ICT £ % X e & < 7 —
[ 722 =RV 3 —F ADRPHEHESEB) ] & 56 DIRHL

FHRBEELY NT—T - H—EXAD
AIF);ERIZET 5 EZ2( B

~ITU FG-ML5G : Machine Learning for Future Networks including 5G—~

2019/1/28

Yoshiaki Kirtha
The University of Tokyo




Agenda

« ITU Workshop on Machine Learning
for 5G and beyond
« ITU FGML5GD FE Y 7
o Use-cases
o KTSI ISG ENI
= Architecture

o Bl R & Rt D 7 [

bhh




Yoshiaki KIRIHA

ITU Focus Group on ML for Future NWs including 5G
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ITU-T Initiatives ~ Study Period 2017-2020 ~ Rapporteur Group Meetings Focus Groups ~ Support-FAQs Search this site e,
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FG-ML5G Home FG-ML5G

Latest Documents
Focus Group on Machine Learning for Future Networks including 5G

Input Documents
Established: November 2017

Output Documents
Deliverables Next Meeting Documentation
Presentation Materials
Tokyo, Japan, 27-29 November 2018  Terms of reference
Calendar * Mailing list subscription (quick start guide)
WGl ¢ Announcement * Mailing list archive
* Registration * Presentation materials
WG2 * Deliverables user guide (updated 7 March 2018)
We3 Past Meetings
Management and Contacts
Support-FAQs ¢ Third meeting: San Jose, USA, 8-10 August 2018
© Announcement * Chairman: Slawomir STANCZAK (Fraunhofer HHI, Germany)
o Workshop on Machine Learning in 5G and beyond (7 August 2018) * Vice-Chairman: Charles Chike ASADU (University of Nigeria)
e E-meeting on ML5G use cases: 16 May 2018, 08h00 (Geneva time) * Vice-Chairman: Seongbok BAIK (KT, Republic of Korea)
o see ML5G-I-049R1 and ML5G-I-050 * Vice-Chairman: Viliam SARIAN (NIIR, Russian Federation)
e Second meeting: Xian, China, 24-27 April 2018 e Vice-Chairman: Mingjun SUN (CAICT, People's Republic of China)
o Announcement ® Vice-Chairman: Salih ERGUT (Turkcell, Turkey)

© Workshop on Impact of Al on ICT Infrastructures (25 April 2018)
* First meeting: Geneva, 29 January - 2 February 2018
o Announcement
o Workshop - Workshop on Machine Learning for 5G and beyond (29
January 2018)

https://extranet.itu.int/sites/itu-t/focusgroups/ML5G/SitePages/Home.aspx
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ITU FGML5GODHIE
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ITU WS on Machine Learning for 5G & beyond
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WS : Machine Learning for 5G and beyond

€ S1: Research Advances in ML for Wireless Network

¢ BHVUITAINZFPKRFE, S3—SJFPIBKFE mIJOVUSKRE, RY
> IA—BRKXEZE, NIVUSITHXF

& \iRRY NDO—DOMIEg(CHITSD. BRIRUFEE (MNN, DNN) K0
(b8 (RL) OEASEM
v OFDMF Vv >R)bamEBDF
v' Massive MIMO#tH E X TS 1 —SmiE{k
v YILFIN> RIRIETOERGHIRHETE & REEI2 T
v E—=ALATA—=Z2D)I\5—>"0DE b

¢ EIINZLEULRWT—FEBEBRE/\CIILRY FO—23>tT b+
¢ E2ECDI0—-/VULRiBE{ELEEAE R

¢ BREBEFSARAMNI—Z=2OFEE, oThRSEVYORGS1—-U>D
& HTEEEEDH)

v BRFITOEGESH, RBICEDISBIEDIZHDIS A—SHH

v TSAINSOEBROREADIE
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WS : Machine Learning for 5G and beyond

€ S2 : ML Solutions for Industry Applications

& Intel: Immersive Medialc BT B AIER
v AFIOVER : AT O RRBREISDTOVDIIR
v AT IVEME : QoSHIEY™EE Y+ EH
v AFIVHEE : QEIN\—=YFSA/I—>3>

€ Philips: Connected Health (loH)

eMBB : i=}GEZHh

mMTC : )\ ALY

URLLC : i&=p&Fiig
REEMDTEFI7ICHEWB5GI—RI—AiEH

HEEND., XM T30/, FiE - BES. SRFHMERENS RE
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WS : Machine Learning for 5G and beyond

