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Society in the 2 0 3s0

Cyber Physical System (CPS) Society
- integrating cyherand physiml space .. inthe2030s ..

fneclstve

A society where everyone can
play an active rale regardiess
of their attributions (ex.

- Locations, nationalities, ages,
and handicaps)

Sustatnable

Remperys A spciety growing sustainably
it and sfficiently, without social
loss

ving Social Challenges Bﬁpﬂwdﬂbf,g

‘.‘- A human-centered society
where safety and security
Beyvond 5G-Centered ICT Infrastrlcture are ensured, anG truet s

secured even under
Realization of Society 5.0

unprecedenterd
ht ps:/ wwwsoumu.go.jp/main_sosiki/joho_tsusin/eng/presentation/p d/Beyond_ % _Promotion_Strategy.p d

ﬂ Wil el i% dtichs
L

L

greumsiances
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Key features for Beyond 5G

S'-,'m:hrnnizatinn of * Green Words ara the E:Eamplesnf areas
Physical & Cyber Spaces ;?:;;Ega?:" has SCANEAQES OF is acvely
THz Waves Ee!‘n n d 5‘ 5 Sensing
Ultra Fast & Large Capacity | Ultra L.:lw Latency = . | Ultra Numerous Connectivity [
f (LHtra eMBB*) ( {Ultra URLLCY) (Uitra mMTC*) |
« Network Access: 10x Faster than 56 || *Eatency: 1710 of 56 » Simultanecus Connectivity: 10x

ore Network Access: 100% Fastar » Advanced Syrichronization with CPS || mare than 56
g’ban » High Level of Synchrcnization with T missive Matkae Type Commaaiiaton
re MR- antanced Mobile Rraadisnnd Complementary Network
HLLLE Ulh-.ﬂlﬂmu:hd  Lowe Ltendty

/

y Quantum
Cryptograph

All-Photonics Network

Ultra low power Ultra security e
f consumption | and resiliency
-« Power Consum 1/100
llower than nuwmm / - ﬁ-lwm Ensuring Cybersecurity
With unuaren. T related = Instant Recovery from
nuu:rlf;m i t:.-:l:w.!hl . Disaster/Failure
U how, 1.5 6 ot Coismpion Hha Adding New Features
) P ibute to Generat : n s
Low Power Consumption Contribute to Generate -

Semiconductor Sustainable and New Values ﬂAPS

Autannmv Sca!ahilitv Inclusive Interface
« Autonomous coardination among devices without . Connection with Satellites

gﬂﬁum ofaptfmlzednem rk highly integrating w H; &uus mﬁm mid
. on o y In e Trar in as terminals

\wired and wireléss conriection windows iql:lfg base stations y

Complete Virtualization) v Ublauitous connections through coordination between devices

ht gs:/ wwwsoumu.go.jp/main_sosiki/joho_tsusin/eng/presentation/p d/Beyond %5 Promotion_Strategy.p d
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FMetaverse ap pcation with autonomous
mobi el robots, bi-directional CDN and
autonomous network

= Co adinated Autonomous Network (AN)
for Beyond5G
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Overal &rchitecture for co adinated autonomous network

B Co-ordinated AN is neces ary to satisfy t & fu tre h we and compl cated requests from
new emerging services in B5G era.

B Co adination betwe @ au bnomous netw ok (NW provider) and bi-directional CDN
(Service provider) is importan t

Origin server 1 Data center with virtual machines

1 MEC (Multi-ac es sedge computing)
DN c';ﬂ\% Internet [T] Bi-directional CDN modules

Beyond 5G

Autonomous Fixed | Research Al NW Autonomous

NW NWs project network
NW G G (Beyond 5G)
ML, Al Evolution,

NW mgmt
autonomy

Video cntl | Cache controlll Bi-directional CDN

Smart phone, §Autonomous mobi el

Terminal tablet PC robot, drone, ...

' VR terminals
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& .

New service over co adinated AN including metaverse

Now

€& Not immersive commu ncation

Not
synchronized

She seems
nervous.

Not immersive
communicatio

Autonomous mobi €l
robot with camera,
microphone,
speaker and display

- /

Not iImmersive
communication.

p

world
N

& Participants in one party can enjoy one virtual space.

¥ Coordinated AN provides functions to share the
simultaneous scenes to all remote participants.

€ Multiple video sources are available in one party.

/S Cyber space

We can enjoy this
experience

because we s
the simultaneous
scenes.

Non-
synchronized
betwe @ real
and cyber

@ Synchronized
video

‘MetaPo \

© Copyright 2 0 2 @ki Electric Industry Co. Ltd. Rakuten Mobi elInc. and Nagoya University



O X X over v rourarcams 4
New service over co adinated AN mcludlng metaverse

Not
synchronized

/

What they see Is
truly the same
~ as mine

(synchronized).
|

Synchronized
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Autonomous network architecture[* ]

¥ High-Level Framework for Autonomous Network was discus ed in ITU-T FG-AN based on our
research group member contributions.

