Transmit power control, Sensitivity adjustment

Network’s goals

o Increase spectrum
utilization

o Improve efficiency

o More parallel transmissions
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Spatial Reuse

Spatial Reuse in a nutshell

Methods to address density in wireless networks

e Time: scheduling, medium access adaptation
@ Frequency: Dynamic spectrum access, Dynamic channel bonding

@ Space: Directional transmissions, Interference cancellation,
Transmit power control, Sensitivity adjustment

Network’s goals User’s goals
@ Increase spectrum o Increase transmission
utilization opportunities (TXOPs)
o Improve efficiency @ Improve throughput
o More parallel transmissions o Reduce delay
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Spatial Reuse

The CCA threshold

CSMA/CA Operation

o Implement decreasing random backoff before transmitting

@ Perform physical carrier sensing to assess whether the medium is
busy or not
e Apply CCA mechanism:

@ Check signal source (Wi-Fi or non-Wi-Fi)
© Apply threshold (e.g., -82 dBm)

For simplicity, we use the CCA as the unique threshold for
detecting the channel busy /idle. J
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Spatial Reuse

Effects of tuning the transmit power

| Tx Power in AP, = 10 dBm |

free of

@ AP, |
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Spatial Reuse

Effects of tuning sensitivity

“(sensed intert.)
j AP, AP,
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(in range
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Spatial Reuse

Spatial Reuse in IEEE 802.11ax
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Spatial Reuse

Spatial Reuse in IEEE 802.11ax

o Two mechanisms:
@ OBSS/PD-based SR
@ Parametrized SR
e Common features: fast source identification, sensitivity
adjustment, tx power limitation
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Spatial Reuse in IEEE 802.11ax

o Two mechanisms:
@ OBSS/PD-based SR
@ Parametrized SR
e Common features: fast source identification, sensitivity
adjustment, tx power limitation

' '
! RX Preamble HE PPDU (APB) !
RSSI > CCA/CS
Detected Marked as inter- RSSI < OBSS/PD
transmission BSS (ignore it) Limited Tx Power

|
e R —_—
&Y Inter-BSS Downlink
L )/ interference £ transmission
‘ AP, APg STAg

STAA Carrier sensing
area (OBSS/PD)
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Spatial Reuse

Spatial Reuse in IEEE 802.11be
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Spatial Reuse in IEEE 802.11be

e Multi-AP coordination [Jas19]
e Exchange information and coordinate simultaneous Tx

e Two main proposals for IEEE 802.11be:

@ Coordinated SR (CSR)
@ PSR with beamforming/null steering
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Spatial Reuse

Spatial Reuse in IEEE 802.11be

e Multi-AP coordination [Jas19]
e Exchange information and coordinate simultaneous Tx

e Two main proposals for IEEE 802.11be:

@ Coordinated SR (CSR)
@ PSR with beamforming/null steering

Preparation Setup Communication
AP | JB Manitoring T DATA BSSA BA
Monitoring
APg —> TF DATA BSSB BA
Announcement frames [ Setup frames Communication frames
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Spatial Reuse

Spatial Reuse in IEEE 802.11be

e Multi-AP coordination [Jas19]
e Exchange information and coordinate simultaneous Tx

e Two main proposals for IEEE 802.11be:

@ Coordinated SR (CSR)
@ PSR with beamforming/null steering

Preparation Setup Communication
AP | JB Manitoring T DATA BSSA BA
Monitoring
APg —> TF DATA BSSB BA
Announcement frames [ Setup frames Communication frames

Open discussion points: extension to UL, measurement
phase, role of OFDMA, optimization goals... J

Francesc Wilhelmi ITU AI/ML Challenge 2021 5 May 2021 10 / 27



Some results - Toy scenario
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Spatial Reuse

Some results - Dense scenario

| ]
> ‘i“ > e Random deployment
u W | | e Accosspomt
| e e Focus on BSS4
R . o Analyze the impact of applying SR

Francesc Wilhelmi ITU AI/ML Challenge 2021 5 May 2021 12 / 27



Vv

L Acooss Point
¥ swion
Improved sensitviy
Detautl COAGS

Some results - Dense scenario

e Random deployment
e Focus on BSS4

o Analyze the impact of applying SR
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ML in Communications

Outline

© Machine Learning for Spatial Reuse
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ML in Communications

The emergence of Al for communications
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Model-based
o Hand-crafted solution
o Accuracy vs tractability

o Generalization

- conditions
- parameters

>/ Cutpr]

- analysis
- result
- forecast

Equations describing
processes and phenomena
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Model-based

e Hand-crafted solution

o Accuracy vs tractability

o Generalization

- conditions
- parameters

Data-driven

e Learn from data
o Address complexity
o Adaptability

Equations describing
processes and phenomena

=>» Output Input : Output
- analysis - user data - skill
- result - network logs - prediction
- forecast - hist. data

- classification
- context L

Hidden layers

Wilhelmi
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ML in Communications
[ ]

