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1	Introduction
To support 5G positioning, 3GPP initiated work on NR signal-based positioning in Rel-16 and developed multiple positioning techniques including E-CID, DL-TDOA, UL-TDOA, Multi-RTT, UL-AOA, and DL-AOD methods [1]. Rel-16 defined minimum performance requirements considering regulatory mandates and commercial use cases, with horizontal and vertical positioning errors of less than 50m and 5m respectively for 80% of UEs. The end-to-end latency and time-to-first-fix were set to be less than 30 seconds [2].
In Rel-17, the focus was on enabling positioning support for high-accuracy commercial use cases, particularly industrial applications [3]. Various enhancements and solutions were investigated to ensure horizontal and vertical positioning accuracies of less than 1m and 3m respectively for 90% of UEs. Specifically for Industrial Internet of Things (IIoT) use cases, the target accuracies were defined as less than 0.2m horizontally and 1m vertically for 90% of UEs. The end-to-end latency was improved to be less than 100ms. Several effective techniques were introduced, including mitigating UE/gNB Rx/Tx timing delays for DL, UL, and DL+UL positioning methods, improving the accuracy of UL-AoA/DL-AoD positioning methods, mitigating multipath and NLOS issues, reducing positioning latency, supporting UE positioning in RRC_INACTIVE state, specifying on-demand transmission and reception of DL PRS for UE-based and UE-assisted positioning solutions etc.
In Rel-18, 3GPP has been working on the WI "Extending and Improving NR Positioning”, which aims to introduce new capabilities to further enhance NR positioning for different applications and services. It explores sidelink (SL) positioning for V2X, public safety, commercial, and IIoT use cases, bandwidth aggregation based on DL PRS and/or UL SRS for positioning, carrier phase positioning using NR DL/UL reference signals to improve accuracy, integrity for RAT-dependent positioning, power-efficient LPHAP, and RedCap UE positioning [4, 5]. 
Mobile metaverse services have gained attention and offer immersive experiences in various areas such as gaming, socializing, healthcare, industry, and transportation. In Rel-19, 3GPP has completed the Feasibility Study on Localized Mobile Metaverse Services [6], in which the specific use cases and service requirements for 5GS support of enhanced XR-based services, which are essential parts of "Metaverse" services, including, e.g., the support of interactive XR media shared among multiple users in a single location, including KPI aspects, e.g., latency, throughput, connection density, acquiring local spatial/environmental information and user/UE(s) information (including viewing angle, position and direction), exposing local acquired spatial, environmental and user/UE information to 3rd parties to enable Metaverse services. 
In this contribution, we present our views on potential SI and potential further WI for XR positioning in Rel-19 for supporting the Localized Mobile Metaverse Services identified in [6], e.g., Spatial Mapping and Localization Service Enabler Use Case and Mobile Metaverse for Immersive Gaming and Live Shows.

2	Discussion
2.1 Positioning requirements for mobile metaverse services
Multiple mobile metaverse services are identified in TR 22.856 [6] with the corresponding positioning/localization requirements. Some of them are provided in the following table:
	Use Case
	Potential new positioning/localization requirements

