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	1stChange


[bookmark: _Toc119408435][bookmark: _Toc128059563][bookmark: _Toc143815982][bookmark: _Toc152695682]8	Evaluations on AR/MR QoE metrics
In clause 6.3, three types of QoE metrics are introduced, i.e. delay related metrics, Presentence and immersiveness related metrics and device related metrics. In order to make sure the QoE metrics are measurable with real impact to the user experience, the evaluations are proposed based on the existing implementable openXR APIs for the AR/MR QoE metrics specified in in the technical report.
-	Delay related metrics
-	Registration latency indicates the time from the application is started/activated until the 3D reconstructed map is obtained, which is defined as the during time from when the time application starts to call the xrEnumerateApiLayerProperties function to obtain a list of available API layers, to the time when the application obtains the viewer pose and projection parameters with using xrLocateViews function defined in openXR [22].
-	Scene startup latency and Interaction latency indicates the time from the application is started until the remote initial AR scene is displayed in the right place of the reconstructed 3D space, which is defined as the predicated display time of the rendered frame in the swapchain minus the time when the application starts to call the xrEnumerateApiLayerProperties function to obtain a list of available API layers.
-	One-way delay and RTT consists of the uplink one-way delay, the downlink one-way delay, or the RTT. This metric has been captured in the TS 26.119.
-	Presence and immersiveness related metrics
-	Tracking pose prediction error indicates the deviation of the relative pose in the real world and the predicted pose, which can be obtained by calculating the deviation of the predicated spaces locations and real space locations. The predicated spaces locations can be obtained with calling the xrLocateSpace function defined in openXR, while the actual location may not be known via the openXR API.
-	Pose error and time error indicates the difference between the pose used for rendering and the pose at the actual display time and how much the predicted display time is off from the actual display time separately. Figure 6.3.5.3-1 shows this metric can be obtained with xrLocateViews and xrWaitFrame function defined in openXR.
-	Pose correction error could be detected and measured by comparing the reprojected frame with reference rendered frame, while reprojected frame potentially captured at OP-1 and the rendered frame captured at OP-4. Implementability with openXR is not addressed in this study.
-	Spatial Anchors and Trackables includes 3 QoE metrics, i.e. ACD, ADRP, and AUR. 
1)	ACD indicates the delay between the time of the spatial anchor creation request and the time when the related XR space is created. The ACD start time corresponds to the time that calling xrCreateReferenceSpace, xrCreateActionSpace, xrCreateSpatialAnchorFB, xrCreateSpatialAnchorMSFT function or xrCreateSpatialAnchorFromPersistedNameMSFT function. The ACD end time corresponds to the time when receiving a XR_SUCCESS returned value.
2)	ADRP indicates the delay between the time of the spatial anchor pose request leading to the detection of the trackable and the time when the virtual content is displayed in the user’s real environment. The ADRP start time corresponds to the time that calling xrLocateSpace function defined in the openXR. The ADRP end time corresponds to the actual display time for that frame.
3)	AUR indicates the ratio between the number of frames where the trackable associated with the spatial anchor is not tracked and the total number of frames during the observation period in which no detection process is launched. The flags XrSpaceLocationFlags in the XrSpaceLocation structure returned by the xrLocateSpace function are used to know the tracked/untracked status of a trackable. Then AUR for that spatial ancho can be calculated by dividing the number of untracked in the observation period by the length in number of frames of the observation period in which no detection process is launched.
-	Device related QoE metrics
-	Resolution can be indicated by the camera information, which is derived from XR_OCULUS_external_camera API defined in openXR.
-	EyetrackingCapability can be indicated from XrSystemEyeTrackingPropertiesFB using xrGetSystemProperties function defined in openXR.
-	HandtrackingCapability can be indicated from XrSystemHandTrackingPropertiesEXT using xrGetSystemProperties function defined in openXR.
-	SpatialmappingCapability can be indicated from XrSystemSpatialEntityPropertiesFB using xrGetSystemProperties function defined in openXR.
According the analysis above, the following AR/MR QoE metrics are measurable based on the OpenXR implementation:
-	Delay related metrics
-	Registration latency
-	Scene startup latency and Interaction latency
-	One-way delay and RTT
-	Presence and immersiveness related metrics
-	Pose error and time error
-	Spatial Anchors and Trackables
-	Device related QoE metrics
-	Resolution 
-	EyetrackingCapability 
-	HandtrackingCapability
-	SpatialmappingCapability
Implementability with openXR of the following AR/MR QoE metrics are not or not fully addressed in this study:
-	Presence and immersiveness related metrics
-	Tracking pose prediction error
-	Pose correction error
When considering the benefits of the above QoE metrics that are measurable based on the OpenXR implementation, some of them are easily observed to have impacts on users’ experience, which are listed as below:
-	Delay related metrics
-	Registration latency
-	Scene startup latency and Interaction latency
-	One-way delay and RTT
-	Presence and immersiveness related metrics
-	Pose error and time error
-	Spatial Anchors and Trackables
	-	ACD
	-	ADRP
	-	AUR	Comment by Stephane Onno: it is related to the quality of the tracking. It may depend for example on capturing environment conditions (occlusion, light, etc). It directly affects the location of the virtual content attached to this trackable, which will have an impact on the users’ experience.
-	Device related QoE metrics
[bookmark: _Hlk157432243]-	Resolution 
-	EyetrackingCapability 
-	HandtrackingCapability
-	SpatialmappingCapability
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