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1. Introduction
This contribution provides text for Related features and aspects from existing studies/works in Section 6 of TR 22.916.
2. Reason for Change
The TR needs some text on Related features and aspects from existing studies/works as planned in the SID.
3. Conclusions
See below.
4. Proposal
It is proposed to agree the following changes to 3GPP  TR 22.916v0.5.0.


* * * First Change * * * *
[bookmark: _Toc144441696][bookmark: _Toc144441664] 6	Other considerations
Editor’s Note:  This clause is intended to include existing and/or ongoing studies related to robotic applications and implementation and deployment related considerations, e.g., issues and guidelines.  

[bookmark: _Toc144441697]6.x	ISAC aspects related to robot applications 
[bookmark: _Toc144441698]6.x.1	General description
Autonomous Mobile Robots (AMRs) are revolutionizing logistics operations in industries such as manufacturing and warehousing. Unlike traditional Automated Guided Vehicle (AGV) systems, AMRs possess the intelligence to navigate and perform tasks autonomously, offering unparalleled flexibility. However, a significant challenge for AMRs lies in acquiring accurate and continuous sensing data as they move through complex environments [X1-NGA, X2_22837]. Factors like unexpected obstacles or sudden appearances of people and machines can compromise their safety.
To address this challenge, 5G base stations are strategically deployed in factories. These stations serve a dual purpose: not only do they provide essential communication capabilities for factory equipment, but they also act as sensing nodes. By transmitting sensing signals and receiving reflected signals, these base stations capture real-time 3GPP sensing data. This data is then processed and analyzed by the core network, generating valuable insights into the AMRs' surroundings.

Crucially, these sensing results can be shared with trusted third-party platforms, empowering AMRs with a comprehensive understanding of their environment. This enhanced sensing capability allows AMRs to adapt their routes dynamically, ensuring both efficiency and safety. Moreover, in scenarios where obstacles obstruct radio signals or AMR paths traverse indoor and outdoor spaces, collaboration between multiple base stations further improves sensing accuracy and service continuity.
 [X2-22837] presents a few use cases addressing sensing issues related to robot operation. Examples include the following with some KPIs as shown in, e.g., Table 5.23.6-1 and Table 5.32.6-1:
[PR 5.23.6-1] The 5G system shall be able to provide the continuity of sensing service for a specific target object, across indoor and outdoor.
[PR 5.23.6-2] The 5G system shall be able to provide a secure mechanism to ensure sensing result data privacy within the sensing service area.
[PR 5.32.6-1] Based on operator’s policy, the 5G system may provide a mechanism for a trusted third party to provide sensing assistance information about a sensing target.

[bookmark: _Toc144441699]6.x.2	Challenges and potential gaps
While the PRs referenced above have addressed potential new requirements, such as on the continuity of sensing services both in indoor and outdoor settings, data privacy and network exposure, it is still worthwhile to consider the support of scalable and efficient use of communication resources needed for stable operation of multiple service robots especially when a large number of service robots are present. 




6.y	Metaverse aspects related to robot applications 
6.y.1	General description
The Technical Report on Localized Mobile Metaverse Services [X2-22856] addressed several use cases related to robot applications. The following includes some examples.
1)  Metaverse use case on Spatial Mapping and Localization (Clause 5.5, [X2-22856])
In the context of robot operations, spatial mapping involves constructing or updating a map of an unknown location, while localization tracks an object to identify its location and orientation over time. For the localized mobile Metaverse use case (e.g., clause 5.5, [X2-22856]), communication technology support is vital. Spatial Mapping Service creates and maintains a 3D map of indoor or outdoor environments, enabling the identification of stationary and moving objects. This spatial map is utilized by Spatial Localization Service, allowing for accurate positioning and orientation of users.
Spatial mapping gathers sensing data to create a detailed 3D map, integrating information from various sources like sensors and architectural specifications. Localization, based on this spatial map, identifies users' positions and viewing angles in 3D space. Examples of spatial mapping applications include government projects mapping entire cities, navigation service providers mapping roads, and customers mapping indoor spaces. To achieve this, vehicles or robots equipped with multiple cameras and LiDAR devices capture images and depth information. This data is then processed, enhancing location accuracy and enabling various applications like visual positioning and Metaverse content management. The information is communicated through uplink sensor data, enabling precise localization and enriching the spatial internet experience.
The following includes some example of potential new requirements:
[PR 5.5.6.1-1] Subject to operator policy and relevant regional and national regulation, the 5G system shall support mechanisms for an authorized UE to provide sensing data that can be used to produce or modify a spatial map.
[PR 5.5.6.1-2]  Subject to operator policy, user consent and relevant regional and national regulation, the 5G system shall support mechanisms to receive and process sensing data to produce or modify a spatial map.
[PR 5.5.6.1-3]  Subject to operator policy and relevant regional and national regulation, the 5G system shall support mechanisms to expose a spatial map or derived localization information from that map to authorized third parties.
NOTE 1: Some KPI’s required to fulfil e.g., [PR 5.5.6.1-2] is not specified in this particular use case. 

2) Metaverse use case on Immersive tele-operated driving (Clause 5.20, [X2-22856])
The use case involves operating vehicles, lifting devices, or machines/robots in hazardous industrial environments, where manual operation poses risks due to exposure to dangerous materials, extreme conditions, or radioactivity. While Automated Guided Vehicles (AGVs) exist, the proposal suggests leveraging 5G technology to create a system allowing remote users to control these devices. This control occurs through an immersive cockpit displayed on a virtual reality head-mounted display and haptic gloves. The cockpit integrates data from the digital twin of the operating environment, including information from factory sensors and the surroundings. This approach enhances user safety and operational accuracy by merging data from the digital twin, enabling remote control in hazardous settings.

This use case includes some requirements that are needed to support immersive teleoperations (or digital twins) within a service area up to 10km (radius).
[PR 5.20.6-1] The 5G system shall be able to provide a means to associate data flows related to one or multiple UEs with a single digital twin maintained by the mobile metaverse service.
[PR 5.20.6-2] The 5G system shall be able to provide a means to support data flows from one or multiple UEs to update a digital twin maintained by the mobile metaverse service. 

6.y.2	Challenges and potential gaps
None.
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