	Spatial Anchor Enabler
	[PR-5.4.6-1]	Subject to operator policy, the 5G system shall enable an authorized third party to establish an association between a physical location (in three dimensional space, an orientation, etc.) and service information, where the service information is provided to the 5G system and the spatial anchor is either provided or determined by the 5G system.
[PR-5.4.6-2]	Subject to operator policy, the 5G system shall be able to establish an association between a physical location (in three dimensional space, an orientation, etc.) and service information, where the service information is provided to the 5G system and the spatial anchor is either provided or determined by the 5G system.
[PR-5.4.6-3]	Subject to operator policy, the 5G system shall enable an authorized third party to obtain all of the spatial anchors located in a given three dimensional area.
NOTE 1:	How the authorized third party identifies which three dimensional area to request spatial anchors in is not in scope of the 3GPP standard. Spatial localization and mapping information could be used to identify areas of interest.
[PR-5.4.6-4]	Subject to operator policy, the 5G system shall enable a third party to request the service information associated with the precise location of a specific spatial anchor. Making use of this service and location information, the third party can access a mobile metaverse server to obtain AR media.
NOTE 2:	How the service and location information is used by the third party to access a mobile metaverse server and the AR media itself is out of scope of this requirement.
[PR-5.4.6-5]	Subject to operator policy, the 5G system shall provide an authorized third party a means to manage the spatial anchor(s), e.g. add, remove or modify spatial anchors, determine privacy and security aspects, and specifically to enable the third party to define which spatial anchors they manage have restricted access conditions.
[P.R.-5.4.6-6] The 5G system shall be able to collect charging information for the establishment or management of an association between a physical location and service information, where a third party creates, deletes or changes a spatial anchor or associated service information. 
[P.R.-5.4.6-7] The 5G system shall be able to collect charging information associated with the network operator exposure of spatial anchors to authorized third parties, and of service information associated with spatial anchors.
NOTE: The preceding requirements assumes that exposure of network anchors and associated service information can be a service provided by a network operator to third parties.

	Spatial Mapping and Localization Service Enabler
	[bookmark: _Toc120012998][bookmark: _Toc120025116][bookmark: _Toc120025271][bookmark: _Toc120091349][bookmark: _Toc129348836][bookmark: _Toc120012999][bookmark: _Toc120025117][bookmark: _Toc120025272][bookmark: _Toc120091350][bookmark: _Toc129348837]5.5.6.1	Requirements for Spatial Mapping
 [PR5.5.6.1-1]	Subject to operator policy and relevant regional and national regulation, the 5GS shall support mechanisms for an authorized UE to provide sensing data that can be used to produce or modify a spatial map.
[PR5.5.6.1-2]	Subject to operator policy, user consent and relevant regional and national regulation, the 5GS shall support mechanisms to receive and process sensing data to produce or modify a spatial map.
[PR5.5.6.1-3]	Subject to operator policy and relevant regional and national regulation, the 5GS shall support mechanisms to expose a spatial map or derived localization information from that map to authorized third parties.
NOTE 1:	The spatial map and derived localization information supports services that produce AR and MR media, e.g. as described in clause 5.1.
NOTE 2:	The precision of spatial positioning of sensors that provide sensing data used to create or modify the spatial map is not specified. This could be revisited in future as more experience accumulates with spatial mapping services.
[PR5.5.6.1-4] The 5G system shall support the collection of charging information associated with the exposure of a spatial map or derived localization information to authorized third parties.
[PR5.5.6.1-5] The 5G system shall support the collection of charging information associated with the production or modification of a spatial map on behalf of an authorized third party.
5.5.6.2	Requirements for Localization
[PR5.5.6.2-1]	Subject to operator policy and relevant regional and national regulation, the 5GS shall support mechanisms to authorize Spatial Localization Service.
[PR5.5.6.2-2]	Subject to operator policy and relevant regional and national regulation, the 5GS shall support mechanisms for an authorized UE to provide sensor data that can be used to for Spatial Localization Service.
[PR5.5.6.2-3]	Subject to operator policy and relevant regional and national regulation, the 5GS shall support mechanisms to expose Spatial Localization Service information to authorized third parties.
NOTE 2:	The Spatial Localization Service information supports services that produce AR and MR media, e.g. as described in clause 5.1.
[PR5.5.6.2-4] The 5G system shall support the collection of charging information associated with exposing spatial location service information to authorized third parties.

