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ITU Focus Group on ML for Future NWs including 5G
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Focus Group on Machine Learning for Future
Networks including 5G

YOU ARE HERE HOME >ITU-T >FOCUS GROUPS > MLS5G SHARE o O @ O

Automatic Translation:  English eV ¥  Espafiol Frangais Pycckui

Meetings and Focus Group Focus Group
Focus Group on Al for Related Event News Videos
autonomous and assisted

driving FG-ML5G Workshop on "Machine Learning in
communication networks", 18 March 2020

Focus Group on Quantum

Information Technology for The ITU-T Focus Group on Machine Learning for Future Networks including 5G was th .
. . B 8" meeting of FG ML5G
Networks established by ITU-T Study Group 13 at its meeting in Geneva, 6-17 November 2017. -
" 5 . " ” " Beijing, China, 19-20 March 2020
The Focus Group will draft technical reports and specifications for machine learning
FOCPS Group on o (ML) for future networks, including interfaces, network architectures, protocols,
Environmental Efficiency for algorithms and data formats. Hosted by China Mobile Research Institute

Artificial Intelligence and

Address: 32 Xuanwumen West Street,
other Emerging Technologies

Terms of Reference: Xicheng District, Beijing, China

Focus Group on Atrtificial

Intelligence for Health ToR of EG MLSG

Circular (20 December 2019)
Work plan of 2™ phase of FG ML5G (March 2019 — July 2020)

Fosiia Crotip on VeRisiiss Registration (20 December 2019)

Multimedia Output Practical Information (20 December 2019)

Focus Group on Technologies Unified architecture for machine learning in 5G and future networks processed Visa information (20 December 2019)

for Network 2030 and approved by SG13 on 1 of July “Architectural framework for machine Workshop on Machine Learning in
learning in future networks including IMT-2020" communication networks,18 March 2020

Focus Group on Machine ITU's ML-Aware Network Architecture: Bringing Intelligence to Verticals

Learning for Future Networks March 2019

including 5G

Highlights from #Berlin5GWeek
[5G & Beyond Day - 5 November ]

Participation in FG-ML5G is free of charge and open to all. To receive updates and [ ML5G Workshop - 6 November ]

announcements related to this group, please subscribe to the FG-ML5G mailing list
(see the "FG-ML5G Mailing lists" tab on the right of this page).

Concluded Focus Groups

https://extranet.itu.int/sites/itu-t/focusgroups/ML5G/SitePages/Home.aspx *



ITU FG-ML5GDIRR
« Slawomir STANCZAK (Fraunhofer HHI) &E
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WG1 WG3
ML-aware network
architecture

Seongbok BAIK (KT#&[E) Qi SUN (China Mobiled[#) Wei MENG
Mostafa ESSA (ZTE CorpH[=H)
(VodafoneIL=T )
RIS HMEEEERAVEI—RS—X EEBEBICURELRDZT—48%., Ry T—9F—5RL—
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ERR eSupplement 55 to Y.3170- eFramework for data handling  °Architecture framework for
series: Y.ML-IMT2020-Use- to enable machine learning in ~ integration of MLin future

{i-jlj-gé-;-‘rz% Cases “Machine learning in future networks including IMT- ~ networks including 5G (¥.3172)

2020 (Y.3174) eFramework for evaluating
intelligence level of future
networks including IMT-2020
(Y.3173) >

future networks including IMT-
2020



ITU WS on Machine Learning for 5G & beyond



ITU Workshop Programme on "Machine Learning for 5G and
Beyond" Geneva, Switzerland, 17 June 2019

Session 1: From use cases to implementation-Machine Learning for Future
UEAEITEL @ Networks including 5G

work of ITU’s

FG ML5G

Session2: How to make Al accessible with an Open Marketplace

Machine

learning in the Machine Learning and Artificial Intelligence in Future Wireless Networks: A
open source WWRF Perspective

CO':mU“itV Communications for Artificial Intelligence *7£1EF 2 for V2X*
and SDO

Session3 Predicting the Black Swan-Ludic Fallacy and Self-Healing in Future Cellular
Networks