&€ S3 : Standardization of ML-aware Wireless Network

¢ Huawei X5 W IZTEE) = B

€ 3GPP FS_eNA (Study of Enablers for Network Automation for 5G)
v 2017/5~2018/12, R16[nI}NWDAF(Data Analytic){LE{L5E T
v 7z—2X1 (R15) ! b7y 7A8WICESRTA ABERD T ZHRIL
v Z7z—X2! Y—ERFEEH. mMTCT A R@fEHkekrn L. UEBE)
NRE =T ERT 7 v RE# L. SOMREILTREZ Bt

€ ETSI ISG ENI (Experimental Networked Intelligence)
2017/5~2019/3. T—F T 7 F ¥Rt T

SDN/NFVX Y bV —2ThD, ALZ X3 HEHIH - AREHOER
BRT—&Zah. 74— KXy 7@, RY &R - B
I—R7—R, ERMAER. ERARY VIZBET 5 XEERTES
ENI Assisted MANO7 —%5 7 F ¥
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WS : Machine Learning for 5G and beyond

& iR
v EMRHIEETINELEE URWIT S Y ORY O B
v EA - REDBEBE

4 %mﬁ&%ﬁ@ﬁ FITE : NWHRIE T DML/ AERED D EIE
E&%ML/AIT)L:I DX LDsE
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v BAZROESE N FMHFEDHEL

O/)\X FE&EIBIRT Dt—T57 1 v f&EUTDOML/AI
BEFOHIE - EBFEEDINAIITVUY R (JL—RYORXB) IEH
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A NEANERN

¢ F—D—KR: S—AERENBIRY D —% (Data Driven NW)
ENEE (MEC/Fog Computing)
ZHRIEADMR (Meta-X. Safety-net)
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ITU FGML5G
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WG1 WG2 WG3
Use cases, Services Data formats & ML ML-aware network
and Requirements technologies architecture
£30=E « FGML5GOMPPL— % s L2 Ty bR E ¢ I-056. I-071. 3GPP
sr—2Z &, 3GPPTR23.791 DOfiE (UE., DU, DU, CN/ NWDAF (TR23.507.
DL— R — R % Lk NMS) . fi[7% 25— & &5 TR23.791) ZZMIZ L7
« Mobility Pattern Prediction (EHE. 2vTF R FTF— D5, GRS % FLhE
(MPP) Dt fh g, VIal—Tarvir— o hamiEbRIE. A alk N
RREOrZ EBEE ) . DA THRE
* FGML5GD I v ¥ a ik, « T—APUEDH)ECH A 2 v
MLEADPRXY FT—7 7. LA, XY
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FREGLLTEYE DS MLTENWRARNEROUEILD =yParvEa—FTa 7

- MPP adeam 2 HED 2 T—%T 7 F x DEM A
+ Radio Resource Management DOHEIL D WSt 2. fkfekr
for Network Slicing i3 3

» End-to-End NW Slicing
including Management &
Orchestration

« Mobility Management ™M fifi
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WG1 : Use-cases
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FGL5G Usecases

Mobility Pattern Prediction (1/2)

Mobility Pattern Prediction (2/2)
Radio Resource Management
Intelligent Networks

Alarm Correlation and Filter
Caching for MEC

QoE Optimization

MIMO Channel Measurement
Traffic Classification

Grid Level Network

Cognitive Het-Net

Optimization in loT Edge

Use Cases: Clustering & Mapping

Use Case Comparison with 3GPP

FMAHEOBESETICY — EXFH/ K —
EFE - FHL. v b — 2 FHEHD
BElCEFHL WY —EXREIEZ 1T D,
Bl (RSA4ARKN, X5 A4 XBEDOHIHEIC
B9 D acE A BE0)

