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Abstract

This report presents the Hexa-X-11 set of use cases that aims to guide future research towards 6G within the
project. These use cases have been analysed from a technical point of view but also from a sustainability
point of view. The analysis includes the respective requirements and KPIs per use case. In addition, the
channel models and business models applicable to these use cases have been studied, and the possible gaps
have been identified.
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Executive Summary

This report is the second deliverable of Work Package 1 (WP1) “6G Values and Requirements” and focuses
on the new Hexa-X-1I set of 6G use cases. These 6G use cases, requirements and KPIs represent the starting
point for technology design and subsequent implementation.

On November 18™, 2023, the ITU-R agreed on the recommendations for the new “IMT-2030 Framework”,
which lays the foundation for activities such as 6G development, standardization, and deployment.
Nevertheless, research on 6G and especially on 6G use cases has been ongoing for some time already. In the
past few years, different global and regional organizations have published their views regarding use cases and
requirements for the next generation of mobile communications. All initiatives have pushed further the limits
of current 5G capabilities in the areas of enhanced mobile broadband (eMBB), ultra-reliable low latency
communication (URLLC), and massive machine-type communication (mMTC). In addition, the use of
artificial intelligence (Al)/machine learning (ML) and sensing capabilities is widely acknowledged,
together with ensuring network ubiquity. Finally, new technologies and applications such as immersive
experiences (1Es) and digital twins (DTs) are present across the different 6G use case initiatives.

Hexa-X-II’s new set of 6G use cases evolves and widens the initial set of use cases introduced in the first
deliverable of WP1 “Environmental, social, and economic drivers and goals for 6G”. While Hexa-X-II use
cases have shown a shared comprehension of the deployment of key technologies in the development of the
6G era (eMBB, uRLLC, mMTC, AI/ML, Sensing, IEs, DTs, Ubiquitous Networks) with the different regional
initiatives addressed, sustainability has been approached differently. The Hexa-X-II project’s objective goes
beyond by taking a comprehensive view on sustainability considering environmental, social, and economic
aspects as the three key pillars of 6G use cases. Thus, Hexa-X-Il has expanded beyond energy efficiency, by
taking a concrete and transparent approach to sustainability (environmental, social, and economic) as a
key element of the detailed analysis of all representative use cases. The inclusion of these three pillars is vital
in light of the expected ubiquity of the 6G ecosystem, highlighting the importance of designing a value-oriented
ecosystem. This deep dive will be further expanded in future deliverables of WP1, including sustainability
assessment, risks, and mitigation strategies.

Subsequently, Hexa-X-I1 has identified six use case families aiming to embrace the need for 6G. The families
are Immersive Experience, Collaborative Robots, Physical Awareness, Digital Twins, Fully Connected
World, and Trusted Environments. For each family, a representative use case was selected displaying the
key aspects of that family. The six representative use cases have undergone a detailed analysis from which the
requirements and KPIs that will guide the research in the subsequent project stages (e.g. designing phase)
were extracted. While being inspired by the capabilities introduced in the IMT2030 Framework, the KPI
analyses presented in this deliverable are use case-specific and emphasize the end-to-end performance aspects.
Accordingly, further differentiation and refinement of capabilities as well as iterations with the Hexa-X-II
design phase are required before definitive KPI values can be finally delivered.

Additionally, a channel model analysis was performed. The most common and used channel models
(statistical geometric and deterministic channel models) have been identified and studied. The analysis has
shown that channel models will be able to cover most of the use cases outlined by Hexa-X-Il. However, new
capabilities such as sensing introduce the need for new channel models as well as model extensions for
frequencies above 100GHz to cover the needs of some use cases.

Finally, business models were studied and applied to a selected subset of the representative use cases. These
business models include revenue models, which is the ultimate goal of a use case, together with helping the
reader to understand the value propositions of a use case’s business ecosystems and to specify business
opportunities for single stakeholders. Further analysis of use cases will be expanded in future deliverables of
WP1.
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1 Introduction

In general, the definition of a new technology, such as the sixth-generation technology for wireless
communications (6G), starts with the definition of a well-defined group of use cases, requirements, and Key
Performance Indicators (KPIs) that the technology aims to fulfil. To derive the right requirements and KPIs
for a new technology, it is important to have a view of how it will be used, and consequently, what desired
functions have to be provided. These requirements and KPIs represent the starting point for technology design
and subsequent implementation.

Use cases, Technology Technology
Requirements Design Implementation

Figure 1-1: From use cases to technology implementation

The objective of Hexa-X-I1 is to create a system blueprint of a sustainable, inclusive, and trustworthy 6G,
aiming at meeting the future needs of serving and transforming society and business. Overall, Hexa-X-1I's
objective was to deliver at least 50% of use cases with a significant positive effect on at least one dimension
of sustainability (environmental, social, economic). However, this document will go beyond this initial goal,
shifting to a comprehensive sustainability perspective addressing all three pillars. That is why all Hexa-X-I1
use cases include a sustainability analysis where the relation of each use case with its environmental, social,
and economic impacts are identified.

1.1 Objective of the Document

This deliverable provides a comprehensive set of 6G Use Cases and Requirements which will lead the Hexa-
X-I1 research work. The use cases presented here, are built on insights gained from the work done in D1.1
[HEX223-D11]. Consequently, this document continues the path with concrete scenarios and usages for the
technology. Therefore, the deliverable includes a consolidated view of use cases and requirements for 6G, with
scenarios for channel models, and first insights on the business and revenue models for the 6G ecosystem.

The next step in Work Package 1 (WP1) is to perform a deeper analysis of the challenges and risks in order to
meet environmental, economic, and societal sustainability goals, with a first view on societal acceptance. This
analysis will be accompanied by a Key Value Indicators (KVIs) analysis of the different use cases and a
comprehensive view of the business ecosystem with the identification of key stakeholders. These outcomes
will be published in the next Hexa-X-II deliverable (D1.3).

1.2 Structure of the Document

This document is structured as follows: Chapter 2 presents an analysis of the current State of the Art of 6G use
cases worldwide, outlining the different approaches adopted by different key global research activities in 6G.
Then, Chapter 3 will present the use cases developed within Hexa-X-I1, together with the methodology and
detailed analysis of the six representative use cases. Chapter 4 provides the state of the art and the conclusions
when analysing the channel models for the use cases. Chapter 5 develops the business models for three of the
representative use cases. Finally, conclusions are drawn in Chapter 6.
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2 Use Cases: State of the Art

2.1 Introduction

This chapter sets out an initial analysis of the current State of the Art of 6G use cases. The chapter begins by
outlining the International Mobile Telecommunications 2030 framework [M.2160-0] adopted and agreed upon
by the International Telecommunication Union (ITU) in November, 2023. Then, the various approaches to use
cases adopted by the different key worldwide activities in 6G are presented in the rest of the chapter. Finally,
conclusions are drawn emphasizing the commonalities and the differences of the diverse approaches analysed.

2.2 IMT 2030 Framework: The Road to 6G

On November 18", 2023, the ITU-R agreed on the recommendations for the new “IMT-2030 Framework”
[IMT 2030]. This framework represents the starting point for developing technologies aiming to address the
next generation of IMT standards.

Usage scenarios
6 Usage scenarios

fon,

" ey i -
@»“* (cenarios of ;. A Extension from IMT-2020 (5G)
= E 2 .
& o 7“3 % eMBB Immersive communication
A X4 Immersive Q <,
g \36 Communication ‘?O "?E; .
¥ % mMmTC Massive communication
('
\ntegraled Sensing / \ Al and % URLLC HRLLC (Hyper Reliable & Low-Latency Communication)
. Communication
[ummum(allun
eMBB New
IMT-2020 L ..
aNTC. URLLC Ubiquitous Connectivity
Massive . Hyper Reliable Al and Communication
Communication and Low-Latency . . .
g \ / Communication Integrated Sensing and Communication
% &
%‘ Ubiquitous ~ . .
o(cr Eu“;‘miuiw q‘;_.\ 4 Overarching aspects:
’&,\ ‘& act as design principles commonly applicable to all usage scenarios
% o - .
6, o
F“'c; 5&‘—“ Sustainability, Connecting the unconnected,

Ubiquitous intelligence, Security/resilience

So called “Wheel diagram”
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Figure 2-1: Usage Scenarios IMT 2030 Framework [M.2160-0]

In this framework, the ITU-R outline six “usage scenarios” for IMT-2030. Three of those scenarios, show an
evolution from IMT-2020, i.e., Immersive Communication, Massive Communication, Hyper Reliable and
Low-Latency Communication. The remaining three scenarios display new capabilities, namely Ubiquitous
Connectivity, Artificial Intelligence (Al) and Communication, and Integrated Sensing and Communication.
Furthermore, the six usage scenarios are supported by four “overarching aspects” or goals: sustainability,
connecting the unconnected, ubiquitous intelligence, and security and resilience. The overarching aspects act
as design principles and, therefore, are embedded in all of the usage scenarios.

In the following, a high-level description of the six usage scenarios is provided:

e Immersive Communication covers use cases which provide a rich and interactive video (immersive)
experience to users, including interactions with machine interfaces.

e Hyper Reliable and Low-Latency Communication covers specialized use cases expected to have more
stringent requirements on reliability and latency. These use cases typically focus on distributed
applications that require tightly synchronised operations.
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e Massive Communication focuses on connecting a massive amount of connected sensors and actuators
for a wide range of use cases and applications.

e Ubiquitous Connectivity aims at enhancing connectivity to bridge the digital divide. Connectivity could
be enhanced through interworking and convergence with other networks/systems.

o Integrated Al and Communication focuses on distributed computing capabilities and Al-powered
applications. It enables unprecedented and specialized use cases by leveraging data collection, local or
distributed compute offload, and the distributed training and inference of Al models across various
intelligent nodes, such as transmission reception points (TRxPs) and devices in IMT-2030.

o Integrated Sensing and Communication facilitates new applications and services requiring sensing
capabilities. Its goal is to offer wide-area multi-dimensional sensing that provides spatial information
about unconnected objects as well as the movements and surroundings of connected devices.

2.3 Status of Key Worldwide Activities in 6G

In the last few years, different global and regional organizations have published their views regarding use cases
and requirements for the next generation of mobile communications. Some of these organizations have been
well-established for a long time, like the Next Generation Mobile Networks Alliance (NGMN) [NGM]. Others
have emerged in different regions of the world or evolved from 5G research initiatives established earlier:
Smart Network and Services Joint Undertaking (SNS JU) in Europe [SNS], the U.S.A. with Next Generation
Alliance (NGA) [NGA] which is part of the Alliance for Telecommunication Industry Solutions (ATIS), China
with the IMT 2030(6G) Promotion Group[IPG], Japan with the Beyond 5G Promotion Consortium [B5PC],
South-Korea with 6G Forum [6GF], and India with Bharat 6G Alliance (Bharat6G) [B6G]. All these initiatives
comprise the key network operators, manufacturers, research institutes, and universities of the respective
regions.

North America

tsdsi

Hexa-X"" 0 HEXA-X-1I Bharat6s
Reg @ESTART Alliance
= @,
6G BRIDGE

covery |
Figure 2-2: World map of key global activities in 6G

In the following sections, the diverse approaches to use cases adopted by these organizations are presented,
starting with the NGMN alliance as a global movement, followed by the different regional approaches.

It is important to underline that this literature review was performed to the best of the author’s knowledge with
publicly available information. Accordingly, there might be initiatives that are not covered here. Also, the
information related to the different key global activities presented here intends to depict the different
approaches and key objectives. Consequently, the list is not exhaustive and should not be considered as such.
For further details, the reader may refer to the original documents.
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2.3.1 NGMN

The Next Generation Mobile Networks (NGMN) alliance announced the launch of a project on visions and
drivers for 6G in October 2020 [NGM20] and released their first deliverable in April 2021 [NGM21]. More
recently, the alliance published deliverables on 6G use cases and analysis [NGM22] and on 6G requirements
and design considerations [NGM23]. In these deliverables NGMN has outlined four use case families based
on their common characteristics: A brief description of the four use case families is provided in the following:

e Enhanced Human Communication includes use cases that have the potential to enrich human
communications, such as immersive experience, telepresence, and multimodal interaction.

o Enhanced Machine Communication reflects the growth in the use of collaborative robotics, and
autonomous machines, the requirement for sensing the surrounding environment and the need for robots
to communicate among themselves and with humans.

e Enabling Services include use cases that require additional features such as high-accuracy location,
mapping, environmental, or body sensing data.

o Network Evolution describes aspects related to the evolution of core technologies including Al as a
service, energy efficiency, and delivering ubiquitous coverage.

Finally, NGMN highlights some of the main underlying drivers for these use cases, such as environmental
impact and energy consumption, feasibility, industry growth opportunities, and impact on deployed 5G
networks.

2.3.2 Europe

The Hexa-X [HEX21] flagship project was the first European-scale project offering a view of the research
challenges beyond 5G. Hexa-X was one of the 5G-Infrastructure Public Private Partnership (5G-PPP) projects
under the European Union’s (EU) Horizon 2020 framework developed by Smart Network and Services (SNS).
The European SNS JU [SNS] is a public-private partnership that aims to facilitate and develop industrial
leadership in Europe in 5G and 6G networks and services.

The project developed a 6G vision as an intelligent fabric of technology enablers connecting the human,
physical, and digital worlds. Within [HEX21-D12], [HEX22-D13] and [HEX23-D14], Hexa-X defined and
described 27 use cases focusing on the end-user perspective. These use cases were grouped into the following
six families:

o Telepresence: The purpose of the use cases classified in the Telepresence use case family [HEX21-D12
- section 4.2.4] is the ability to be present anytime, anywhere. These use cases allow people to interact
with each other as well as with the physical and digital items around them.

¢ Robots to Cobots: 6G might witness the generalization of collaborative robots (cobots) interacting and
collaborating with humans in a shared area. Within the Robots to cobots use case family [HEX21-D12 -
section 4.2.5] [HEX22-D13 - section 2.1.3], the focus is on the increased utilization of Artificial
Intelligence (Al) and the potential of dependable communication [HEX21-D71] and collaboration
among robots in both consumer and industrial use cases, either mobile or static, and humans.

e Trusted Embedded Networks: Many use cases of the Trusted Embedded Networks use case family
[HEX22-D13 - section 2.1.5] require local or private communication capabilities for very sensitive
information that is tightly integrated into wide-area networks. Trusted embedded networks can be
dynamically reconfigured with autonomous and intelligent enabling of service capabilities to adjust to
the type of network coverage required for the services.

e Hyperconnected Resilient Networks Infrastructure: 6G might cover different scales of networks:
physical and virtualized, with different ranges, from very wide areas to local and very short-range
networks. The Hyperconnected Resilient Networks Infrastructure use case family [HEX22-D13 - section
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2.1.4] gathers different use cases building on this granularity, requiring a highly resilient infrastructure
based on multiple networks, or networks of networks.

Massive Twinning: An important aspect of most 6G use cases is the support for — and utilization of —

Digital Twins (DT), a trend that is expected to gain significance in various domains. DT will gain more
and more importance, being employed in a growing set of use cases, and this generalization of the
application of DT is labelled as “massive twinning”.

Enabling Sustainability: While building on the sustainability gains of 5G, 6G should aim to be an asset
for various sectors to reduce their environmental impacts and to create value for society.
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Figure 2-3: Hexa-X use cases

In addition to the different SNS JU activities, different European countries have started their own 6G Research
program in the past years. Some initiatives are Germany’s “Platform for Future Communication Technologies
and 6G” (6G Platform) [6GP], Finland’s “The 6G Flagship* [6GFI] and “6G Bridge” [6GB], Spain’s “Espafia
Digital 2026” [ED26], Italy’s “Research and innovation on future Telecommunications systems and networks”
(Restart) [RES], and the Netherlands’s “Future Network and Services” [FNS]. These initiatives are expected
to provide use cases and requirements that ultimately complete the European vision of research on 6G.

2.3.3 United States

In their paper called “6G Applications and Use Cases“ [NGA22], the “Application Working Group” of ATIS
NGA analyses the drivers of future applications that have the potential to influence the development of 6G.
These 6G applications are expected to improve the productivity, quality, time-to-market, and cost-
effectiveness of companies. Four categories were identified:

Everyday Living: 6G applications are expected to improve the quality of ordinary daily living. For
example, service robots may provide health care, caregiving, indoor or local delivery services, and
intelligent travel assistance.

Experience: 6G applications target services in the area of Mixed Reality (MR) entertainment, human-
machine interactions, health care (physical and psychological) assistance, real-time interactive gaming
with physical interactions, classrooms powered with MR content, and robotics and eXtended Reality
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(XR)-enriched Simultaneous Localization and Mapping-based applications such as in the transportation
field.

Critical Roles: Applications addressing critical roles are intended to improve the quality of technology
in and around healthcare, manufacturing, agriculture, and public safety with the use of robotics.

Societal Goals: It is expected that 6G applications will facilitate the achievement of high-level societal
goals and increase public safety. Digital equity both access and benefits, reduced CO, emissions, energy
efficiency, longer-lasting batteries, and zero-energy devices are some of the main topics mentioned.

Figure 2-4: ATIS NextGen use cases and applications.

2.3.4 China

The IMT-2030(6G) Promotion Group published the white paper “6G Usage Scenarios and Key Capabilities”
[IPG23]. The paper identified four driving forces in the development of 6G: sustainable economic
development, sustainable social development, sustainable environmental development, and technological
innovation and development. The group then identified five usage scenarios. A brief description of these five
usage scenarios is provided in the following:

Super Mobile Broadband: An evolution of enhanced Mobile Broadband capabilities, whose objectives
are not only providing a human-centric immersive communication experience but also achieving
seamless coverage anywhere in the world.

Ubiquitous Machine Connection: Expanding the boundaries of massive Machine-Type Communications
(mMTC) where 6G will allow for diversified transmission rates (from low to high) in ubiquitous massive
connection allowing a full variety of applications compared to mMTC in 5G.

Superlative Ultra-Reliable and Low-Latency Communications: Enhancing 5G Ultra-Reliable and Low-
Latency, where there is not only a demand for lower latency and higher reliability, but also for
capabilities of medium and high-speed data transmission and ultra-high precision positioning.

Quality Guaranteed Network Artificial Intelligence: New scenario where integrated communication and
Al computing is provided to application services as well as to the entire communication system
operations which require intelligent learning or inference.

Integrated Sensing and Communication: The integration of sensing capabilities will provide enhanced
capabilities such as high-precision positioning, environment reconstruction, imaging and recognition.
These capabilities not only open the possibility of new services but also will help to improve the
performance and efficiency of communications by being able to adapt and optimize radio resources in a
changing environment.
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Figure 2-5: IMT-2030 (6G) Promotion Group’s usage scenarios [IPG23]

2.3.5 Japan

Japan’s “Beyond 5G Promotion Consortium™ latest version of the white paper “Message to the 2030s”
[B5P2023] from March 2023 offers a different analysis perspective. Instead of focusing on use case families
to build use cases, as other initiatives have done, this document builds on market trends in key industries.
While all these industries require digitalization and the power of modern mobile systems, the current state of
digitalization and use of mobile systems varies by industry. The industries analysed were:

e Finance e Automotive e Media

e Aviation e Machinery e Robots

e Construction and Real Estate e Restaurant e Shipbuilding

e Logistics and Transportation e Entertainment and leisure e Agriculture, fisheries,

e Telecommunication and IT e Academic and other food, lifestyle-related

e Services, Public Services, e Electronics, precision e Energy, resources,
Corporate Services electronics, and semiconductors and materials

Based on the needs of each industry, a set of use cases is proposed from where their respective requirements
are extracted. These requirements have been compiled and are presented below.

e Mission Critical Communication: This usage scenario refers to those use cases which require very
stringent transmission reliability and latency characteristics. Examples of use cases belonging to this
family are remote surgeries, driverless control systems for railways and automobiles, and full industrial
automation.

e Ultra Massive Connection: Expanding on 5G scenarios, this usage scenario aims at enabling the handling
of a large amount of devices for sensing and measuring purposes. This does not only refer to sensing the
environment but also aims at handling a large amount of in-body devices.

e Ultra-Broadband Communication: This scenario expands on 5G requirements by providing extremely
high data rates and low latency to support applications such as holographic communications, immersive
experiences, and remote surgery in urban areas, while also expanding to other underserved locations
(e.g., aircraft, roads).

e Universal Coverage: This scenario refers to providing universal coverage, not only in land urban, rural,
indoor, and outdoor, but also over water and in the airspace. Apart from providing coverage and enabling
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of different use cases everywhere, universal coverage helps in providing resilience in case of natural
disasters.

o Ubiquitous Sensing: This requirement refers to technologies that integrate sensing with communication
systems. Some capabilities required are advanced localization, positioning, tracking, and mapping which
can be useful for automotive driving, warehouse management, or automatic construction.

o Intelligent Connection: This requirement relates to incorporating Al capabilities into the networks and
into applications. Examples of use cases are zero-touch operations, enhancing predictability for systems,
inference for collaborative robots, and distributed learning.

2.3.6 South-Korea

The Korean government has announced a 6G R&D strategy with the ambition to achieve the “World’s first
6G commercialization” [MSI23]. It started national R&D projects in August 2020, planning for technology
trials in 2026 to launch commercial service in 2028. A long-term network strategy called the “KNetwork 2030
Strategy” was announced in February 2023 by the Korean government to utilize next-generation networks
such as 6G, satellite, open Local Area Networks, and quantum communication, and to secure the world’s best
6G technology.

Unlike other regional initiatives’ approaches related to use cases, and similar to Japan’s initiative, the South
Korean government’s approach is not explained through a set of use cases but rather by depicting the future
ecosystem and the key topics their research will address. These are divided into five main categories, and three
cross-cutting principles described below.

o Wireless Communication: Keen focus on the development of the upper-mid frequency band (7~24 GHz)
aiming to overcome the capacity limitations of 5G in the 3.5 GHz range and the coverage limitations in
the 28 GHz range. An example of such is the development of Extreme Massive MIMO (Multiple Input,
Multiple Output) antennas and Integrated Circuit chips for controlling its components.

e Mobile-core: The focus is on developing software-centric network technologies to adapt to the transition
from hardware-centric to cloud and software-driven communication networks. Additionally, Al-based
mobile network technology for autonomous network management and service quality control will also
be studied.

o Wired-Network: Aimed at not only making improvements in the wireless network segment but also in
the wired network to enhance overall network performance. Research will focus on high-speed and high-
capacity optical transmission systems and component technologies for the segment spanning from 6G
front-haul to the backhaul and transport network. Reducing communication latency in these segments is
crucial for enabling ultra-realistic and ultra-resolution services.

e 6G Systems: The goal is to secure technology for quality control to realize seamless interoperation
between the wireless, wired, and mobile-core networks segments connecting the end-user device to 6G-
integrated services. With the expected commercialisation of 6G, various 6G-integrated services, such as
urban air mobility and virtual reality, will emerge. For these, Al capabilities are expected to be used for
distributing and interconnecting the resources, to ensure service-specific performance.

e 6G Standardization: Ensure the compatibility of developed 6G technologies with international standards.

Finally, the government will put safety and trustworthiness first throughout all Research and Development
(R&D) areas (e.g., wireless/wired communication, mobile-core, systems). Also, investments will be made in
developing energy-efficient solutions for achieving higher performance with low-power input, and ultimately
in responding to the global demand for carbon neutrality.
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2.3.7 India

The Telecommunications Standards Development Society, India (TSDSI) outlines in their white paper on
India’s 6G vision [TSD22] four main goals for 6G: facilitate a ubiquitous intelligent mobile connected society,
bridge the digital divide of the society, personalize and localize services, and provide native support for data
ownerships and hierarchies. Furthermore, this paper introduced a list of the priority use cases for the country:

e Ubiquitous Connectivity/Compute Experience: Including collaborative network/compute entities
assisted by semantic interoperability interfaces allowing for the integration of smart city platforms,
macro networks, private networks, cyber-physical entities, private verticals, aerial network/compute
entities and possible intermediaries.

e Enabling Smart Village/Remote Area Accessibility Including e-Health and Education: Introducing
among others remote medical assistance for humans & farm animals, dynamic weather monitoring and
warning systems.

o Automated Transportation: Enabling guided automated road use cases and transportation mechanisms,
aiming to improve safety, relieve congestion, and increase speeds for intercity travel.

¢ Industrial Internet: Where ultra-low end-to-end communication latencies and hyperreliability are key
use case features.

o Immersive Interactive Experience: Virtual Reality (VR), Augmented Reality (AR), and Mixed Reality
(MR) experiences aiming at entertainment, medicine, science, education, and manufacturing industries.

e Supply Chain and Logistics: With a high need for ultra-low indoor or outdoor positioning latencies for
real-time tracking.

o Surveillance for Industries and Civic Crime Control: Enabling crowd management and Al/Machine
Learning (ML)-based crime prevention.

e Native Al and ML in Networks: Use cases for both local Al at the device and Al in the network.

