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[bookmark: _Toc130977696][bookmark: _Toc136506356]
=====  CHANGE =====
[bookmark: _Toc143815967][bookmark: _Toc157702440][bookmark: _Toc157769021][bookmark: _Toc157770360][bookmark: _Toc159953480]6.3.8	Spatial Anchors and Trackables
[bookmark: _Toc143815968][bookmark: _Toc157702441][bookmark: _Toc157769022][bookmark: _Toc157770361][bookmark: _Toc159953481]6.3.8.1	Background
To establish the pose of the virtual objects in the user real environment, the concept of AR anchoring has been defined based on trackable and spatial anchor entities. 
The definitions of Ttrackable and anchor areis defined in 3GPP TS 26.119 clause §3.1.
Figure 6.3.8.1-1 illustrates an AR anchoring example. A trackable (2D marker type) provides a local reference space. The spatial anchor refers to this trackable, . A virtual asset (virtual chest) is attached to this anchor.
[image: ]
[bookmark: _Ref141187151]Figure 6.3.8.1‑1: Spatial relationships between trackable, spatial anchor and virtual asset
[bookmark: _Toc143815969][bookmark: _Toc157702442][bookmark: _Toc157769023][bookmark: _Toc157770362][bookmark: _Toc159953482]6.3.8.2	Impact on latencies
AR anchoring has an impact on the user experience, for example, a virtual object may not be correctly positioned in the user's real environment.
When latencies for AR trackable anchoring is observed, it  latencies also directly impacts the scene start-up latency and the interaction latency:
-	The initial scene start-up latency corresponds to the sum of the first initialization step delay (fetching content entry point, initialization of the scene manager, retrieval of the scene description file, the AnchorTrackable Creation Delay, the delay until the trackable is first detected and the AnchorTrackable Detection-to-Render-to-Photon delay in the case of a single spatial anchortrackable for the whole scene.
-	The interaction latency corresponds to the AnchorTrackable Detection-to-Render-to-Photon latency metric for the first detection of the trackable. After a first detection, the spatial computing function may predict the pose of the trackable even if it is no more tracked, enabling the anchoring, the positioning, and the display of the virtual content (even if the tracking pose prediction error may increase).
[bookmark: _Toc143815970][bookmark: _Toc157702443][bookmark: _Toc157769024][bookmark: _Toc157770363][bookmark: _Toc159953483]6.3.8.3	Retrieval of the AR anchoring information
Once the Scene description file is received by the UE, the scene manager parses the file and retrieves the AR anchoring information required for that AR experience.
The AR anchoring information consists of:
-	The different types of trackable to be supported.
-	For each trackable, the spatial relationship between the trackable, its related spatial anchor and the virtual content to be anchored.
-	Some optional metadata specifying how to handle the AR anchoring process at runtime. E.g., displaying or not the virtual content at a default location until the trackable is detected, defining a minimum available space in the user’s real environment to allow the anchoring of virtual content.
For example, The scene description capabilities SD-Rendering-glTF-Ext2 defined in clause 9.2 of TS 26.119 [5] allows to use the MPEG-I Scene Description AMD2 [24] detailed and specified an MPEG_anchor extension to carry the AR anchoring information in a glTF file.
From a QoE metric perspective, the most relevant AR anchoring information is the type(s) of trackable(s) required for that AR experience as some types of trackable may not be supported locally in the UE, leading to Cloud or Edge delegation for the spatial computing function for that trackable. This delegation has a direct impact on the configuration and the measurement of QoE metric.
Several trackables and spatial anchors may be defined in one scene to insertanchor different virtual content to different locations within the user’s real environment. The QoE metric should be measured for each trackablespatial anchor.
[bookmark: _Toc143815971][bookmark: _Toc157702444][bookmark: _Toc157769025][bookmark: _Toc157770364][bookmark: _Toc159953484]6.3.8.4	AnchorTrackable Creation Delay (ATCD)
[bookmark: _Toc159953485]6.3.8.4.1	General
This metric corresponds to the delay between the time of the trackablespatial anchor creation request and the time when the related XR space (i.e., the frame of reference in which the 3D coordinates are expressed) is created.
[bookmark: _Toc143815972][bookmark: _Toc157702445][bookmark: _Toc157769026][bookmark: _Toc157770365][bookmark: _Toc159953486]6.3.8.4.2	Measurement of the local AnchorTrackable Creation Delay
If the type of trackable is supported locally in the UE, this metric is measured at the interface between the XR runtime and the scene manager. It corresponds to the OP-1 Observation Point.
To measure the ATCD with the Khronos OpenXR API [22]:
-	The ATCD start time which corresponds to the time of the trackablespatial anchor creation request i.e., when calling the xrCreateReferenceSpace, xrCreateActionSpace, xrCreateSpatialAnchorFB, xrCreateSpatialAnchorMSFT or xrCreateSpatialAnchorFromPersistedNameMSFT function depending on the type of trackable to support.
-	The ATCD end time which corresponds to the time when receiving a XR_SUCCESS returned value.
Then the ATCD for that trackablespatial anchor = end time - start time.
[bookmark: _Toc143815973][bookmark: _Toc157702446][bookmark: _Toc157769027][bookmark: _Toc157770366][bookmark: _Toc159953487]6.3.8.4.3	Measurement of the remote AnchorTrackable Creation Delay
In the case of remote spatial computing (i.e., the type of trackable is not supported locally in the UE), it is relevant to measure the ATCD metric.
The measurement procedure of the ATCD in case of remote spatial computing is provided in Figure 6.3.8.4-1.






