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Abstract: The contribution proposes to add a new use case “Ubiquitous and Resilient Network”. This use case aims to provide mobile broadband connectivity to everyone, including remote areas, harsh geographical conditions, airspace, and the open ocean, by integrating terrestrial and non-terrestrial networks to ensure reliable connectivity and quality of service.

* * * First Change (new clause) * * * *

[bookmark: _Hlk181657000][bookmark: _Toc355779204][bookmark: _Toc354586742][bookmark: _Toc354590101]x.1	Use case on Ubiquitious and Resilient Network 
x.1.1	Description
The Ubiquitous Network use case is focused on delivering Mobile Broadband connectivity to every user across the globe, eliminating any “white zones”. This includes ensuring network access in all locations, such as remote areas, regions with challenging geographical conditions (e.g., mountains, forests), airspace for aerial operations (e.g., drone operations), as well as the open ocean.
This ubiquitous network will be realized through seamless integration ofby using  both Terrestrial Networks (TN) and Non-Terrestrial Networks (NTN) –( including satellites, High-Altitude Platform Stations (HAPS), air-to-ground networks, and unmanned aerial vehicles (UAVs) –))  in a transparent manner for the end user, fulfilling the required Quality of Service (QoS) criteria, such as bit rates and latency, to support daily needs.
While most users in these areas may not experience services with the highest performance levels (e.g., no Ultra-Reliable Low-Latency Communication (URLLC) or the most immersive experiences), they will be able to access a wide range of services with dependable connectivity, including high-quality voice or video streaming. Furthermore, the network configuration could enable other 6G-related use cases, such as computation offloading, if the technical and physical constraints permit (e.g., no URLLC due to satellite usage).
The Ubiquitous Network will ensure that every person on Earth can access the Internet and its most common applications, while also enabling the provision of new services, such as digital health services. Remote medical consultations will become feasible in areas without adequate medical infrastructure. Educational institutions, such as schools, could also leverage more advanced applications for remote virtual education.
Finally, the integrationsupporting of TN with NTN ensures that the network can deliver guaranteed connectivity under all conditions, maintaining a minimum level of service even during a crisis. This network resilience will be critical for emergency services in challenging weather conditions, such as storms (where network elements might be compromised), or during natural disasters like floods, earthquakes, tsunamis, human-induced catastrophes (e.g., conflicts), or other events that currently cause network outages.

[bookmark: _Toc355779205][bookmark: _Toc354586743][bookmark: _Toc354590102]

Connectivity at Remote Locations
Alex, located in a mountainous area with challenging access conditions, can now benefit from a wide range of services due to the seamless integration of terrestrial and non-terrestrial networks provided by 6G. Situated far from medical institutions and healthcare professionals, Alex can engage in virtual consultations with doctors. The video quality is sufficient for diagnosing numerous common health issues, even though the bit rates and latency requirements are relaxed compared to Ultra-Reliable Low-Latency Communication (URLLC). 
For more detailed analysis, Alex may need to travel to the nearest medical facility; however, the enhanced video quality of the virtual consultation significantly reduces the need for multiple trips. Thus, this scenario demonstrates positive impacts on both social and environmental sustainability.
Moreover, it facilitates access to education and knowledge for individuals in remote regions, while also enabling their inclusion in societal activities such as voting and payments, among many other benefits.

Potential sustainability impacts of the use case
Key Value impact assessment 
	
	Sustainability Handprints
(benefits)
	Sustainability Footprints
(costs)

	Environmental
	Preventing travel-related emissions as a result of remote access to services
Enabling collection of environmental data for Earth monitoring
Access to precise status information can enable precision farming practices (agriculture, aquaculture) to reduce the use of fertilizers, pesticides, and fresh water
	Increased material and energy use to build this ecosystem (e.g., devices, base stations, satellites)
Increased land use (e.g., networks, data centres) could potentially impact existing habitat, and thus, biodiversity
Potential increase of e-waste on land, oceans and space if not handled properly (e.g., collection, 100% biodegradable)