Additionally, in March 2023, India’s Ministry of Communications released the “Bharat 6G Vision” [B6G23].
Unlike the previous document, this one does not focus on use cases but rather sets a plan for 6G research
topics. Capabilities such as low latency, high bit rate, use of VR/AR, Al, Mobile Edge Computing, and
Machine to Machine (M2M)/Machine to Human (M2H) interactions are identified as priorities. Moreover,
achieving ubiquitous connectivity is highlighted as one of the key goals, which considers the integration with
non-terrestrial networks, for it is an enabler for various use cases as well as bridging the urban/rural divide.
Finally, sustainability is addressed with a clear focus on reducing the carbon footprint though also
acknowledging economic and social aspects.

2.4 Summary and Analysis

In this chapter, a high-level overview of different global organisations’ views regarding use cases and
requirements for the next generation of mobile communications was presented. The summary and analysis of
the key points are presented below.

Extreme Communication Requirements

First, all initiatives have further pushed the limits of current 5G capabilities. That is enhanced mobile
broadband (eMBB), ultra-reliable low latency communication (URLLC), and massive machine-type
communication (MMTC). In 6G, these capabilities not only aim at further pushing the limits within their
dimensions but are also key enablers for the new features of the 6G technology.

Also, all initiatives have acknowledged the need for ubiquitous coverage, both indoor and outdoor. First,
indoor scenarios are mostly aimed at supporting sensing capabilities as well as allowing the construction of
digital twins. Second, a key concept found throughout the documents for enabling ubiquitous coverage related
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to outdoor environments is the use of non-terrestrial networks (NTN) to create a seamless ecosystem. The
exact application for the global coverage varies across the documents, finding examples aimed at people or
Internet-of-Things (1oT) devices. Another variation is related to whether the coverage is purely terrestrial or
three-dimensional (3D), including sea, aircraft, and space.

New Capabilities

Second, the use of Artificial Intelligence (Al) and Machine Learning (ML) capabilities is widely present
throughout the documents assessed, and it is one of the key novelties in the development of 6G. These
capabilities are widely considered, whether it is for optimizing the performance of the network, enabling new
applications and tools, or simply delivering pervasive intelligence to all processes. AI/ML is strongly
embedded in the design of 6G.

Additionally, many use cases refer to the use of robots, for both residential and industrial use. A few initiatives
present the use of robots as support/aid for daily life in healthcare-related use cases, or as transport of goods
by drones or vehicles. In industrial settings, robots are utilized for efficiency purposes or for replacement of
humans in risky scenarios. Irrespective of the sector, the 6G capabilities required converge in the use of sensing
capabilities, precise positioning/tracking, and Al orchestration.

Technologies

Third, new technologies and applications are common between the different initiatives. There is a consensus
throughout these organisations about the key role that immersive experiences, and therefore the use of VR,
AR, and MR devices, will play in the 6G era. Although the use case applications may vary, these capabilities
are among the few ones that are mostly aimed at the mass market.

Also, the use of digital twins (DT) is fully embedded in many use cases, across the different documents, and
plays a key and collaborative role with several of the aforementioned capabilities.

Sustainability

Finally, sustainability has also been a concept widely mentioned across all documents. However, this is where
the most diverse approaches are identified. The importance of energy efficiency and CO2 footprint reduction
is often stated, with the latter commonly proposed through deploying more efficient hardware and benefiting
from Al network orchestration. While some organisations highlight the importance of addressing some of the
sustainability challenges, such as digital inclusion and resource depletion, broader aspects of sustainability i.e.,
social, economic, and environmental aspects are rarely identified. Thus, there is room for improvement
justifying the Hexa-X-11’s ambition to design a sustainable and value-driven technology.
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3 Hexa-X-11 Use Cases

3.1 Introduction

In the Hexa-X-I1 deliverable D1.1 [HEX223-D11] an initial set of use cases based on Hexa-X [HEX21-D13]
has been introduced. The Hexa-X use cases were selected to represent real-life applications of the physical,
human, and digital worlds that apply to one or more verticals. In addition, Hexa-X targeted three core values:
trustworthiness as a backbone for society, digital inclusion, and environmental sustainability for a global
positive impact with respect to the United Nations (UN) Sustainable Development Goals (SDGs) [SDG].

The Hexa-X-11I project’s objective is to go beyond Hexa-X by taking a comprehensive view on sustainability
considering environmental, social, as well as economic aspects as the three pillars of 6G use cases:

e Environmental Sustainability, contributing to the preservation of natural resources and ecosystem, as
well as curbing climate change,

e Social Sustainability, aiming at the well-being of all individuals and communities with inclusion and
trustworthiness being two key values, and

¢ Economic Sustainability, targeting long-term economic growth while respecting the environmental and
social sustainability objectives.

It is undeniable that not all observed 6G drivers derive from clearly defined sustainability goals but rather
originate from technology requirements and business demands. In Hexa-X-1I all use cases will be evaluated
based on the three pillars of sustainability looking both at potential benefits and at any unintended negative
consequences which need to be understood to develop mitigation strategies. The initial sustainability analysis
presented in this chapter will be complemented in future deliverables with an elaborate in-depth analysis, the
introduction of sustainability challenges, risk analysis, mitigation strategies, and the development of KVIs.

This chapter is entirely dedicated to the presentation and analysis of the use cases identified as Hexa-X-1I use
cases. Section 3.2 introduces the methodology implemented for the analysis of Hexa-X-11 use cases. Section
3.3 explains the relationship of this analysis with the IMT-2030 Framework. Section 3.4 presents the new use
case families, and the remaining sections provide an analysis of representative use cases of the Hexa-X-II use
case families.

3.2 Methodology

As outlined in the Hexa-X-Il deliverable D1.1 [HEX223-D11] an enhanced analysis of 6G use cases is
performed that is anchored in a deep understanding of the specific problems to be solved, the limitations of the
current technologies, and the use of innovative capabilities to create appetite for new 6G services from the
early days of 6G deployment. To select a comprehensive set of Hexa-X-11 use cases, relevant to instruct the
development of the 6G system, and to perform an enhanced analysis, this methodology aims at answering three
key questions already identified in Section 6.6 of [HEX223-D11]:

1. What end-user problem and need are we addressing?
2. Why are current technologies not enough to solve the problem?
3. What innovations should 6G bring?

For this purpose, a use case structure has been designed and applied to the representative use cases of each
family. Its format comprises five parts: (1) use case description, (2) sustainability analysis, (3) service
scenarios, (4) deployment aspects, and (5) requirements and KPIs.

Part 1 “Use Case Description” presents the use case details and its context. This part contains an analysis of
why 6G is needed. It offers solutions to the problems addressed by the use case and to the related challenges,
thereby answering questions 1 and 2 listed above.
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Part 2 “Sustainability Analysis” provides a qualitative analysis by outlining the key values and hence the
potential effects relevant to a use case. These effects are grouped by benefits as “sustainability handprints”
and cost as “sustainability footprints™:

e Sustainability Footprints: In the context of Hexa-X-Il, the term “footprint” is defined in alignment
with ITU-T L.1480 [L1480], encompassing direct, i.e., first-order negative environmental effects,
extended to direct negative social and economic effects. Furthermore, the Hexa-X-I1 definition of
sustainability footprints includes second-order and higher-order environmental, social, and economic
negative effects.

e Sustainability Handprints: In the context of Hexa-X-II, the term “handprints” refers to the positive
effects enabled by a 6G-enabled solution. These encompass positive first-order, second-order, and
higher-order environmental, social, and economic effects that do not only help mitigate and reduce direct
negative effects but also generate additional positive contributions to the environment, society, and
economy [Nor13].

In this deliverable, only first and second-order effects will be covered. Due to the complexity of social,
economic, and ecological systems, due to infeasible predictability and uncertainty, higher-order effects can
take many paths and may be subject to rebound effects and other externalities not considered in D1.2 but in
future Hexa-X-I1 deliverables.

Additionally, most handprints and footprints depend on the final use that people will give to the technology.
Therefore, the impacts listed emerge from the foreseeable potential usage scenarios that the proposed use cases
will enable. Finally, it is important to underline that the social sustainability’s potential footprints consider a
scenario where no additional policies or legislations for a smooth transition to the new technologies are put in
place, nor other tools to prevent and minimise any misuse of the technology. Appropriate mitigation strategies
will be suggested in future deliverables.

The technology analysis structure of the use case format, in particular, Part 3 “Example Service Scenarios”
and Part 4 “Deployment Aspects”, allows the reader to understand service scenarios and the role that the 6G
system will play in a use case.

Finally, all these parts represent the necessary steps to be taken to derive the requirements and KPIs presented
in Part 5 “Requirements and KPI1s”. Ultimately, Part 5 will also guide us to identify what innovations 6G shall
provide to enable a use case

3.3 Relation to IMT-2030 Framework

This section explains how the Hexa-X-1I use case analysis of requirements and KPIs is related to the IMT-
2030 Framework already introduced in Section 2.2. A discussion from an air interface perspective is given in
[HEX223-D42].

The use case requirements, presented in Part 5, consider application and system aspects as well as end-to-end
(E2E) requirements. These requirements are general and often not directly related to the IMT-2030
Framework.

Conversely, the KPIs of the use case, also provided in Part 5, are primarily inspired by the capability
definitions provided by the IMT-2030 Framework. A key difference to the IMT-2030 definitions is that in
general, E2E aspects and capabilities are looked at whereas IMT-2030 mostly focuses on the air interface. It
is also important to note that IMT-2030 capability-related KPI values are specified as “research target” while
“other values may also be explored and considered accordingly”. The KPIs derived in this chapter are E2E
KPIs as well as use case-specific and may require refinements and capability differentiation within and beyond
this deliverable.

Table 3-1 provides a high-level comparison between the capabilities as defined in [IMT2030] and as applied
here.

Dissemination level: Public Page 21 /93



Hexa-X-11 Deliverable D1.2

IMT-2030 Hexa-X-11 D1.2

1 | Peak Data Rate Not used in this document

2 | User-Experienced Data Rate User-experienced data rate

3 | Spectrum Efficiency Not used in this document

4 | Area Traffic Capacity Avrea traffic capacity

5 | Connection Density Connection density

6 | Mobility Mobility

7 | Latency End-to-end latency

8 | Reliability Reliability and availability

9 |Coverage Service coverage

10 | Positioning Positioning and location accuracy

11 | Sensing-related Capabilities Sensing-related capabilities; see below

12 | Applicable Al/ML-related Capabilities | Al/ML-related capabilities; see below

13 | Security and Resilience Covered in paragraph “requirements” in section
“requirements and KPI” of representative use cases

14 | Sustainability Covered in the “sustainability analysis” section of the
representative use cases

15 | Interoperability Not used in this document

Table 3-1: Mapping of capabilities with IMT-2030 Framework

As can be seen in the table, peak data rate and spectrum efficiency are not used in this document, as both refer
to the air interface, whereas this document covers use cases from an E2E perspective. Both capabilities can be
derived from the actual air interface design based on user-experienced data rate, connection density, etc., and
the deployment characteristics. Latency refers to E2E latency in this document, as seen on application level.
Coverage is considered as service coverage beyond pure propagation or cell-edge link budget considerations.
Interoperability is a requirement for all use cases.

As the IMT-2030 capability-related KPI values are formulated at an early point in time and derived from
theoretical analysis and simulations, real deployments may not always fulfil these requirements. In the end,
use cases are only meaningful if they can be delivered with acceptable cost and sustainability footprint. The
feasibility of such use cases in an environmentally, socially, and economically sustainable way still needs to
be evaluated within as well as beyond this project.

Sensing- and Al/ML-related capabilities are more detailed in the following, as both are new paradigms applied
to current cellular systems.

Sensing-related capabilities

Network-based parameter estimation means extracting information, beyond decoding the data, from signals
received in the radio interface. This involves the estimation of distance and angle to an object (localization)
and the estimation of velocity and shape. Localization of connected objects (devices) is referred to as network
positioning or just positioning, which is a well-established method in networks. Estimating parameters, i.e.,
position, velocity, or shape, for unconnected objects is termed network sensing or just sensing, which is a
new area of investigation. Both methods may involve any infrastructure node or device within the network.

Beyond these network-based methods, devices may also be equipped with further sensors that perform
positioning, i.e., localization of the device, and sensing for estimating parameters for objects, such as GNSS-
receivers or lidars. Such connected sensors can feed data into a sensor fusion processing together with the
network-based data.

Al/ML-related capabilities

The rise of Al/ML has already impacted 5G with the network wireless data analytics function, Al/ML for self-
organizing networks, minimization of drive tests, and selected air interface optimizations. Furthermore, the
management of the complete life cycle of AI/ML models including training, emulation, deployment, and
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inference is considered for 5G-Advanced standardization. Three types of Al/ML-related capabilities are
distinguished in this document.

Al-Native: Al built into the 6G system to directly optimize communication, at the cellular protocol stack level
or E2E, and to provide and optimize “beyond communication Services” such as joint communication and
sensing.

Embedded Al: Application-level Al solutions local to a 6G system node, e.g., local to the User Equipment
(UE), or a network core functionality.

AIl/ML provided by the network: The 6G network exposes Al/ML capabilities toward services running on
top for increased efficiency and performance.

3.4 Hexa-X-Il Use Case Families

Evolving the methodology of Hexa-X, an initial set of Hexa-X-11 use cases selected from Hexa-X has been
presented in the Hexa-X-11 deliverable D1.1 [HEX223-D11]. A large collection of additional, new use case
proposals has widened the scope considerably. The set union of Hexa-X and Hexa-X-Il use cases has also
provided a great amount of information and additional detail and has motivated revisiting and enhancing the
Hexa-X use case families (Figure 3-1).

In each of the six use case families, the use case best representing the key aspects of the family and providing
the basis for many, if not all, use cases of the family has been selected as the representative use case. The six
representative use cases are subject to a detailed analysis following the methodology presented in Section 3.2.
All other use cases are presented and described as well though at a lower level of detail.

Cooperating Mobile Robots Network Assisted Mobility
Network Physical Data Exposure
Physical

Awareness

Seamless Immersive Reality

Realtime Digital Twins

Immersive Education

Immersive

Experience Sustainability

€

Immersive Gaming

Live and Interactive Immersive
Content Creation

Fu"y Ubiquitous Network

Human-Centric Networks -I:rus':ed Connected Digital Sobriety and Enhanced Awareness
Environments : : :

Industrial Sensors Network for Safe World Earth Monitor, Sustainable Food Production

Production & Manufacturing Autonomous Supply Chain

Wireless In-Vehicle Network Virtualization of Device Functionalities

Hexa-X-Il Use Cases with Representative Use Cases

Figure 3-1: Hexa-X-11 Use Case Families and Use Cases.

Accordingly, Hexa-X-Il has identified six use case families:

e Immersive Experience: The immersive experience use case family comprises use cases based on the
evolving technology of XR. Immersive experience is all about meeting the fundamental human need of
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“experiencing” a now digitally extended or virtual environment to understand and to act. This is enabled
firstly by XR equipment stimulating 3D visual perception, spatial hearing, as well as haptics, and
secondly by communicating and synchronizing data streams such that multiple participants have a
consistent immersive impression. The use cases of this family capture immersive telepresence,
immersive experience in collaboration, education, real-time gaming, and creation of immersive content.

e Collaborative Robots: The collaborative robots family includes several use cases for intelligent,
collaborative, and mobile robots with the ability to move, to sense their environment, to perform a task,
and to cooperate with humans or with one another to achieve their goal. Application domains include
home robots, robots for facility management, robots in daycare or hospitals, as well as robots in flexible
shopfloor manufacturing.

o Physical Awareness: The physical awareness family refers to use cases where sensing and positioning
are used together with communication and network intelligence to enable for instance physical scene
analysis, tracking, context awareness, trajectory prediction, navigational support, and collision
avoidance. The network sensing can be enhanced by embedded sensors and derivative information
delivered by network nodes and surrounding devices. Example scenarios refer to cars, automated guided
vehicles (AGVs), and drones as well as pedestrians and bikes.

o Digital Twins: The digital twins family collects a set of use cases where digital equivalents of the real
world are created and displayed for interaction, control, maintenance, as well as process and component
management. Digital twins can be part of managing manufacturing plants, construction sites, city
infrastructure, or communication networks with or without real-time needs. Also, specific use cases
around distributing the software between operators and network locations are included.

e Fully Connected World: The fully connected world family unites use cases demonstrating the need for
ubiquitous network access and service coverage across the Earth’s population. The demand for
ubiquitous access to mobile broadband services goes beyond high-quality voice and video
communication and applies to network function availability for crisis management, digital health
services, or support of autonomous supply chains. Ubiquitous access will be enabled both through
terrestrial networks (TN) and non-terrestrial networks (NTN) and amended by infrastructure-less
network extensions to wide-area network deployments.

e Trusted Environments: The trusted environments family encompasses use cases of local environments,
such as hospitals, schools, or homes for the elderly, which can deliver human-centric services and
establish quality of life including health, well-being, safety, inclusion, and autonomy in daily life. These
services are based on sensing technology as well as on Al/ML and compute support to create spatial and
situation awareness and to enable context-driven intervention. Trusted environments are embedded in
the wide-area network and guarantee strict protection of private data.

3.5 Immersive Experience Use Case Family

3.5.1 Seamless Immersive Reality (Representative Use Case)
3.5.1.1 Use Case Description

Today’s technology and devices are precedents to the use case Seamless Immersive Reality which is expected
to leverage existing and evolving XR technologies such as AR, VR, and MR. AR is characterized as perceiving
the real world with an overlay of digital elements. VR establishes a fully virtual digital environment. Finally,
MR refers to the real-time interaction of co-located or remote participants with representations of real or virtual
objects blended into the real or a virtual world.

Immersive reality combines immersive telepresence and immersive collaboration. Immersive telepresence will
allow remote participants to appear as physically present in the very same environment as co-located
participants and perceive it as realistic thanks to stimulation of their visual, hearing, and haptic senses.
Immersive collaboration will provide a fundamentally new way of interacting with people and on objects or
topics independently of their location, their physical nature, or their abstract character.
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Finally, seamless immersive reality targets at low E2E latency and service continuity between different modes
like for instance between AR and VR or between MR and actual reality. Seamless immersive reality will
achieve a quantum leap in quality of experience (QOoE) facilitating interaction, collaboration, co-presence, and
co-experience in many if not all aspects of life including work, be it in the office or on a construction site, in
education, or healthcare, as well as in many aspects of our cultural, social, and personal lives.

One can think of numerous work-related scenarios. For instance, a team of architects may collaborate on a
volumetric model of a projected concert hall, listening to spatial audio renders consistent with their assumed
position in the auditorium, experimenting with floor plan modifications, or changing the interior design.
Sponsors may be walked through the projected concert hall to explore the atmosphere and acoustic quality, or
to see alternative concepts and understand the architects’ design decisions. A multi-sSite enterprise may target
at fuelling synergies, productivity, and innovation in cross-site immersive collaboration meetings. Immersive
reality teleconsultation will allow doctors to obtain anamneses of remote patients more efficiently and to
provide better and more comprehensive diagnoses. Finally, instructors, teachers, and lecturers in an immersive
reality environment will be able to offer more lively interactions with and between distant students.

Seamless immersive reality scenarios are equally beneficial to our private lives. Social activities and
entertainment can be enjoyed together with distant friends which otherwise would only be possible when taking
long trips. In relaxing moments, distant family members can be virtually visited in an immersive telepresence
session. Thanks to immersive reality, a better understanding of our relatives’ situation may be obtained as their
body language, facial expressions, gestures, intonation, mood, location, and surrounding sounds can be
perceived.

Problem(s) to be Solved/Challenges

e Enabling significantly improved QoE. Seamless immersive reality allows the end user to communicate
and to interact —whenever there is the wish or the need to do so — with distant friends and family members
as if they were physically present. As compared to a conventional video conference, an immersive reality
session is expected to be more satisfactory and to provide a better mutual understanding among
participants thanks to the 3D or even 6-degrees-of-freedom (6DoF) visual perception, spatial audio, and
haptic experience. Likewise, end users can enjoy exploring cultures, participating in events, and
socializing around the globe without the need to travel.

e Living and working from anywhere. For an employer, be it a company, an institution, or an
administration, seamless immersive reality allows for new ways of working. Employees will be able to
team up in an immersive collaboration session with colleagues, customers, and clients independently of
location or of a person’s disability and will benefit from a more natural interaction among people and
with virtual or (a digital representation of) physical objects as compared to today’s remote collaboration
tools.

e Achieve seamless service continuity. Service continuity needs to be established by a meaningful and
seamless service differentiation across local, hybrid, and fully immersive scenarios as well as across
wide area and local wireless networks.

e Ensure privacy protection. Seamless immersive reality requires sharing location, personal, and sensor
data. Technical and administrative/legislative means are required to protect privacy in a hierarchical and
heterogeneous 6G system, i.e. across wide area networks, public and private local networks, as well as
subnetworks.

Why 6G is needed

New 6G capabilities, i.e., sensing and Al/ML-related capabilities, as well as positioning, are key technology
enablers for Seamless Immersive Reality. In addition, the high demand for privacy protection is expected to
be improved by 6G.

The KPIs of the user-experienced data rate, area traffic capacity, and the positioning accuracy extend beyond
5G. Enabling (very) low E2E latency is expected to be improved by 6G.
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3.5.1.2 Sustainability Analysis

Sustainability Handprints Sustainability Footprints
(benefits) (cost)
Increase in resource efficiency in other Increased electronic waste from the disposal of
sectors, such as transport and energy devices and network equipment
_ Reduces the need for large physical Increased material consumption from
g spaces and extensive venue infrastructure producing the hardware components and
< expanding network infrastructure including raw
E material extraction, manufacturing processes,
2 and transportation
L% Increased energy consumption and associated
Greenhouse Gases (GHG) emissions to power
devices, data centres, and active network
component
Enhanced educational possibilities Potential digital divide, digital inequalities
Enhanced job opportunities depending on access, information technologies
Enabler to participate in social (IT) literacy and economic status
environments (e.g., education, working Privacy concerns of human digital footprint
environments, cultural events, socializing Potential risks for trustworthiness in case of
Tg events, etc) hacking
e Enhanced quality of life and mental Potential risk for individual isolation and
health with more opportunities for social alienation (i.e., loss of human physical contact)
interaction, and due to inclusion and Potential risk for enhancing manipulation
well-being (proteus effect: representation of avatar may
Enhanced and interactive cultural and influence behaviour and attitude)
educational experiences
More efficiency/ productivity Equipment cost affecting profitability
Reduced cost for knowledge transfer Costs from service and maintenance of the gear
o (efficiency, cost-efficient) Cost of learning as mitigation strategy,
g Increased quality with less cost through equipment needs to be designed for easy use
S information exchange Massive initial investments
G Profitability — new use cases enabled
Economic benefits from the use of
efficient virtual training environments

Table 3-2: Seamless Immersive Reality Sustainability Analysis

Environmental

Seamless Immersive Reality has the potential to optimize management and improve efficiency of resources in
various sectors, such as energy, transport, and infrastructure planning. Depending on the application scenario,
this use case leads to a reduction in physical travel for work or education and it consequently reduces the need
for large physical spaces and extensive infrastructure.

Seamless Immersive Reality also comes with potential negative environmental impacts including an increase
in resource consumption from the manufacturing of user and infrastructure equipment needed to support the
various applications, and an increase in energy consumption required to power up additionally deployed
infrastructure, devices, intensive computing, and data centres. The disposal of devices, including headsets,
sensors, and associated peripherals may result in an increase in electronic waste. Additional environmental
footprint from network densification, i.e., small cell sites, is expected as well as an increase of electronic waste
from infrastructure parts’ upgrade and exchange. Therefore, it is crucial to adopt mitigation strategies to
minimise the negative environmental effects, such as the design of energy-efficient hardware and software,
optimization of content and storage strategies, as well as circularity design and management practices.
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Social

Seamless Immersive Reality enables people to have a realistic experience of the activities they are engaging
in. These tools can be employed for work, e.g., meetings, as well as for educational or recreational purposes,
(e.g., cultural immersion in social events).

However, Seamless Immersive Reality can carry potential risks of alienation and isolation due to the absence
of human interaction in the real world for some individuals. Furthermore, the vast collection of data for proper
operation may cause privacy concerns and trustworthiness issues, especially in the case of a security breach.
Therefore, it is crucial to couple these experiences with a solid education on the balance of digital/real worlds,
especially for children and teenagers. Finally, community support, the sharing economy, and policies can be
employed as mechanisms for reducing inequalities caused by the inability to access these services.

Economic

Seamless Immersive Reality can improve economic efficiency and productivity of operations. There can be
reduced costs for knowledge transfer from cost-efficient service delivery. Increased quality with less cost could
be possible through information exchange. Profitability through enabling new use cases could be improved.
There can be economic benefits from the use of efficient virtual training environments. On the cost side,
equipment costs can degrade profitability. There will be costs from the service and maintenance of the gear.
The creation of the seamless immersive reality environments requires massive initial investments. Finally, the
creation of restricted or even exclusive clusters of professionals who can use the new immersive reality services
can be a cost.

3.5.1.3 Example Service Scenarios
Immersive Collaboration Meeting, Immersive Classroom
Collaborating, discussing, and learning in an immersive setting with remote and co-located participants.

