I TU Workshop on “Advances in Evolutionary Autonomous Networks: Use Cases, Architecture and PoC” (Geneva, 15 November 2022)

Co-ordi ated Autonomous Network — prel de

1 5November 2 0 2

Hideki YAMAMOTO* Masato IWASHITA*

Yusaku KANETA* *Leon WONG** — =
Kenta URANO* * *Takuro YONEZAWA* * “and Nobuo KAWA

—

GUCHI* *

* OKi Electric Industry Co., Ltd. Tokyo, Japa n
* *Rakuten Mobi el Tokyo, Japa n
* * Nagoya University, Nagoya, Japan

The research results were obtained from the commis Bned research [No 0 1 7 § Ay National
Institute of Information and Com munication Tech mlogy (NICT), JAPAN.”

© Copyright 2 0 2 Qki Electric Industry Co. Ltd. Rakuten Mobiellnc. and Nagoya University



OK W oven up your areams
Contents

F Backgrou m of Beyond 5G research projects in Japan
¥ Co-ordinated autonomous network

F Prelude implementation

F Standardization activities

F Future plan

© Copyright 2 0 2 Qki Electric Industry Co. Ltd. Rakuten Mobiellnc. and Nagoya University



QXX oo rourmams e 6 T B
Societ yn the 2 0 3s0
Cyber Physical System (CPS) Society
- integrating cyber and physical space B in the 2030s ...

nelusive

Data sent fro
physical s A society where everyone can
pla',r an active role regardless
Time afid Space of their attributions (ex.
Syn on |; Locations, nationalities, ages,

and handicaps)

Feedback to the Physical Space
(New Value Added)

Sustainable

Resource - A society growing sustainably
Shortage and efficiently, without social
loss

ving Social Challenges DEP&MHBLE
f ' A human-centered sm;j..gt-,r

where safety and security
are ensured, and trust is
secured even under
unprecedented
circumstances

Beyond 5G-Centered ICT Infrastructure

Realization of Society 5.0

h tps:/ Wwwwsoumu.go.jp/main_sosiki/joho_t gsin/eng/presentation/p d/Beyond_ 35 Promotion_Strategy.p d

© Copyright 2 0 2 Qki Electric Industry Co. Ltd. Rakuten Mobiellnc. and Nagoya University


https://www.soumu.go.jp/main_sosiki/joho_tsusin/eng/presentation/pdf/Beyond_5G_Promotion_Strategy.pdf

OK I Open up your dreams !f;.“"

Key features for Beyond 5G

v
..{L_

Syn chronization of * Green Words are the examples of areas
ical where Japan has advantages or is actively
Physical & Cyber Spaces engaged in.
e Waves Beyond 5G —
Ultra Fast & Large Capacity A Ultra an Latency | Ultra Numerous Connectivity [
f (Ultra eMBB*) g (Ultra URLLC*) ( (Ultra mMTC*)
o Network Access: 10x Faster than 5G || ®Latency: 1/100f 56 « Simultaneous Connectivity: 10x
« Core Network Access: 100x Faster » Advanced Synchronization with CPS || mgore than 5G
than now = High Level of Synchronization with *mMTC: massive Machine Type Communication
*aMBE: enhanced Mobile Broadband Complementary Network
*URLLC: Ultra-Reliable and Low Latency
5 Communicagions y
All-Photonics Network \ﬁ&k & R Quantum
o At Cryptograph
. Further Upgrade of 5G Features | Ultra security Jpa
/ consumption and resiliency R

* Power Consumption: 1/100
lower than now

* Without reduction measures, [T-related
power consumption would reach to 36x

« Always Ensuring Cybersecurity

« Instant Recovery from
Disaster/Failure

g *:f:T"“Wr [1.5x¢ of total consumption than Adding New Features y
L ow Power Consumption Contribute to Generate
P Sustainable and New Values HAPS

Semiconductor

Autonomy Scalability Inclusive Interface
* Autonomous coordination among devices without « Seamless Connection with Satellites
manual intervention _ : and HAPS (incl. space and ocean)
« Construction of optimized network highly integrating * Transforming various interfaces such as terminals and
wired and wireless connection windows into base stations

Complete Virtualization S e Ubiquitous connections through coordination between device

h tps:/ wwwsoumu.go.jp/main_sosiki/joho_t gsin/eng/presentation/p d/Beyond_ %_Promotion_Strategy.p d
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B Co-ordinated autonomous network
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@) XS K ovrenupyvourareams we,
Overal &architecture for co edinated autonomous network

F Co-o0 dinated AN is neces ary to satisfy t B fu tra h @wye and compl cated reques t fs
new emerging services in B5G era.