	Mobile Metaverse for Immersive Gaming and Live Shows
[Fig. 1]
	The 5G System shall support the transmission of uplink sensor data transmission and downlink feedback information with stringent requirements on packet delay and bandwidth for real-time interaction.
[PR.5.6.6-2] The 5G System shall support a mechanism to obtain the location and gestures of the players with stringent requirements on 3D positioning accuracy.
KPI requirements related to the potential requirements:
Table 5.6.6-1 – Potential key performance requirements for immersive gaming and live shows
	Use Case
	Characteristic parameter (KPI)

	
	End-to-end latency
	Service bit rate: user-experienced data rate
	Reliability
	Positioning accuracy

	Mobile Metaverse for immersive gaming and live shows
	[5~20] ms
	[1~1000] Mbit/s
	[>99.99%]
	[<1] m






To deliver an augmented experience that is close to reality, 6D localisation of the device is a must. The localisation KPIs and requirements for augmented reality for context aware services can be significantly different as shown in the following tables:
Table 2 Localisation KPIs and requirements for augmented reality for context aware services (defined in [7])
	KPIs (localisation)
	Requirements

	Location accuracy 
	1-3 m (horizontal), 0.1-3 m (vertical)

	Orientation accuracy
	10 degrees (roll, pitch, and yaw)

	Availability
	99%



Table 3 Localisation KPIs and requirements for augmented reality for placing virtual objects in the real world (defined in [8])
	KPIs (localisation)
	Requirements

	Location accuracy 
	<0.5cm

	Orientation accuracy
	1 degree

	Availability
	99.9%



The tables above illustrate that mobile metaverse services have specific requirements that are not currently supported in 3GPP Rel-18 positioning methods.
· Low latency.  Mobile metaverse services aim to deliver immersive user experiences with very low latency. For example, gaming, in particular, plays a pioneering role in the development of mobile metaverse services. The table above indicates that the end-to-end positioning latency ranges from 5 to 20 milliseconds, while in Rel-17 the end-to-end positioning latency specified in TR 38.857 [3] is 100 milliseconds, much larger than [5-20]ms required for immersive gaming and live shows.
· High accuracy. The desired XR positioning accuracy can be significantly different under different scenarios. For example, for augmented reality for context aware services, the accuracy requirement is in a meter-level, while for augmented reality for placing virtual objects in the real world, the requirement in 0.5mm-level.
· UE orientation. For example, in the Spatial Anchor Enabler use case, it is necessary for the 5G system to enable the establishment of associations between a physical location (in three-dimensional space, including orientation) and service information.
· UE spatial localization and tracking. It involves constructing or updating a map of an unknown location (spatial mapping) and tracking the location and orientation of an object over time. The system should also be capable of establishing associations between physical locations, including orientation, and service information for stationary and moving objects.
[bookmark: O1]Observation 1: Mobile metaverse services require enhanced levels of positioning accuracy and reliability, along with reduced positioning latency, compared to the capabilities offered by NR Rel-18 positioning methods. Furthermore, mobile metaverse services necessitate the inclusion of UE orientation information, spatial localization, and tracking, which are currently not supported by NR Rel-18 positioning methods.
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Figure 1 Mobile Metaverse for Immersive Gaming and Live Shows [TR 22.856]

2.2 Rel-19 XR-Positioning
2.2 Target performance requirements of Rel-19 XR-Positioning
Based on the potential new positioning requirements for the mobile metaverse use cases presented in TR 22.856 [6], we may consider the following target features and performance requirements for Rel-19 XR-Positioning:
· Positioning accuracy [6, 7, 8]: 
· [< 1]m for augmented reality for context aware services
· [<1]cm for placing virtual objects in the real world
· End-to-end latency [6]: [5- 20]ms
· 6D positioning information: mobile’s 3D-location(3D) plus 3D-orientation
· UE location tracking: tracking of UE spatial localization and orientation
[bookmark: P1]