Participants interact with each other using tools natural in an immersive reality environment, and participants
interact with virtual or digital representations of real objects, manually exploring, modifying, disaggregating,
and re-assembling 3D models for instance of complex molecules in an immersive chemistry lecture. Due to
the seemingly natural perception and interaction, the learning effect as well as inspiration, innovation, and
productivity are enhanced. This service scenario also captures cases where there is the need to seamlessly
switch from a hybrid to a completely virtual mode of collaboration without losing the content or the knowledge
the participants had jointly built. The immersive classroom may be:

o Local: where all students are physically co-located and learn with virtual objects, or
e Hybrid: with both physically co-located as well as remote participants, or
e Fully immersive: where students and instructors are virtually present.

Today:
» Immersive

— collaboration

6G RAN

== BG Sensing
""" 6G connectivity

Figure 3-2: Hybrid Immersive Classroom Scenario

Dissemination level: Public Page 27/ 93



Hexa-X-11 Deliverable D1.2

Figure 3-2 shows a hybrid immersive classroom scenario. The “orange-handed” student and the teacher
represent participants remote to the physical classroom while the “red-handed” and the “blue-handed” students
represent participants physically present in the classroom. The equipment local to the physical classroom
senses the real environment, communicates the actions and the outcome of the collaborative molecule
assembling, and communicates to establish immersive co-presence of the remote and physically present
participants.

Immersive Experience “on the go”
Immersive experience while on the way to the office, on errands, or on a city exploration tour.

Immersive experience may refer to information obtained “on the go” such as information about sight-seeing
landmarks, about the best way to reach a sports stadium, or a shopping centre, and it can be information about
anything that can be searched for, or that can be looked at, pointed to, or touched.

Similarly, an “on the go” immersive telepresence session may be launched to invite a friend for a virtual city
exploration tour or to connect with relatives in a more comprehensive way.

Immersive experience “on the go” may range from guidance information as augmentation overlay on the real
surroundings to fully immersive reality with a sensory mix of vision, hearing, and haptics. The user of an “on
the go” immersive experience may be:

e Pedestrian or casual cyclist: leading to high safety requirements and hence to limiting the degree of
immersion as real-time interaction with the real environment is necessary, or

e Passenger: of a vehicle, a public transportation vehicle, or an enterprise shuttle bus, offering low
latency and high throughput network access.

e Stationary: in the neighbourhood, in a city park, or in a restaurant.

3.5.1.4 Deployment Aspects

Environment & | Local wireless network, primarily indoor, private, and public networks:
Type of private networks are expected in educational institutions, in enterprises, on industrial
Deployment sites, or in company shuttle buses; public networks refer to coverage in train stations,
public transportation systems, or shopping malls.

Support of (very) low latency by peer-to-peer and mesh networking of co-located users
and (very) low latency deployment in local wireless networks to reach a local Al/ML and
compute server and to synchronize remote and local users.

Wide area network, outdoor and outdoor-to-indoor, primarily in urban and sub-
urban environments: serving city centres, office buildings, apartment buildings,
museums, private homes, parks, sports stadiums, street environments.

High density deployment of small cells with high bandwidth required. Network planning
and deployment of mobile edge computing for very low latency support and high area

traffic capacity.
Users and Main devices are those for use cases requiring reliable high data rates with bounded
Devices latency as introduced in Hexa-X-1l1 D5.2 [HEX223-D52].

At least one device per user is connected to a local wireless access point or to the wide
area network.
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Constraints and | High cost of cellular small cell sites as well as for mmWave access point deployment in
Challenges local networks.

High area traffic capacity deployments may cause interference issues.

Safety is a critical aspect when people move in crowded environments with traffic while
interacting in digital worlds.

UE constraints need to be considered for offloading, particularly for scenarios involving
high data rates.

Service continuity by service differentiation across local, hybrid, and fully immersive
scenarios.

User privacy protection in and between wide area, public and private local networks.

Table 3-3: Seamless Immersive Reality Deployment Aspects

3.5.1.5 Requirements and KPIs

Requirements

Al/ML and compute, device-embedded and/or provided by the network: for creating a seamless
immersive experience this use case may require AI/ML and compute capabilities to render 6DoF video
and spatial audio, and to solve intelligence tasks for immersion and interaction like for instance object
detection and tracking, or gesture recognition.

Sensing: immersive experience requires the human sensory system to receive realistic stimuli from a
mixed or virtual reality. Some scenarios may use joint communication and sensing (JCAS) or may apply
sensor fusion of network and sensor data of connected sensors.

Positioning: this use case requires accurate positioning for a seamless immersive experience. Network-
based positioning may be needed for some immersive telepresence scenarios.

Privacy protection: sensing technology and the need to share data for immersive telepresence create a
high demand for privacy protection.

Service continuity: service at a minimum level to provide a sufficient and for the end user
comprehensible and satisfactory QoE across diverse locations ranging from local wireless networks to
the wide area network.

On-body and in-body sub-networking capabilities: for immersive experience including haptic actors
and sensors on-body sub-networking capabilities, for in-body monitoring applications even in-body sub-
networking capabilities, may need to be supported.

Synchronization between participants and data streams: protocol stacks need to support low E2E
latency in synchronization of participants and inter-participant data streams.

Digital immersive mapping as a service: to assist seamless immersive reality, digital immersive
mapping is provided as a service by the network.
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KPls
KPI Target Range Justification
User-experienced data rate DL, also UL, for instance, if the UE takes the
< 250
[Mb/s] role of a gateway
. . Indoor: per floor in a multi-story building
Area traffic capacity <250 Wide area: focus on immersive experience
S | [Mb/s/m?] <20 b : p
= on the go
(&} . . .
= Mobility seamless HO Pedestrian up-to vehicular speed for mobile
£ passengers
S - -
S | End-to-end latency <10 Split rendering
[ms] <50 Voice _
< 150 Collaboration
F)Zl]'ab'"ty 99.9-99.999 Depending on service and data stream
Some services may use network-assisted
g | Positioning accuracy <10 horizontal | positioning; high positioning accuracy
o E | [em] <10 vertical typically requires device-based sensors and
g 3 sensor fusion.
S S Sensi R Some service scenarios may include JCAS or
=0 ensing-related capabilities vy m | fusion of network and
= [Y/N] ay apply sensor fusion of network an
g 3 sensor data of connected devices
< | Al/ML-related capabilities vy Device-embedded and/or provided by
[Y/N] network

Table 3-4: Seamless Immersive Reality KPIs

3.5.2 Immersive Education

Ensuring accessibility and quality of education has been challenging due to a lack of infrastructure, logistic
challenges, appropriate tools, and due to the digital divide. An example of such challenge is the COVID-19
pandemic that forced schools all over the world to physically shut down and operate in a remote fashion.
Difficulties to establish meaningful student-teacher or student-student interactions, lack of suitable digital
learning environments, and low-quality internet connections affected education scope and quality.

How much more students might have benefitted from a class on history, biology, mathematics, or any other
subject if immersive experience solutions had been available for meaningful collaboration and immersion in a
virtual classroom or a virtual lab. The pleasure of curiously exploring by virtually seeing, hearing, touching,
and maybe modifying structures like an ancient building, a molecule, or a 3D model will raise motivation and
attention to the content. Likewise, workers for instance on a construction site or an offshore oil platform face
very specific safety risks for their own health and the health of their co-workers. Trainings to avoid or to master
hazardous, safety-critical situations is costly, if these trainings happen in the actual environment, with actual
equipment, and if instructors need to be physically present. A safe, cost-efficient, and environmentally
sustainable method could be to train in an immersive virtual reality setting across multiple sites.

Targeting widely extended service coverage, the Immersive Education use case implies universally accessible
high-quality wireless networks, extreme coverage including NTN, and local wireless networks as well as local
networking based on sidelink and mesh networks embedded in the wide area network. Access to Immersive
Education means to provide service continuity at a minimum level to provide a sufficient and for the end user
comprehensible and satisfactory QoE across diverse locations ranging from local wireless networks to the wide
area network and even to underserved areas connected by satellite.
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3.5.3 Immersive Gaming

Immersive Gaming offers 3D immersive experience entertainment in gaming and e-sports to a single player
and/or to multiple remote players in an indoor environment such as players’ homes, gaming arenas, and
schools. Real-time gaming services can be provided to multiple remote players within a network or among
different networks. Using AR/VR/MR equipment and sensing a player’s motion as well as objects in the room
is a requirement for interacting with other players and the virtual world.

Accordingly, high user-experienced data rates with low E2E latency are required. Furthermore, service
reliability and positioning accuracy need to be improved.

3.5.4 Live and Interactive Immersive Content Creation

Live and Interactive Immersive Content Creation offers consumers the possibility to enjoy immersive content
tailored by content creators. Using network Application Programming Interfaces (APIs) to adapt the service
delivery to the changing content allows for creating an engaging immersive experience that fully leverages the
network’s capabilities.

This use case builds on the seamless immersive reality use case with the following additional requirements:
Live content contributors need to be able to transmit at very low latency to a system node (“mixing table)
which combines the live content of multiple contributors to a single, well-orchestrated experience. For the best
possible experience, content providers need to adapt the content to specific conditions of the consumers.
Finally, network APIs are required to include experienced designers into the process of live content creation.

3.6 Collaborative Robots Use Case Family

3.6.1 Cooperating Mobile Robots (Representative Use Case)
3.6.1.1 Use Case Description

At the centre of this use case are autonomous robots with the ability to move, sense their environment, and
perform a productive task. These robots can communicate with one another, with other machines, and with
nearby humans to perform individual tasks that contribute to a common cooperative objective. The purpose of
communication is safety and cooperation, to enable a group of robots to perform tasks beyond their individual
capabilities and to enable individual robots to perceive their environment beyond their local capabilities.

This use case focuses primarily on local ad hoc connectivity embedded in private networks. Scenarios may
include industrial manufacturing campus, construction site, and smart living.

In this context, the network of the future is envisioned to enable local cooperation among robots, to support
autonomous task-solving by the robots, to enhance the safety of human-machine interaction, and to ensure that
only authorized machines and humans can participate in task solving.

Problem(s) to be Solved/Challenges

e Understanding and addressing the communication requirements of machines in the future. This
includes existing industrial automation systems, as well as the emerging type of autonomous embodied
agents that encompasses industrial robots, service robots and cobots, i.e., collaborative, cooperating, or
cognizant robots. These robots interact with the physical world through sensors and actuators, utilize
advanced machine learning for decision-making, and employ wireless connectivity to collaboratively
perform complex tasks and adapt to changing environments.

e Using limited resources efficiently (materials, energy, and human effort). For a sustainable
development, it is essential to further automate well-defined, structured, and repetitive tasks in the
physical world. This will require advances in connectivity for smart tools and machines that will allow
mobile robots to collaborate, thereby optimizing productivity, resource efficiency, and costs.
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e Adapting to dynamic requirements of the market. In the future, the ability to address real-time
fluctuations in demand and personalized customer specifications will be essential in industries such as
manufacturing, transportation, construction, and logistics. A key advantage will be the ability to use
machines in different configurations. Within a collaborative network, the potential of a single machine
to leverage the capabilities of other machines amplifies the versatility of the fleet. Combined with
enhanced automation, this allows for more agile responses to real-time market requirements.

e End-user access to custom manufacturing. Enhancing the capabilities of end-users, including
tradespeople and individuals without technical expertise, to manufacture products such as mechanical
components, electronic devices, and architectural structures, is a step towards self-sufficiency. As
cooperating mobile robots make manufacturing processes more accessible and decentralized, goods can
be produced as and when needed at the specific locations where they are needed. New possibilities for
customization will emerge. This shift will transform business relationships, and lead to transparency and
accountability in the manufacturing sector.

e Safe and trustworthy interactions with tools that can make decisions. As robots gain decision-
making and collaboration capabilities, one major concern is the assurance of human safety and the
establishment of trust when these autonomous machines operate in human-inhabited spaces.

Why 6G is needed

The exchange of locally relevant information between robots will be crucial for cooperation. Key building
blocks are the evolution of embedded device-to-device communication towards subnetworks, and mechanisms
for local reservation of communication resources. Mobile robots may need the capability to request and
establish these reservations when local connectivity is required.

5G ultra-reliable low-latency communication does not meet the latency, reliability, and scalability
requirements in demanding scenarios. Increasing the adoption of existing millimetre waves and the
development of new sub-THz connectivity may play a key role in achieving latency targets and managing
interference.

Cooperating robots significantly benefit from advances in machine learning. Network-side support for efficient
exchange of training data, weights, and models, along with federated learning, will likely become relevant.
Complementing the onboard computation capabilities of robots, offloading computation to nearby edge nodes
may add another layer of efficiency. Moreover, future systems are expected to exploit context information
derived from sensing, the application, or a shared knowledge base, to improve both application and
communication performance.

The integration of sensing and positioning capabilities in the radio interface may aid with the collection of data
that is needed for advanced machine learning applications. Trust management is crucial for safe machine-
machine and human-machine interactions, and will require reliable, deterministic, and low-latency E2E
message transport mechanisms along with secure sensing results, and manipulation-protected positioning.

3.6.1.2 Sustainability Analysis

Sustainability Handprints Sustainability Footprints
(benefits) (costs)
e Resource efficiency: Functionalities e Energy is consumed and materials are used to
= may be provided by machines with less manufacture, deploy, and operate robots and
= materials, energy, and waste generated associated services
g e Function integration eliminates the e The manufacturing, including material extraction
5 need for multiple dedicated machines and industrial processes, and transportation of
'S with individual functions robots generate GHG emissions
0 o The disposal of machines and devices results in
increased electronic waste
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e Accessibility: help people perform Rendering roles obsolete: may eliminate job roles
tasks beyond human capabilities involving manual, linear, and repetitive tasks
o Safer work environment. Robots and cobots may require human operators
= |° Increased trustworthiness of on-time to obtain new skills w.r.t. their method of use and
'S delivery of the expected outcomes maintenance (IT/robots literacy)
B e M2H support: Robots could fulfil Benefits of robots and cobots might not be
assistance roles, such as supporting the distributed evenly among society
elderly at home People’s privacy may be breached by
unauthorized use of robots’ and cobots’ sensors
e Increased productivity and enhanced Extra R&D investments.
competitiveness Initial investments to purchase, install, and set up
e New business opportunities may autonomous machines may be a barrier for
o emerge from technology leadership in smaller businesses or those in developing
g autonomous robotics countries.
S | e New business opportunities for Increased reliance on robots/cobots can pose a
& individuals: Cf. “Accessibility” in risk in case of failures or cyber-attacks
“Social benefits” Monopolization risks
e New job opportunities o The use of autonomous machines can raise new
regulatory and legal issues

Table 3-5: Cooperating Mobile Robots Sustainability Analysis

Environmental

The flexibility and increased efficiency delivered by the implementation of Cooperating Mobile Robots can
have potential reductions in resource usage for equipment production, coupled with minimizing waste
generation and the implementation of circularity practices within the manufacturing processes. Furthermore,
industrial automation can offer more efficient use of resources and energy usage (exactly when and how much
is necessary) by improving precision, material handling, task coordination, and flawless operations.

However, implementation requires the manufacturing and deployment of networked robots and cobots, and
their operations require energy consumption from sensors, communication systems, processing units, data
centres, and the associated charging and maintenance operations, all of which have an environmental impact.
Therefore, mitigation strategies must include the use of sustainable and ethically sourced materials, energy-
efficient hardware and software design, and added renewable energy sourcing considerations. For the end-of-
life phase, e-waste management and circularity practices are essential.

Social

Cooperative Mobile Robots can have a significant impact by relieving human participation in risky and arduous
situations (e.g., construction sites, closed-pit mines, heavy lifting) resulting in safer working environments.
Moreover, transferring these tasks to cobots can enable people to fulfil roles that previously were not suitable
for them (e.g., age, gender, height, disabilities). However, shifting the demand for physical to IT-related skills
can create a new digital gap. Additionally, cobots will reduce the dependency on human labour, enhancing
trustworthiness in terms of punctuality and expected outcomes, but reducing available jobs. As a result, training
programs would need to be put in place, as well as mitigation strategies to relocate those who will lose their
jobs.

Finally, the hyper-connectivity of the environment has the potential to create operational and privacy risks if
the cyber-security measures are breached. Therefore, it is crucial to contemplate a resilient and safe digital
ecosystem.

Economic

Autonomous machines like robots and cobots can significantly boost productivity and enhance
competitiveness. By operating around the clock, and performing tasks faster and more accurately than humans,
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these machines enable goods to be produced more quickly and resource-effectively. This increase in efficiency
can potentially enhance the economic output of a company or even a country. Furthermore, the technological
leadership in autonomous robotics can lead to new business opportunities at both a corporate and individual
level, including increased accessibility.

However, there are also significant challenges associated with the use of these machines. R&D investments
are necessary to develop new technologies for autonomous robots and cobots, and the total cost of ownership,
including initial purchase, installation, setup, maintenance, and repair, can be a barrier for smaller businesses
or those in developing countries. As technology rapidly evolves, machinery can become obsolete quickly,
requiring continual investment. The increased reliance on these machines can also pose a risk in case of
technological failures or cyber-attacks. There's also a potential monopolization risk if only large companies
can afford to invest in this technology, which could reduce market competition. Additionally, the use of
autonomous machines can raise new regulatory and legal issues that need to be addressed.

Robots can carry out a variety of tasks efficiently, which can lead to improved cost efficiency and profitability.
On the cost side, investment is needed in the robots. There can be economic impact from the reduction of jobs
that are replaced by robots. Profitability might be dependent on the use case requirements.

3.6.1.3 Example Service Scenario

6G Sensing and localization

« Objects Y
« Trajectories

« Positions

« Gestures detection

— 6G Sensing
""" 6G connectivity

Figure 3-3: Cooperating Mobile Robots Example Scenario

Service scenarios within this use case family revolve around the need to complete a task that surpasses the
capabilities of a single robot. The solution lies in robot cooperation, where multiple robots form a cluster to
collaboratively accomplish the task. These robots utilize local ad hoc connectivity to establish a subnetwork
for the following purposes:

Coordinating and controlling their actions for successful task execution.
Exchanging raw or processed sensor data.

Sharing AI/ML models, weights, and federated learning.

Ensuring safety for humans nearby in the event of an emergency.

A subnetwork is task-specific, spatially confined, and time-bounded. Its creation is initiated by a device, in
this case, a robot. The subnetwork utilizes a portion of the communication resources from the private network
within which it is embedded. Once the task is completed, the subnetwork is disbanded, and the communication
resources are subsequently freed.
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Example scenarios where this will be beneficial include:

Cooperative carrying with robots is a concept where multiple robots work together to transport an object
that exceeds the carrying capacity of a single robot.

Lot size 1 production is a manufacturing approach in which each product is created individually and
uniquely, rather than in batches. This method is facilitated by the collaboration of robots with different
capabilities within a production cell, as well as the cooperation between logistics robots and production
cells.

In warehouses or logistic sites, cobots perform automated industrial tasks (e.g., quality check at
production line, movement of goods between different workstations such as from storage to shipping, or
from quality check to repair), system diagnostics and functionality allocation of the participating robots
per se (e.g., for repairment or charging) without disrupting the warehouse process.

Autonomous farming refers to the use of self-driving, smart machines that work collaboratively in
agricultural operations.

An autonomous construction site is a concept where different types of robots work in unison to construct
a building. The transportation of materials, such as bricks, must seamlessly integrate with advanced
construction machinery like 3D printers. Other robots are responsible for post-processing tasks, such as
drilling holes autonomously.

In a smart workshop, cooperating robots seamlessly connect material flow between various
manufacturing stations. A high level of integration and autonomy of the machines enables tradespeople
and hobbyists to produce items that were previously only possible in a factory setting.

3.6.1.4 Deployment Aspects

Environment & | Considered scenarios are mainly small indoor, large indoor, and small outdoor
Type of areas. In these environments, line-of-sight links may be scarce for macro cells. Thus,
Deployment femto- or pico-cells should be preferred for beam-based coverage. Propagation models

used for network planning should include the appropriate multipath effects.

Focus on private networks. It is assumed that the environment in which the network is
deployed is dedicated to a specific purpose, e.g., manufacturing, construction, living, and
trade-offs among coverage, data rate, latency, reliability etc. can be tailored according to
specific application needs.

Users and Majority of users are machines, with a comparatively smaller number of human users.
Devices

Device class is differentiated based on the robots’ level of autonomy. Machines with
low autonomy, requiring frequent exchange of coordination messages, could potentially
expand the "Highly reliable low latency" device class. Conversely, machines with a high
level of autonomy, reliant on sensor data exchange and Al/ML traffic, fall into the
"Reliable high data rate with bounded latency" device class.

Constraints and | Power is generally available. But power efficiency is nonetheless required for battery-
Challenges driven devices like mobile robots.

The management and orchestration (M&O) must fit a single operator, private
network. Resources must be properly allocated for providing the cooperating mobile
robot service with a certain level of QoS. In particular, the resource allocation is executed
at the radio access level, either on macro cell or femto- or pico-cells and at the operator
network level. Depending on the network architecture, the resources available on
different segments of the network (e.g. transport, edge, core) must be properly allocated.

Table 3-6: Cooperating Mobile Robots Deployment Aspects
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3.6.1.5 Requirements and KPIs

Requirements

Local ad hoc connectivity: A collaborative task is characterized by its localized nature. Direct
communication between connected devices allows this to be exploited, leading to the formation of
subnetworks. These subnetworks, envisioned to be task-specific, temporary, and localized, are embedded
within broader campus networks. This structure aids in meeting stringent latency and reliability targets
within each subnetwork.

Extremely reliable and low latency communications: Interruptions in industrial manufacturing
operations typically entail huge financial and material loss. Safety-critical applications are intended to
protect human lives. As such, applications in this domain have among the strictest service-level
reliability and E2E latency requirements. The service area may be highly localized to subnetworks and
increased autonomy in machines may accommodate lower reliability and higher latency.

Mobility: The localized and ad hoc nature of subnetworks in a 6G environment may induce frequent
handovers as machines join and leave. These subnetworks, while logically embedded in a campus
network, may exhibit nomadic behaviour within it, and the roaming of subnetworks between different
campus networks may also occur.

Sensing, positioning, and AI/ML.: Integrated sensing capabilities within the 6G network and devices
(JCAS/ISAC) can potentially enhance a robot's perception of its environment. The introduction of
AI/ML traffic types and Al/ML execution in edge nodes can further enhance robot coordination. For
maximum accuracy, it is likely that data from device-based sensors will be utilized in fusion with
information from the network.

KPlIs
KPI Target Range Comments / Justification
User-experience Data rate between robot and campus network. Can be
data rate <10 significantly higher locally in a subnetwork where raw sensor
[Mb/s] data and/or Al/ML traffic is exchanged.
Mobile robots occupy an area of 1 m2, and it is assumed that
Connection they occupy at most 10% of the overall area to ensure fluent
density <01 mobility.
[devices/m?] The world’s largest industrial manufacturing campuses
accommodate thousands of robots.
= —
-% B/I(%l;;:]lty <20 Slow vehicular
‘s Industrial machines may exchange coordination messages up to
g End-to-end 200 times per second and can be triplicated for redundancy.
g latency <08 This results in a transfer interval of ca. 1.66 ms. E2E latency
O |[ms] limit is set to at most half that interval to ensure enough margin
for ARQ. [22.104]
Application-side safety net mechanism like “survival time” and
Service-level “grace period” are employed to compensate occasional packet
o 99.999 — .
reliability 99.99999 losses and delays at the link level.
[%] ' Selected applications may have an even more strict reliability
requirement up to 99.999999% [22.104].
Coverage Localized nature of a joint task makes local ad hoc connectivity
[%] B favourable.
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@ | Positioning <0.1 (fine) Tasks such as environment r_napping, ro_b_ot r_1avigation, {ind

= | accuracy <1 .(coarse) inventory management require flnfa_pos_ltlonlng. Tasks like

Q | [m] robot localization need coarse positioning.

§ Robots and cobots depend on capturing the environmental

= Sensing-related context. Nej[work—lntegrated sensing may complement or

Z | capabilities [Y/N] Y replaf:e dedlc:f\ted onboard sensors. Efficient transpor'g of

o3 data/information from connected external sensors is likely

= needed.

g Robots and cobots depend on advanced machine learning.

'S | Al/ML-related Y Execution may be embedded in the device and/or offloaded at a

§ capabilities [Y/N] local edge and/or provided by the network as an over-the-top
service.

Table 3-7: Cooperating Mobile Robots KPIs

3.6.2 Autonomous Embodied Agents within Flexible Manufacturing

In future production scenarios, such as industrial grounds, smart cities and hospitals, intelligent machines will
be used to complement and even replace human labour. Whereas traditional robots can be defined as movable
machines that obey direct commands and have limited self-deciding abilities, these intelligent machines can
be understood as an artificial intelligence agent that has been equipped with a physical, movable body. As a
result, these machines are referred to as autonomous embodied agents rather than robots.

Rather than simply coordinating with each other to fulfill a collective task, autonomous embodied agents
oversee more high-level tasks, whose execution requires interpretation and decision making. In that sense,
autonomous embodied agents aim at replacing human workers at complex tasks. For example, these agents
could be given the order of replacing all instances of part A with part B in the products being manufactured,
check the production line for possible problems or inefficiencies, or reconfigure the operation of other
machines.