F Co odination betwe @ au bnomou snetw o k (NW pr wider) and bi-directional CDN
(Service pr wider) isimpo tan t

- __ Origin server [ pata center with virtual machings
_ MEC (Multi-ac es s=sdge computing)

. 1]
CDN ctrl\% Internet [T] Bi-directional CDN modules

Beyond 5G

Autonomous " Fixed | Research Al NW Autonomous

NWs project network
NW G G (Beyond 5G)

ML, Al Evolution,
autonomy

MM Bi-

irectional
™ ? CDN

©wy (®)
(®) (®)
(&) () () A
SO
A

NW mgmt

Video cntl | Cache controlll Bi-directional CDN

| U Y gg=3s Terminal Smart phone, § Autonomous mobi el
—— tablet PC robot, drone, ...

e VR terminals
AMRSs
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New service over co edinated AN including metaverse

Now

€®Not immersive commu ncation

Not
synchronized

Not immersive

Not immersive
communicatio

Autonomous mobi el
robot with camera,
microphone,

speaker and display

communication.

© Copyright 2 0 2 Qki Electric Industry Co. Ltd. Rakuten Mobiellnc. and Nagoya University

& Participants in one party can enjoy one virtual space.

€ To do this, Coordinated AN provides functions to share
the simultaneous scenes to all remote participants

€ Multiple video sources are available in one party.

We can enjoy this
experience

because we s
the simultaneous
scenes.

Cyber space

Unsynchronized
betwe @ real

world and cyber
space

@ Synchronized
video

UG o
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Autonomous Network Platfor m

B Based on ITU-T FG-AN Tech ncal Specification: Architecture Framework for Autonomous Networks.
B Through this research project, the detai slwi lbd implemented and evaluated.

. e ———
Exploratory Evolution
\"M--—_—--—"/
R Knowledge Base
Knowledge Base subsystem £
- = i 2 z
[ Information Bases ] > 8
= o
¥ 3 2 3
........................... 4 : : 2
( Autonomy Engine 1 Experiment E =
| I m Manager & Ralrs s g 2
: Exploratory Evolution subsystem : > -l g F3
| e > < 4 > > 'E' -h
. w
I [ Evolution controllers ] I % o = 2
I ! o 2 S &
[} : a 5_ ! r \ Selection Curation 2 E 3
] i . - e ........q (nmrolkm .-q_ Comwll« Comdl«
I Experimentation subsystem e § i) | S
: Experiment AN : e S :
I controller Sandbox i fﬁ
I 1 E] |Conuoll-:ls H—
T < i S - o 7 6"
v { ; e
Dynamic Adaptation subsystem
l Curation I l Selection ] | Operation I | Service I s
g Database cijco
v s
Under!ay rintwinvk > £ Auto Scaler SERECAED Package Manager Service Mesh
e z
e | . i -
| Hastware I Software {Orchestratnr] [ Controllers ] 5] SRR A SO o Observability 3 =it
Compute, Storage
Source = g
ITU-T FG-AN Tech ncal Specification: Architecture Framework for Autonomous Networks Bare Metal Servers
ht pgs:/ ww witu.int/en/ITU-T/focusgroups/an/Documents/Architecture-AN.p d f : __ == / __
| 'ﬁ": 8- d ﬂ .
\n"R
AMR terminal
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Bi-directional CDN(*)

F It commu ncates with AN and compensate AN I mit by ap pcation layer information
F |t wi Istbre contents not only from origin in Internet but also from video in AMR.

