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Introduction
In this paper, we discuss the support for QoE and RAN Visible QoE (RVQoE) measurements for Mixed Reality (MR) and Augmented Reality (AR) service types, and the support for QMC in high-mobility scenarios, with respect to the following objective from the Rel-18 QoE WID:
· Support for new service type, such as AR, MR, MBS and other new service type defined or to be supported by SA4. Support RAN-visible parameters for the additional service types, and the existing service if needed, and the coordination with SA4 is needed [RAN3, RAN2].
· Specify the new service and the existing service defined or to be supported by SA4, combined with high mobility scenarios, e.g., High Speed Trains.

QMC support for AR and MR
One of the objectives of the Rel-18 WI in RAN3 is to support QoE measurement collection (QMC) for new services, including AR and MR. Meanwhile, the approved SA4 SI "Feasibility Study on AR and MR QoE Metrics" (S4-220789) aims to study the collection of QoE metrics for AR and MR services. 
Regarding a possible distinction between AR and MR, the TR 26.928 describes AR and MR as follows:

· Augmented reality (AR) is when a user is provided with additional information or artificially generated items or content overlaid upon their current environment. Such additional information or content will usually be visual and/or audible and their observation of their current environment may be direct, with no intermediate sensing, processing and rendering, or indirect, where their perception of their environment is relayed via sensors and may be enhanced or processed.
· Mixed reality (MR) is an advanced form of AR where some virtual elements are inserted into the physical scene with the intent to provide the illusion that these elements are part of the real scene.
From the above descriptions, we observe that MR can be regarded as an advanced form of AR.
Observation 1: Mixed Reality (MR) can be regarded as an advanced form of Augmented Reality (AR).
In any case, there is a clear distinction between the two service types. Therefore, we think that a basic step, needed to support the QMC functionality for AR and MR services, is to extend the current XnAP and NGAP Service Type IE with two new codepoints, one for AR, one for MR.
Proposal 1: Extend the Service Type IE defined within the UE Application Layer Measurement Configuration Information IE in XnAP and NGAP with two new codepoints, one for QMC for AR service type, and one for QMC for MR service type.
The TR 26.928 also identifies AR and MR as different types of realities, which, together with VR, fall under the umbrella of XR (eXtended Reality). Given that the TR discusses some common aspects and requirements for QoE for XR, such as tracking, latency and persistence, we can expect that some QoE metrics can be common for AR and MR. In addition, based on Observation 1, we also anticipate that additional QoE metrics can be defined for MR, in addition to the metrics common for AR and MR. 
Observation 2: It is expected that some QoE metrics for MR will be inherited from the QoE metrics for AR.
From the justification of the SA4 SI, we also note that the definition of QoE metrics for AR will initially focus on the VR QoE metrics that can be reused:
In Rel-18, simple QoE Metrics for AR media will be specified in MeCar WI, which focus on which VR QoE metrics can be reused and enhanced for AR media.
Given the relevance of the VR service, and the intention to reuse the relevant VR metrics for AR and MR, we think that RAN3 should start with discussing the extension of RVQoE metrics with new metrics relevant for VR. 
One relevant VR QoE metric seems to be the Comparable quality viewport switching latency. The TS 26.118 states:
The comparable quality viewport switching latency metric reports the latency and the quality-related factors when viewport movement causes quality degradations, such as when low-quality background content is briefly shown before the normal higher-quality is restored.
From the definition, we see that the metric reports information related to latency and possible cause for the latency: 

	Key
	Type
	Description

	CompQualLatency
	List
	List of comparable quality viewport switching latencies

	
	Entry
	Object
	

	
	
	firstViewport
	ViewportItem
	Specifies information about the first viewport   

	
	
	secondViewport
	ViewportItem
	Specifies information about the second viewport 

	
	
	worstViewport
	ViewportItem
	Specifies information about the worst viewport seen during the switch duration

	
	
	time
	Real-Time
	Wall-clock time when the switch started

	
	
	Mtime
	Media-Time
	Media presentation time when the switch started.

	
	
	Latency
	Integer
	Specifies the switching delay in milliseconds.