As with humans, autonomous embodied agents are not only the recipients of direct commands, but they can
also have the initiative to inform about the status of other components in the factory or even spontaneously
raise alarms. For this, they maintain an updated context which is used to translate the combination of abstract
orders and the status of their environment into specific actions. This context is the result of processing multiple
information sources, such as their own sensors and the communication network itself. Namely, the 6G mobile
network providing connectivity to these agents will implement joint communication and sensing capabilities
S0 as to provide the agents with global perception, rather than being limited to local perception. The reason is
that, on the one hand, the accuracy of local sensors may not be high enough to ensure safe and efficient
operation. On the other hand, having access to only local information for each robot may lead to suboptimal
decision making. In this context, JCAS is envisioned to help ensuring power and resource efficiency over what
could be accomplished by using separate infrastructures for communication and sensing.

As opposed to unintelligent robots that are directly commanded by an operator or tightly coordinated with one
another, low latency and highly reliable communication are not expected to be as critical in this use case.
Instead, supporting native access to positioning and sensing information sources, as well as native support for
Al training and operation (e.g., by means of federated learning, collective reinforcement training, Al-as-a-
Service, etc.) is the most crucial feature that the network must support.
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3.7 Physical Awareness Use Case Family

3.7.1 Network-Assisted Mobility (Representative Use Case)

3.7.1.1 Use Case Description

In this use case, illustrated in Figure 3-4, vehicles (cars, AGVSs, drones, etc.) are relying on the network nodes
and devices for localization of connected and unconnected objects and for determination of their properties
such as size and velocity, contextual info, trajectories etc. Vehicles have a reliable connection to the network,
with services available in a well-defined service area. Networks measure the physical environment in traffic
scenarios and analyse to detect objects, and aggregate data of device positions and from this large data set
extract information to relay to vehicles. Position data shared with vehicles can include vulnerable road users
(VRUEs), such as pedestrians and cyclists.

This can be done on several levels; networks can provide raw or processed environment and position data, or
navigational support ranging from collecting and sharing of data, over navigation assistance, to full operation,
leveraging on beyond-communication capabilities. The network can thereby support vehicles with different
levels of autonomy and different modes of operation and enable smart transport in urban areas.

Furthermore, there is a possibility to use the physical environment understanding around nodes and devices to
improve communication to vehicles by tailoring beams, avoid blockers, etc.

Some examples of the services provided by networks are: network assistance info (warnings, trajectories,
object locations), network assistance map (digital 3D map data), network navigation (route recommendations),
full operation (remote control of vehicles) and context-aware communication (beam forming, path selection,
scheduling).

Problem(s) to be solved/challenges

¢ Risk of accidents with intense and automated transport scenarios. The use case enables connected
vehicles to avoid collisions and see around corners. Network support is a secure, standardized, and
reliable solution for vehicles.

¢ Energy consumption and generated emissions from transport. Urban transport can be optimized
from an energy perspective and lean, unmanned, electrical transport can be supported through
appropriate guidance. Network support also allows the reduction of weight of vehicles since fewer
onboard sensors are needed, thereby reducing their energy consumption.

e Cost of transportation of goods and people. The use case supports increasing degrees of autonomous
operation of transport, reducing operational costs. Network support also allows simplification of
vehicles, reducing their cost.

e Access to reliable transport. Network support for autonomous transport improves the availability of
timely, reliable transport solutions throughout society, e.g., delivery of medicines, emergency response,
and food.

e Privacy in public spaces. Compared to video-based perception from vehicles, network perception has
properties that can ensure a preserved privacy.

Why 6G is needed

To some extent, it is expected that a similar service could be delivered in a 5G advanced system, using eMBB
service and positioning. Sensing may be supported in Release-19 but not likely in any live deployments until
6G. Total bandwidth can be higher in 6G and signals can be designed more freely.

Vehicle-to-anything (V2X) services are supported in 5G, but the support of wide-area critical communication
services, considering 3D coverage, mobility, reliability, and resilience E2E, which can be combined into
service availability, is not within the scope of 5G. 6G may add tools to ensure connectivity through multi-hop
and multi-connectivity, and introduce new deployment models such as Distributed-MIMO.
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The performance of network-based positioning in wide area scenarios is clearly not sufficient in 5G (<50m
horizontal accuracy for 80% of devices and 30s E2E latency [38.855]).

3.7.1.2 Sustainability Analysis

Sustainability Handprints Sustainability Footprints
(benefits) (costs)
e Reduction of GHG emissions by improving the | e Increased energy consumption linked to
traffic flow at the intersections thus requiring sensing activities, including data
fewer traffic lanes and freeing up space for collection, processing, and
pedestrians and green spaces next to the roads communication within the network,
< | ® Reduction in accidents would help reduce sensing devices operations, as well as
§ automotive waste generated by repairs and real-time requirements
= scrapping of unrepairable vehicles and the e To enable the positioning services, new
§ GHG generated in the process low power devices would have an
'S | e Supported driving, including network-assisted additional energy footprint for the
T small driverless electric vehicles, made more compute needed at the core
efficient will reduce fuels and thereby reduce e Materials and energy needed as well as
related emissions lifecycle emissions for additional
Information and Communication
Technologies (ICT) infrastructure
e Enhanced safety and well-being through e Potential risks for privacy associated to
reduced transport-related accidents localization data
o Increased availability of transportation: e Potential risks for trustworthiness in case
automated/self-driving vehicles would decrease of hacking (e.g., leading to more
,c_g the need for human drivers’ availability and accidents)
g= could be available any time in any area e Potential risks for wrong decisions made
e Preserved/uncompromised privacy (compared by AI/ML
to video-based perception) o Decreased job opportunities
e Enhanced continuity of transportation service
even in rural areas (digital inclusion)
o |° Reduced costs for stakeholders for improved o Safety/predictability risks with potential
= profitability from using the network for the economic impact
=) monitoring tasks instead of additional sensors | ¢  Expenses of network infrastructure to
3 | o Improved efficiency by freeing resources for meet the requirements for high reliability
W other use that can bring profits of services

Table 3-8: Network-Assisted Mobility Sustainability Analysis

Environmental

Incorporating more information related to the traffic systems can help deliver several benefits such as safer
roads, lower traffic congestion, optimized driving, and reduced fuel consumption. Since the automotive
ecosystem is huge and widespread, any efficiency gains achieved have the potential to have large impacts (e.g.,
network-assisted driverless electric vehicles have the potential to reduce GHG emissions).

However, the implementation of such solution requires the extension of network coverage, and manufacture,
transport and installation of new equipment and devices, which would result in increased energy and material
consumption, and potential electronic waste from discarded devices.

Social

Providing additional information to vehicles is key to creating safer environments, and reducing the risk of
collision and accidents. Moreover, automated vehicles could potentially increase the availability of
transportation means since they will not be constrained by the time that they can operate (comparing to e.g.,
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humans’ need for rest), the availability of professional drivers to conduct the route (especially in rural areas),
etc. Additionally, replacing cameras with sensing capabilities from the network, can also help to decrease any
privacy risks involved. However, some questions remain unanswered such as ‘how to deliver a sensing system,
when there are people who don’t want to be sensed’. Also, how to ensure the system is resilient to any cyber-
attacks, as well as resolving accountability issues for AI/ML decisions. Therefore, providing trustworthy
networks is essential.

Economic

There can be reduced costs for stakeholders leading to improved profitability from using the network for the
monitoring instead of separate systems. There can also be improved efficiency by freeing resources for other
use that can bring profits. On the cost side, there can be safety and predictability-related risks. Building network
infrastructure to meet the requirements for high reliability of services can be costly.

3.7.1.3 Example Service Scenarios

6GRAN .-
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6G Sensing
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* Objects
+ Trajectories ((( )
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! Tl
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Figure 3-4: Network-Assisted Mobility Example Scenario

Autonomous Drone Transport

In autonomous drone transport, flying drones are carrying goods in urban areas. The drones are equipped with
some sensors (camera, GPS, etc.) and a processor. Through the onboard 6G device they get a reliable
communication link and can be positioned by the network. Over the communication channel the drone can
receive timely information about nearby flight paths and activities and get recommended actions for fastest
and most energy efficient path. It can receive a corrected position as well as map data from the network. It can
also, depending on need, offload tasks such as image processing from the camera feed and share the resulting
data on environment with the network. The users and deliverers of the drone transport service can count on a
reliable, efficient, just-in-time delivery that can be tracked at any time, and people in the streets can trust that
no collisions will occur caused by the drones passing over their heads.

Smart Intersections

Mobile communication infrastructure featuring sensing capabilities would enable a wide-coverage and well-
connected radar mesh. Such network can be seen as a set of wide area sensors, that will add value to the users
at almost no extra cost. Safety and efficiency of urban traffic can be improved by means of real-time spatial
and temporal sensing of critical roads and intersections to support the vehicle when its sensors do not have line
of sight. For example, even before a vehicle gets to a T-junction, it will be made aware of the conditions around
the junction (such vulnerable pedestrians or other vehicles coming around the corner) so that the vehicle can
take the right precautions to advert collision. Different from monitoring with video cameras, such sensing
approach would allow perception even in complete darkness, or in adverse weather conditions like rain or fog
(with certain performance limitations). Also, privacy concerns for citizens would be reduced as no actual video
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or picture would be used. Finally, sharing the sensed real-time data with traffic control centres can help to
improve traffic flow management in smart cities.

Assisted Vehicles

Vehicles today have many onboard sensors to support applications such as cruise control, pedestrian detection
etc. In the 6G era, the enabling of advanced automotive features such as autonomous driving and autonomous
coordinated manoeuvring is envisioned through leveraging the wide area sensors from the network, in addition
to on-board vehicle sensors. Autonomous driving would allow vehicles to be navigated through challenging
traffic situations and terrains with no human interaction.

In addition, autonomous coordinated manoeuvring feature would allow multiple vehicles to autonomously
navigate through roads and highways in a coordinated fashion to ease traffic congestion and improve the traffic
flow. These advanced automotive features would require a comprehensive detailed knowledge of the
environment surrounding the vehicles as well as high precision localization and positioning. This would be
enabled by the fusion of the wide-area sensor information provided by the network, vehicle on-board sensors
and/or even sensors embedded in the transport infrastructure.

3.7.1.4 Deployment Aspects

Environment & | Transport services relying on network perception should be available outdoors in wide-
Type of area scenarios, primarily in urban areas but also in suburban and rural areas with more
Deployment limited functionality. Many blockers in the form of buildings, vehicles, and fixed objects
are expected in the main scenario.

User Devices Several types of devices may be involved:

e UEs will be mounted in moving vehicles that move along streets (on or above).
These should be capable of high reliability, high availability, and low latency
communication, as well as positioning capabilities.

e UEs belonging to pedestrians and bikers etc. may also be temporarily stationary or
slowly moving along streets. These can be expected to be standard smartphones.

¢ Finally, UE roadside units may be mounted along streets to assist in measurements,
e.g., bi-static sensing and positioning, and should have capabilities for this.

Constraints and | Likely need to deploy for Line-of-Sight (LoS) coverage in all of service area, if not non-
Challenges LoS methods can be used for positioning and sensing

Table 3-9: Network-Assisted Mobility Deployment Aspects

3.7.1.5 Requirements and KPIs

Requirements

e Privacy: personal identities in public spaces must be handled in such a way that privacy is not
jeopardized.

e Localization: Network nodes need to be able to perform radar-like measurements using the radio
interface, to detect unconnected objects, which is delivered by JCAS functionality. In conjunction with
this capability, precise device positioning is required. For both these capabilities, it is expected that
networks will only be able to deliver part of the required precision and coverage. A sensor fusion
functionality would therefore be needed, where networks collect data from multiple sources, e.g. onboard
camera and GPS, and fuse it with the network measurements to create an enhanced dataset that is shared
with the device and other devices.

o High wide-area coverage for positioning and sensing services, also in 3D.

o High detection probability of unconnected objects.
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Connectivity: Reliable communication is a critical aspect of this use case. For safety reasons, the link
to the network should not be allowed to go down other than during very short periods within the service
area. This may be difficult to achieve in practice considering 3D mobility within a city where links may
be blocked at times. But the network should have the capability to predict and notify the connected
vehicles such that they can take preventive action (e.g. stop or switch to a local operation mode). The
network should also be able to timely activate adjacent links to ensure connectivity, e.g. to other devices
and networks.

o High resilience, availability, and reliability for connectivity in 3D; preferably without
requiring excessive deployment of network nodes.

Compute: Offload from the vehicles to the network of heavy processing tasks and training of models
should be supported, as well as in-network real-time processing of sensor data. This means that the
networks should have the capability of reliable compute and Al/ML-related functionality that can be
accessed at all times from any point in the network.

o Availability of reliable compute capabilities offered by the network.

KPIs
KPI Target Range Comments / Justification
Peak Data Rate [Gh/s] — Not expected to be a challenge
Depends on service type: lower for warnings
User-Experienced Data 1-10 and assistance, higher for digital maps.
Rate [Mb/s] (<100) (For sensor fusion exchange of data may be
higher.)
Spectrum Efficiency - Same as for communication services
Area Traffic Capacity
< | [Mbis /m?] - Not expected to be a challenge
+ | End-to-end latency [ms] 20 Similar to V2X services.
E Reliability [%] 99.99 Fraction of packets within latency bound E2E
>
S 0 Fraction of defined service space (in 3D)
g Coverage [%] 99.9 within latency bound.
O Probability to get communication service (as
Service availability [%] 99.99 defined with E2E latency) within service

space when requested.
(Can replace coverage and reliability)

Connection density

4
[devices/km?] 10 Not expected to be a challenge

Up to 300 Speed of vehicles (cars, drones, trains) in

Mobility [km/h] seamless handover | urban areas. Handover within latency bound

Positioning & New

Reliable positioning with high availability

1 (3D) precision with important for use case, but likely multiple

Location accuracy 99.9% reliability f board b
[m] within 99.9% of sources (e.0. rom onboar sens_ors) can be.
- ' combined to achieve more precise positioning.
service space (0.1) (Sensor fusion).

Object detection probability,
Sensing-related vy Object location accuracy/resolution,
capabilities [Y/N] Obiject velocity accuracy/resolution,

Obiject size accuracy/resolution.
Al/ML-related vy Probability of a response time of compute/Al
capabilities [Y/N] capabilities within a latency limit.

Table 3-10: Network-Assisted Mobility KPIs
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3.7.2 Network Physical Data Exposure

This use case is about exploiting the network as a source of information on the physical environment,
unconnected and connected objects, exposed as a service to a range of applications.

By combining input from network-based sensing and positioning, 3D maps, and sensor fusion of connected
sensors, the networks are in a good position to maintain a digital twin of a geographical area. This includes
information on the landscape itself and buildings, as well as people, animals, machinery, and vehicles.

Services that can be offered by the network include:

Generate statistics about vehicles and transportation systems

Analysis of traffic situations

Estimating the number of humans or animals in an area, and flow of people
Locating humans, animals, machinery, and vehicles

Maintaining a geographical 3D database (physical digital twin).

Compared to Network-Assisted mobility, this use case is on a longer time scale and does not require the same
level of reliability and availability.

3.8 Digital Twins Use Case Family

3.8.1 Realtime Digital Twins (Representative Use Case)
3.8.1.1 Use Case Description

A digital twin is an accurate digital representation of any combination of processes, products, persons, and
functionalities of real-world items such as for industry, smart cities, or construction. This contextual digital
equivalent of the real world offers a unified access to users and/or agents and is used for interaction, control,
prediction, test, maintenance, and management of processes and components. To do so, it needs network
connectivity to ingest data from multiple sources, e.g., databases, sensors, tags, network data, data models, and
optionally steer/control the respective systems via feedback loops. A digital twin is aggregated, generated, and
visualized by running dedicated software, including specialized AlI/ML algorithms. The real-time aspect,
enabled by the low latency capability of the 6G network, allows to extend the digital twin also towards direct
control of the actual physical processes.

This use case covers the following applications (non-exhaustive list)

DT in a manufacturing plant

DT for water management and improved traffic management (smart cities)
DT aggregation of sub-DT to cover complex systems (e.g. full smart cities)
DT for 6G network planning and operation itself

DT in port operations.

Problem(s) to be Solved /Challenges

e Increase production quality and efficiency (also resulting in reduced waste and emissions) by
eliminating travel time and physical presence. Slow, manual interventions are to be replaced by
automatic actions.

e Prevent situations where humans are put at risk by being physically present in unsafe environments;
avoid cumbersome/difficult working conditions for employees (e.g. 24/7 human labour in continuous
operations); prevent situations where the environment can be endangered.

e Guaranty the privacy & trustworthiness. Digital Twins require to share all types of data. Technical
and administrative means are required to protect privacy in a hierarchical and heterogeneous 6G system.
Privacy is especially important for smart cities.
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e Accessibility of DT models for other DT models and for software agents. Digital Twins will cover large,
complex systems as full cities, or complete factories. As DTs will first appear on lower level (machine
level, one production line, one specific utility in a city), there will be overarching DTs popping up to
cover the full system with the requirement to ingest, incorporate a number of underlying DTs
(hierarchy/interop). This is also called “set of twins” or “massive twinning” requiring interoperability
between DTs (also hosted over multiple clouds).

Why 6G is needed

Digital twins are already becoming available with the 5G network introduction, though more for isolated
systems. For the deployment of overarching E2E Digital Twins (full production plants, complete cities, E2E
networks, etc.) and for the real-time aspect, the introduction of a 6G network will be essential.

Only 6G can offer the required reliability (crucial for introduction in production) and the low latency of the
connectivity (essential to introduce the real-time aspect) for commercial Realtime (RT) DTs. Furthermore, the
6G introduced network sensing and positioning accuracy enable an enhancement of the existing DT models.

Next to the technical capabilities, 6G will also enable secure, low-cost and energy efficient connectivity and
contribute to the sustainability, both in a direct and an indirect way, the latter by opening up new advanced use
cases.

3.8.1.2 Sustainability Analysis

Sustainability Handprints Sustainability Footprints
(benefits) (costs)
e Reduced usage of natural resources (e.g., e Resource intensive loT and material
water management, smart cities) by required to produce sensors and 10T devices
s improved monitoring e Electronic waste resulting from the
S | ® Reduced waste from the increase in the deployment of sensors and equipment
g production quality and efficiency e Energy consumption required for
© | e Sustainable urban development processing real-time data, DT generation,
2 | ¢ Reduced GHG emissions from avoided visits data centres, 10T devices, and computing
w to monitored areas, and avoiding operations resources
visits for network planning and operation
¢ Reduced dependency on humans (e.g., 24/7 e Potential risks to privacy in the event of a
monitoring), leading to increased well-being cyber-attack
for humans e Potential impact on employability and
e Enhanced inclusion/opportunities for labour market. Must be studied further
particular roles, irrespective of age, gender,
T disabilities, etc
(‘/5) e Increased trustworthiness on data
f/information availability due to real-time
monitoring/control
e Enhanced accessibility to drinking water and
food and its management from DT related to
water/food supply, agriculture, etc
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e Economic efficiency improvements from e Possible increased costs from complexity of
optimizing operations via digital twins multi-stakeholder ecosystem
e Improved resilience and flexibility e Increased costs from energy, digital twin
2 | e Improved safety from using digital twin for model, equipment, training, maintenance
g virtual safety checks o Safety/predictability of operations —
S | e Improved profitability from avoiding costs increased business risk from using
o from problems by using digital twin for technology instead of human perception
optimizing operations (avoiding delays and
saving costs including testing before
production with end users/customers)

Table 3-11: Realtime Digital Twins Sustainability Analysis

Environmental

The real-time aspect and comprehensive control offered by DTs can minimize the need for physical inspections
and on-site maintenance, thus saving energy and reducing GHG emissions. Also, the optimization of industrial
and manufacturing processes can lead to better resource efficiency, resulting in lower raw materials extraction
and water usage. In applications like ‘Smart Cities’, DTs are key in implementing water management practices,
leading to monitoring and managing natural resources more effectively, and simultaneously supporting urban
development.

However, despite enabling higher process efficiency, the construction of digital twins can be an accelerator for
0T devices and other equipment, some not even existing today, and require manufacturing, deployment,
computing power, network extensions, and so on. This results in increased material extraction and consumption
of resources including water and land. Furthermore, increased material efficiency is likely to reduce costs and
consequently create a rebound effect, which will further push for resource depletion. Therefore, it is crucial to
incorporate sustainable design practices and monitor the lifecycle of each element. This includes, but is not
limited to, the usage of eco-friendly materials, renewable energy sources, implementation of energy-efficient
data processing solutions, optimized data centres, and edge computing, to name a few. Finally, other
consequences will be further analysed in the next deliverable D1.3.

Social

Realtime Digital Twins allow for remote monitoring and control of systems. This reduces the need for 24/7
on-site monitoring and consequently improving the quality of life of the workers subject to those shifts. It also
helps to bridge the gap related to distinct characteristics of the individual on their ability to do the job (age,
gender, disabilities). Also, having a digital representation of an asset can help to predict and reduce the risks
in the event of any issue (e.g., plant failure), which can affect the lives of the workers.

Depending on the domain in that a DT is applied, further social benefits can be envisioned. For example,
applying DTs to water management systems or food supply chains (from farm to fork) can enhance the
availability, accessibility, and safety of water and food for all.

However, the constant evolution of digital services creates a new gap related to IT literacy, as well as the
replacement of given jobs by digital processes. It is crucial to consider these topics. Some further risks are
related to sensitive data and cyber security. These risks need to be analysed and assessed either through legal
and/or standardization arrangements or through incentives for the companies to train their workers on their
new job roles.

Economic

Digital twinning allows many stakeholders to meet in a virtual place to improve the efficiency of operations.
This drives economic efficiency improvements can drive improved resiliency and flexibility. Safety can be
improved by virtual safety checks. Profitability of operations can improve by avoiding costs from problems
by using digital twin for optimizing operations. On the other hand, costs arise from the complexity of the multi-
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stakeholder ecosystem. There are increased costs from energy, the investment and maintenance of the digital
twin. There can be increased risk in safety/predictability from using technology instead of human perception.

3.8.1.3 Example Service Scenario

As an example service scenario for the Realtime Digital Twin use case, a production plant is used (e.g.,
Chemical but could be any manufacturing or production plant).

Typically, these plants are spread over a large area (ballpark one or more km?), mostly outdoor areas but also
including indoor facilities. The constructions will be complex and built in all three dimensions with potential
metal obstructions preventing a line-of-sight coverage. Still, full 3D network coverage is mandatory over the
full Digital Twin area. Besides the Digital Twin traffic itself, also the day-to-day traffic needs to be handled
by the same network.

The network brings the connectivity, sensing and computing power while enabling reliable connections in an
energy efficient manner and guaranteeing the required low latency (down to the ms level) to control the
chemical processes in real-time.

Connected Sensors will extend the 6G network sensing capabilities where necessary, to offer the extra required
data from every step in the production process. As the digital twin also needs to include all moving items on
premise, also the tracking of movements and locations (via network sensing and optional external sensors) is
required. This dense grid of sensors will need to be connected to the Digital Twin, potentially incorporating
legacy connection technologies to allow reuse of already deployed sensors/systems.

The machines, robots and vehicles will be modelled for accurate planning for 24/7 usage and maintenance
needs. Next to this, the RT Digital Twin can also be used for testing purposes, to simulate a specific
configuration or setting before really applying it, in this way facilitating any decision or to consolidate and
prevent dangerous situations and/or environmental challenges and come to a continuously adapting control of
the installation.

To meet these challenges, the DT requires a virtual model of the full petrochemical plant, a complex physical
entity, with the necessary Al /ML capabilities, the associated visualization capabilities for seamless user
interaction and supporting multiple end-user devices (not only fully equipped goggles but also low-cost
devices).

Finally, the M&O capabilities will need to evolve to cope with the more stringent requirements of a Realtime
Digital Twin service: low latency, a high number of connected devices, and systems that need to be managed,
monitored, and with life cycle management.

RAN ‘-

6G Sensing
« Objects

¢ Trajectories
« Positions

« Movement

RN

Digital twin
— 66 Sensing
""" 6G connectivity

Figure 3-5: Realtime Digital Twins Example Scenario
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3.8.1.4 Deployment Aspects

Environment & | Following major deployment aspects must be considered for this use case:
Type of
Deployments

o Coverage from small to very large indoor/outdoor areas: The availability of macro
cell coverage will not always be a given, so also network coverage via small cell
and femto-cell (dedicated small footprint radio’s with a communication over IP to
the core, allowing plug & play) is to be considered.

e Both public and private networks: For smart cities, the coverage will be provided
by public networks. In factories, these will be replaced/extended by private
networks.

e Multi-operator environment: Even in factories, there will be elements in the digital
twin that will be under public coverage, hence a multi-operator network needs to
be assumed.

e Machine-type communication: The target of the RT Digital Twin use case is to
have the human interaction with the digital replica but the main type of
communication on the network will be the traffic from M2M (periodic burst
transmissions).

e Seamless handover between the multiple deployment options.

User Devices User devices, wearables, machines, sensors and actuators (for the feedback loop).

The use case should support all types of devices, with different characteristics,
capabilities, and classes.

Constraints and | Prioritization of low latency, reliability, sensing, and position accuracy.
Challenges

The required M&O capabilities.