¥ The goal of this architecture is to

sup mrt . . . . Ermwlidpe Base subiystinm
# the contin wus evolutionary-driven creation,

e | lnformation Beses
# val diation,
# and adaptation et | [m——— %
- Autenroy Lagine :
of a sea of closed-lo @ control efs to a : agineaiy benltion sy : >
network and its services ! | Exvlitioii continlens | 0 | E
0 . i i o
¥ The network and its services may . ! |
8 Eﬂﬂ'll"h!_ﬁlﬂﬁ ':L:.ﬁl.'Eﬂ'n 2
become autonomous. i & wparTi '| AR i g -
: | srra ey | darifbos :
T = Origin server "_ﬁ __________________________ :
' ) ] E 3
EI:(VECI i Thigfeae | [ —— | | Operiicir, i i Seryice | -—
LmnisdlleEs 0 somrtles _santieliers — Eniem
A — I-'rILE-"a'f”t':H'l r—_
D0 BEg s A Eofrware | F T
--uumnnrru:ru._l | camfasshibiinbe "'ru*"'mr-! | e _|

AMR terminal

[*] ITU-T Techinical specification Architecture fr mework for Autonomous Network, ht ds:/ w w witu.int/en/ITU-T/focusgroups/an/Documents/Architecture-AN.p d
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Bi-directional CDN(*)

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

F It provides short cut path to B5G mobi el network users and provide synchronized commu ncation

even over heterogeneous networks

- Origin server
=

Bi-directio al CDN Beyond 5G
= Videoo service platform in B5G era = | Autonomous
= Cache server co trol, NW
+ delay mana gment for synchro rzed comm
+ video transcoding for old terminals,
+ AN com nu Itatio n .

AMR terminal

(*) Hideki Yamamoto, et.al. St dy on enabl ng video services wit it & u & of an au bnomou smobi tly robot con rected to an au bnomou snetw ok”, 1EICE
Tech ncal Report IN2 023 Z2 0 2-0 9 (in Japanese)

© Copyright 2 0 2 @ki Electric Industry Co. Ltd. Rakuten Mobi elInc. and Nagoya University
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Autonomous mobi el robot as Metaverse termlnal MetaPo(*)

F MetaPo is a portal t At con rects distribu &d physical and cyber spaces.

F Four-whe ¢ 3 ® o camera, spherical display, microphone, directional speakers, and magic
hands.

F Virt al portal space for remote users to virt al ylmigrate in bt & MetaPo.

Virtual portal space where remate

360°microphone  » 1
users can virtually migrate jnto the MetaFo

160 camera S,
Diractional T,

speakers

Sphernic ¥

dispilay

Robotic ¥ % '

Hands 4
Mobility -
function *’/ﬂ

(*) Takuro Yo mzawa, Nozomi Hayashida, Jo bBn ars Przybil a] Yutaro Kyo o, Kenta Urano, and Nobu dKawa gchi: “MetaPo: A Robotic Meta Portal for
Interspace Com nu tcatio H, SIG RAPH *2 2Posters.(2 0 2 2
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MetaPo: A Robotic Meta Portal for Interspace Com mu rication (*)

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

Video was played in ’
d the presentation |

360%mcrophone 9 e | 4 : e -~ - il i =
360" camera -—-—-—-—'—'_"'" 0\ - 3 ' == i r
Directional —— 7

speakers

Spheric =

display

Robotie ¥ b

Hands

Mobility
function “'ﬂ
: “MetaPo: A Robotic Meta Portal for

(*) Takuro Yo mzawa, Nozomi Hayashida, Jo bBn ars Przybil a] Yutaro Kyo o, Kenta Urano, and Nobu dKawa gchi:
Interspace Com nu tcatio H, SIG RAPH *2 2Posters.(2 0 2 2
12
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Autonomous mobi el robot as Metaverse terminal I\/IetaPo(*)

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

€ Mixed Link 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 | nk means
that MetaPo platform
provides ad dtional "warp"
mode.

(*) Takuro Yo mzawa, Nozomi Hayashida, Jo bBn ars Przybil a] Yutaro Kyo o, Kenta Urano, and Nobu dKawa gchi: “MetaPo: A Robotic Meta Portal for
Interspace Com nu itatio f, SIG RAPH *2 2Posters.(2 0 3 2
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Standardization from Coordinated autonomous network

To implement the research output in the real world arou l 2 0 3, e study what to standardize.
We started to propose new work items in SG1 3 SG1 6(*) and ASTAP.

Some co adinated autonomous network service wi Ibé metaverse use-cases.

We plan to submit contributions if a standardization group (FG) wi Ibé establshed in ITU-T.