F It provides short cut path to BSG mobi el network users and provide synchronized commu ncation
even over heterogeneous networks

_ Origin serve
=) —

Bi-directio al CDN Beyond 5G
= Video cservice platform in B5G era Autonomous
= Cach eserver co tral,
+ delay management for synchronized comm.
+ video transcoding for old terminals,
+ AN com nu tatio n .

Fixed
NW

terminal

(*) Hideki Yamamoto, et.al.,”Study on enabl nig video services with the use of an autonomous mobi tly robot con rected to an autonomous network”,
|EICE Tech ncal Report IN2 0 2-32(2022-09) (in Japanese)
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Autonomous Mobi el Robot as I\/Ietaverse termlnal MetaPo(*)

F MetaPo is a po talt At con rect gslis tibu &d physical and cyber spaces.

F Four-whe ¢ 3 ®° camera, spherical display, micr phone, directional speakers, and r botic
hands.

F Virt al po tal space fo rremote u ®rsto virt alylmigratein bt b MetaPo.

Virtual portal space where remote
" users can virtually migrate into the MetaFo

360°microphone
360%camera -—-—-—'—'"—"""

Directional -———7
speakers
Spheric =
display
Robotic ¥ # |
hands 4

Maobility
function *“’ﬂ

(*) Takuro Yonezawa, Nozomi Hayashida, Johan rers Przybi d, lutaro Kyono, Kenta Urano, and Nobuo Kawaguchi: “MetaPo: A Robotic Meta Portal for
Interspace Commu ncation”, SIG QRAPH Johan rers’2 2Posters.(2 0 2)

© Copyright 2 0 2 Qki Electric Industry Co. Ltd. Rakuten Mobiellnc. and Nagoya University
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MetaPo: A Robotic Meta Portal for Interspace Com mu ncation (*)

F MetaPo is desighed to work as a portal that con rects distributed physical
and cyber spaces

Video was played in
the presentation

360°microphone __y =V 24 - N _ / .
360%camera -—-—-—-—'—"'"" Sy B . R AN - S— .
Divectianal """

speakers
Spheric =
display g
™
Robotic i ? L
hands

Mobility
function /Jr W

(*) Takuro Yonezawa, Nozomi Hayashida, Johan rers Przybi d, lutaro Kyono, Kenta Urano, and Nobuo Kawaguchi: “MetaPo: A Robotic Meta Portal for
Interspace Commu ncation”, SIG QRAPH Johan rers’2 2Posters.(2 0 2)
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Autonomous Mobi el Robot as Metaverse termlnal MetaPo(*)

F Mixed I nk and immersive I nk are provided by MetaPo.

€ Mixed Li hk con rects
remote spaces by treating
them as equal. Users in
each space can
commu ncate with users in
another space using the
panoramic audiovisual
media

€ Immersive | ikmeans
that MetaPo platform
provides ad dtional "warp"
mode.

(*) Takuro Yonezawa, Nozomi Hayashida, Johan rers Przybi d, Nutaro Kyono, Kenta Urano, and Nobuo Kawaguchi: “MetaPo: A Robotic Meta Portal for
Interspace Commu ncation”, SIG QRAPH Johan rers’2 2Posters.(2 0 2)

© Copyright 2 0 2 Qki Electric Industry Co. Ltd. Rakuten Mobiellnc. and Nagoya University
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Co-ordinated autonomous network — prelude Im plementatlon

F PoC shows I nkage betwe @ AN and CDN to synchronize videos in two remote terminals.
F PoC AN platform objective to find best suitable route for B5G service

F Achieved through finding combination of dif drent weighted metrics modules and experimenting on
these combinations

MW Switeh

59
—7=1

[ ! f 1
1 1 ]
25:20.13 S—— s gy oty o
e W .
- | | | ¥

Video was played in qm.tm G?,"::‘;“”“““

o il

. COMN control CDN esnirol
the presentation v i S
.lr-r-'.-:ﬂl:":llucl-:u
N Corrg B GO camnbrgd
| sy slpsarami] e Ly mm s en sl
- Ry T L)
—= = S EL ‘ S —
_User A | Delay - @ i ":"b
‘ mOHItOI’ " - a
i User B ; 1 , | .Hl'-l'-'.-:ﬂl:rulucll. -"H e

]
V|rtual network delmy control mgnal AR e i i "J

Experimental Network Ervironment
(Autanomous Netwark + CDM) »

Delay decreases to 600-millisecond by AN route selection.