Case Implementation for Intelligent Edge System-Stream Data Analysis based
on LF EdgeX Platform

End-to-End Network Operation Automation in IMT-2020 and Beyond Systems
Session4 The Race to Neural Class Networks

ETSI's Industry Specification Group on Experiential Networked Intelligence (ETSI
ISG ENI)

Acumos's Open Source Framework for Artificial Intelligence 7



ITU Workshop Programme on Machine Learning for 5G Berlin,
Germany, 5 November, 2019

Session Overview of ITU’s work on Machine Learning for 5G and beyond [0]
0: ITU’s work

on Machine
Learning for
5G

Session 1: Tactile Internet with Human-In-The-Loop * Democratization™
Research

Federated Learning and its Applications in Communications [2]

Deep Learning meets Modeling: Taking the Best out of Both Worlds
Machine Learning for RAN - Salvation or Delusion?

Session 2: Al for (B)5G Network Automation

Telcos Current Explorations into Machine "Education” for Networking

Al and ML toward the future * AI&ML Introduction * [1]
Session 3: Machine Learning on the Edge for 5G

Verticals, Creating a data lake with ONAP
SMEs &

Startups Machine Learning for Resource Management in Access Networks

Al for Industrial 5G — Challenges and Opportunities *KICK* [3]
ML-Based QoE Testing in Mobile Networks 8




ITU-T FG-ML5G Workshop
NHRATLEVERDA I A—RURL

[ITU Workshop on "Machine Learning for 5G and Beyond" Geneva, Switzerland, 17 June 2019]

https://www.itu.int/en/ITU-T/Workshops-and-Seminars/20190617/Pages/programme.aspx

[ITU Workshop on Machine Learning for 5G Berlin, Germany, 5 November, 2019]

https://www.itu.int/en/ITU-T/Workshops-and-Seminars/201911/Pages/programme.asp



https://www.itu.int/en/ITU-T/Workshops-a
https://www.itu.int/en/ITU-T/Workshops-and-Seminars/20190617/Pages/programme.aspx/ETSI_White_Paper_Network_Transformation_2019_N32.pdf
https://www.itu.int/en/ITU-T/Workshops-a
https://www.itu.int/en/ITU-T/Workshops-and-Seminars/20190617/Pages/programme.aspx/ETSI_White_Paper_Network_Transformation_2019_N32.pdf

Al EMLO BERER X

Structure Image

Customer Retention
Discovery Classification o

Big daca Feature Idenity Fraud

Elicitation Detection

Artificial Intelligence - Computers
with the ability to reason as humans

Advertising Popularity
Prediction

Racommender Unsupervised Supervised

Systems . ‘
/ - Machine L ng -
Learn'ng Learnlng achine Learning

Computers with the ability to
learn without being explicitly

Targetced . M acC h i ne : programed
Learning

Deep Learning -
Network capable of
adapting itself to new

Real-tme decisions (& data

Robot Navigation @ Skill Acquisiton

O

ML (FE0ds D /ZEh7 U /58{E5F)
AI :) ML :) DL SOURCE: [1] Al and ML toward thejlfgture
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#5f2F®E (Transfer Learning)
#EFE (Federated Learning) .




Federated Learning (Mi&%E)

On-device deep learning Privacy-preserving
s

Latency constraints

Source: [2] Federated Learning and its Applications in Communicclvgions



Federated Learning (i &8%#%)

Send model
to clients

Source: [2] Federated Learning and its Applications in Communic%?ions



Federated Learning (i &8%#%)

Train locally
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Source: [2] Federated Learning and its Applications in Communicéllf}ions



Federated Learning (i &8%#%)

Send updates to
server

@@@8@8

Clients

—
—
— .
- - - -

Source: [2] Federated Learning and its Applications in Communicgl?ions



Federated Learning (i &8%#%)

Update model

Source: [2] Federated Learning and its Applications in Communicgl?ions



Federated Learning (i &8%#%)