Table 3-12: Realtime Digital Twins Deployment Aspects

3.8.1.5 Requirements and KPIs

Requirements

Realtime aspect: Accurate control of industrial processes and components requires implementing low
latency, and high available control loops between the system and Digital Twin as it is crucial to have an
accurate synchronization of the physical and virtual states of the system. The very low E2E latency is
mandatory to achieve a Realtime DT.

Full coverage: The full physical geography of the DT needs to have complete network coverage with
the appropriate QoS levels, including both indoor and outdoor areas and the locations without line of
sight. Any handover in the network needs to be seamless.

Network Sensing: the DT model is based on real-time data collected from the physical world. All
sensing data collected by the network itself, eliminates the need for external sensors and reduces the
complexity of the DT ecosystem and logistics.

Sensors: Connected sensors are required for all extra data that cannot be provided by the network
sensing, to create an accurate replica of the complex realtime environment. These sensors might also
need a technology evolution beyond the current sensor devices for sensitivity/accuracy.

Improved human-machine interaction: For an effective DT, it is crucial for users to have a seamless
immersive interaction with the DT. To achieve this, all the capabilities/features as defined by the
“Immersive Experience” use case family (also including the high-resolution 3D rendering) are required.
(These are not duplicated here).
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e Compute resources to handle the complex DT models and databases with the integrated advanced Al
skills to simulate, steer, and predict.

e Privacy/trustworthiness supported by a secure network. Especially for smart cities, it will be crucial
for the end-users to guarantee the privacy of the collected data.

e Hierarchy of Digital Twins: DTs will be covering larger, more complex systems as full cities and/or
factories. As DTs will first appear on lower level (machine level, one production line, one specific utility
in a city), there will be overarching DTs popping up to cover the full systems with the requirement to
ingest, incorporate a number of underlying DTs (hierarchy/interop). This is also called “set of twins” or
“massive twinning”.

o M&O capabilities for the RT DT service to cope with the flexible resource allocation, since compute
can be spread over the network core, edge, and device. Also, the sensing/sensor data collection needs to
be orchestrated: not all included devices in the DT will have sufficient sensor capabilities and compute
resources on board and will need to delegate this to the network (sensing and edge resources) or to other,
better equipped devices in the vicinity.

¢ Interoperability: The DT might include deployed proprietary and legacy systems. Using open interfaces
can make the network more flexible and more manageable (also from an orchestration perspective).

e Strong system integrators for the complex implementation of the RT DT, due to low compatibility and
multiple technologies (networks, sensors, domain-specific software, other digital twin systems).

KPIs
KPI Target Range Comments / Justification
[Enr]lg]—to—end latency |\ der of ms Very low latency for the realtime aspect
Reliabilit Very high: The control of realtime industrial processes
[%] y 99.99999 requires very high service reliability.
Can be lower for non-realtime DT
User experienced Low. It is expected video will be most demanding (up to
c data rate <100
= 100 Mb/s)
= [Mb/s]
s -
c Connection High to cope with the high-volume of sensors (with very
= density 1-10 .
= . , dispersed data rate needs)
£ [devices/m?]
o
O (E%erage 99.99 Service coverage both outdoor & indoor
Mobility
[km/h] <100
Location accuracy <10 High. Accurate positioning to enrich the DT model
o &l
g % Sae;:é?ﬁt-ir:slated vy Network-sensing: accuracy, resolution, and range to
Q_ - - - -
28 Sl v enrich the digital twin model
é 2 Al services can be provided by the service itself
z | Al/ML-related (embedded Al) or exposed by the 6G network (AI/ML
capabilities Y provided by the network) but no Al-Native required (6G
[Y/N] network Al).

Table 3-13: Realtime Digital Twin KPIs

Note: As stated in Section 3.8.1.1, several other applications are rolled up in this use case which will pose only
a partial set of these Realtime DT required KPIs (so not the full set).
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3.8.2 Cloud Continuum

Current technologies and market trends are driving a steady increase in the number of services running in the
cloud, which will be further expanded in the 6G era. Moreover, 6G is not just about a radio interface, but also
about a cloud architecture that supports a wide range of intelligent components (ICs) such as Al applications,
immersive media components, or digital twins. These ICs can be implemented anywhere inside the cloud
continuum of edge and centralized clouds.

With digital twins (DT) becoming omnipresent, it is foreseeable that companies will deploy DTs of their assets
for various purposes. An example is an airline having DTs of all their aircraft engines, which are updated in
real-time and hosted by cloud provider A in Paris. For maintenance purposes while in Singapore, engineers
can use AR devices (hosted by cloud provider B) to portray the engine and work on it. However, the AR device
also needs to optimize the quality of experience, requiring performing further media rendering/stitching in the
edge cloud. The latter depicts the importance to have both “intelligent components” of the AR and DT being
able to interoperate, even when hosted by different providers, in different locations. Also for DT’s interacting
with the “intelligent components” of other 6G-related devices, hosted by different providers, interoperability
is key, explaining why a cloud continuum in the 6G era is a must.

For these dispersed ICs to be supported and operate properly it is mandatory that the availability, functionality,
and interoperability must be seamless throughout the entire cloud infrastructure, irrespective of the cloud
provider. An IC in one cloud infrastructure needs to be able to discover, authorize, and authenticate ICs in
another cloud for them to interoperate. Therefore, the requirement towards 6G is to standardize interoperability
between ICs across cloud/edge providers. 6G will have to provide a federated cloud architecture that supports
all these collaborations.

3.8.3 Smart Maintenance

The smart maintenance use case targets to minimize the downtime of the system covered. It is a top priority
for operators, manufacturers, and service providers to avoid downtimes. Given the pervasive nature of IT
systems in our daily lives, downtime can have severe consequences for society and economy. Therefore, the
ability to predict and prevent outages is crucial in reducing downtime and mitigating its negative impact.

The smart maintenance relies on fault prediction, which involves collecting and storing all related data while
using Al/ML and/or statistical algorithms to predict system behaviour, including failure events. Another key
aspect is to trigger proactive interventions on systems, before their predicted faults occur, preventing system
outages.

The storage and computational requirements may be very high, depending on the model and algorithms
employed, as well as the number of devices and parameters monitored. This can be addressed by leveraging
cloud computing resources located conveniently without latency-distance constraints from the devices. The
other Realtime Digital Twin KPIs as latency and reliability are not that critical for this use case.

The smart maintenance use case can be deployed for multiple scenarios, including smart industries, smart
homes, smart cities, as well as for the 6G network itself.

3.8.4 Digital Twins (Building Model)

The global construction industry is a massive one: expenditure surpassed $11 trillion in 2022, so approximately
13% of the global GDP. It promotes economic development and brings many non-monetary benefits to
countries such as safe and clean housing for all. However, the construction industry also faces serious
challenges related to low productivity, sustainability issues, conservative processes, and high levels of hazards
and risks. Stakeholders are continuously focusing on improving all aspects of sustainability, including safety
and efficiency.

Introducing a cloud-based digital twin, with its associated data, of a construction would enable all stakeholders
and employees in a complex construction project (it can be considered as a temporary manufacturing plant) to
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have access to this digital twin via XR at any time, both outdoors and indoors and even in rural areas. Multiple
simultaneous users can use it and enjoy a smooth, glitch-free, and accurate experience.

Complex project aspects can be fully experienced, understood, and adjusted in real-time using high-fidelity
XR. Virtual safety inspections and guidance supported by AR overlays projected on smart helmet’s visors help
increase safety. Interactive collaboration is possible, including the use of shared digital objects and with
immediate haptic feedback. Telepresence and shared virtual rooms allow experts to participate remotely.
Network sensing and external sensors for continuous scanning of the project progress supported by Al for
early detection of discrepancies and risks help to increase safety, efficiency, and environmental sustainability.
Also in the property sales process, the digital twin will play a key role.

6G will bring the required ultra-fast, reliable, low-latency wireless access to the twins, also at remote sites,
enabling seamless connectivity across organizations, exchange of vast amounts of accurate real-time data,
remote collaboration and virtual high fidelity XR meetings and training for better safety and efficiency, vast
arrays of sensors and devices, drones, robots/cobots, remote real-time monitoring of construction processes
and environmental conditions, advanced Al supported data analytics and simulation of construction scenarios,
network sensing and external sensors for real-time alerts to prevent physical collisions and for very accurate
monitoring of a project’s progress in real-time including even the smallest deviations from its twin.

3.9 Fully Connected World Use Case Family

3.9.1 Ubiquitous Network (Representative Use Case)
3.9.1.1 Use Case Description

The Ubiquitous Network use case focuses on delivering Mobile Broadband connectivity to every human on
Earth, leaving no “white zones”. It therefore involves providing network access everywhere, encompassing
remote areas, zones with harsh geographical conditions (e.g., mountains, forests), the airspace for aerial
operation (e.g., drone operation), as well as the open ocean.

This ubiquitous network will be enabled through seamless access to both TN and NTN — including satellites,
High Altitude Platform Stations (HAPS), air-to-ground networks, and unmanned aerial vehicles/drones —in a
transparent way for the end user, meeting the requirements (e.g., bit rates, latency) to ensure that every-day
needs are covered, with the desired quality of service (QoS).

Although most users in these areas will not be able to enjoy the services with the utmost performance (e.g., no
URLLC, or the most immersive experiences), they will be able to benefit from a wide set of services with
reliable connectivity, including high-quality voice or video streaming services. Moreover, the configuration
could also enable other 6G-related use cases, such as compute offloading if the technical/physical limitations
allow it (e.g., no URLLC due to the use of satellites).

Ubiquitous Network will allow everyone on Earth to access the Internet and its most common uses, but it will
also enable the delivery of new services, such as digital health services. Remote consultations with doctors
will be possible in areas lacking medical infrastructure. Some institutions, such as schools, could also benefit
from more advanced applications for remote virtual education.

Finally, integrating TN with NTN, allows the network to deliver guaranteed connectivity whatever the
conditions, maintaining a minimum set of services even in the event of a crisis. This network resilience will
be crucial for emergency services, in difficult climatic conditions such as storms (in which network elements
may be damaged), or in natural disasters, such as floodings, earthquakes, tsunamis, human-induced
catastrophes (e.g., conflicts) or other events that nowadays cause network downtime.

Problem(s) to be Solved/Challenges

e The main problem to be solved is digital inclusion, by giving everyone, anywhere the possibility to
access digital services, bridging the gap between urban areas, with access to all services, and rural areas,
with limited access, or even no access to digital services.
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o Delivering ubiquitous connectivity can also help reduce educational gaps (by guaranteeing access to
major educational institutions) as well as reducing gaps related to access to health services (by enabling
remote consultation with a doctor), to name a few examples.

o Connectivity everywhere on Earth will not only be a benefit for humans. It will also be an enabler for
earth monitoring, i.e., ensuring data collection from sensors, measuring everything from temperature to
pH value, or even the DNA of animals in a geographical area to track biodiversity.

e Finally, expanding the ecosystem to include NTN delivers greater resilience to the overall network,
which can be crucial in the event of disasters.

Why 6G is needed

6G is needed to ensure reliable service anywhere for everyone, meeting the QoS required for different uses,
while providing privacy and security as well as allowing cost-efficient connectivity and device solutions.

Incorporating a tight integration of TN and NTN as part of the initial phases in 6G, allows for a cost-efficient
ecosystem to be built, as well as ensuring service continuity. At the same time, 6G will address infrastructure-
less environments which suffer from coverage gaps and network service in out-of-range areas that lack the
flexibility to allocate enough resources in reasonable time (e.g., high-quality video service experience). 6G is
needed to ensure seamless ubiquitous access in extreme environments even with low-cost solutions that can
provide basic services, thanks to a reliable integration of multiple networks.

6G is also needed for trusted access, to encompass an approach of trustworthy-by-design infrastructure such
that equipment from vendors of any origin can be trusted for private and secure communication.

In addition, 6G should bring affordable cellular solutions from the start to the ubiquitous network scenarios
allowing worldwide deployment and adoption, even in low-income areas. The first 5G releases focus on chipset
and terminal side has been on high-cost, and high-performance devices, whereas lower cost user equipment
has been spun off as technology evolves, in the last releases, and it remains to be seen how well they will be
adopted by the market and how efficient it will be for operators to support them efficiently without destroying
overall network performance and experience. 6G needs to address these challenges in a better way already
from the first phase.

3.9.1.2 Sustainability Analysis

Sustainability Handprints Sustainability Footprints
(benefits) (costs)
e Preventing travel-related emissions as a e Increased material and energy use to build this
_ result of remote access to services ecosystem (e.g., devices, base stations,
8 | o Enabling collection of environmental data satellites)
g for Earth monitoring e Increased land use (e.g., networks, data
g e Access to precise status information can centres) could potentially impact existing
= enable precision farming practices habitat, and thus, biodiversity
= (agriculture, aquaculture) to reduce the use | o Potential increase of e-waste on land, oceans
- of fertilizers, pesticides, and fresh water and space if not handled properly (e.g.,
collection, 100% biodegradable)
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e Providing everyone access to the digital e Potential digital divide for people with
ecosystem functional variation/ageing population/IT
e Providing access to digital services to all literacy if all services are meant to be handled
(e.g., entertainment, education, digitally
transactions, voting, etc.) - Bridging the | e Potential risk to privacy if all services are
digital divide meant to be handled digitally
e Contribute to making networks reliable e Potential mental health problem due to
(perception), everywhere possibility of always being connected and
< |  Enhanced trustworthiness of digital being traceable
3 services (availability and accountability)
2 e Delivering increased resilience in
networks, crucial in unexpected events
(e.g., natural disasters)
e Enhanced healthcare and education to
reach new areas
e Increases food yield from enhanced
agricultural management
e New job opportunities
o Improved economic resilience from wider | o Profitability challenge from the network
availability of connectivity for different investment
o services e Resilience challenges from the maintenance of
'€ | o Efficiency improvements from the reuse of network
= resources
ugj e Economic benefits (profitability) to
society/country from combining
ubiquitous network with other use cases
(e.g. in public services)

Table 3-14: Ubiquitous Network Sustainability Analysis

Environmental

The access to internet for more people and devices provides increased possibilities for access to information
and digital services in different industries, for example in agriculture/aquaculture, which in turn could lead to
increased efficiency. From an environmental perspective, this could lead to reduced GHG emissions and
reduced use of material. Having access to digital services may also lead to less travel. A ubiquitous network
could also provide network access to Earth monitoring sensors, even in remote areas.

Enabling access for more users requires more devices, extended networks and more data centres, which
requires more energy and material. It also requires increased use of land. With more equipment comes
increased e-waste, both on Earth and in space, if not recycled or designed with 100% biodegradable materials.
Especially important is to plan for how to handle the many sensors that will be connected to the network.

E-waste and circularity are also important aspects to consider for NTN since increased number of satellites
will most likely result in increased space debris, such as non-functioning or broken satellites — or even satellites
which were not completely burnt at their end-of-life. This will increase the risk of collisions, i.e., even more
debris. Repairs in space, or the production and launch of replacement equipment, will of course lead to more
material and energy use.

Social

Ubiquitous network delivers the possibility of connecting everyone, everywhere. Further to this, the aim is to
offer network capabilities with not only universal coverage but also with capacity that can give to all access to
more demanding services such as healthcare, education, cultural activities, entertainment, education,
transactions, voting, etc., bridging the digital divide in terms of availability of these services to all. In stable
and high-speed networks these services can be supported from DT and AR/VR technologies in order to offer
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remote and enhanced experience for all as well as trustworthiness in terms of reliability, availability and
accountability. Remote access to such services through reliable and always available networks can offer new
remote job opportunities as well as enhancement in the management of e.g., food and agricultural processes.
Finally, ubiquitous networks are expected to offer increased resilience and thus, support people in natural
disaster events.

On the other hand, increasing the digitalization of services always comes with the risks of a) creating a digital
divide for people with e.g., functional variation, ageing population and IT literacy; b) privacy and c) mental
health issues; if all services become available only digitally and people need to be always connected and
traceable. All these risks can be limited or avoided with proper training from early ages in terms of balancing
between the two worlds (physical vs. digital), recognizing digital world’s hidden dangers (privacy-related or
coming from anonymity), etc. The risk of digital division will need further investigation and study from domain
experts. However, indicative mitigation strategies could include, e.g., a transitional phase where the services
are supported both physically and digitally for all (or partially pending the characteristics of the end users);
public support from authorized offices to support ageing populations or people with low IT literacy in fulfilling
the interaction with the service they wish to use, etc.

Economic

There can be improved economic resilience from the wider availability of connectivity networks that can be
used to deliver different services ubiquitously. There can be efficiency improvements from the reuse of
resources. Economic benefits including improved profitability to society/country are possible by combining
ubiquitous network with other use cases (e.g., in public services). On the cost side, there can be profitability
challenges from the network investment. Additionally, there can be resilience challenges from the maintenance
of the network.

3.9.1.3 Example Service Scenario

Connectivity at Remote Locations

An end user A, located in a mountainous area, with difficult access conditions, can now benefit from a wide
range of services thanks to the seamless connectivity between terrestrial and non-terrestrial networks offered
by 6G. Being far away from medical institutions and doctors, the user can consult doctors virtually, as the
video quality allows the diagnosis of many common health problems (even though the bit rates and latency
required are relaxed, video quality will be sufficiently good and improved with respect to 5G to allow finer
analysis). If further analysis is required, the user will have to drive to the nearest hospital, but thanks to the
improved video quality of the consultation, several round trips to the hospitals can be saved. In this example,
there is therefore positive impact on both social and environmental sustainability.

It will also allow access to knowledge/education for people living in remote regions, or the possibility to be
included as part of society (e.g., voting, payments), among many other benefits.

Figure 3-6: Ubiquitous Network: "Connectivity at Remote Locations”
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Improved Connectivity in Developing Countries

An end user B, who is a small-scale farmer in deep rural Africa, with limited, if any, land connectivity when
in the field, now has access to a wide range of professional services with one single device seamlessly
connecting to terrestrial and non-terrestrial networks. Using a mobile application, the farmer can perform a
diagnosis as close to the suspected anomaly (related to crop cultivation or livestock) as possible and has the
option of adding photos and videos to help get to the root of the problem thanks to the remote support of
agronomist expertise (human or Al). Farmers can thus engage with precision farming techniques (minimizing
environmental pressures) as well as better addressing the pressure that climate change is exerting on their
output (agricultural production).
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Figure 3-7: Ubiquitous Network: ""Improved Connectivity in Developing Countries”

Connectivity during Natural Disasters and Emergencies

End-user C is working when an earthquake hits, damaging their office and trapping them under collapsed
walls. Thanks to the resilient ubiquitous network, end-user C can inform end-user D, from the rescue team,
and stream videos of their environment to help rescue teams localize them, characterize the situation and plan
rescue operations. End-user C can also call end-user E, a family member, to inform them about their situation.
A crisis scenario such as when an earthquake hits, can cause the connectivity to fail. This is due to the physical
destruction of the infrastructure, or to the overload of the networks because of the reigning panic that pushes
people to try to contact their loved ones. As many can be injured, the loss of connectivity can prevent those
people from being treated in time, or providing ease to people knowing their relatives are safe. Since NTNs
are less exposed to failures affecting the ground level, the complementarity of NTN and TN, through different
access networks, will be necessary to act as backup for connectivity in these situations. This is an example of
how, apart from connecting rural or extreme areas, NTNs can serve a great purpose in currently well-connected
urban areas.
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Figure 3-8: Ubiquitous Network: ""Connectivity During Natural Disasters and Emergencies™
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3.9.1.4 Deployment Aspects

Environment & | Outdoor coverage: 6G should provide broader and deeper outdoor coverage as it is
Type of being built ubiquitously by integrating terrestrial, non-terrestrial and device-to-device
Deployments communication; connecting sea, land, and air.

Indoor coverage: Most of the mobile data traffic is and will continue to be generated
indoors. Today, according to IDATE information based on data and interviews with
European operators [IDA23], 75% to 80% of the data traffic, Business to Consumer
(B2C) and Business to Business (B2B), is generated indoors and this is expected to grow
in the next years. Many use cases rely on indoor coverage: healthcare, energy & utilities,
industrial 10T, transportation & logistics, public sector, etc.

Adequate investments to deploy the indoor network (vs. outdoor) remains challenging.
Indoor coverage cannot be provided directly through satellite connectivity, but a
Customer Premises Equipment antenna can be installed outdoor of the building and
connectivity can be distributed indoor through another technology.

6G-NTN convergence for universal coverage: 5G has already done some of the work
converging with satellite; with satellite companies involved in 3GPP standardization, but
6G should go beyond. For various aspects (e.g., topography of the terrain, cost of
deployment), it will not be possible to deploy TN everywhere, and deployment should
build also on other type of networks, NTN. An example is an ambulance carrying a
patient from a mobile white zone connected to satellite to urban areas for treatment. But
the characteristics of the different NTN solutions should be accounted for in the
deployment for specific services (e.g., latency requirements not compatible with service
requirements).

User Devices User devices: the Use Case should be able to address various types of user devices, with
different characteristics (e.g., Mobile Broadband devices, Fixed Wireless Access
terminals), and categories (e.g., costs). Earth monitoring can also rely on zero-energy
Sensors.

Constraints and | Prioritization of service: Also, in case of an emergency/crisis, the ecosystem should be
Challenges able to operate in ‘emergency mode’. This should reduce non-essential services to a
minimum in order to allow a set of priority services to work properly. An example of
such would be to reduce video streaming services to a minimum, to allow enough
capacity for rescue services, calling, or other use cases that are aimed at the aid of people
in such crises, and allow equal access to services to everyone.

Table 3-15: Ubiquitous Network Deployment Aspects

3.9.1.5 Requirements and KPIs

Requirements
The most important and challenging requirements for the technical design of 6G are listed below.

e Connectivity: The 6G system will need to provide ubiquitous access even in the most remote or hard-
to-reach areas with extreme coverage needs. The range of the network will need to be extended to cover
any “white zones” (outdoor and indoor) even in areas where it is not possible to deploy dedicated network
infrastructure. Finally, it is not only required to provide connectivity in the surface, but also allow for
3D coverage targeted at commercial drone operations or deep underground areas where signal conditions
are very poor.

e Resilience: The 6G system should be able to ensure resilient, seamless operation even in environments
with intermittent or limited network connectivity. Services characteristics might vary through the
coverage area, but basic services must be guaranteed.
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KPIs

Flexibility: The 6G system must be able to deploy flexible network topologies (based on different
accesses) to overcome obstacles such as limited infrastructure or signal attenuation/interference. End-
user devices must be able to connect with different possibilities, e.g., allowing connection or offloading
to a better proximity or more resource-efficient/capable device, or via multi-hop scenarios.

Service Continuity: Tight integration between different topologies and network elements is needed,
including the integration between terrestrial and non-terrestrial networks so service continuity can be
assured for devices moving between different network topologies or deployments.

Privacy and Security: Privacy and security requirements must be consistent and guaranteed, regardless
of the access network (TN or NTN), and during handovers between each.

Affordability: It is crucial to provide a cost-efficient E2E ecosystem (end-user devices, network
infrastructure/operation) to ensure widespread adoption.

6G-NTN convergence: In the vast part of the world, where fixed networks are not much deployed due
to topography or high costs of deployment or low investment capability, mobile and NTN should push
convergence where terrestrial-based and NTN-based solutions can complement each other, however
having different service and cost characteristics. All necessary services should work properly,
irrespective of the network in which the service is running on. Additionally, the convergence of these
two networks requires that parameters, or other information, currently being used for a particular action
will be provided by both TN and NTN. An example of such is the information related to “to which base
station a handset is connected”, which enables emergency alerts to be sent (e.g., sending tsunami threat
alarms to all devices connected to base stations near the coastline in a given region).

KPI Target Range Comments / Justification

Communication

Depending on the service. It is targeting video calls/streaming.
10-100 ‘Real-time’ interactions are not considered as part of this
requirement (e.g., N0 remote surgeries).

The reliability KPI could be associated with the expected
Reliability 99.9 -99.999 service (e.g., given NTN coverage, what is the probability of
[%] ' ' successfully fallback from TN to NTN and achieving a data
rate of at least 100 kb/s). Success rate for this should be high.
Tightly connected to reliability (qualifying the success of
transmission) is the availability of connectivity (qualifying the
percentage of time the service can be delivered). Appropriate
combination of full coverage and capacity to deliver video
streaming-like services is required.

Reaching new areas can promote new use cases/businesses/
services. As there is no viable alternative, those services will
Availability 985 fully rely on this connectivity (e.g., Health services require high
[%] ' reliability and availability of the connectivity). Also,
Maintainability requirements need to be high for them not
being a cause for downtime.

