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1. [bookmark: _Toc504713888]Introduction
The rendering process may use a predicted pose for rendering. The pose error affects the user experience and hence needs to be considered a metric for QoE. Associated with the pose error is the time error in pose prediction, which can be used by the rendering process and the communication network to adapt the respective delays. The time error is useful to optimizing QoE. 
In this paper, we propose to add the pose error and the time error in pose prediction as QoE metrics the ARMRQoE TR [1]. We also present a procedure for measuring the metrics and show how the procedure can be implemented with functions from core OpenXR.
1.    Proposed changes
The following change is necessary because clause 5 is the only clause that lists QoE metrics, and the title of clause 5 is only limited to VR while the scope of the study item is more than VR. We recommend changing VR in the title to AR/MR to be consistent with the scope of the ARMRQoE study item. 
===== CHANGE #1  =====
[bookmark: _Toc128059550][bookmark: _Toc128060246]5     	Relevant VR AR/MR metrics
===== END of CHANGE #1  =====

Add the following to clause 5 to capture the pose error and the time error in pose prediction. 
===== CHANGE #2  =====
[bookmark: _Toc128059551][bookmark: _Toc128060247]5.2   	Pose error and time error
[bookmark: _Toc128059552][bookmark: _Toc128060248]5.2.1	Background
The rendering process may use a predicted pose for rendering. The pose error (the difference between the pose used for rendering and the pose at the actual display time) affects the match can cause motion sickness, although the XR Runtime can mitigate the impact of pose errors to some extent by reprojection. Thus the pose error is a relevant metric for QoE.
The pose error depends on the time error (for a rendered frame, how much the predicted display time is off from the actual display time). The time error can be used as a control knob by the rendering process and the communication network to adjust the respective delays in optimizing the QoE. Therefore, the time error is a relevant metric for QoE optimization.
5.2.1	Metric description
A pose can be described by a position and an orientation in space relative to an XR Space [3]. 
Editor’s note: definition of pose error and time error are TBD.
5.2.3	Measurement procedure
A measurement procedure for the scenario of cloud-based rendering is shown in Figure 5.2.3-1. The XR Runtime and the XR Application may be on a same device such as a UE, or on difference devices such as an AR glasses (which hosts the XR Runtime) and a UE (which hosts the XR Application). The steps are as follows:
1. The XR Application estimates the round-trip time (RTT) between the XR application and the Edge Application Server (EAS).
2. The XR Application queries for the next display time. This (and step 3) can be achieved by calling the xrWaitFrame function in OpenXR.
3. The XR Runtime replies with the next display time. 
4. The XR application predicts a display time – an initial prediction – and the use of initial is because a second prediction/estimation will be made later. This predicted display time is called T2.predicted1.
5. The XR application queries for a predicted pose at the initial predicted display time T2.predicted1. Calling the function xrLocateViews in OpenXR can achieve this step and step 7.
6. The XR Runtime predicts the pose, and the prediction occurs at time T1.
7. The XR Runtime returns with the predicted pose (P.predicted1). 
8. The XR application sends the predicted pose (P.predicted1) and the associated initial predicted display time (T2.predicted1) to the EAS.
9. The EAS renders for the predicted pose (P.predicted1), and compresses the rendered frame.
10. The EAS returns the rendered frame along with the initial predicted display time (T2.predicted1) to the XR Application.
11. The XR Application sends the rendered frame to the XR Runtine, e.g., via swapchain. This can be achieved by calling the xrReleaseSwapchainImage function in OpenXR. The XR Application passes the display time used for the rendering the frame, and this can be achieved by calling the xrEndFrame function in OpenXR.  
12. The XR Application queries for the predicted display time. This is intended to get a more accurate prediction of the display time than the one in step 4, because there is less time to predict into the future at this moment.
13. The XR Runtime returns an updated prediction of the display time (T2.predicted2).
14. The XR Runtime performs reprojection for pose correction. The actual display play time is called T2.actual.  
15. The XR Application queries for the pose associated with the updated prediction of the display time (T2.predicted2). This can be achieved by calling the xrLocateViews function in OpenXR.
16. The XR Runtime does pose estimation.
17. The XR Runtime returns a pose estimate (P.predicted2). 
18. The XR Application computes a pose error estimate (P.predicted1 – P.predicte2) and a time error estimate(T2.predicted1 – T2.predicted2).  
  


Figure 5.2.3-1: The procedure for measuring the pose error and time error in pose prediction
Note that two queries are used to predict the display time of a same frame. The first query occurs in step 2, and the query result is used to determine a target display time for the rendering process in step 4. The second query occurs much closer to the actual display time, as shown in steps 12-13, and thus provides higher accuracy. This is shown in Figure 5.2.3-2.


Figure 5.2.3-2: The use of a second prediction (T2.predicted2) of the display time for better accuracy 
===== END of CHANGE #2  =====

1. Proposal
We propose to agree to include the proposed changes in clause 2 to the TR for ARMRQoE [1].
1. References
[1] 3GPP TR 26.812, “Study on QoE Metrics for AR/MR Services”, v0.3.0, March 2023.
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