Send model
to clients

Source: [2] Federated Learning and its Applications in CommunicgJZions



ITU FG-ML5G WG Discussion

18



Problem statements e

ML Repos

7~ Model transfer

—— Events, alarms, performance, logs
ML pipeline D S

Management
subsystem

(

e X X X o )

Source: [0] Overview of ITU’s work on Machine Learning for 5G and beyond
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Al for Industrial 5G | Challenges and
Opportunities
Value to be Unlocked by 5G in Different
Vertical Domains

10%

9%

8%

7%

6%

5%

4%

3%

2%

Value to be unlocked (as % of current revenue)

@ Public Sector @Financial Services eTMT

Technology % / 7

$373bn s

@

Entertainment & Media
$120bn

Healthcare
$405bn

Time horizon for commence of value unlocking (years) ——»

1 2 3
Campus use-cases

@

@ Healthcare

\ Aerospace & defence
7] $98bn

4
Transport / Mobility >
$348bn

a

Logistics
$£390bn

Utilities
$67bn

@ Consumer Goods & Retail

Insurance Finance

$226bn $808bN  professional
services
$121bn

Pharma
$20bn

5 6
City use-cases

Source: KPMG, “Unlocking the benefits of 5G for enterprise customers”, 2019

CR/AEX1 - Andreas Mueller | 05 November 2019

Robert Bosch GmbH 2019. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as

well as in the event of applications for industrial property rights.

BOSCH

21
Source: [3] Al for Industrial 5G — Challenges and Opportunities



Al for Industrial 5G | Challenges and
Opportunities Planned German
National Research Project KICK

-

)

C1C

KICK = Artificial Intelligence for Campus Communication

(1)Al-supported network management incl. suitable interfaces between
production system and network management system B ol 20A0 =By 2022 (@ perist )
. . . . . Q Funding body: BMBF
(2)Consideration of short and medium time scales + transfer learning - 4 _
_ _ U Total volume: ~9.5 Mio. € (costs)
(3)Development & evaluation of hybrid approaches
(4)Validation and experimental evaluation in real-world factory environment

(5)ldentification of standardization gaps

ZFraunhofer () BOSCH NOKIA atesio  [IDFERHEES:
#HHI TRUMPF T@
infosim SIEMENS |l gHM
CR/AEX1 - Andreas Mueller | 05 November 2019 BOSCH

22
Source: [3] Al for Industrial 5G — Challenges and Opportunities
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ETSIISG MEC
(Multi-access Edge Computing)

MEC: Multi—access Edge Computing
MEC Decode: MEC Deployment and Ecosystem Development

24



ETSIISG MEC

« 20145E10HSDN & OpenFlow World Congress (Dusseldorf) ([CTE%3Z

*2019/9/10-13MDF19EIEEF, 11/12-15DO F20E =T ICHFE
« 2020/12/8-11ME24E £ SRR CRHERTE

0O < il

B2
Q

etsi.org ¢ o

[

ETSI - Our group on Multi-access Edge Computing (MEC) ETSI - Multi-access Edge Computing - Standards for MEC =+

Connectwithus: f @ @ W & Sign up forETSI news | Member Portal

ETSIL A
\ ) STANDARDS TECHNOLOGIES MEMBERSHIP COMMITTEES EVENTS ABOUT US IPR MORE Q

N 24

< Back

Multi-access Edge Computing (MEC)

MEC MEC PoC

Introduction = Our Role & Activities =~ Upcoming meetings ~ Specifications = Blog Related Committees

EC

INTRODUCTION

Multi-access Edge Computing (MEC) offers application developers and content providers cloud-computing
capabilities and an IT service environment at the edge of the network. This environment is characterized by
ultra-low latency and high bandwidth as well as real-time access to radio network information that can be
leveraged by applications.