Moreover, the ecosystem needs to be designed in a fully
reliable and resilient way in case of emergencies. As
deployment cannot be defined through design, KPIs such as
‘seconds of system downtime upon handover’ could be

End-to-end
latency [ms]

implemented.
Good quality video streaming should be delivered (not extreme
User 0125 experience). The data rate refers to a single UE, measured on
experienced S the device. Based on current standards, from 0.1 (sensor data)
Downlink/ - . .
data rate 2 Uplink to 25 Mb/s (4K video, based on current video requirements) are
[Mb/s] the expected bit rates, at least for Downlink. It may be revisited

based on the evolution of video standards by 2030.
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. Connection density is not a stringent requirement, as it does not
Connection - .
density 01 target massively connected deployments. Also, connection
. ’ ' density for rural areas are low. However, urban settings could
[devices/m?] : . . o .
require 0.1 devices/m2, in case of crisis scenario.
-Upto 10-15 | Coverage means both extending the range of terrestrial
km range (cell | networks, reaching larger cell size, but also the percentage of
radius) for TN | coverage of a given area, combining the different types of
-99.9%earth | 500655 TN and NTN.
Coverage human
[%] environment on
earth area
coverage with
integrated
networks
Mobility ub 10 120 Mobility related to seamless handover between TN and NTN. It
[km/h] P should support terrestrial vehicle speeds.
" Location Global coverage option is not prone to high accuracy
o -5 | accuracy Low (= 10) requirements.
o= | [M]
cC O - B Tr-
£ < | Sensing N Sensing usually not needed, except for some specific cases
g 8 [Y/N] (during a crisis to obtain information)
8 = | Al/ML-related Al services can be provided offline, utilizing big data analytics.
o 2 | capabilities N It might require Al capabilities to tweak routes, or other
[Y/N] outcomes to minimize disruption time.

Table 3-16: Ubiquitous Network KPIs

3.9.2 Earth Monitor / Sustainable Food Production

The use case builds on two use cases described in Hexa-X D1.2 and D1.3, Earth monitoring and sustainable
food production. This use case involves a large deployment of sensors to monitor and protect the environment
while managing risks to people and agriculture. Since the areas to be covered correspond primarily to
rural/deep rural or uninhabited areas, the use case relies on the interconnection of terrestrial and non-terrestrial
networks, as well as a myriad of devices.

It can be illustrated by two examples:

¢ Earth Monitor for Environment Protection: A global environmental monitoring system, powered by bio-
friendly sensors, widely deployed, provides real-time data on critical environmental factors like weather,
climate change, and biodiversity. This system, accessible even in remote areas, enhances weather/climate
models, enables disaster early warnings, and safeguards ecosystems from illegal activities. Connectivity
can be based on, for example, NTN, long-range terrestrial or local mesh networks.

e Earth Monitor for Sustainable Food Production: Addressing UN’s SDGs like ending hunger and ensuring
food security is crucial. Building on new tools such as Digital Twins to improve efficiency of agricultural
production through real-time monitoring of micro-locations, optimized plant treatments,
experimentation with various strategies, and the use of semi-autonomous ground robots. The
synchronized digital representation of the physical world proves instrumental in optimizing agricultural
production and managing threats. This use case involves transferring large volumes of data from
underserved areas, emphasizing the need for close synchronization. This approach tackles pressing
global challenges related to sustainability, global coverage, inclusivity, and opportunity.

The adoption of 6G for Earth monitoring signifies a substantial leap forward in our ability to safeguard and
understand the planet's ecological well-being, inaugurating a new era of precision and efficiency in
environmental protection. In particular, 6G provides:

o Near real-time monitoring of critical environmental aspects such as weather patterns, climate change
indicators, and biodiversity metrics through data collected from multiple sensors.
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e Reaching even the most remote and inaccessible areas, providing comprehensive coverage for
environmental monitoring efforts.

e Enhancing the processing and analysis of environmental data, enabling more accurate and timely
insights through integration with Al and machine learning algorithms.

3.9.3 Autonomous Supply Chain

To ensure a fully integrated autonomous supply chain, the demand of scoping, ordering, sourcing, packaging,
routing and delivery must be automated using local and central Al agents continuously optimizing the process,
for example, in relation to unexpected events such as natural events, disasters or political circumstances
[HEX21-D12]. 6G will enable a fully automated supply chain, at reasonable cost and complexity. With global
E2E lifecycle tracking of goods from production, shipping, distribution, usage and recycling; higher resource
efficiency and reduced material and energy consumption can be achieved. The use of 6G-connected micro tags
on goods can simplify tracking, customs, safety checks, and bookkeeping, allowing it to be done without
manual interference.

6G's increased and ubiquitous coverage, low latency, and advanced connectivity capabilities make it a crucial
enabler for the development and implementation of autonomous supply chain systems, ultimately leading to
more efficient, agile, and resilient supply chain operations. In particular:

e Real-time monitoring and decision-making in the supply chain through fast data transmission.

¢ Minimal delay in data transmission, which is essential for tasks that require immediate response, such
as autonomous vehicle navigation, order processing, and inventory management through low latency.

e Remote assistance, training, and visualization to enhance the autonomy and efficiency of the supply
chain through integration with XR technologies.

3.9.4 Virtualization of Device Functionalities

Current handsets have evolved to become highly complex and precise machines. The numerous functionalities
that a handset can offer (and on which many of us rely on) require highly intricate design and a myriad of raw
materials sourced from all over the globe, to name a few. As a result, most of the product’s footprint comes
from production stages, rather than usage stages. This is highly detrimental for the environment considering
that the average lifespan of users’ handsets is only a couple of years, further contributing to the already huge
problem of e-waste and resource depletion.

As numerous services are being migrated to the cloud ecosystem, it is foreseeable that many handset
functionalities might follow the same path. As 6G network availability and trustworthiness will increase, it
would then be possible to shift processes and/or storage from the handset to the cloud, while still providing a
seamless experience for the end-user. The ecosystem’s evolution (radio, core, cloud) is key to the enablement
of this use case.

Virtualizing functionalities and relying on cloud ecosystems allows handsets to evolve into less complex
machines, creating several benefits and opportunities. First, as materiality in terminals will be reduced, it
allows to decrease the environmental impact (e.g., e-waste, resource depletion, complexity of recycling).
Second, it can untap new markets and/or allow new business models to be deployed at reduced cost. Examples
of such can be (a) subscription-based phones (shifting responsibility to manufacturers rather than users), (b)
producing a single handset model, and paying extra based on the processing needs of each user, or even (c)
promoting handset modularity. Third, producing cheaper handsets will also contribute to digital inclusion.
Moreover, handsets could also be easily adapted to the special requirements of the user (e.g., the elderly).
Finally, other foreseeable benefits are higher energy efficiency/longer-lasting batteries, decreased supply chain
risks, and the ability to upgrade the handset’s software instantly on the cloud. These benefits will have to be
balanced with the possible side effects on the cloud and impact on deployment, to guarantee that global balance
is favorable for sustainability.

Dissemination level: Public Page 58 /93



Hexa-X-11 Deliverable D1.2

3.9.5 Digital Sobriety and Enhanced Awareness

The energy consumption and contribution to GHG by the ICT industry is considerable and expected to keep
growing due to society’s increasing dependency and pervasiveness Of these services, despite the technical
efficiency gains achieved. Unfortunately, advances in energy efficiency have been primarily led by industry,
usually leaving the end user out. Furthermore, it has not provided the information necessary for creating
awareness of the end user’s digital footprint, nor the tools to manage this behaviour.

Knowledge is power. Therefore, this use case relies on Al capabilities and a deeper understanding of the impact
of different elements throughout the value chain to (1) unravel the E2E energy consumption (including
networks, applications, and devices), (2) the particular settings affecting that energy consumption (e.g., data
route chosen, the country’s energy mix where the service is running), as well as (3) incorporating information
regarding the environmental impact of different elements (e.g., sourcing, life-cycle footprint). Currently, this
information has not been made available nor deemed relevant for the end-user’s experience.

Building on the availability of this information to create awareness of the environmental impacts each user is
responsible for, the end user will have the ability and freedom to adjust the trade-off between the quality of
service and environmental footprint. An example of such is to explicitly show metrics such as “instant carbon
footprint” while watching a video, coupled with suggestions on how to manage the total impact (e.g., lower
video resolution, accept higher latency, avoid paths involving non-circular material usage, or even switching
providers). Making this information transparent, allows the user to evaluate the trade-offs between service
performance and quality from one side, and the environmental impact on the other side.

3.10 Trusted Environments Use Case Family

3.10.1 Human-Centric Services (Representative Use Case)
3.10.1.1 Description

This use case genuinely focuses on the human at the centre of a wide range of 6G services. Human-centric
services demand the use of trusted environments where privacy and reliability are key characteristics to make
the services trustable by the public. Some examples of these services are:

Precision healthcare: health monitoring, diagnosis, and therapy will enable personalized diagnosis and
treatment. A 6G tele-medical paradigm can be enabled by in-body sensing and Al/ML-based analytics in
conjunction with wide-area connectivity.

Safe environments such as kinder gardens, schools, homes, day-care, workplaces, or hospitals will be of help
to establish well-being, safety, inclusion, autonomy for children, elderly, and people with disabilities. Sensing
and Al/ML compute for accurate localization, spatial- and situation-awareness as well as for appropriate
alerting will help to avoid physically risky situations and accidents as well as socially critical situations and
potential incidents. Prevention and avoidance can also be adaptive to the type of the environment; safety of
children on a playground vs safety of patients in a hospital differ in aspects and requirements. Personal
automation services add onto localization and situation awareness in that sensing can trigger adaptations of the
surroundings. For instance, ramps can be made available when a person in a wheelchair is about to enter a
building.

Public safety services during big events: at big public events such as football matches, big concerts, or
parades, public safety services may use human-centric information, e.g., location, personalized data, and
emergency contacts, which need to be anonymized and privacy-protected.

Human-centric services impose very high privacy requirements not only comprising consent management but
even more so technical solutions such as anonymization, pseudonymization, advanced information coding, or
additive homomorphic technologies. Moreover, solutions to privacy protection cannot exclusively reside in
the application domain and must be built into the 6G system.
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To guarantee the safety of thousands of people at a big event or of hundreds of workers on a construction or a
chemical manufacturing site, the 6G network deployment needs to achieve very high service availability or
service reliability.

Problem(s) to be Solved/Challenges

e Providing extended access to high-end health monitoring and diagnosis even for in-body or on-body
sensing as well as to access to accurate therapy.

o Safe environments offer well-being, mental health, safety, inclusion, and autonomy to children,
elderly, persons with disabilities, and other social groups.

o Safety, health, peace of mind can be established for hard-hat workers on construction and industrial
sites as well as to visitors of big public events.
Why 6G is needed

Due to the private character of the data, privacy protection is of key for this use case. Privacy will be enabled
by new techniques such as local anonymization, pseudonymization, advanced information coding and additive
homomaorphic technology. In addition, solutions to protect physical privacy are required for a body-subnetwork
of sensors, actors, and evaluation devices.

For human-centric services, service reliability is key to obtain users’ trust. Besides, in scenarios such as safe
environments or public safety, a high service availability is crucial to avoid catastrophic situations.

Use of integrated sensing and AI/ML compute are key technology components for some service scenarios.
Sensor device connection density for safe indoor environments may exceed the 5G KPIs.

3.10.1.2 Sustainability Analysis

Sustainability Handprints Sustainability Footprints
(benefits) (costs)

e |If used for smart services, potential reduction e Increased material consumption for new
s in GHG emissions resulting from reduced devices and network deployment
o commuting and optimized use of travel e Energy consumption to support Al/ML
E infrastructure and e-health operations, storage, and
£ | o If used for healthcare, potential reduction in processing of extensive healthcare data
= medical waste e Electronic waste from disposal of body
L sensing and computing devices

¢ Increased availability of human-centric e  Privacy risks from monitoring humans

services e Potential risks for trustworthiness/safety

e Enhanced safety in case of hacking
— | o Enhanced freedom of movement for people
8] . . . . .
'S needing continuous health monitoring (outside
& hospitals) and thus, quality of life

¢ Enhanced trustworthiness of digital services

e Optimizing the time of care (relevance of

transportation)

o Economic efficiency improvements and Pressure on demand side can impact
g reduced costs for human-centric services efficiency
s Economic predictability from creating trust Safety degradations from new risks
N with human-centric services related to new services

Table 3-17: Human-Centric Services Sustainability Aspects
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Environmental

This use case has the potential to reduce carbon emissions in services such as smart healthcare and education
by reducing the necessity to travel/commute to benefit from these services. However, this potential reduction
highly depends on travel trends and changes in people’s behaviours. In-body sensors and Al/ML compute can
lead to energy-efficient monitoring and more targeted healthcare practices contributing to reduced energy
consumption and medical waste related to unnecessary medical procedures, tests, and treatments. However,
this use case also increases the number of deployed devices and the amount of infrastructure, which would
increase the material and energy consumption. The disposal of sensors and computing equipment could also
result in increased waste.

Social

Human-centric services are a clear example of the social values that 6G can deliver. For example, precision
healthcare grants the possibility to live life more freely, relying on Al and measuring capabilities to predict
any issues on time. It will also enable people outside urban areas to access these services. Also, the creation of
safe environments can have a great impact on the liveability of cities, risk management/prevention, and
reduction of accidents to name a few; and consequently, on the quality of life for humans.

However, collecting and handling vast amounts of personal data can have severe repercussions in case of
cyber-security breaches (for example), or the trust of the system as a whole.
Economic

Improved economic predictability can arise from creating trust with new human-centric services. There can be
economic efficiency improvements and reduced costs achievable by the human-centric services. On the cost
side, there can be pressure on the demand side which can impact economic efficiency. Safety degradations are
possible due to new risks related to new human-centric services.

3.10.1.3 Example Service Scenario

— 66 Sensing
=+ 86 connectivity

eHealth operation

Figure 3-9: Human-Centric Services Example Scenario

Precision Healthcare

Precision medicine is "an emerging approach for disease treatment and prevention that takes into account
individual variability in genes, environment, and lifestyle for each person,” according to the Precision
Medicine Initiative [PMI]. The new and future possibilities of health monitoring (through numerous wearable
devices, topical, implanted, injected, or ingested sensors, and ambient devices), diagnosis and therapy will
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enable personalized diagnosis and treatment. Bodily and sensory reactions like organ malfunction and pain
can be represented and analysed in the digital domain. A 6G telemedical paradigm will be enabled by in-body
sensing and analytics in conjunction with a wide area connectivity option.

Obviously, very high privacy requirements including the need for local anonymization and pseudonymization
will require local protected signal processing capabilities. Logging activities and environment of persons might
require access to information on the Cyber-Physical Environment. Application domain-specific regulations for
in-body devices such as implants or injectables as well as for on-body medical wearables need to be considered.

Safe Environments

Environments like kinder gardens, day-care, hospitals can be trusted environments to ensure quality of life for
children, teenagers, elderly, persons with disability, and other social groups. Quality of life means health, well-
being, safety, both physically and socially, inclusion, and for instance for elderly autonomy in their daily life.

Safe environments can be created by spatial awareness based on high-resolution sensing, e.g., cameras, radar,
IR-sensors, localization, mapping, tracking, and AlI/ML compute.

Tripping over objects or getting in the way of autonomous robots can be avoided by consequential alerting, an
autonomous robot getting out of the way, and sending help if needed.

A patient about to collapse in an overcrowded emergency room can be helped by immediately sending a nurse
to the patient.

Public Safety Services during Big Events

Localized situations of rising emotion, subtle violence, and upcoming panic in a big event may be detected
early by anomalies in behaviour derived from body gestures, facial expressions, and sound analysis, and may
be de-escalated by announcements, by concentrating the security personnel on spot, and by accompanying
aggressive individuals off the event ground.

3.10.1.4 Deployment Aspects

Environment & | Precision healthcare and many scenarios in environments that shall be hazard-free are

Type of envisioned as indoor deployments within urban, sub-urban or rural areas, e.g. individual
Deployments homes, hospitals, kinder gardens, elderly houses, or workplaces.
These can be served by public or private local sub-networks embedded in the wide-area
network.
User Devices Zero-energy sensors and wearables: examples are in-body devices such as implants or

injectables, on-body medical devices.

Constraints and | Prioritization of privacy/security and reliability/availability: Private data, sensing data
Challenges and derivates of those need to be confined to the trusted environment and inaccessible
for other purposes than declared and consented.

Service continuity: service continuity between local sub-network and wide-area network
for authentication, E2E encryption, or personal data access granted by individuals.

Table 3-18: Human-Centric Services Deployment Aspects
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3.10.1.5 Requirements and KPIs

Requirements

High privacy protection: due to the private character of the data, privacy protection is of key for this
use case. This privacy will be enabled by new techniques such as local anonymization,
pseudonymization, advanced information coding and additive homomorphic technology. In addition,
physical privacy solutions are required for a body-subnetwork of sensors, actors, and evaluation devices.

High service reliability: when talking about human-centric services, the reliability of the services is key
for user trust. Besides, in scenarios such as safe environments or public safety, a high service availability
is crucial to avoid catastrophic situations.

KPlIs
KPI Target Range Comments / Justification
User experience data rate B
[Mb/s]
For AGVs and care robots, e.g. in homes for
<250 ) X
c End-to-end latency the elderly and in hospitals.
[} <1000 S . o
= [ms] Initiating an intervention in case of an
g evolving critical situation in a crowd.
g Roellablllty 99.9 - 99.999 High service availability is key for this use
= [%] case.
3 Connection density 1to 10 Indoor per floor
[devices/m?] <0.001 Outdoor
Coverage -
Mobility pedestr_lan, slow
vehicular
» | Location and positioning <10 :;OC.a tion accuracy
8 | accuracy <03t0<1 ositioning accuracy N
°C3D = [m] <01 Relative positioning accuracy, e.g. collision
£3 ' avoidance
= -
S & | Sensing-related
2 L;’ capabilities Y Relevant for most of the scenarios
a 3 [Y/N]
ﬁxl\N/l]L—related capabilities Y Relevant for most of the scenarios

Table 3-19: Human-Centric Services KPlIs

3.10.2 Industrial Sensors Network for Safe Production & Manufacturing

Safety at the factory floor is critical for workers. Sensors deployed in a factory can help to alert workers of
dangerous areas or situations. A good example is light curtains [IFM][Sic20], where a transmitter sending
parallel beams towards a receiver is installed around dangerous or sensitive equipment. If one or more beams
are broken, a signal or alarm can be generated.

To ensure the correct functioning of these critical safety measures, a highly reliable network beyond what 5G
can provide will be needed (a trusted environment).
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3.10.3 Wireless In-Vehicle Network

This use case involves replacing in-vehicle wiring with wireless connectivity to address current problems with
design and installation complexity, complicated and expensive maintenance, vehicle weight, cost and difficulty
during the introduction of additional in-cabin features and autonomous driving features. Wireless in-vehicle
network can bring significant benefits varying from manufacturing to maintenance and operation cost
reduction. It is also expected to ease the introduction of new features e.g., new backseat entertainment system
and new sensors.

Due to the privacy of the data and the need for high reliability in vehicles, trusted environments beyond 5G
are needed for this use case.

3.11 Use Cases Summary

To instruct the design and the development of the 6G system, Hexa-X-II has identified six use case families,
outlined in Section 3.4, as well as one representative use case per family. These representative use cases have
been analysed in greater detail in the previous sections.

Why 6G is needed

A set of requirements as well as a set of relevant KPIs is presented in Part 5 “Requirements and KPIs” for each
representative use case. Characteristic requirements refer to technology components and preliminary
sustainability aspects considered indicative for 6G. Furthermore, the analysis of representative use cases has
resulted in a set of KPIs of which some exceed the IMT-2020 5G KPIs and indicate the need for 6G. Table
3-20 summarizes “why 6G is needed” for each of the representative use cases by listing the characteristic
requirements and the KPIs reaching beyond 5G.

Characteristic Requirements Not1 KPI reaching beyond 5G Notes2.3

Use Cases
Seamless e AI/ML and compute-related e User-experienced data rate of 250 Mb/s
Immersive capabilities Positioning accuracy of better than
Reality e Sensing-related capabilities for some 10 cm
scenarios e Wide area capacity of 20 Mb/s/m?
e High privacy protection demand e Better than 10 ms E2E latency for some

scenario aspects.

Cooperative o

Mobile Robots

Enhanced local ad hoc connectivity: | o

device-to-device communication
capabilities and distributed
communication resources
Al/ML-related capabilities: federated
learning and split AlI/ML compute
Sensing and positioning capabilities
integrated into the radio interface

For some applications, in a localized
area, E2E latency of better than 0.8 ms
For some applications, in a localized
area, communication service
availability of up to eight 9s

Network-
Assisted
Mobility

Sensing-related capabilities with
sufficient detection probability and
resolution

High connectivity service availability

Connectivity service availability of
99.99%, i.e., probability to get service
fulfilling latency within defined service
space

Absolute positioning accuracy of better
than 1 m with 99.9% reliability in
99.9% of defined service space
Relative positioning accuracy of better
than 10 cm
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Realtime e Sensing-related capabilities, i.e. ¢ Single digit ms E2E latency
Digital Twins network-sensing, and positioning e Reliability of seven 9s

accuracy e Connection density in some cases up to

e Secure, low-cost, and energy 107 devices/km?
efficient connectivity e Positioning accuracy of better than
10 cm

Ubiquitous e Service coverage “anywhere for e Service coverage of 99.9% earth
Network everyone” by integration of TN and landmass area

NTN and of multiple networks
e Trustworthy-by-design network

infrastructure
Human- e High privacy protection demand e Indoor per floor connection density of
Centric  High service reliability up to 10 devices/m?.
Services e Location accuracy of better than 1 m

Service availability of up to five 9s

Note 1: For all representative use cases “characteristic” requirements are listed. Characteristic requirements
are those requirements, of all requirements listed in Part 5 of the use case analyses, that are considered
indicative for 6G from a technology or sustainability point of view.

Note 2: For all representative use cases KPIs are listed if they exceed IMT-2020 KPIs.

Note 3: The IMT-2030 capabilities are specified as “research targets” [IMT2030]; the KPIs here are E2E
KPIs as well as use case-specific and may require refinements and capability differentiation within and
beyond this deliverable.

Table 3-20: Why 6G is needed: characteristic requirements and KPIs reaching beyond 5G KPI

Spectrum Considerations

In general, spectrum characteristics and considerations as outlined in Section 5.3.5 of [HEX223-D11] are
applicable for selecting a proper frequency range (FR) for the deployment of a certain use case and a given
service scenario. Currently specified by 3GPP are FR 1 (0.41-7.125 GHz) and FR 2 with its two sub-ranges
FR 2-1 (24.25-52.6 GHz) and FR 2-2 (52.6-71 GHz) [38.101]. Further ranges currently under discussion
include 7-15 GHz and 92-300 GHz (sub-THz). Important to note is that the following statements are not meant
to be exclusive; deployments of use cases within specific frequency ranges depend just as well on non-technical
aspects like licence availability or facility ownership.

To achieve reliable wide-area coverage which is specifically important for representative use cases network-
assisted mobility and ubiquitous network low-band spectrum is essential, preferably very low below 1 GHz.
This can be complemented by NTN systems in L-band (1-2 GHz) or S-band (2-4 GHz). Since achievable data
rate and capacity in those deployments is limited, higher ranges in FR 1 and new potential bands up to 15 GHz
could supplement very-low band deployments to achieve a better capacity, for instance in line-of-sight (LoS)
scenarios of network-assisted mobility in urban environments. Furthermore, satellite systems in higher
frequency ranges in Ku/K/Ka bands (12-40 GHz) might be an option to connect remote regions with a higher
data rate.

For use cases in confined areas like cooperating mobile robots and human-centric services frequency ranges
of 3-15 GHz and small-cell deployments could be used. Additionally, FR 2 or local sub-THz deployments can
be used to meet even higher data rate and capacity requirements, like for some aspects of the seamless
immersive reality representative use case.

Sustainability in 6G

An initial qualitative sustainability analysis referring to values of environmental, social, and economic
sustainability has been presented for all representative use cases in the “Sustainability Analysis” section
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referring both to positive impact as well as to negative consequences, i.e., sustainability handprint and
footprint.

Outlook

Further evaluation of the representative use cases will be performed and related refinements will be made in
upcoming deliverables. A key objective is to evolve the sustainability analysis in particular with respect to an
in-depth stakeholder analysis. Ongoing regulatory work, specifically on the spectrum, will be integrated
continuously, and the potential impact of the representative use cases on society and the planet will be assessed
in further detail. The development of the new concept of Key Value Indicators (KVIs) will be continued and
will, as a complement to KPIs, serve to guide the design of the 6G blueprint.
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4 Channel models

4.1 Introduction

After defining a complete set of use cases, the next step to take in the design process is to identify which
channel models can apply to the use cases and cover their demands from a radio perspective. Understanding
and identifying the channel characteristics is a key milestone for engineers to be able to select or design the
appropriate frequency, power, modulation, coding, antenna, and protocol for the future 6G system.

The goal of this chapter is to present a state-of-the-art (Section 4.3 and 4.4) of the current propagation channel
models available and conclude how these channel models could be adopted in different scenarios related to the
6 Hexa-X-Il representative use cases introduced in Chapter 3, while identifying any gap or need for new
channel models or enhancing existing ones (Section 4.5).

4.2 Channel models: Definition

Propagation channel modelling is a vast scientific and technical area with many contributions from research
organizations and scientific cooperations, such as European research projects and standardization bodies. This
document will mainly focus on channel models defined by either European research projects or standardization
bodies.

In general, far-field conditions are always assumed in current propagation channel models. This means that
the propagation channel between a transmitter and a receiver can be modelled by a set of rays. For example,
in Figure 4-1, the propagation channel from Base Station 1 (BS1) to Mobile Station 1 (MS1) is modelled using
two rays: the blue one represents the direct path, the dashed red one represents the reflected ray on building
B.