2.2 XR positioning techniques
3GPP RAT-dependent positioning methods have been developed to utilize DL PRS/UL SRS for acquiring time and power-related measurements necessary for positioning. However, Rel-18 NR positioning methods currently are lack of the ability to obtain orientation (attitude) and velocity information, and also suffer from considerable latency in positioning, and thus are not ready for supporting XR positioning.
Various methods exist for UE positioning, each possessing distinct physical properties. Combining multiple positioning methods could offer better compensation for their respective limitations. Thus, most existing XR positioning systems are hybrid positioning systems with the inertial measurement unit (IMU) being integrated with other technologies such as RF radio signals, optical sensors, acoustic sensors, and GNSS. Among these, radio/inertial systems are the dominant integrated navigation systems. They offer extensive coverage and system capacity, although their accuracy is susceptible to issues like multipath interference and non-line-of-sight (NLOS) conditions, particularly indoors. Light-based positioning, similar to radio-based systems, employs light waves for positioning. Although it has narrower coverage and is more prone to signal blockages, it is not affected by fading, multipath interference, or electromagnetic wave interference. Light-based positioning tends to be more accurate in indoor environments. Multiple radio-based systems, despite sharing similar physical properties, can be integrated to mutually compensate for their limitations.
The cost and complexity associated with XR position tracking systems are critical issues that need to be carefully considered when developing the XR positioning systems. Hybrid inertial/NR positioning methods may potentially reduce the cost and complexity associated with XR position systems significantly (Figure 2). In addition, in Rel-18, integrating inertial sensors with NR carrier phase positioning and bandwidth aggregation positioning may be considered to be a promising solution for enhancing positioning accuracy. By combining NR carrier phase measurements and/or bandwidth aggregation positioning with the measurements from IMU, which are already present in smartphones, it becomes possible to support 6DOF (Six Degrees of Freedom) XR positioning with significantly reduced cost and complexity.
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Figure 2. Hybrid inertial/NR positioning for mobile metaverse use cases
2.3 SI Objectives for Rel-19 XR-Positioning
For Rel-19 we propose to introduce XR-positioning to enable the support of the mobile metaverse use cases defined in TS 22.856, especially for the use cases of “Spatial Anchor Enabler”, “Spatial Mapping and Localization Service Enabler” and “Mobile Metaverse for Immersive Gaming and Live Shows” with the following objectives:
[bookmark: P3]Proposal 1: Introduce XR-positioning in Rel-19 to enable the support of the mobile metaverse use cases:
· Identify mobile metaverse use cases to be supported in Rel-19 and define corresponding target position and orientation performance requirements in terms of accuracy, latency and availability
· Study the potential benefits of supporting the tracking of XR devices with the use of NR positioning signals in terms of position tracking accuracy, latency and reliability
· Study the potential issues and identify the candidate solutions of XR positioning with the use of NR positioning signals, focusing on accuracy improvement and latency reduction
· Study the potential enhancements of NR DL PRS/UL-SRS/SL-PRS signals, PHY measurements, PHY procedures, and higher layer signalling for XR-positioning
· Study the potential solutions for integrating IMU measurements, and possibly other sensors, with NR positioning measurement to provide integrated NR/IMU positioning solutions for mobile metaverse use-cases
· Study the potential solution for reducing end-to-end positioning latency for mobile metaverse use-cases

3	Conclusion
In this contribution, we share our views on XR-positioning in RAN Rel-19, and provide the following observation and proposal: 
Observation 1: Mobile metaverse services require enhanced levels of positioning accuracy and reliability, along with reduced positioning latency, compared to the capabilities offered by NR Rel-18 positioning methods. Furthermore, mobile metaverse services necessitate the inclusion of UE orientation information, spatial localization, and tracking, which are currently not supported by NR Rel-18 positioning methods.
Proposal 1: Introduce XR-positioning in Rel-19 to enable the support of the mobile metaverse use cases:
· Identify mobile metaverse use cases to be supported in Rel-19 and define corresponding target position and orientation performance requirements in terms of accuracy, latency and availability
· Study the potential benefits of supporting the tracking of XR devices with the use of NR positioning signals in terms of position tracking accuracy, latency and reliability
· Study the potential issues and identify the candidate solutions of XR positioning with the use of NR positioning signals, focusing on accuracy improvement and latency reduction
· Study the potential enhancements of NR DL PRS/UL-SRS/SL-PRS signals, PHY measurements, PHY procedures, and higher layer signalling for XR-positioning
· Study the potential solutions for integrating IMU measurements, and possibly other sensors, with NR positioning measurement to provide integrated NR/IMU positioning solutions for mobile metaverse use-cases
· Study the potential solution for reducing end-to-end positioning latency for mobile metaverse use-cases
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