Related News

ETSI Multi-access Edge Computing builds on NFV
and network slicing

MEC provides a new ecosystem and value chain. Operators can open their Radio Access Network (RAN) edge to ETSI publishes a white paper on Network
authorized third-parties, allowing them to flexibly and rapidly deploy innovative applications and services Transformation - Building on key technologies for
towards mobile subscribers, enterprises and vertical segments. 56

- £ o mm——

https //www.etsi.org/technologies/multi-access-edge-computing 25
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- NFV (Network Functions Virtualization)
- MEC (Multi—access Edge Computing)

BHfE 42— LTOMECEELLDITFA—HR:

 MEC—-In—NFV reference architecture

MECEEZE{LA—T YD EL:

s TILT—HBIYUITORA

Computing and Connectivity for a given location.

- APIZ IRt T AF-0HIZTMECT —F T F v BIEE
APIZ B FER L TEERADODEREHEAZRE

26



ETS| MECD T E

Foundation for Edge Computing created
— Fully standardized solution to enable applications in distributed cloud

created by ETSI MEC + 3GPP

MANO [ Application Enablement Management & Orchestration

Edge Cloud Central Cloud
— = = i
i uoM PCF NEF .
L
|
Data Plane
Welcome to ETSI Forge L.
: I 82 members - Operators — Technology Vendors - IT players — Application developers
\\et'\CS Collaborative tools for standardized technologies ] 2
video And ] .
s g = M D viAv v
| - Hewlett Packard O mnokia €%  (intel) viavi veeassems? ITE  NEC
Enterprise vodafone HUAWEL
P nrerDicmaL @ ¥ A €8 © NTT & TEE) SONY Mavenir vimware Saguna uedm décomo T
7 and sv;‘ZﬁK'ﬁ:;j;g i .
feyem Ersnes “e | weeser I HY A = wmar nncesor® o, o TITIM wiesen

SAMSUNG Maroner ETRI MDD§ Quortus® @ rednat (Fadley A%, TNO JUNIPET

- Yl AL cenncod flex Allew cosrnm [

PR < e em cormera i o )
EVA apps MECin © - . Ay
€10 36 networky DEAL @ kpn SERROREEORE ALTI0STAR FUJITSU  cyrzaom rewons- cnuilt == B geen :‘ Y NETAS

enterta'mment
w ¥ AnTESYN CAICT v N
affirmed CPLANE \ETWORKS NEXTWORKS [T]DOLBY ACS ST W CAICT \ entty ses‘(ﬂkm,m, - 3




3GPP enablers for MEC

— Selection & re-location of UPF

NSSF AUSF UDM NEF

AMF SMF PCF i AF|

UE RAN

MEC as an AF (Application Function) can request the 5GC to

eSelect a local UPF near the target (R)AN node

euse the local UPF for PDU sessions of the target UE(s)

econtrol the traffic forwarding from the local UPF so that the UL traffic matching
with the traffic filters received from MEC (AF) is diverted towards MEC hosts while

other traffic is sent to the Central Cloud 28



UE

3GPP enablers for MEC

— Selection & re-location of UPF

NSSF

AUSF

UDM

NEF

RAN

|

™~

<“==1 MEC

PCF

In case of UE mobility, the 5GC can
ere-select a new local UPF more suitable to handle application traffic identified

by MEC (AF)

E

(on )

enotify the AF about the new serving UPF

29



3GPP enablers for MEC

— AF influence on traffic routing

NSSF AUSF UDM NEF
AM +—t <+== | MEC
: SMF PCF AP

UE RAN UPF UPF { DN ’

MEC as an AF can provide the following to 5GC
etraffic filters identifying MEC applications deployed locally on MEC hosts in Edge

Cloud
ethe target UEs (one UE identified by its IP/MAC address, a group of UE, any UE)

einformation about forwarding the identified traffic further e.g. references to
tunnels towards MEC hosts 30




3GPP enablers for MEC

— Mobllity event notifications

NSSF AUSF UDM NEF

\ 4

MEC
AF

PCF

UE RAN UPF

5GC allows MEC as an AF

esubscribe to UE mobility events that may affect traffic forwarding to MEC
applications

eReceive notifications of UE mobility events affecting MEC application instances>



UE

3GPP enablers for MEC

— Concurrent access to local and central DN

RAN

NSSF

AUSF

UDM

NEF

SMF

MEC

PCF

AF

Edge Cloud for Ultra-low latency,

UPF

‘ DN ’

high reliability services

UPF

< DN ’

Central Cloud
a.k.a. Conventional “internet”

MEC as an UPF can provide the following to UE
eSame UP session allows the UE to obtain content both from local server and

central server
eService continuity enabled by IP address anchoring at the centralized UPF.

eNo impact on UE in case of Uplink Classifier (ULCL) option is used.