BS 2

Ray »
BS 1 . Elevation i

e c e
; )
A

MS 1

Figure 4-1: llustration of Ray-based Channel Models

A ray is defined by geometrical and electromagnetic features:

e The ray geometrical features define the ray length, which is the distance travelled by the electromagnetic
wave, and the ray 3D orientation at the transmitter and receiver. The 3D orientation is given by the
elevation and azimuth as illustrated by Figure 4-1.

e The electromagnetic features are defined as the complex channel coefficients depending on the antenna
polarization at both links. The channel coefficients give the attenuation undergone by a ray, due to the

Dissemination level: Public Page 67 /93



Hexa-X-11 Deliverable D1.2

travelled distance and/or to the interaction with the environment such as the reflection on a building
facade, the diffraction by an edge building or the penetration through a wall.

A set of rays is also called a set of paths or sub-paths depending on the channel model terminology, but multi-
paths or set of rays refers to the same mathematical entity. There are two different approaches to generating
the set of rays: the statistical geometrical approach and the deterministic approach, as outlined in Section 4.3
and Section 4.4.

A propagation channel model can be characterized as static or dynamic. A static propagation channel model
provides a constant set of rays. From a strictly theoretical point of view, a set of rays with constant properties
models a static channel and cannot model vehicle displacement. Practically, a constant set of rays also models
a Wide Sense Stationary situation as the mobile motion over a short distance can be simulated by changing the
ray phase. A dynamic propagation channel model is not limited to a short distance and also supports spatial or
temporal non-stationarity, for instance in case of blockage. For such situations, a channel model needs not only
to simulate a constant set of rays but also to integrate a dynamic ray birth-dead mechanism for non-stationary
propagation channels.

A propagation channel model can be also characterized as a single-link or multi-link. A single-link model
provides the set of rays between one transmitter and one receiver but does not support multi-point
communication schemes such as distributed MIMO, Reconfigurable Intelligent Surfaces (RIS) or relaying. A
multi-link propagation channel model is able to generate coherently several links. Figure 4-1 illustrates an
example scenario with two mobiles MS1 and MS2 and two base stations BS1 and BS2. A multi-links model
shall be able to simulate coherently the links X-Y, X and Y being BS1, BS2, MS1 or MS2. The capacity to
generate coherent multi-links is called spatial consistency.

Furthermore, propagation channel models not only differ from each other by the targeted environments and
frequency ranges but also by the functions implemented to support non-stationarity and spatial consistency. In
the following, the current channel models are described while underlining the environment, the frequency
ranges and the special functions implemented.

4.3 Statistical Geometrical Models

In this type of propagation channel models, the set of rays is defined by statistical distributions, mathematical
equations, or geometrical considerations. Originally, these models were called Geometrical Stochastic
Channel Model and were based on a pure geometrical approach. The models developed within European COST
actions (COST 259[COST259], COST 273[COST273], COST 2100[COST2100]), are the most well-known
examples.

Subpath m

Cluster n -—_._../'\

An.m.AaA
BS array
A:I.IU.AOD

8 2

MS array

g :
MS direction
BS array broadside of travel

Figure 4-2: Illustration of the 3GPP-SCM [25.996]
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The geometrical approach was adopted for the first time in 2003 by 3GPP with the Spatial Channel Model
(SCM) referenced as 3GPP 25.996 channel model [25.996]. The scattering environment between the BS and
the UE was modelled by a number of clusters that were split into twenty equal power sub-paths arriving at the
same delay as shown by Figure 4-2. The SCM model was limited to three environments and defined only at 2
GHz but it laid the foundations of successive channel models developed by the 3GPP or by the European
projects WINNER [WINO05-D5.4], WINNER Il [WIN207-D112], WINNER+ [WIN+10-D53], METIS
[MET15-D14] and mmMagic [MMM17-D22]. This explains why these models are sometimes called 3GPP-
like or Winner-like channel models.

Statistical geometrical channel models have very similar procedures to determine the ray features. Firstly, path
loss and large-scale parameters are generated for specific environment and propagation conditions, then the
set of rays is generated according to mathematical equations defined as a function of the path-loss and large-
scale parameters. Figure 4-3 illustrates the different steps of the ray generation. The Shadow Fading (SF) and
K factor are parameters used with the path loss model to compute the propagation channel attenuation. The
cross-polarization ratio (XPR) gives the additional attenuation when the receive antenna polarization is
orthogonal to the transmit antenna polarization. The Delay Spread (DS) and Azimuth Spread (AS) characterize
the frequential and spatial diversity. The model may be improved by including additional blocks implementing
special functions such as the blocking effect.

General parameters:
Set scenario, Assign propagation Generate correlated
network layout and |— condition (NLOS/ |~ Calculate pathloss |—pm| parI:ﬁ:t:rcsal(% S
antenna parameters LOS g
p ) AS, SF, K)

Small scale parameters: Y

Generate XPRs | Perform random L Generate arrival & - Generate cluster <—| Generate delays

coupling of rays departure angles powers
Y Coefficient generation:
Draw random initial Generate channel Apply pathloss and
phases coefficient shadowing

Figure 4-3: Ray Generation in Geometrical Channel Model

Table 4-1 lists the different geometrical channel models that have been proposed by ITU-R, 3GPP or European
research project Winner Il, Metis and mmMagic. Quadriga is an implementation that was developed by the
Fraunhofer Institute in the framework of the mmMagic project. It supports the mmMagic model and the 3GPP
36.873 [36.873] and 38.901 [38.901] channel models. The latest channel models use spatial consistency
features which able to simulate the trajectory of a mobile experiencing spatial non-stationarity. It, however,
does not cover the spatial consistency between different communication points. For instance, it is not possible
to simulate correlated links when the mobile receives information from more than one transmitter in for
example scenarios such as cooperative communication, relaying, intelligent reflective surface, etc..
Additionally, these models were developed for wireless communication performance evaluation and not for
other services such as localization and sensing e.g., these models do not consider the scenario where the
transmitter and receiver are located at the same point which is the case for mono-static sensing applications.
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First
Channel Scenarios ARG Special Features Release Reference
Model (GHz) Year
InH (LOS/NLOS),
,\'/IT;’{; UMa (LOS/NLOS),
(Winner 11 | UM (LOSINLOS/O2I), 2-6 2009 [M.2135]
Extension) RMa (LOS/NLOS),
SMa (LOS/NLQS)
InH (LOS/NLOS),
3GPP UMa (LOS/NLOS/O2I), ]
36873 | UMi, (LOS/NLOS/O2I), 2-6 3D 2013 [36.873]
RMa(LOS/NLOS)
o ((gzzg, g%'l))' 3D, dual mobility,
METIS RMa, indoor office and upto 70 blockage 2015 [MET15-D14]
shopping mall, highway
InH-Office
(LOS/NLOS)InF
(LOS/NLOS) .
oy | uma(LOsINLOs/o21), | 05100 Consi;’g;cs"’a;:g'cka o | 2017 [38.901]
' UM:i-Street Canyon Y ge.
(LOS/NLOS/O2I),
RMa(LOS/NLOS/O21)
InH (LOS/NLOS),
ITU-R | UMa (LOS/NLOS/O2I), ) 3D, spatial
M.2412 UMi (LOS/NLOS/O21), 0.5-100 consistency, blockage 2017 [M.2412]
RMa(LOS/NLOS/O21)
[MMM17-
QuadriGA Same as 38.901 U%tHOZBO ;"’;:Efai‘isoi?&ll’ Tm 2017 D22]
T [QDR]

Table 4-1: Statistical Geometrical Channel Models.!

4.4 Deterministic Channel Models

Deterministic propagation channel models, also called site-specific channel models, use a geographical
database or digital map that describes the environment. These channel models do not contain any statistical
components as was the case for statistical channel models.

Ray tracing or ray launching are the most popular deterministic propagation channel models to evaluate the
performance of wireless radio interfaces or to predict the coverage area. Ray launching differs from ray tracing
by the algorithm implemented to compute the ray geometrical features, but has the same configuration
parameters, requires the same inputs and provides the same outputs. In this section, the term ‘ray tracing’ is
used, but it covers ray launching as well. Ray tracing uses a geographical database to compute all possible rays
i.e., direct, reflected, transmitted, diffracted, diffused paths, between two or more points such as transmitter,
receiver, Reconfigurable Intelligent Surface (RIS), relay, etc. Figure 4-4 gives an example of ray tracing
simulation.

L UMi: Urban Micro, UMa: Urban Macro, RMa: Rural Macro, InH: Indoor hotspot, InF: Indoor Factory, SMa: suburban
Macro, O21: Outdoor-to-Indoor, LOS: Line-of-Sight, NLOS: non Line-of-Sight
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Figure 4-4: Ray Tracing lllustration

The ray amplitude and geometrical features are given by physical laws according to the interaction type
between the electromagnetic (EM) wave and the environment. For instance, the direct path amplitude is given
by the well-known free space path loss equation, the diffracted path amplitude is given either by the knife-
edge diffraction theory or by the Geometrical Theory of Diffraction/Uniform Theory of Diffraction, the
reflected or transmitted path amplitude is given by the Fresnel equations. Compared to other physical
phenomena losses, reflection and transmission losses depend on two material properties, the permittivity and
conductivity, that may be frequency dependent. Hence, ray tracing shall include a material table indicating the
material permittivity and conductivity and, if necessary, how these parameters change with frequency. Many
simulations refer to the International Telecommunication Union Radio-communication (ITU-R) P.2040 model
[P2040]. This model, however, is only valid up to 100 GHz. A recent study in Hexa-X [HEX23-D23] proposes
to extend the coefficient to up to 300 GHz for applications using sub-THz frequencies.

Ray tracing has many advantages as they are simply described by the geographical database and the locations
of for example transmitter, receiver, and RIS. Hence, there is no need for a long description to provide path
loss, large-scale parameters statistical distribution, and large-scale correlation. The spatial consistency is given
by the geographical database. The simulation point number is not limited under the condition that the
configuration does not exceed the computer processing limits. Distributed MIMO, RIS or any other
deployment scheme including multi-point communication is easily simulated. Ray tracing does not need
measurement to be calibrated but requires careful upstream work to determine the permittivity table and adjust
the proper geographical accuracy level according to the simulation requirements.

Geographical databases are much simpler than the reality. For instance, buildings are often modelled by
concrete parallelepiped. Consequently, ray tracing is not able to compute all rays and does not simulate very
well the small-scale fading generated by multi-path interferences. When compared to the statistical model
generation methodology, ray tracing can simulate large-scale parameters and clusters but not sub-paths. This
is the reason why pure deterministic ray tracing is often coupled with a stochastic part. Figure 4-5 illustrates
the map-based hybrid channel model proposed as an option by [38.901].
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Figure 4-5: Map-based Hybrid Channel Model

The 3GPP TR38.901 map-based option is inspired by the work achieved in the European research project
Metis [MET15-D14], but it does not propose any digital map as was the case in the Metis project for an urban
environment, an indoor office and a shopping mall. Therefore, the 3GPP TR38.901 model is mainly used for
the statistical channel model defined in the previous section 4.3.

Another example of a hybrid deterministic channel model is given by the IEEE 802.11ay channel model. This
model is based on the existing channel models for 60GHz WLAN systems [802.11ad], extensive ray-tracing
simulations and the results of the European-Japan project MIWEBA [MWE16-D51]. The IEEE802.11ad
channel model does not define a frequency range but the measurement campaigns and ray tracing simulation
targeted mainly frequencies around 60 GHz. The proposed environments are a living room, enterprise cubicle,
conference room, open area, street canyon and hotel lobby.

Deterministic channel model or hybrid deterministic channel model have many advantages and can support
many use cases. However, ray tracing may not be straightforward to implement compared to statistical channel
models. Implementing a 2D-ray tracing based only on reflection in a simple environment such as an empty
room delimited by four walls, a floor and a ceiling is quite simple. Implementing a 3D-ray tracing based on
reflection, diffraction, and diffusion in the case of rough surfaces in a complex environment is much more
difficult and may be time-consuming particularly if geographical size, the number of objects or mobility of the
objects increases or varies. This explains why this kind of models has not been yet widely adopted by
standardization bodies.

Another hybrid approach is the stored channel approach. A stored channel model at 140 GHz from measured
and ray launching-assisted channels is presented in Section 3.2 of [HEX23-D23] and can be accessed from
[DHK23]. This channel model is based on channel measurements performed in an entrance hall, and outdoor
scenarios such as suburban, residential, and city centres from 140 GHz to 144 GHz. The transmitter side is
equipped with an omnidirectional bicone antenna and the receiver side has a rotator-mounted directional horn
antenna resulting in single-directional multipath data of the measured links. These data are then augmented
using a measurement-based ray launcher to estimate the double-directional multipath data containing the path
gain, angle-of-arrival, departure, and delay [DH23, DKH22]. The stored channel model enables the
reproduction of measured channels for any specified antenna type of interest. The channel frequency response
is determined by using the multipath data and the complex radiation patterns of the specified antenna. Random
snapshots of these frequency responses can be generated by introducing uniformly distributed random phases
for each path.
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4.5 Channels Models and Hexa-X-I1 Use Cases

The comparison between the propagation channel model state-of-the-art and the Hexa-X-Il use cases
highlights some lacks for the current propagation channel models and suggests the following enhancements:

e Model extension for frequencies above 100 GHz: Current models are limited to 100 GHz whereas some
use cases plan to use frequencies above 100 GHz.

o Special feature implementation for JCAS: Channel models were developed for wireless communication
performance evaluation and not for sensing applications. For instance, there is a need to model the radar
cross-section of urban objects or to define channel models with the transmitter and receiver located at

the same point.

e Spatial consistency improvement: Spatial consistency is a key feature for sensing applications to resolve
different objects from the time-angular channel impulse response. It is also a key feature for multi-point
deployment schemes.

The propagation channel modelling work in Hexa-X | and Il is focused on the first bullet with the extension
of ITU-R and 3GPP model above 100 GHz.
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5 Business Models for 6G Ecosystem

5.1 Introduction

The goal of this chapter is to expand the use case developments by deriving initial business models for some
of the representative use cases presented in Chapter 3. To derive business models including revenue models,
is the ultimate goal of a use case. They capture the value propositions of the use cases’ business ecosystems
and specify business opportunities for single stakeholders.

Section 5.3 reviews the most used tools and templates for business models and provides a complete state of
the art of the current business models used in the telecom sector. Section 5.4 outlines the methodology that
will be used to develop the business models of the Hexa-X-11 use cases. Finally, in Section 5.5 the business
models for the selected representative use cases from Chapter 3 are presented.

5.2 Business Model: Definition

A Business Model describes how a company creates, captures, and delivers value. The business model concept
is rooted in the strategic management field, and it reflects the main strategic components in a firm’s competitive
landscape such as opportunity, value, and advantage. A business model is a means to achieve the
implementation of a strategy [DDO+10]. Nevertheless, there is not a commonly accepted definition of a
business model.

In general terms, a business model is often described as a boundary-spanning, multi-purpose, and future-
oriented vehicle for designing, planning, and realizing a business [ZAM11]. In the technological field,
Chesbrough and Rosenbloom [CR02] define a business model as “the heuristic logic that connects technical
potential with the realization of economic value”. Thus, technological development is in tight interaction with
strategic development.

5.3 State of the Art on Business Models
5.3.1 Visual Tools and Templates for Business Models

One classical example of visual tools and templates for business models is the Business Model Canvas (BMC)
[Ost04]. The BMC is a visual chart used for developing and documenting the main activities of a business, to
align the different components of a business and illustrate its potential trade-offs. The traditional BMC holds
nine areas to explore: customer segments, value propositions, channels, customer relationships, revenue
streams, key resources, key activities, key partnerships, and cost structure.

The common aspect of these tools is the vision of exploring business opportunities and defining those processes
that capture value through competitive advantages [CHE10]. With time, additional aspects have been brought
into the business modelling. Nowadays it is understood that sustainable business models require a long-term
business vision, which includes the integration of economic, environmental and social values into the value
proposition, as well as stakeholders™ engagement [EIk94], [APD+22].

In a more interconnected world, markets can be better explained by the business ecosystem concept and
stakeholder analyses [Fre84] [Mat18] must be included in a sustainable business modelling [APD+22]. A
business ecosystem consists of interdependent stakeholders that are both collaborating and competing to create
and sustain new markets and products. Such ecosystems may rely on the technological leadership of one or
two stakeholders which provide a platform that affects the investments and strategies of the other members.
The value capture component of a business model must find an acceptable balance between profits for the
technologically leading stakeholders and the other ecosystem members [TL17]. It is a challenge to design and
plan business models optimally for two or more interdependent firms since the business model concept has the
perspective of a single firm. Thus, the derivation of business models in an ecosystem with several stakeholders
will be discussed below.
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Latest business modelling tools include additional areas, especially related to social and environmental
sustainability and the concept of ecosystem:

The Doughnut economic model [RAW17] is a visual framework for sustainable development stating that there
is a “safe space”, within which business can be conducted without harming people, or the planet. The outer
boundary is the environment, and the inner boundary is the society.

e The Sustainable Business Canvas [SBC20]: It adds to the traditional nine areas of the BMC two
additional ones, namely eco-social costs and eco-social benefits.

o Circular Business Model [OECD18] [Sit22] includes a circular design perspective, describing the value
capturing for customers, key partnerships, resources, and distribution models, explicitly including both
social and environmental issues as outcomes.

e Flourishing Business Canvas [FBC] ]adds to the classical nine areas of the BMC the dimensions of
environment and society with a total of 17 areas to explore. It defines environment, society and economy
areas as overlapping, in line with the Doughnut economic model.

e Ecosystem Pie [EP] focuses on describing the stakeholders of an ecosystem from the perspective of their
value.

e The Rainforest Canvas [RC] allows for the visualisation of the innovation ecosystem of a company or
product by describing stakeholders, leaders, resources, activities, engagement, role models, frameworks,
infrastructure/capability/community and culture.

5.3.2 Business Models for Mobile Communications

Although business models in telecoms have been evolving since 2G, in order to create a canvas that makes
sense for 6G, the business models related to 5G which involve a higher level of complexity [AAA+23],
[BMM22] will be analysed and explored.

The General Bit-Pipe Mobile Network Operator (MNO) business model is the evolution of the current mobile
operator, which offers mobile connectivity to users through mobile communication technologies (2G to 5G)
in a mass-production or bit-pipe mode.

e The Segmented Specialized Service MNO business model offers mobile connectivity bundled with
specialized content to selected segments, nationwide or regionally. These operators compete where the
general bit-pipe operators are less competitive serving smaller niches to satisfy the long tail of customers
through higher value-added services. Examples include smart learning environments, e-health, smart
transportation, etc.

o The Wholesale Service Local Operator business model offers locally hosted connectivity to MNOs’
customers as a neutral entity (i.e., neutral host). This typically happens in public places, such as
campuses, hospitals, airports, cities, etc., where it is not economically feasible for all MNOs to build
their network, but they can outsource it from a single local neutral operator.

e The Retail Service Local Operator business model offers local connectivity and complementary data
services to end users in different private venues such as shopping centres, hotels, or workplaces in an
independent fashion. In this business model, MNOs can provide private local connectivity to end-users,
integrating the local network with the public one.

e The Vertical Service Local Operator business model offers private local network connectivity and related
content and context services for verticals like factories, agriculture, electric grids, railways, and ports.
This business model may serve both human and non-human (i.e., machine) demands.

e The Context Service Local Operator business model offers private local connectivity to provide
personalized consumer services based on content and context data through, e.g., network slicing
technology.
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In general, 5G has enabled new business models for MNOs and new types of stakeholders in the ecosystem.
Continuing this evolution, 6G is forecasted to hold even more stakeholders in the ecosystem. The following
business models for 6G have been envisioned [AAA+23]:

The 6G MNO business model is the evolution of the 5G bit-pipe MNO, which offers an E2E value controlled
by the MNO and supported by specialized firms connected to the connectivity platform of the 6G MNO. This
model aims at matching user needs with the connectivity platform resources through, e.g., an automated
network slicing to offer differentiated services to different user groups, both consumers and institutions, such
as critical infrastructure providers.

e The OTT (over-the-top) operator business model offers content to the end users, by bypassing the
traditional MNQO’s network, acting as a platform based on its cloud resources, leveraging connectivity
from other traditional operators (e.g., bit pipes) to benefit from its large customer base. In this model,
data and algorithms play a central role, as such business model focuses on human users and are
envisioned to be the consumer or enterprise metaverse providers.

e The edge operator business model provides tailored localized connectivity, content, computing (i.e.,
hardware), and context services in one or multiple locations. Edge operators can be seen as the evolution
of vertical service local or context service local operators of 5G who can specialize in serving customers
at the edge, with a more advanced context-specific offer by matching customer needs through available
data (shared within the ecosystem), which is processed at the edge of the network. Edge operators
manage hyper-local cloud infrastructure services with scalability, required availability, and high
flexibility.

e The telco broker business model offers connectivity or any other resource or asset needed for providing
future mobile services. It emerges from the need for additional disruptors, complementors, and
specialized service providers in the future 6G multi-platform ecosystem, being its role to match differing
needs and resources. Examples of emerging needs are specialized data, artificial intelligence, and
interface-control-based services, where a telco broker acts as a service enabler.

5.4 Methodology

Based on reviewing of existing business modelling approaches and ongoing 6G developments, the Hexa-X-I1
project has derived a new ecosystem-level business modelling approach that is applicable to use case-specific
business modelling. The methodology consists of three steps for the use case: ecosystem business model canvas
(ecosystem level business model for the use case including identification of stakeholders), stakeholder analysis
(analysis of key stakeholders) and ecosystem pie (ecosystem level business model visualization).

Ecosystem Business Model Canvas

The first step of use case-specific business modelling is to develop a generic ecosystem-level business model
for the use case. The ecosystem-level business model consists of elements that are derived from existing
business model templates and brought together. The developed ecosystem-level business model canvas is
illustrated in Figure 5-1 and consists of the following four main elements:

Ecosystem value propositions

e Value proposition: intended value arising from a customer-oriented solution characterized by a
system level goal [TWP+20].

e Value co-creations: what value is co-created in the ecosystem between the stakeholders satisfying
their needs while depending on each other but do not controlling each other [FBC].

e Value capture: how, what kind and how much value created by the ecosystem is captured through
different means including direct financial gains, growth, reputation, higher efficiency, etc. [TWP+20].

e Value co-destructions: what value is destroyed, what are the obstacles for creating value and what
hinders the realization of the use case [FBC].

e Partnerships: governing of the ecosystem partners through formal partnership agreements, contracts,
norms, regulations and institutional arrangements [FBC].
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Supply side

o Stakeholders/key partners: who affect or are affected [Fre84] by the use case on the supply side.

e Resources (incl. environmental and social): key tangible and non-tangible resources [FBC] including
assets, skills, capabilities, etc. needed for value creation [TWP+20].

e Activities: mechanisms to generate productive contributions to the ecosystem [TWP+20].

Demand side

e Customer segments: end users, subscribers, beneficiaries and other target markets [TWP+20] for the
value created in the ecosystem.

o Stakeholders/key partners: who affect or are affected [Fre84] by the use case on the demand side.

e Customer relationships: type of relations to build with the customers [SBC20].

e Channels: communication and form of interaction with customers and delivery of the
services/products in all phases of the business cycle [SBC20].

Outcomes

o Benefits (incl. benefits to environmental, social and economic aspects): positive aspects from the
business [SBC20] [FBC].

e Revenues (revenue streams): where, how and how much revenues come from the value proposition
[SBC20].

e Pricing: ways of pricing the products and services and charging for the use in terms of what they pay
for and how [SBC20]

e Costs (incl. costs to environmental, social and economic aspects): different costs that need to be
supported in delivering the value proposition [SBC20] [FBC].

Supply side Ecosystem value Demand side
= Stakeholders/key partners  propositions = Customer segments
= Resources (incl. » Value proposition = Stakeholders/key
environmental and social) = Value co-creations partners
= Activities * Value capture = Customer relationships
* Value co-destructions * Channels

= Partnerships

Outcomes
= Benefits (incl. benefits to environmental and social aspects)
= Revenues (revenue streams)
= Pricing
= Costs (incl. environmental and social aspects)

Figure 5-1: Hexa-X-11 Ecosystem Business Model Canvas.

Stakeholder Analysis

The second step in the developed business modelling methodology is stakeholder analysis where the key
stakeholders for the use case are identified and described. Stakeholder analysis starts by identifying
stakeholders relevant to the use case and selecting the key stakeholders for more detailed analysis. The key
stakeholders are then analysed for their role in the use case, value proposition, activities and resources, and
presented in a table for further analysis. This analysis takes the ecosystem-level business canvas deeper to the
stakeholder level by identifying the value proposition, activities and resources at the stakeholder level.
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Ecosystem Pie

The third step in the business modelling is to visualize the ecosystem business model using ecosystem pie for
the use case by showing the ecosystem consisting of the key stakeholders. The ecosystem pie consists of the
ecosystem’s value proposition and key stakeholders’ roles, value propositions, activities and resources as an
onion figure where sectors present the different stakeholders and the rings present the different elements of
stakeholder analysis, see Figure 5-2.