	Social
	Providing everyone access to the digital ecosystem
Providing access to digital services to all (e.g., entertainment, education, transactions, voting, etc.) à Bridging the digital divide
Contribute to making networks reliable (perception), everywhere
Enhanced trustworthiness of digital services (availability and accountability)
Delivering increased resilience in networks, crucial in unexpected events (e.g., natural disasters)
Enhanced healthcare and education to reach new areas
Increases food yield from enhanced agricultural management
New job opportunities
	Potential digital divide for people with functional variation / ageing population / IT literacy if all services are meant to be handled digitally
Potential risk to privacy if all services are meant to be handled digitally
Potential mental health problem due to possibility of always being connected and being traceable


	Economic
	Improved economic resilience from wider availability of connectivity for different services
Efficiency improvements from the reuse of resources 
Economic benefits (profitability) to society/country from combining ubiquitous network with other use cases (e.g. in public services) 
	Profitability challenge from the network investment: to make digital services available to everyone, prices must be “affordable” which risks the economic/financial return of this use case. 
Resilience challenges from the maintenance of network 



Table X-2: Ubiquitous Network Sustainability Analysis

 ***See last page

x.1.2	Pre-conditions
[bookmark: _Toc355779206][bookmark: _Toc354586744][bookmark: _Toc354590103]The User Equipment (UE) of Alex is living in a mountainous area with challenging access conditions. He has registered onUEs (e.g., smartphone, tablet, computer) for communication and the registered to the network.
Alex accesses an online health platform and schedules a virtual medical consultation.
Network can provide the wide coverage is available in remote and hard-to-reach areas.
Satellites, High Altitude Platform Stations (HAPS), air-to-ground networks, and drones are operational.
The required throughput and latency are met to ensure the desired Quality of Service (QoS).
Terrestrial and Non-Terrestrial Networks ( with TN and also NTN) infrastructures are seamlessly integrated.

. 
x.1.3	Service Flows
1.       Alex is located in a mountainous area with difficult access conditions.
2.       The 6G network ensures seamless integration ofthe continuous connectivity between the terrestrial and non-terrestrial networks (TN and NTN), guaranteeing continuous connectivity) .
3.       Alex connects to the consultation using a compatible device (smartphone, tablet, computer), with sufficient video quality to enable the doctor to diagnose common health problems.
4.       Throughput and latency requirements are less stringent than for URLLC communications, enabling smooth consultation even under variable network conditions.
5.       Advanced security mechanisms are in place to protect data integrity, confidentiality, and availability across the network.
      

[image: Une image contenant croquis, diagramme, illustration, conception

Description générée automatiquement]
[bookmark: _Toc152861812]Figure X-1: Ubiquitous Network: "Connectivity at Remote Locations”
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x.1.4	Post-conditions
· [bookmark: _Toc355779209][bookmark: _Toc354586747][bookmark: _Toc354590106]Thanks to the ubiquitous network, Alex can access to now benefit from a consultation in remote and challenging areas, ensuring continuous connectivity. If further analysis is required, the doctor recommends that Alex go towide range of services provided by the network. Alex can engage in virtual consultations with doctors. nearest medical facility 
· The user equipment (UE) successfully maintains connectivity across terrestrial and non-terrestrial networks (TN and NTN).
The enhanced video quality of virtual consultation significantly reduces the needis sufficient for multiple trips, thus contributing to social and environmental sustainability.diagnosing numerous common health issues. 


x.1.5	Existing features partly or fully covering the use case functionality
The following functionalities, described in the 3GPP TS 22.261 “Service requirements for the 5G system” v19.7.0, can be included in the list of requirements necessary to provide this use case:
· Network Slicing (Section 6.1.2),
· Multiple Access Technologies (Section 6.3.2), 
· Priority, QoS, and Policy Control (Section 6.7.2).
· Connectivity Models (Section 6.9.2),
· Extreme Long Range Coverage in Low Density Areas (Section 6.17.2)