32



MEC White Papers

Standards are necessarily tools, not solutions
- Enable interoperability
- Support a broad range of use cases and system architecture
- Address only a specific part of the whole picture

- Network Transformation;(Orchestration, Network and Service Management Framework) (October 2019)
https://www.etsi.org/images/files/ETSIWhitePapers/ETSI_White_Paper_Network Transformation_2019 N32.pdf

- Developing Software for Multi-Access Edge Computing (2" edition - February 2019)
http://www.etsi.org/images/files/ETSIWhitePapers/etsi wp20ed2 MEC SoftwareDevelopment.pdf

- MEC in an Enterprise Setting (September 2018)
https://www.etsi.org/images/files/ETSIWhitePapers/etsi wp30 MEC Enterprise FINAL.pdf

- MEC in 5G Networks (June 2018)
http://www.etsi.org/images/files/ETSIWhitePapers/etsi wp28 mec in 5G FINAL.pdf

- MEC deployment in 4G and towards 5G (February 2018)
http://www.etsi.org/images/files/ETSIWhitePapers/etsi wp24 MEC deployment in 4G 5G FINAL.pdf

- CRAN and MEC: A Perfect Pairing (February 2018)
http://www.etsi.org/images/files/ETSIWhitePapers/etsi wp23 MEC and CRAN edl FINAL.pdf

s i S1si o7 aImAGSS NIESTE TSRS ADErs/ets: Wh20, MG SoftwArebevelopment FINAL pdf 33



https://www.etsi.org/images/files/ETSIWhitePapers/ETSI_White_Paper_Network_Transformation_2019_N32.pdf
http://www.etsi.org/images/files/ETSIWhitePapers/etsi_wp20_MEC_SoftwareDevelopment_FINAL.pdf
https://www.etsi.org/images/files/ETSIWhitePapers/etsi_wp30_MEC_Enterprise_FINAL.pdf
http://www.etsi.org/images/files/ETSIWhitePapers/etsi_wp28_mec_in_5G_FINAL.pdf
http://www.etsi.org/images/files/ETSIWhitePapers/etsi_wp24_MEC_deployment_in_4G_5G_FINAL.pdf
http://www.etsi.org/images/files/ETSIWhitePapers/etsi_wp23_MEC_and_CRAN_ed1_FINAL.pdf
http://www.etsi.org/images/files/ETSIWhitePapers/etsi_wp20_MEC_SoftwareDevelopment_FINAL.pdf

MEC WGDEXEJ)—O 74T .L (2020.1)
Work Item | Title ( Multi-access Edge Computing (MEC) (3488)

GS MEC 001 Terminology
GS MEC 002 Phase 2: Use Cases and Requirements
GS MEC 003 Framework and Reference Architecture

GS MEC 005 Proof of Concept Framework

GS MEC 009 General principles for Mobile Edge Service APIs

GS MEC 010 Mobile Edge Management; Part 1: System, host and platform management
GS MEC 011 Mobile Edge Platform Application Enablement

GS MEC 012 Radio Network Information API

GS MEC 013 Location APl *** Civic location or Geographical location ***

GS MEC 014 UE Identity API

GS MEC 015 Bandwidth Management API

GS MEC 016 UE application interface

GS MEC 021 Application Mobility Service API

GS MEC 028 WLAN Information API

GS MEC 030 V2X Information Service API

GR MEC 031 MEC 5G Integration ***NSA is not in the scope of MEC 031***

GS MEC 033 loT API 34
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