The emergence of Al for communications

Model-based

Data-driven

e Hand-crafted solution o Learn from data

o Accuracy vs tractability

o Address complexity
o Generalization

o Adaptability

—>{ Output | :
- conditions - analysis - user data ~skill

- parameters - result - network logs - prediction

- - forecast - hist. data - classification

- - context o
Equations describing .
processes and phenomena Hidden layers
4

Enablers for adoption:
o Infrastructure (architecture, capacity, data)
o Reliability and trustworthiness
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Management subsystem
a)

soment i
EAR IR

(Chaining, deployment, mode]| 7

[selection, monitoring

Data storage _ Processing Sandbox

pes o <

ML Overlay

ML Underlay Network

Reference points between the management subsytem
“” and the ML overlay

Reference points between the underlay network and

the ITU-T components

O Inputinterface O  Output interface

ITU AI/ML Challenge 2021 5 May 2021 15 / 27



ML in Communications

Machine-learning-aware communications

Architectural aspects

e Framework in ITU-T Y.3172
recommendation [ITU19]

o Flexibility required in WLANs

Management subsyslem

Use case
MLFO /@” J%L

[Chaining, deployment, model
[selection, monitoring

Data storage _ Processing Sandbox

pes o <

ML Overlay

ML Underlay Network

<, Reference points between the management subsytem
and the ML overlay
Reference points between the underlay network and
the ITU-T components

O Inputinterface O  Output interface
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ML in Communications

Machine-learning-aware communications

Management susysem AI’ChlteCtUlal aSI)eCtS
',, dlm -MLFO ’C? [} e Framework in ITU-T Y.3172

[selection, monitoring

recommendation [ITU19]
o Flexibility required in WLANs

ML pipeline

Data storage _ Processing ‘Sandbox
.9 @~ [P T .

MLOverlay ; Reliability & Trustworthiness
0 ol
0 e ML Sandbox

Lt .
S X o Test, train, and evaluate ML
a 0 0 « ) )
ML Underlay Network D mO dels

Reference points between the management subsytem

and he ML ovrlay e Simulators in closed-loop
Reference points between the underlay network and
ML-based optimization

the ITU-T components

O Inputinterface O  Output interface
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ML in Communications

Generating synthetic training datasets

The Komondor simulator

K I f '
o IEEE 802.11ax-oriented

diSCI'et e-event Simulat or Komondor: An IEEE 802.11ax Simulator

Agent-related content available here.

Fast performance & ML

Table of Contents

Simulate OBSS/PD-based SR

Large-scale deployments

Open-source project:
https://github.com/
wn-upf/Komondor

Complete datasets hard to get
from measurements
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@ Problem Statement #1
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ment #1

Federated Learning for SR in a multi-BSS scenario (I)

Federated Learning

# Google Al Blog o Introduced by Google

The latest news from Google Al

o Decentralized data distribution
@ Some features:

Federated Learning: Collaborative Machine Learning without

Centralized Training Data (] Specialized training
e o High scalability
s e o e o Fault-tolerant

processing his data fo make o . Privacy

https://ai.googleblog.com/2017/04/federated-learning-collaborative.html
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ment #1

Federated Learning for SR in a multi-BSS scenario (II)
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Problem Statement #1

Federated Learning for SR in a multi-BSS scenario (II)

s
( Contf. %\\,

\Q?"L Motivation
- o Distributed nature of WLANS
(2/",\\ s (\i/ﬂf > o Complexity of SR
T g o e Ea— e Split a big problem into
) [il: 0o ~ sub-problems
U . "’(aﬁn}. R% o Personalized models )

W
ij G i)}
e
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Problem Statement #1

Federated Learning for SR in a multi-BSS scenario (III)

@ Publish initial ML model (e.g., SGD)
@ Generate and submit local updates

@ Update the general model
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Problem Statement #1

Federated Learning for SR in a multi-BSS scenario (IV)

Next steps

© We will publish a dataset on 11ax SR
e Multiple random deployments

o Features: OBSS/PD-based threshold, transmit power, interference...

o Label: throughput / delay

© We will provide a general model as baseline
@ Participants need to (propose) train a FL model

e Improve general model
e Specialize model in each deployment

@ The solution will be evaluated in a test dataset
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@ Problem Statement #2
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Problem Statement #2

ML for finding groups of BSSs suitable for C-SR (I)
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STAL3
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e Find best sets of devices for
transmitting concurrently

STAL3

o Adjust transmit power
accordingly

sttt s e ML approach (clustering)

O o 7 .
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Problem Statement #2

ML for finding groups of BSSs suitable for C-SR (II)

Next steps

©@ We will publish a dataset on 11be C-SR
e Multiple random deployments
e Multiple sets of transmissions
o Features: transmitting nodes, transmit power, interference...
o Label: throughput / delay

@ Participants need to propose and train an ML model

@ The solution will be evaluated in a test dataset
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Questions

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