	
	
	Accuracy
	Integer
	Specifies the estimated accuracy of the latency metric in milliseconds

	
	
	Cause
	List
	Specifies a list of possible causes for the latency.

	
	
	
	Entry
	Object
	

	
	
	
	
	code
	Enum
	A possible cause for the latency. The value is equal to one of the following:
- 0: Segment duration
- 1: Buffer fullness
- 2: Availability of comparable quality segment
- 3: Timeout



The latency is essential for evaluating user experience, and we think that RAN can benefit from knowing the latency, e.g., when the latency exceeds a certain threshold. This knowledge can be useful especially when the cause for high latency can be subject to optimization by RAN (e.g., RAN can prioritize the assignment of radio resources for a user).
To start with, we propose that RAN3 discusses the introduction of a new RVQoE metric for VR service type, obtained from the “Latency” information, extracted from the “Comparable quality viewport switching latency” metric.
Proposal 2: RAN3 to discuss the introduction of a new RVQoE metric for VR service type, obtained from the “Latency” information, extracted from the “Comparable quality viewport switching latency” metric defined in TS 26.118.

QoE and RAN visible QoE measurement support for high-mobility scenarios
A type of high-mobility scenario which we think deserves attention is the high-speed train scenario. Often, network operators can use special network setups or configurations tailored to special radio environments. Given the practical relevance and the special radio conditions in high-speed train scenarios, we find it important to support QoE management in these scenarios, and we discuss two possible approaches.
The first approach is to introduce a new IE to limit the scope of QoE measurements collection when users are in high mobility. This approach could reuse the same logic already used in Rel-17 for Area Scope and Slice Scope, where a dedicated IE is used to indicate the interest in collecting QoE according to a certain criterion. For example, a location as identified by the Area Scope, or a network slice, according to the Slice Scope. The high-mobility criterion could be identified by the fact that a certain cell is a High-Speed Data Network (HSDN) cell. 
The second approach is to reuse the Area Scope and indicate in the list of cell ids (NR CGI) only the cells that satisfy the characteristic of “high-mobility” (i.e., the HSDN cells). We see, however, two limitations with this approach:
· The first limitation is that maximum number of Cell IDs that can be included into the Area Scope is limited to 32. This limit could be removed if the number of cells in the Area Scope is extended. Note that high-speed trains may traverse numerous cells along the journey.
· The second (more severe) limitation is that in case other choices are selected for Area Scope (TA based, TAI based, PLMN area based), the characteristic of “high-mobility” is not clearly indicated, meaning that a separate indication is needed.
Based on the presented analysis, we prefer to use the first approach, and introduce a new IE to support the QoE and RAN Visible QoE measurements and reporting for high-mobility scenarios.
Moreover, the following formulation from the WID (in particular, the “combined”) speaks in favour of the first approach:
· Specify the new service and the existing service defined or to be supported by SA4, combined with high mobility scenarios, e.g., High Speed Trains.
Proposal 3: Introduce a new IE in the UE Application Layer Measurement Configuration Information IE in NGAP and XnAP, to support QoE measurements in high-speed mobility scenarios.

Conclusion
[bookmark: _In-sequence_SDU_delivery]This paper discusses the QMC support for AR and MR services, as well as the support for high-speed mobility scenarios. The following is observed and proposed:
Observation 1: Mixed Reality (MR) can be regarded as an advanced form of Augmented Reality (AR).
Proposal 1: Extend the Service Type IE defined within the UE Application Layer Measurement Configuration Information IE in XnAP and NGAP with two new codepoints, one for QMC for AR service type, and one for QMC for MR service type.
Observation 2: It is expected that some QoE metrics for MR will be inherited from the QoE metrics for AR.
Proposal 2: RAN3 to discuss the introduction of a new RVQoE metric for VR service type, obtained from the “Latency” information, extracted from the “Comparable quality viewport switching latency” metric defined in TS 26.118.
Proposal 3: Introduce a new IE in the UE Application Layer Measurement Configuration Information IE in NGAP and XnAP, to support QoE measurements in high-speed mobility scenarios.
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