© Copyright 2 0 2 Qki Electric Industry Co. Ltd. Rakuten Mobiellnc. and Nagoya University
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Standardization from Coordinated autonomous network research outputs

To implement the research output in the real world arou 2 0 3, @ve study what to standardize.

We started to propose new work items in SG1 3(* 3, SG16 (* 3 and ASTAP.

Some co odinated autonomous network service wi Ibd metaverse use-cases.

We ad dto submit contributions if a standardization group (FG-metaverse) wi bd establ shed in ITU-T.

AMR as Multimedia terminals Use case and architecture of AN G @ analysis to co adinated AN
Committed to connecting the world Committed to connecting the world Qﬂg ASIA-PACIFIC TELECOMMUNITY

Homee » APT Work Programme Areus + Slandardization
Asia-Pacific Telecommunity Standardization Program (ASTAP)
ntroduction
ihc

Usernama: *

#& 'TU | General Secretariat | Radiocommunication evelopmen 4 !TU | General Secretariat | Radiocommunication Standardization Development
- ~ _— Password:
Aboul ITU-T Evenls All Groups & OUICEs : { Grou About ITU-T Events All Groups Standards Resources BSG Study Groups
Lug in
- and Ac ibilily and Us .
T z 1 1 - T oF1 [ ' - ~ ~ Pl ~ S j
ITU-T SG16: Multimedia and related digital SG13 - Future networks and emerging network oveces
t e Chl’]. Ol Ogl e S t e Cl] 11 O 1 O gi e S e = To establizh regional cooperation on standardization and fo contribute o glnbal standardization activities
+ About APT = To harmonize standardzation activities in the regon through cooperatve standardizaton sctvibies such ¢
and information

I > HOME U-T = STUDY GROUPS = STUDY PERIOD 2022.2024 > 5G18 YOUARE HERE 1TU =HOME =ITU-T =STUDYGROUPS =STUDY PERIOD 2022:2024 > SG13

©

(* D [ITU-T SG1 3RGM-C2 ®] Proposed up @tes to the base text of a new work item "Architecture framework for Autonomous Networks" (Y.AN-ARCH)
(Geneva, 15-2 5November 2 0 2)2

(* 3 [ITU-T SG1 6TD4 6WP1] H.AMR-ARCH "Requirements and architecture for multimedia fu rctions for autonomous mobi elrobots connected with
network " (New): Initial draft (Geneva, 17-2 80October 2 0 2)2
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Future plan

F Social implementation:

# Standardization: Requirements, architecture, fu rctional architecture of components, APIs, testing specifications...
for AN, B-CDN, Robot. (SG1 3 SG1 6 ...)

# Finding bu $nes art Bars: AN,CDN,Robot, total services.

mﬁ o

|CT Testbed Research and Home About Global Collsboration Research Mews & Events Archives Comtacts
Development Promotion Center

it Y
2 T
A

F Tech ncal research:

# Each componen tne @s furt br
developmen t(AN, CDN, Robot)

NICT's Integrated Testbed

A Experim en t|n t h b|g tes tbed Beyond 5G/loT Testbed with High-reliability and High-elasticity
(NICT’s in egrated tes bed) 3 -
to vards social implemen ationin 2 0 2 N Semercosion Eniermer

High speed RAD e
hletwark Testbed (KGN)

ah

Computer Environment {5tarBED}

Large-zcale

ht s:/ testbed.nict.go.jp/engl sh/
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Thank you for your at éntion.

Al hames of companies and products general ylrefer ed to herein, are the trademarks or registered trademarks of their respective owners.
The contents of this presentation material are subject to change for en lancement without prior notice.

The contents of this presentation material includes those u mer development.
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