[bookmark: _Ref143679913][bookmark: _Ref139908533]Figure 6.3.8.4‑1: The procedure for measuring the ATCD with remote XR spatial computing.
1)	The UE and the Server configures the trackablespatial anchor creation QoE. A delegation to a XR Spatial Computing server is established for that trackablespatial anchor as itthe trackable is cannot be supported by the UE.
2)	The request of the trackablespatial anchor creation is sent by the XR ApplicationUE Scene Graph Handler to the XR Spatial Computing Server. A unique trackablespatial anchor identifier (trackableanchor-id) and the trackableanchor-creation-request-time are recorded.
3)	The trackablespatial anchor creation request is received by the XR Spatial Computing server, and it starts to the creation of the trackableanchor.
4)	Once the XR Spatial Computing Server has created the trackablespatial anchor, it transmits the acknowledgement to the UE.
5)	The XR ApplicationScene manager receives the acknowledgment of the trackableanchor creation and records the trackableanchor-creation-end-RX-time.
Based on this ATCD measurement call flow, the UE can measure the ATCD as follows:
Then the ATCD for that trackablespatial anchor = trackableanchor-creation-end-time – trackableanchor-creation-start-time.
The Roundtrip ATCD for that trackablespatial anchor = trackableanchor-creation-end-RX-time – trackableanchor-creation-request-time.
[bookmark: _Toc143815974][bookmark: _Toc157702447][bookmark: _Toc157769028][bookmark: _Toc157770367][bookmark: _Toc159953488]6.3.8.5	AnchorTrackable Detection to Render to Photon QoE
[bookmark: _Toc159953489]6.3.8.5.1	General
This metric corresponds to the delay between the time of the trackablespatial 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.
[bookmark: _Toc143815975][bookmark: _Toc157702448][bookmark: _Toc157769029][bookmark: _Toc157770368][bookmark: _Toc159953490]6.3.8.5.2	Measurement of the AnchorTrackable Detection to Render to Photon (ATDRP)
This step occurs each time a detection process of the trackable related to that spatial anchor needs to be launched.
Typically, it occurs:
-	At the beginning, after the trackablespatial anchor creation and after a potential first adjustment of the AR anchoring process
-	When the trackable associated with that spatial anchor was not visible and becomes visible again.
To measure the ATDRP with the Khronos OpenXR API [22]:
-	The ATDRP start time which corresponds to the time of the trackablespatial anchor pose request leading to the detection of the trackable. The xrLocateSpace() function is used to request a trackablespatial anchor pose at a current or predicted time. The flags XrSpaceLocationFlags in the XrSpaceLocation structure returned by the xrLocateSpace() function are used to check the trackable detection state:
a)	The detection of the trackable corresponds to ((XR_SPACE_LOCATION_POSITION_VALID_BIT Flags is set) AND (XR_SPACE_LOCATION_POSITION_TRACKED_BIT Flags are changed from unset to set)) AND ((XR_SPACE_LOCATION_ORIENTATION_VALID_BIT Flags is set) AND (XR_SPACE_LOCATION_ORIENTATION_TRACKED_BIT Flags are changed from unset to set))
-	The ATDRP end time which corresponds to the actual display time for that frame.
The measurement procedure of the ATDRP for UE device with local XR spatial computing in the XR Runtime is provided in Figure 6.3.8.5-1.




Figure 6.3.8.5‑1: The procedure for measuring the ATDRP with local XR spatial computing.
1)	The Scene Manager Graph Handler queries requests the pose of the trackablespatial anchor to the XR runtimeSpatial Compute function. This can be achieved by calling the xrLocateSpace function in OpenXR. The UE records the trackableanchor-pose-request-time.
2)	The XR RuntimeSpatial Computing function detects of the trackable related to that spatial anchor.
3)	The XR RuntimeSpatial Computing function returnssends the trackablespatial anchor pose to the Scene ManagerGraph Handler. The UE records the anchortrackable-detection-time.
4)	The Scene Manager UE updates the scene by enabling the virtual assets related to that trackablespatial anchor and by placing them with respect to the detected trackablespatial anchor pose.

