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for the ICT industry Save the date.

The first results and co-operation
Metaverse integrates seamlessly virtual and physical living spaces by enabling control of workshop in Oulu on 29.08.2023.

physical space resources from virtual space, utilization of virtual space resources from physical
space and sharing of the same experiences through virtual and physical participation

EMETA (Enabling Metaverse) project O U I—U OA M ( Lu k%
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Main goal of the project is to improve understanding about the practical Metaverse ICT
requirements, develop 5G Evolution/Advanced based communication and computing, real-time

multi-user 3D Digital Twin, AR/VR/XR and blockchain technologies and solutions for Metaverse

key features. The project will also implement test environments and proof-of-concepts which \ I / TECHNDPDLIS

demonstrate the control and utilization of smart building resources and facilities as well as OSAO
enable collaboration between users and environments both in physical and virtual spaces. Read

more about the project.
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I . . . . ] .
[\E:'/] Specification of metaverse for multitude of applications

— Key features, elements and use cases — System architecture of open innovation
environments considering open interfaces,
dynamics, flexibility, continuous evolvement,
and upcoming needs of special business
verticals.

— ICT for metaverse infrastructure consisting
of existing commercial solutions, 5G
Advanced and 6G research-based
innovations.

Telehealth

" Mobility limited
Assist surgery

Assist psychotherapy

Virtual office
Virtual dating e
Healtheare  Socialization Virtual gatheringj

AR& VR-assisted
- Immersive teaching environment
4 Safe laboratory environment

Metaverse’s
applications

3D apartment viewing
Virtual apartment desig

- Capture city’sdata i Game
Plan the City Concert
Optimize resource allocation Exhibition
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Terminology
Meta, a company, formerly Facebook

meta- (prefix), 1. later or more highly
organized or specialized form of 2. : change :
transformation 3. [metaphysics]: more
comprehensive : transcending - usually used
with the name of a discipline to designate a
new but related discipline designed to deal
critically with the original one.
[https://www.merriam-webster.com/dictionary]

metaverse, Digital representation of entity
(object/environment) existing in physical
world. The following requirements apply 1)
Two-way interactions between virtual and
physical world and object within them,
including avatars, 2) Persistence (state

preserving and common to all users) 3) Co-
existence/shared experience. Stephenson
coined the term: “Virtual environment parallel
to physical world”.

metaspace, 1. virtual representation of
physical entity created from default state for
limited time period, space or purpose. In a
sense, metaspace is synonymous to
metaverse. 2. Physical environment (e.g.,
room) equipped to support creation of
transient virtual metaspaces.

Metaverse, integrated set of separate co-
operating metaverses or metaspaces. Spelled
with capital letter, Metaverse indicates a
persistent infrastructure and collection of
metaverses, similarly to the Internet. Indeed,
Metaverse has been referred to as a next
version of Internet.

There is only one Metaverse

The metaverse is a platform - just as there is only one Web
The metaverse will enable diverse ‘worlds’, spaces’ and 'experiences’ etc.
Just as the Web enables ‘pages’ and ‘apps’ etc.

Metaverse Standards Forum 2023
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— Metaverse Standars Forum 2023: Consumer use cases

ENcrasols tight Skawdstos Augmenting Reality with persistent geo-locking,
linking, occlusion and realistic scene illumination

Enhanced student learning and engagement by
transforming how educational content is delivered

Realistic environments where
users can import their own
authored assets

Fortnight, PUBG, Valheim

Roblox, Minecraft, Manticore

Realtime, multi-user
Virtual spaces where gamers gaming and socialization
create their own content

University of Oulu



E.é;’] — Metaverse Standars Forum 2023: Enterprise use cases

| GE, Siemens,
Bentley, NVIDIA

Algorand,
Sports Tomorrow

Augmented Reality used in guided tasks and remote
assistance are proven to boost productivity

Digital twins - virtual representation of a product,
process, or place that measures mirrors and its physical

Virtual Sports Leagues and counterpart - for monitoring, optimizing and prediction

immersive viewing of sports events

-

g

Microsoft, Google

NVIDIA

0GC, Cesium, NVIDIA

e aeaa s el [ /A ENESERERSS SJLONse 0 =aay Omniverse
P | e Immersive Training significantly increases
- = understanding and retention 3D application interoperability for real-time
Spatially indexing and streaming the digitized world immersive collaborative simulation and design

for planning, visualization and simulation
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Emeta Use Cases

View the room
with VR glasses

il

Provide Cameraview
of theroom
Provide statefor
B o sor upd ates
Access to Actuator
{door lock)

Use case group A: Virtual meeting

- Control of BusinessAsema physical resources
from digital twin based virtual space

- Meeting between participant in digital
space/room and physical meeting participants
inside BusinessAsema

- Mobile case with 5G and beyond

Use case group B: Virtual design

- Sharing of dimensionally accurate 3D model
- Model update of built environment

Use case group C: Advanced use cases

- Ambient loT

- loT communication and computing
infrastructure

- Interaction between MetaSpace instances

- 5G-A/pre6G radar based real-time indoor
digital twin
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1 Metaverse

components

Virtual world

Virtual
control
panels

Avatars

Metaverse engine

Service
provider:

Computation

Connectivity Storage

Physical world

Sensors/

Users actuators

- Virtual
AR/NVR

NFT/B
lockchain

Metaverse
platform

Video
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Virtual
spaces

Digital twins

Physical
spaces

)

Ecosystem
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Technology

aYavTaYTemEa

Social acceptability

Security & privacy

Trust & accountability

D (

Virtual economy

< Content creation

Avatar

)
)

Metaverse

User interactivity

D

Extended reality

Computer vision

Al/Blockchain

Robotics/loT

Edge/cloud

Network/connectivity

Hardware infrastructure

AR N N N N

Adapted from Xu et al., 2022
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ti Metaverse architectures
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Khan et al., 2023
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i Metaverse archltectures
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1 Metaverse ecosystem

Decentralized Metaverse Applications ‘#/ UBLAND i| Centralized Metaverse Applications R.BL-X
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From: https://www.ericsson.com/en/blog/2022/4/why-metaverse-needs-5q
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1 Metaverse t

axonomy

Physical devices and sensors @

Recognition;and rendering -@=———it——

Scenario generation @

Metaverse e —

Park & Kim, 2022

Note: This paper includes a
table on nearly 50 different
definitions for metaverse
found from literature!

Usér Interaction @=——————

Technical methods @————————

Metaverse applications @w——— :

® Head-Mounted Displays

® Hand-based input device

® Non-hand-based input device
® Motion input device

® Scene and object recognition
# Sound and speech recognition
#® Scene and object generation
# Sound and speech synthesis
® Motion rendering

® Multimodal content representation

® Agent persona modelling

® Multimodal entity linking and expansion
® Scenario generation

® Scenario population

® Scenario evaluation

# Language interaction
® Multimodal interaction
® Multi-task interaction
® Embodied interaction

® Multimodal inference

® RL-based approaches

® Life-long learning

® Multi-agent optimization
® Integration optimization
® Operation consideration

@ Simulation

-® Game

-# Office
® Social
*® Marketing
@ Education

university ot Oulu
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g Key research questlons

oooooooooooooo
BBU Baseband Uni
eNB Evolved Node B
gNB Next Generation Node B
RRH Remote Radio Head
Indoor cell site: 0m
Antennas

VR/AR/XR
AP/MQTT HTTR
ccccccccc
) VR/AR/XR
ofP/MarT " Services

How to build the Metaverse
from separate instances?

There should be fluent interoperability and
mobility within the Metaverse.

What are the enabling technologies and
standards? Metaverse protocol needed?

Metaverse system
architecture including 5G,
B5G and 6G?

>

Technical and Functional requirements of
metaverse?

Real time two-way interactions between
physical and virtual?

Assumingly edge computing, MBB, URLLC
and eventually 6G are key metaverse
enablers !

niversity of Oulu
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Network KPIs for metaverse

Tvpe of interaction / use case

Network KPI requirement

Fair-experience
In the fair-experience phase,
most content 15 4K and the terminal
screen resolution 1s 2K to 4K.

Comfrotable-experience

In the comfortable-experience phase,

most content 15 8K, the termunal
screen resolution 15 4K to 8K

Ideal-experience
In the 1deal-experience phase,
most content 15 12K or 24K.

The terminal screen resolution 1s 8K to 16K.

Weak-interaction

Users select view and location,
but do not interact with entities
i the virtual environment.

For example IMAX, 360 wvideo,
live broadcast, music, education.

Bitrate

> 40 Mbit/s (4K)

Full-view: = 90 Mbit's
FOV: = 50 Mbat/s

Full-view: = 290 Mbat/s (12K)
= 1090 Mbit/s (24K)
FOV: = 155 Mbat/s (12K)
> 580 Mbit/s (24K)

Bandwidth requirement

> 60 Mbit/s (4K)

Full-view: = 140 Mbit/'s
FOV: =z 75 Mbit/s

Full-view: = 440 Mbat/s (12K)
= 1600 Mbit/s (24K)
FOV: = 230 Mbat/s (12K)
> §70 Mbit/s (24K)

Recommended network RTT = 20ms = 20ms = 20ms
Packet loss requirement = 9e-5 =1.7e-5 =17e-6
R bit/:
Strong-interaction Bitrate = 40 Mbat/s =90 Mbat/s - 43 4ﬁﬂﬂhfl'bitfsg ((IE;;%
Users can interact with virtual -

B . : . . » . 2 1000 Mbat/s (8K
envirnomnets through interactive Bandwidth requirement = 80 Mbat/s =260 Mbit/s = 1500 Mbii-"sg((l :SK))
devices. The virtual space displayed B
needs to respond to interactions in
real time. For example gaming, Fecommended network RTT =20 ms =15 ms =8 ms
fitness_ social networking, real estate,
engineering, healthcare, shopping.

Packet loss requirement =1le-5 =le-5 = le-6

Siniarski et al., 2022
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