(FE4R) NWXR S A R TIHE L 71 5 LR
ERE2%2E - FH L. &=@8d D,

SONZAINZ X W #BEBEFLR L. <TI/ILF N>
2. <wILFNWD B B ==/ 5,

77— LDOMEBERERIMEHECT 1L x Y >
JEFE L. BE2BENWZEIRT 5,

> FEcaA>TFT YD T UL R{EMEE
FEL. FrvvrashBBEHERIELT D,

b2 E A=AV T, E/NA JILNWDQoS
AL, Y—EXDQoEZE&FEEILT D

1ERTF v FILFHREFEH L. EHEERD
E—ﬁ_ﬂ: ILBERTOFEtEEIRT 5,

REZFECRILEZEEZHWT, FZEY
7$E%U®na/':'au ETFRERIEY 5,

CellmFTld7a <. #HIEBRL Y v F&EIC
NWHRET — % 2% E L. &=#E1td %,

Intelligent Netwoks & [E]—d 2+ U F,
BB ESRY — X (mMTC) %=Xt
KRELm, AICK 2 ERBIZZEIRT %,

AFGl4d1 — R — R TXHRET S, NW
LAY -EBR7x—X - Z2FAHFKAE2EKHE,

3GPP TR23.791C®»132 — X4 — X - £
TERRE S . AFG17T2— R — R & EEE,
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China Mobile (FRE])
Fraunhofer (KA )

China Mobile (FFE])
Fraunhofer (K1)
China Mobile (FRE])
Vodafone (=<7 )
China Unicom (F[E=E)
China Unicom (FR[E)
China Unicom (F[E)
Fraunhofer (K41 )
ETRI (8&H)
Vodafone (=<7 1)
Vodafone (=<7 k)
FEIAT

ETRI GEED

Fraunhofer (KA )
China Mobile (FFE)

Fraunhofer (KA )
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MPP (Mobility Pattern Prediction), C/y
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Intelligent Networks Use Cases, Va
Vodafone
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Use Cases of RL based QoE ya
Optimization, CU
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ETSI ISG ENI
(Experiential Networked Intelligence)
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E TSI ENI (Experimental Networked Intelligencey'




e el
ENI Assisted MANO (7 —F5 D F¥) Va




Yoshiaki KIRIHA 21 H

ENI Usecases

Rel.1 (April 2018)

Infrastructure
Management

Network
Operations

Service
Orchestration
and Management

Assurance

- Policy-driven IDC Traffic Steering
- Handling of Peak Planned Occurrences
- Energy Optimization using Al

- Policy-driven IP Managed Networks

- Radio Coverage and Capacity Optimization
- Intelligent Software Rollouts

- Policy-based Network Slicing for loT

Security

- Intelligent Fronthaul Management and

Orchestration

- Context-aware VOLTE Service Experience

Optimization

- Intelligent Network Slicing Management
- Intelligent Carrier-managed SD-WAN

- Network Fault Identification and Prediction
- Assurance of Service Requirements

- Elastic Resource

Management and
Orchestration

- Application Characteristic

based Network Operation
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ENI PoC Projects

Intelligent Network - LSTMZzAW/=rFZ kv 7 FAICE  China Telecom

Slice Lifecycle DE, ATRY M7= DRT 4R Huawei CATT, Intel, China

Management D BBEE Y & SR (2 S D IR ST Electric Power Research
ATy MIES L HES ORI Institute, etc.

Elastic Network Slice - AlifliizEZR L7-VNFIRIEICE 15 Telecom ltalia S.p.A.

Management eMBB/URLLCH —tE XD & A + 3 Universidad Carlos Ill de
g 27— SRRBHEORE  Madid Samsung RED

- MONARCH(5G-PPP) 7O = & + Institute UK, Huawei, etc.
Securing against - UNFIREZEICE TS, AlEFfiiE R > Telefonica
Intruders and other LA BNy FT— 2 KEDK  Space Hellas,
threats through a H AP B I 2R 3205 DARELE L O, Demsl o
NFV-enabled - SHIELD(Horizon2020) 7o v = & k (NCSR)
Environment
(SHIELD)
Predictive Fault B EYILTF R AAVIREBEO SR Y b Portugal Telecom/Altice
management of E2E T— XS4 RTHITBH, AlFdfiE  Labs
Multi-domain AW EERITFEDIRAE Slcehlet Consertuim
Network Slices . SLICENET(5G-PPP)¥m >z ~ | (Ericsson, IBM, Eurecom,

Orange, etc.)
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WG2 & 3:
ML-aware (Mobile) Network Architecture
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High Level ML-aware NW Architecture/

&€ Centralized Architecture
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High Level ML-aware NW Architecture/

& Distributed Architecture
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