AMR as Multimedia terminal Use case and architecture of AN Gap analysis to co e@dinated AN
Committed to connecting the world QPQ A PCTNG TREDOCNMURISY

TR AT A ST TR | SRR

Asia-Pacific Telecommunity Standardization Program (ASTAP)

Usermame: -
wm Development i Genstsl Secrélntiat | Radiocommunicalion Stantmdization Devrelppment 37 Intraduction
' Ine Adin Pasne (elecomim u\l-‘ btenr‘..mrz_n.lnl’rmm'n f\:m wrm"mcqu Uk in ez 10-:-*(5!4"
m — J ) e S - — Passwiard: * n tinn na standan. AT I L ‘i giakat mrfrtiae s o
Aboif ITU-T Bt Al Smups Siatands Rasourtos 0sG Stuay G Aboul 1 lu-| Evsmits Al o Stamdands Heatinss HSG: Sty Grotes
Iisgiin]
’ EMF Explizana; M20. Fuw
e A ity and | |=sh:
by e . 1 Y - ¥ I3ev11 - - . N [ Tyt o -
[TU-T SG16: Multimedia and related digital G13 - Future networks and emerging network mmﬂm .
v L I5 objscves ol AF - ER TS
{PChﬂL‘IIOglE‘S ] I‘]r)](]ﬂ’leg A=t * 10 cotabiich togionat b dioh g 1 contiBine to.giobel iz achlics
B = JABGEArT, LR ERIET [ (ca .-l.xnj.u et vibirs e M s ool coopesing: slandadie bz seyies S
and indormis
] F ¥ | (| IEULF I3 | 122004  »BGIAR 0B 000 N A baE 11 A 1 | oy r.E: i

Metaverse standards

(*) C-1 5 3New: H. AMR-MM-REQ: Proposal of a new work item on "Requirements for multimedia fu rttions for autonomous mobi elrobots con rected with network” (Q2 71 6 Q2 681 6
Q271160Q13149
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EDigital twin col aboration
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Beyond 5G/ & Fu rctional Architecture (NICT)

® CPS services uti 2eiCPS through Service Enablers
® Each system/fu mtion in Physical Space and Cyber Space is mediated by Orchestrator

*

: L'fhe‘r‘ Spﬁﬁe-

Sensing & Projection

AP Processing 1 Actuation

Physical Space

f{_ Orchestrator \

tand
wonbdl of virmal==d
wetaeith [ compting.
rESaUrGES 3l SErvice
apimration
courdinztin

frocassim

(" CPS Service N
Smiart <oy Smart factony Enternainment
~— N =5 o ¢
. e = HEH [i?a = L Pt
S8 =8 L @ i
Cyber clgas Remote Al eLommers Sky-car Remote Avatar work
\-_ madioing ¥ collaboration robot Avatar e} &-Spara j
Service Enablers - _
Cptimal controi Communication Sparcedime.
. managemenl synahroiization
Common functioha for' 5
providing applications " Bight collizon Comemaniation iath) | - | 1=,
auross cybenpliysical prmventian slitsoomews costrel
space

—nm

JI.

t

( Physical space

Sysiem A

g

- A .
o A

Quote: Beyond 5G/6G white paper version 2.0 (released in Jure 2 0 2)2
ht @s:/ bheyond5g.nict.go.jp/images/download/NICT_B5G6G_WhitePaperEN_v2
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Digital Twin Col aboration: A Use Case

® Smart and Sustainable City

® FEarly warning and emis son | mits for
Smart environmental risks such as extreme
Environment weather and air pol uftion

® Optimization of traf it and
h uman flow in normal and
abnormal situations

ﬂhT-l':.HT oIy Smart
Traf It

® Navigation for safe & comfortable
mobi tyiand behavior change to
reduce emis ®ns and traf i€ risks

® Optimization of power sup py by
uti 2inig diverse energy sources in
normal and abnormal situations (e.g.,
EV)

© Copyright 2 0 2 Oki Electric Industry Co. Ltd. Rakuten Mobi ellnc. and Nagoya University 17
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|s ses for Digital Twin Col aboration

® Orchestrator fu rctions for digital twin col aboration
« Synchronization: Synchronize the location, time and entities betwe @ digital twins
* Brokering: Control mes age ex bange betwe @& digital twins (del very, latency, security,

etc.)
* Translation: Transform mes ages syntactical yland semantical yl ex dianged betwe @&

digital twins
* Federation: Transparently ac es o0 multiple autonomous digital twins thru a federated
digital twin

® |Information models, security, ac es rotocols for interoperabi tly iamong digital twins

® High-volume, low-latency, super-diverse inter-digital twin commu ncation tech mlogy at the
level of Beyond 5G/6G

® Ethical is ses as eciated with digital twin interoperabi tly i
« E.g.,) "Gemini Principles"” of information management (National Digital Twin, UK)
 Purpose: publcigo @s, value creation, insight
 Trust: security, open res squalty
¢ Fu m:tlon: federat|0n, Curatlon’ eVOIUtlon *) Bolton A, Enzer M, Scho dénig Jet al ‘The Gemini Principles: Guiding values for t & national

digital twin and information managemen tframew ak, Cen te for Digital Bui tIBritain (2 0 1)8

© Copyright 2 0 2 Oki Electric Industry Co. Ltd. Rakuten Mobi ellnc. and Nagoya University 18
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Thank you for your at &ntion.

Al mames 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 er development.
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