5)	The UE records the startToRenderAtTimerender-start-time when the updated scene is ready to be rendered.
6)	The UE renders the scene with the predicted pose related to the predicted display time provided by the XR Runtime.
7)	The UE records the render-end-time when the rendering task is done. The rendered frame is provided to the XR Runtime. 
8)	The XR Runtime performs further post-processing such as late pose correction and final composition. 
9)	The rendered frame is presented to the display. The actual display time is called T2.actual.
Based on this ATDRP measurement procedure, the UE can computemeasure the ATDRP as follows:
ATDRP for that Trackablespatial anchor = T2.actual – trackableanchor-pose-request-time.
NOTE:	The schema will be revised to match the new definition of anchor.

[bookmark: references][bookmark: _Toc120864991][bookmark: _Toc136506357]=====  CHANGE =====
[bookmark: _Toc157702458][bookmark: _Toc157769039][bookmark: _Toc157770378][bookmark: _Toc159953501]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 APIs (e.g. 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 6.3.6.3-1 shows this metric can be obtained with xrLocateViews and xrWaitFrame function defined in openXR.
-	The definition of pose correction error needs further clarification before the implementability is evaluated for this metric.
-	Spatial Anchors and Trackables includes 3 QoE metrics, i.e. ATCD, ATDRP, and TUR. 
1)	ATCD indicates the delay between the time of the trackablespatial anchor creation request and the time when the related XR space is created. The ATCD start time corresponds to the time that calling xrCreateReferenceSpace, xrCreateActionSpace, xrCreateSpatialAnchorFB, xrCreateSpatialAnchorMSFT function or xrCreateSpatialAnchorFromPersistedNameMSFT function. The ATCD end time corresponds to the time when receiving a XR_SUCCESS returned value.
2)	ATDRP indicates the delay between the time of the trackablespatial 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 ATDRP start time corresponds to the time that calling xrLocateSpace function defined in the openXR. The ATDRP end time corresponds to the actual display time for that frame.
3)	The definition of TUR needs further clarification before the implementability is evaluated for this metric.
-	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.
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
	-	ATCD
	-	ATDRP
-	Device related QoE metrics
The impacts of the pose correction error, TUR metric on user experience need to be further evaluated.

=====  CHANGE =====
[bookmark: _Toc119408435][bookmark: _Toc128059563][bookmark: _Toc143815982][bookmark: _Toc157702459][bookmark: _Toc157769040][bookmark: _Toc157770379][bookmark: _Toc159953502]9	Conclusions and Recommendations
In this TR, the available information from other organizations (e.g. ITU-T, IEEE, MPEG group) are collected, and the relevant observed information based on the AR/MR QoE reference model/observation points are discussed and presented based on OpenXR specification [22]. Based on the information observed in the observation points, many AR/MR QoE metrics are introduced, e.g. registration latency, Pose error and time error, etc. All AR/MR QoE metrics introduced in this study are measurable and some of them are implementable based on the OpenXR implementation. For the AR/MR QoE metrics introduced in this study, they may be used by normative work in order to perform the AR/MR QoE measurements and reporting for subsequent optimizations, e.g. reporting to the 5G network for network optimization.
Based on the details in the above, the following next step is proposed as below:
If the value of “Normative work proposed” column in below Table 9-1 is “yes”, then it is proposed to specify the corresponding AR/MR QoE metrics in TS 26.119. The column also adds a reference in the report, where this implementability and relation to the impact on the user experience is provided. Otherwise the implementability and the impact on the user experience need further studies.
Table 9-1: Identify the implementability and impact to user experience of QoE metrics
	QoE metrics
	Metrics definition
	Implementable, e.g. based on openXR
	Impact to user experience
	Normative work proposed
	Comment

	Registration latency
	see clause 6.3.21
	yes
see clause 8
	yes
see clause 8
	Y
	

	Scene startup latency and Interaction latency
	see clause 6.3.32
	yes
see clause 8
	yes
see clause 8
	Y
	

	Pose error and time error
	see clause 6.3.65.21
	yes
see clause 6.3.65.3
	yes
see clause 8
	Y
	

	ATCD
	see clause 6.3.87.4
	yes
see clause 6.3.87.4.1
	yes
see clause 8
	Y
	Further details to be provided before normative work.

	ATDRP
	see clause 6.3.87.5
	yes
see clause 6.3.87.5.1
	yes
see clause 8
	Y
	Further details to be provided before normative work.

	Device related QoE metrics
	see clause 6.3.76.1
	yes
see clause 6.3.76.1 and 6.2.21.2
	yes
see clause 8
	Y
	

	Tracking pose prediction error
	see clause 6.3.43
	For further study
	For further study 
	For further study
	

	Pose correction error
	see clause 6.3.98.1
	For further study 
	For further study 
	For further study
	

	TUR
	see clause 6.3.87.6
	For further study 
	For further study
	For further study 
	



The metrics may be reported for QoE proposal including QoE metrics considered to have the need for normative work in the above table, as well as one way delay RTT.
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