x.1.6	Potential New Requirements needed to support the use case
[PR x.1.6-1] The 6G system shall provide ubiquitous access even in the most remote or hard-to-reach areas, addressing extreme coverage requirements. The network's coverage range shall extend to cover any "white zones" (both outdoor and indoor) in areas where dedicated network infrastructure deployment is impractical. Additionally, it shall ensure with 3D coverage, targeting commercial drone operations or deep underground areas with poor signal conditions.
The 6G system shall ensure resilient and seamless operation in environments with intermittent or limited network connectivity. Service characteristics shall vary across the coverage area, but basic services must be guaranteed.
The 6G system shall to support flexible network topologies (based on different access technologies) to overcome obstacles such as limited infrastructure or signal attenuation/interference. End-user devices shall be capable of connecting through various means, e.g., allowing connection or offloading to a more efficient or capable device or via multi-hop scenarios.
The 6G system shall ensure the service continuity by integrating different topologies and network elements, including terrestrial and non-terrestrial networks, to support seamless service for devices moving between different network topologies or deploymentsto guarantee the user experience.
[PR x.1.6-2] The 6G system shall maintain consistent privacy and security requirements, irrespective of the accessserving network (e.g., terrestrial or non-terrestrial), and during handovers between them.).


The 6G system shall ensure an affordable end-to-end ecosystem (including end-user devices, network infrastructure/operation) to promote widespread adoption.
The 6G system shall push for 6G-NTN convergence in areas where fixed networks are minimally deployed due to topography, high deployment costs, or low investment capability, leveraging the complementarity of terrestrial and NTN-based solutions, despite their different service and cost characteristics. All necessary services shall operate correctly, regardless of the network. Additionally, convergence shall require that parameters or information currently used for a specific action be provided by both terrestrial and non-terrestrial networks, such as "to which base station a handset is connected," enabling emergency alerts to be sent (e.g., tsunami threat alarms to devices connected to base stations near the coastline).


KPIs 

	End-to-end latency [ms]
	Reliability
[%]
	User experienced data rate
[Mb/s]
	Connection density
[devices/m2]
	Coverage
[%]
	Mobility [km/h]
	Location accuracy
[m]

	10-100
	99.9 –99.999
	0.1 –25 Downlink/ 
2 Uplink
	0.1
	- Up to 10-15 km range (cell radius) for TN
- 99.9% earth  human environment on earth area coverage with integrated networks
	up to 120
	Low (≈ 10)



	
	KPI
	Target Range
	Comments / Justification

	Communication
	End-to-end latency [ms]
	10-100
	Depending on the service. It is targeting video calls/streaming. ‘Real-time’ interactions are not considered as part of this requirement (e.g., no remote surgeries).

	
	Reliability
[%]
	99.9 –99.999
	The reliability KPI could be associated with the expected 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.

	
	Availability
[%]
	98.5
	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 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 implemented.

	
	User experienced data rate
[Mb/s]
	0.1 –25 Downlink/ 
2 Uplink
	Good quality video streaming should be delivered (not extreme experience). The data rate refers to a single UE, measured on the device. Based on current standards, from 0.1 (sensor data) to 25 Mb/s (4K video, based on current video requirements) are the expected bit rates, at least for Downlink. It may be revisited based on the evolution of video standards by 2030.

	
	Connection density
[devices/m2]
	0.1
	Connection density is not a stringent requirement, as it does not target massively connected deployments. Also, connection densisty for rural areas are low. However, urban settings could require 0.1 devices/m², in case of crisis scenario.

	
	Coverage 
[%]
	- Up to 10-15 km range (cell radius) for TN
- 99.9% earth  human environment on earth area coverage with integrated networks
	Coverage means both extending the range of terrestrial networks, reaching larger cell size, but also the percentage of coverage of a given area, combining the different types of access, TN and NTN.


	
	Mobility [km/h]
	up to 120 
	Mobility related to seamless handover between TN and NTN. It should support terrestrial vehicle speed’s

	Positioning & 
New Capabilities
	Location accuracy
[m]
	Low (≈ 10)
	Global coverage option is not prone to high accuracy requirements.

	
	Sensing 
[Y/N]
	N
	Sensing usually not needed, except for some specific cases (during a crisis to obtain information)

	
	AI/ML-related capabilities [Y/N]
	N
	AI services can be provided offline, utilizing big data analytics. It might require AI capabilities to tweak routes, or other outcomes to minimize disruption time.


[bookmark: _Toc152861789]
Table X-1: Ubiquitous Network KPIs
[bookmark: _Hlk148951666]
x.1.7	Potential sustainability impacts of the use case

	
	

	


	
	


	



	
	







	




	
	


	




[bookmark: _Toc152861787]Table X-2: Ubiquitous Network Sustainability Analysis

2

image1.png