Stakeholder 1

Resources

Activities

Stakeholder 2 Value proposition

Stakeholder 5

Ecosystem
value
proposition

Stakeholder 3 Stakeholder 4

Figure 5-2: Hexa-X-11 Ecosystem Pie

5.5 Developed Initial Business Models for Selected Representative Use
Cases

Next, the developed methodology for business modelling presented in Section 5.4 is applied to three selected
representative use cases. These representative use cases include Seamless Immersive Reality, Realtime Digital
Twins and Ubiquitous Network. The use cases were selected to investigate different types of use cases resulting
in different business offerings and ecosystems around the use cases. Seamless Immersive Reality represents
local usage that brings together participants from different locations to co-create value. Realtime Digital Twins
expand the use of 6G to make use of digital replicas of complex systems to optimize operations in real-time in
a multi-stakeholder ecosystem leading to potential cost savings. Finally, the Ubiquitous Network
representative use case aims at providing connectivity to all, which forms the foundation for businesses making
use of the connectivity.

5.5.1 Seamless Immersive Reality

The business model developed for the Seamless Immersive Reality use case is shown in Table 5-1, Table 5-2,
and Figure 5-3. The ecosystem business model canvas in Table 5-1 summarizes ecosystem value propositions,
supply and demand side descriptions and outcomes. The overall value proposition of the Seamless Immersive
Reality use case is to offer “an enhanced ability to get a shared understanding of an interaction with multi-
dimensional and/or textual objects/topics/people with increased output quality of interaction”. The key
identified stakeholders include providers of equipment for seamless reality technologies, providers for
seamless experience applications, telecom infrastructure providers, network operator/service providers, and
other end users, which are detailed in Table 5-2 Finally, the ecosystem pie visualization is shown in Figure 5-3
presenting the ecosystem’s value proposition and key stakeholders’ roles.
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Supply Side Ecosystem Value Propositions Demand Side

e Stakeholders/key partners: Providers of e Value proposition: Enhanced ability to get a shared understanding of e Customer segments:
equipment of seamless reality an interaction with multi-dimensional and/or textual consumer; employer/institution
technologies; Providers of seamless objects/topics/people with increased output quality of interaction. (industry, architects, health,
experience applications (including content e Value co-creations: Enhanced mutual interactions with people far education) - for end-users;
and marketplace for services); Telecom away (telepresence) and co-experience for increased common game/immersive reality
infrastructure providers (network vendor); understandings; improved quality of experience (QoE) facilitating publisher; immersive reality
Network operator/service provider; Other interaction, collaboration, co-presence, and co-experience in many equipment providers.
end users. aspects of life including work, education, or healthcare, and cultural, e Stakeholders/key partners:

e Resources: Internet of senses; devices; social, and personal lives. Marketplace for services (commerce in the End users; Subscriber of the
compute resources; Al algorithms; data virtual world). service (who pays); Customer
and access to data; domain specific e Value capture: users, or those wanting immersive reality to be applied, relationships: Business to
competence; communication network (can will capture value; in turn, others take advantage of increased quality Consumer/user; Business to
be local private network); funding; design such as patients, employers, customers of manufactured components, Business user; Business to
processes; IPR. and art consumers). User equipment provider to

e Activities: Design and develop seamless e Value co-destruction: Competition for owning end-user/customer Consumer.
experience and applications; capturing relationship; timing in launches by different stakeholders; non- e Channels: Digital channels;
content; deploying suitable network; compatibility limits interaction; role of advertisements Direct sale; distributors;
traditional operations. e Partnerships: Providers of connectivity, Immersive reality equipment, partner distributors; tenders.

Content, SW.
Outcomes

e Benefits: Efficiency and productivity improvements; fostering a healthy social life (inclusion; the pleasure of social interaction, and well-being); allowing for new
ways of working; enhancements to innovation; carbon footprint reductions.

e Revenues (revenue streams): Alternative streams: customers can buy bundles of equipment/connectivity/services, or direct to all providers. Examples: Payments
from user/customer to operator; Payments from employer/institution to operator (of private network - wide area network); Payments from employer to equipment
provider to operator; Payments from employer to equipment provider AND operator AND content provider.

e Pricing: Different models: subscriptions per end-user/user equipment; wholesale prices, per subscription or per volume level (e.g., game publishers or equipment
providers who bundle connectivity into service); as-much/many UEs-as-you-can-eat limited by geography; time.

e Costs: High costs for general support for immersive reality; requirements for ubiquitous QoS in the intended coverage area and the reality of lower and
unpredictable QoS in wide area network; growth of immersive reality in socially not-so-acceptable or illegal domains; unintended growth of digital storage and
resource usage (waste).

Table 5-1: Seamless Immersive Reality Business Model Canvas
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Stakeholder

Description

Role

Value proposition

Activities

Resources

Providers of equipment
for seamless reality
technologies

Providers for
equipment of
seamless reality

Supplier

Equipment which is easy to use and set up, to
engage with content personal equipment, or
easily shared with other people

Development, delivery and
maintenance of equipment.
Research, design, manufacturing
(outsourced), sale/distribution

Design processes. IPR, knowledge.
People. Own factories - or
outsourcing expertise.

Providers of seamless
experience applications
(including content and

marketplace for services)

Providers of
applications and
content for seamless
experience

Supplier

Attractive and useful content that can be made
available efficiently in a marketplace

Ideate, design, and build content.
Share. Manage users, and potential
purchasers of content creation and

sharing. Sales and customer
relationships.

Expertise. Processes. Skills and
tools. Capital. Brand.

Telecom infrastructure
providers (network
vendor)

Vendor of
communication
network
infrastructure, which
has sensing capability.

Supplier

Robust and predictable general-purpose large-
scale sensoring equipment and make available
trustworthy monitoring data.

Research, design, manufacturing
(outsourced), sale/distribution,

Design processes. IPR, knowledge.
People. Own factories - or
outsourcing expertise. Scaling
capabilities.

Network operator/
service provider

Provider of local/wide
area connectivity
services supporting
immersive experience.

Supplier

Investment and costs in the network can be
justified by the use and users, and what they pay
for deploying and running the network.

For business modelling: a need to identify more
uses for private networks to make a business
case

Operate local network. Handle
relationship with network
owner/financer - and users, access
rights of the network.

Local active (and passive network).
Human operation and support.
Financial resources. Spectrum
ownership. Installed network

(infrastructure and people).

Knowledge about network sourcing

and deployment. Customer base.

End users

students, teachers,
common people

Customer

Perceived value for price: inclusion, social
interaction, well-being and being entertained;
productivity, innovation, quality, motivation.

Reduced carbon footprint. Test before purchase.

Use the immersive reality services.
Potentially pay for services for an
immersive experience. Require
support.

Acquired equipment and
applications to use the services.
Sufficient financial resources.
Rented devices (rental model for
sharing and limiting device
proliferation).

Subscriber of the service
(who pays)

Financing
actor/sponsor of
content/applications/
connectivity, e.g.,
education

Customer

Perceived value for price: Productivity,
innovation, quality, motivation, better use of
scarce human resources, inclusion, reduced

carbon footprint, test before deployment

(product, medicine...).

Pay for services for immersive
experience, on behalf of users

Sufficient financial resources, and
mechanisms which enables to
assess, prioritize, and purchase
"new" tools (pioneer)

Other end users

other end users to use
the seamless
experience with

Supplier

Being available for other end users who would
want to reach to create critical mass

Use the immersive reality services.

Acquired equipment and
applications to use the services.

Table 5-2: Seamless Immersive Reality Stakeholder Analysis
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Figure 5-3: Seamless Immersive Reality Ecosystem Pie

5.5.2 Realtime Digital Twins

The business model developed for the Realtime Digital Twins use case is shown in Table 5-3, Table 5-4, and
Figure 5-4. The ecosystem business model canvas in Table 5-3 summarizes ecosystem value propositions,
supply and demand side descriptions and outcomes. The overall value proposition of the Realtime Digital
Twins use case is to offer “new business opportunities and increased efficiency from multiple stakeholders
meeting in a virtual digital twin being immersed and bringing together capabilities to co-create value by solving
challenges remotely and collaboratively”. Key identified stakeholders include sensor providers, digital twin
providers, telecom infrastructure providers, network operator/service providers, end user equipment providers,
providers of components that need to be digital twinned, providers/integrators of applications on top of the
digital twin, which are detailed in Table 5-4. Finally, the ecosystem pie visualization is shown in Figure 5-4
presenting the ecosystem’s value proposition and key stakeholders’ roles.
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Supply Side Ecosystem Value Propositions Demand Side

e Stakeholders/key partners: Sensor providers; ¢ Value proposition: New business opportunities and increased e Customer segments:
Digital twin providers; Telecom infrastructure efficiency from multiple stakeholders meeting in a virtual digital Building/site/facility
providers; Network operator/service provider; twin being immersed and bringing together capabilities to co-create owners/operators
End-user equipment providers; Providers of value by solving challenges remotely and collaboratively. e Stakeholders/key
components that need to be digital twinned; e Value co-creations: Increased efficiency of stakeholders' operations partners:
Providers/integrators of applications on top of the by multiple stakeholders meeting in digital twins through Building/site/facility
digital twin automation, remote monitoring and handling of infrastructure owners/operators; Owner

e Resources: 0T devices; robots; compute allowing better information sharing and coordination of of the digital twin;
resources; Al algorithms; data and access to data; stakeholders' processes in the value chain and common system Humans/real users
digital twin data; domain specific competence; development and changing the ways of working/collaboration (humans using digital
communication network; funding; buildings; through better coordination (example: industrial metaverse). twin in the site and those
infrastructure; natural resources and raw materials; e Value capture: Those in control of processes can extract value being monitored);
Design processes; IPR; Factories Workforce; from the use of digital twins to optimize the processes. e Customer relationships:

e Activities: Coordination and cooperation between e Value co-destruction: Complex collaboration contracts; Risk of not Business to owner of
stakeholders; development of twin/replication of a being able to create a full digital twin (getting data from all involved digital twin (money flow);
large entity for interactions; providing stakeholders); need for standardization to allow digital twins to Business to the users of
connectivity; R&D; design; manufacturing; collaborate and exchange information. digital twin (customer
deployment; sales; operation maintenance; circular e Partnerships: Relation between the digital twin provider and the support)
business; sustainability management; life cycle user of the digital twin (can be different models: as a service (aaS)). || ¢ Channels: Tenders; direct
management; ethical management; authentication sale;

Outcomes

e Benefits: Resource savings (including materials, energy); reduced waste; reuse of materials over product/construction cycles; safety improvements; reduced costs;
reduced burden on environment (achieving sustainability targets); making the world more manageable 24/7; reduced dependency on human resources and burden
on humans doing things right; better overview of what resources are used - a system to manage circularity; new jobs for new competences; making use of digital
twin for the network in the location (network management); using of digital twin before constructs are finished for training/preparing before opening; better
working environment for the person/worker.

e Revenues (revenue streams): Different financing/charging models for the use of digital twin (as a service-monthly fees; invest yourself; different stakeholders to
invest to provide revenues for digital twin providers); reduced costs; multiple use cases needed to justify the cost.

e Pricing: Different models: everything aaS from one stakeholder; buying/doing yourself the sensors/analysis/digital twin; subscriptions for devices & services (incl.
connectivity); aggregation of subscriptions.

e Costs: More dependency on specific skills/systems; costs of training of workers; costs of creating and maintaining digital twin; footprint from devices; cost of
exposing critical information about infrastructure and operations.

Table 5-3: Realtime Digital Twins Business Model Canvas
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Stakeholder

Description

Role

Value proposition

Activities

Resources

Sensor providers

Providers of sensors of different
types

Supplier

Robust and predictable installations of need-specific
Sensors.

Development, delivery and maintenance of
sensors. Sales and customer relationships.
Logistics. Inventory services.

Design processes. IPR,
knowledge, experts. Scaling
capabilities. Logistics and
preconfiguration
capabilities/systems/processes.

Digital twin providers

Provider of digital twin
including digital twin
applications SW and HW.

Supplier

To offer a digital twin tool/service, which benefits
stakeholders/users in their daily work.

Design, creation and maintenance of digital
twin application and HW. Management of
use and access. Sales and customer
relationships. Authentication.

IPR and copyright, experts,
vertical domain knowledge.

Telecom infrastructure
providers (network
vendor)

Vendor of communication
network infrastructure, which
has sensing capability.

Supplier

Robust communication network infrastructure which
allows stakeholders to use and develop the digital twin.
Robust and predictable general purpose large scale
sensing equipment, and make available trustworthy
monitoring data.

Research, design, manufacturing
(outsourced), sale/distribution,

Design processes. IPR,
knowledge. People. Own
factories - or outsourcing

expertise. Scaling capabilities.

Network operator/
service provider

Provider of the connectivity
service supporting digital
twinning, especially for the local
area of twinning. Can be public
network or local private
network.

Supplier

Investment and costs in the network can be justified by
the use and users, and what they pay for deploying and
running the network.

For business modelling: a need to identify more uses for
private networks to make a business case

Operate local network. Handle relationship
with network owner/financer - and users,
access rights of the network. Authentication.

Local active (and passive
network). Human operation and
support.

End user equipment
providers

Provider of equipment that end
users use to access the digital
twin.

Supplier

Easily connect users of digital twin applications, new
and for the first time.

Design, develop, operate application/
functionality/equipment. Manage IDs and
users, privacy regime. Sell and promote.

Algorithms. Applications
(code). IPR. Experts.

Providers of
components that need
to be digitally twinned

(e.g., machines in factory);

Supplier

Easy integration of devices into digital twin
environment; easy replicability

Research, design, manufacturing,
sale/distribution,

IPR; data generated by the
components

Building/site/facility
owners/operators

Owners/operators of
buildings/sites/ facilities which
are the core of the digital twin.

Customer

Efficiency in processes for people and the environment

Operate the facility

Physical facilities

Owner of the digital
twin

Owner of the digital twin

Customer

Efficiency in processes for people and the environment

Make use of the digital twin. Optimize the
operation of the facility

Digital representation of the
facility

Provider/integrator of
applications on top of
the digital twin

Provider of applications that
make use of the digital twin or
integrate to the digital twin

Supplier

To extend the digital twin beyond what the digital twin
provider can do itself

Design, creation and maintenance of
applications on top of digital twin Sales and
customer relationships.

IPR and copyright, experts,
vertical domain knowledge.

humans/real users
(humans using digital
twin in the site+those

being monitored);

Human users of the digital twin.

Customer

Perspectives on boundaries for general sensing services

Carry out normal and expected activity.
Respond precautious and reactively to
sensing environments. Give feedback.

Citizens. Employee. Right to be
heard.

Table 5-4: Realtime Digital Twins Stakeholder Analysis
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Figure 5-4: Realtime Digital Twins Ecosystem Pie

5.5.3 Ubiquitous Network

Finally, the third representative use case for business modelling, the Ubiquitous Network, is presented in Table
5-5, Table 5-6, and Figure 5-5. The ecosystem business model canvas of in Table 5-5 summarizes ecosystem
value propositions, supply and demand side descriptions and outcomes. The overall value proposition of the
Ubiquitous Network use case is “Giving everyone, everywhere the possibility to access digital services. Global
mobile broadband connectivity through reliable integration of multiple networks securing digital inclusion
and privacy”. Key identified stakeholders include sensor infrastructure network providers, non-terrestrial
network connectivity including Earth station providers, wide area network providers, local networks providers,
providers of energy infrastructure, end users and subscribers, which are detailed in Table 5-6. Finally, the

ecosystem pie visualization is shown in Figure 5-5, presenting the ecosystem’s value proposition and key
stakeholders’ roles.

twin
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Supply Side

Stakeholders/key partners: Infrastructure
NW provider; NTN including Earth station
providers; Wide area network provider
(CSP, ISP); Local networks provider (DSP)
and small-scale base station operator/owner
(radio resource); Provider of energy
infrastructure; Planet Earth and Future
Generations

Resources: Design processes; IPR;
Factories; TN & NTN infrastructure; Raw
materials; Water; Workforce; Energy;
Collaborative funding

Activities: Research, Development ; Design;
Manufacturing; Deployment; Sales;
Operation Maintenance; Circular business;
Sustainability Management; Life cycle
management; Ethical management

Ecosystem Value Propositions

Value proposition:: Giving everyone, everywhere the possibility to access
digital services. Global mobile broadband connectivity through reliable
integration of multiple networks securing digital inclusion and privacy
Value co-creations: Examples: Suppliers: re-use of infrastructure and
collaboration reduce costs for R&D. Customer and Supplier: Sharing of
customer data can be used to improve services. Enhanced knowledge in
the workforce. Co-funding of investments.

Value capture: More customers when global connectivity (but probably
many customers with low income), higher efficiency, shared investments,
new business opportunities

Value co-destruction: Complex collaboration contracts; Exploitation of
commons; Unintended Reduced Fundamental Freedoms

Partnerships: Partnerships needed for covering the unconnected but also
to expand services given, i.e. payments; education; and health services
based on local needs and legislation

Demand Side

Customer segments: end-user;
subscriber

Stakeholders/key partners: end-
user; authorities; private
companies; governments; Non-
Governmental Organizations
(NGOs); Planet Earth and Future
Generations; Workforce
Customer relationships: B2B and
B2C and B2B2C

Channels: Word of mouth
(trusted); Social media;
Government/Authority channels;
Feedback channels from
stakeholders

Outcomes

Benefits (incl. benefits to environmental and social): digital inclusion; reuse of resources; faster distribution of information and new ideas; increased competition;
facilitated market transactions; environmental monitoring; reduced GHG emissions if more services can be accessed without travelling; enhanced trustworthiness of networks
Revenues (revenue streams): Fixed yearly fee per government, private companies, and NGOs giving basic service. Additional fee for end-users based on usage.

Pricing: Differentiated pricing for countries based on GDP and purchasing power among individuals
Costs (incl. costs to environmental and social): Shared infrastructure investments and cost to create interfaces between networks; higher energy and maintenance costs;
GHG emissions; Waste handling; Imposed monitoring; Increased land use could cause biodiversity loss; Higher energy usage; Potential digital divide if all services digital

Table 5-5: Ubiquitous Network Business Model Canvas
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authorities, NGOs,
private companies)

B2B2B2C configurations.

services to everyone.

investments. Sign up for
subscription to services.

Stakeholder Description Role Value proposition Activities Resources
. R&D, design &
Infrastructure Provider of the HW Suopli Extﬁn(_jed”mar_ket geographically and manufacturing of Competence; design processes,
equipment provider | necessary to set up a network upplier | technically gives new opportunities infrastructure and providing IPR, factories
and ways of sharing R&D investments - '
network services
Non-Terrestrial- NTN provider has the .
Network- satellites, and signals must be " Connecting the unconnected when R&D.’ AREle A operation, NTN and earth stations; expertise;
e . Supplier A maintenance of NTN incl. s
Connectivity incl. captured/sent via an earth NTN and TN are combined carth stations frequencies
Earth station station to TN
Installed/controlled network
. Provides connectivity (the Mobilize total market, cost and energy|Deploy and operate networks. (infrastructure, spectrum,
Wide area network CSP role) in wid . suppli duction/effici R Sell. onboard q |
rovider (CSP, ISP) role) in wider areas, via upplier reduction/efficiency. Resource ell, onboard-support- customers and people).
P ' the Internet (the ISP role) sharing/optimization. offboard users/customers. Knowledge about network
sourcing and deployment.
Local networks Installed/controlled local network
provider (DSP). Provides connectivity in very Enable local community inclusion, or Opgrate active local network (infrastructure, spectrum,
Local, small-scale local areas. Layer 2, plus 3. Sunolier other stakeholders to finance local infrastructure. Handle customers and people) used within
base station Can be more networks using PP . interconnectivity and roaming|  geographical area of radio.
. radio coverage.
operator/owner the same radio. agreements. Knowledge about network
(radio resource) sourcing and deployment.
Pr_owder of energy Power companies Supplier Enable operation c_Jf network services | Power generation preferably | Energy mfrastru_cture, permits to
infrastructure by providing energy through renewable sources operate, capital to invest
. L Access to trustworthy basic citizen - — .
The person who is receiving . K licati ices: logi h Skill, time, motivation, perceived
End-user services, at a geographically Customer | SErVIces (L.JE’ Qetwor » 8PP |cat_|on), k3 services. 1ogin, Use, share benefits, give feedback to
1=s s reliable in private events of high with others, ’ .
specific place . suppliers.
importance.
Subscriber Use decision rights, and
(qovernments The entity which is paying Finance local networks to secure the | controlling mechanismsas | Ability to pay, policy decision
g i for realizing a service. Many | Customer | availability of basic citizen digital legislation to direct rights over some resources, give

feedback to suppliers.

Table 5-6: Ubiquitous Network Stakeholder Analysis
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Figure 5-5: Ubiquitous Network Ecosystem Pie

5.6 Business Models Summary

Hexa-X-II has developed a new ecosystem-level business modelling approach to further explore the business
aspects of the developed representative use cases building on state-of-the-art business models. The developed
business modelling methodology consists of three steps: ecosystem business model canvas, stakeholder
analysis, and ecosystem pie visualization. The Hexa-X-1I ecosystem business modelling approach has been
applied to three selected Hexa-X-II representative use cases derived in Section 3 to give first insights into the
value propositions, demand and supply sides and outcomes of the selected use cases.

The initial business models derived for the three representative use cases showcase the ecosystem’s value
proposition and describe the key stakeholders needed to realize the use case and deliver value. Distinct sets of
value propositions, key stakeholders and outcomes were identified in the use cases highlighting the potential
emergence of different ecosystems around the use cases with different resource configurations. Seamless
Immersive Reality offers enhanced understanding through high-quality interactions with multi-dimensional
and/or textual objects, topics and people as value propositions. Realtime Digital Twins use case offers new
business opportunities and increased efficiency for involved stakeholders as a value proposition. Ubiquitous
Network offers everyone everywhere the possibility to access digital services as a value proposition. These
three representative use cases are expected to be realized with different ecosystems and stakeholders
highlighting different activities and roles. Different benefits were observed ranging from efficiency and
productivity improvements and resource savings to digital inclusion. The developed Hexa-X-1I business
modelling approach serves as a tool to analyse the business aspects of 6G use cases at the ecosystem level.
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6 Conclusions

This deliverable presents six 6G use case families and six representative use cases, compiled in Hexa-X-II.
They represent an evolution from an initial set of use cases presented in June 2023 in D1.1. The deliverable
also reflects how different European partners consider that the needs of society in 2030 will affect 6G use
cases. The partners in Hexa-X-1I believe in a combination of new and exciting technological features such as
sensing, digital twins, or AlI/ML capabilities. Additionally, the 6G use cases aim to enhance existing 5G
scenarios with requirements and KPIs currently unattainable by 5G, such as Immersive Reality, Cooperating
Mobile Robots, and Trusted Environments.

From each use case family, one use case has been selected to represent key aspects of that family. These six
representative use cases are analysed to extract the requirements and KPIs that will guide the research in the
subsequent Hexa-X-Il project stages (e.g., the designing phase). While being inspired by the capabilities
introduced in the IMT2030 Framework, the KPI analysis emphasizes E2E performance aspects. Accordingly,
further refinement of capabilities and iterations with the Hexa-X-11 design phase are expected before definitive
KPI values can be finally suggested.

A comparison of Hexa-X-1I use cases with other 6G use case initiatives around the globe shows a shared
comprehension of key technologies in the development of the 6G era. There is consensus about expanding
current 5G capabilities (URLLC, eMBB, MTC) to advance beyond them by including Al/ML capabilities and
sensing, conceiving interoperability with NTNs, and evolving novel applications such as DTs and XR services.

However, unlike the other initiatives assessed, Hexa-X-Il has expanded beyond only sustainable energy
efficiency. Hexa-X-II has taken a concrete and transparent step to include environmental, social, and economic
sustainability as key elements of the detailed analyses for all representative use cases. The inclusion of the
three pillars of sustainability is vital in light of the expected ubiquity of the 6G ecosystem, highlighting the
importance of designing a value-oriented ecosystem. Thus, Hexa-X-II strongly believes that all 6G use cases
should be addressed through the sustainability lens and that considering only 50% of use cases with a
sustainability impact is not sufficient. The deep dive will be further expanded in Deliverable D1.3, including
sustainability assessment, risks, and mitigation strategies.

In the process of designing a new technology, the analysis of the spectrum and the existing channel models
have revealed that most current frequencies and existing channel models are applicable to the analysed use
cases. However, there might be a specific need for additional spectrum in use cases such as Seamless Immersive
Reality or Realtime Digital Twins. Also, a new technology capability such as sensing introduces a new
paradigm in the radio aspect, requiring the development of new channel models.

Eventually, the realization of 6G use cases requires business models. However, in a 6G ecosystem oriented on
sustainability values, business models go beyond ’revenue as a goal’. To conceive the sustainability-oriented
6G ecosystem, values in many dimensions must be created and captured for many stakeholders, as well as
specific business opportunities for single stakeholders. To do so, the project has developed and applied a novel
ecosystem-level business modelling approach, and has applied it to three representative use cases. These use
cases (Seamless Immersive Reality, Realtime Digital Twins, and Ubiquitous Network) represent a game
changer from a user’s perspective compared to former generations. Also, different benefits were observed
ranging from efficiency and productivity improvements, resource savings, and digital inclusion. These
analyses and modelling will be continued and further enhanced in D1.3.
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