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Introduction
One of the objectives of IBACS is to conduct normative work on the real-time transport of traditional as well as AR media, scene description, and metadata via IMS media path including Data Channel. Transport can be either one-way or bi-directional.
A commonly used type of metadata in XR applications is the user pose. An XR pose describes a position and orientation in space relative to an XR space and typically associated with a timestamp indicating its sampling time.
- Position is a 3D-vector representing the position within an XR space and relative to the origin defined by the (x,y,z) coordinates.
- Orientation is typically a quaternion representing the orientation within an XR space and defined by a four-dimensional or homogeneous vector with (x,y,z,w) coordinates, with w being the real part of the quarternion and x, y and z the imaginary parts.
In Rel-18, SA4 has already reached some agreements on the format and delivery of XR interaction metadata including XR pose in different WIs in RTC and VIDEO SWGs. Those agreements are listed below:
· 5G_RTP: 
· A discussion summarizing the different options for real-time transport of XR interaction metadata was agreed into the PD.
· An RTP header extension enabling the transport of rendered pose was agreed into the PD.
· iRTCW: 
· A potential solution for using data channel for interaction metadata was agreed into the PD.
· MeCAR: 
· XR pose prediction format was agreed into TS 26.119.
· Timing information on the transport of XR pose (pose-to-render-to-photon delay etc.) was agreed into the PD.
On top of the existing work, we believe that further considerations are necessary for the transport of XR pose. Since XR pose is a special type of interaction metadata that is present in most XR applications and can potentially be transmitted at very high rates, the requirements imposed on the network need careful thought. The following clause discusses the transport aspects in more detail.
Transport of XR pose
An XR application can continuously query the XR runtime to provide the viewer pose for a particular display time. In a split rendering scenario, a minimum of one pose information per frame of the rendered video needs to be delivered to the split rendering server. However, it is possible to send pose information more often than once per frame interval to perform the rendering more accurately, i.e., reflecting a newer pose, or render multiple frames corresponding to different display times. Also, other future applications (e.g., haptics-based) relying on network-based processing may benefit from obtaining more frequent pose information.
Current XR headsets can sample the user’s head pose at frequencies up to 1kHz. Although most applications require a pose transmission rate below this maximum sampling frequency, still a high number of pose packets may need to be transmitted relative to media data and other XR interaction metadata. Such high packet rates may overload the network, especially if a large number of XR devices simultaneously send pose data (and possibly other XR interaction metadata), exceeding the limited packet forwarding rate of the mobile network elements. This forwarding rate is typically expressed in packets per second (pps). A high packet rate in the network may lead to an increase in uplink latency, which may cause the transmitted poses to become outdated as well as increase the delays experienced by the other uplink flows. Due to the increased pose-to-render-to-photon latency, responsiveness of the application might decrease.
An adaptive transmission strategy can help in mitigating this problem. Adaptation can be performed based on the motion of the pose source. Regarding the motion of the pose source (XR device) and the required pose transmission rate, following observations can be made:
· If the pose source does not move or moves very slowly, the resulting pose value sequence will contain only minimal changes, which are unlikely to cause any noticeable effects during rendering. In this case, it may be beneficial to send no pose data at all.
· If the pose source moves relatively slow, the resulting pose value sequence contain only slight changes within a given time interval. Therefore, sending pose data at a relatively low rate can be sufficient for accurate processing/rendering at the server. 
· If the pose source moves relatively fast, it may be necessary to send pose samples at a higher rate, depending on the type of the pose source and use case addressed by the XR application. In some use cases (e.g., user’s rapid finger movements driving an action at the server), it may be necessary to send as many pose samples as possible to achieve a high QoE. In other use cases (e.g., split rendering of visual content), sending at a relatively low rate may be sufficient, since the resulting rendering artefacts may not be noticeable due to the limitations of the human visual system, e.g., lack of the ability to discern whether a fast-moving object is actually sharp or not (motion blur).

Another transmission strategy that can be used is pose grouping. In this case, multiple pose samples can be grouped and sent together instead of transmitting a single pose sample in each packet. If the pose source is moving fast and thus a higher number of pose samples need to be transmitted (aligned with the observations above), multiple pose samples can be packed into a compound packet and sent together. In this way, packet rate can still be kept at a reasonable value, even if a high amount of pose data needs to be transmitted.
Based on the above considerations, IBACS should define adaptation and aggregation mechanisms for network-friendly transmission of XR pose. Specifically, IBACS should enable mechanisms for:
· adaptation of the sending rate of pose packets based on the rate of motion (speed/velocity/acceleration) of the pose source.
· For instance, this could be negotiated by a data channel SDP attribute that indicates a speed threshold below which no pose data is sent.
· aggregation of multiple pose samples into compound pose packets 
· For instance, this could be negotiated by a data channel SDP attribute that indicates a speed threshold above which pose samples are packed into compounds packets. Each compound packet may contain a field indicating the number of contained poses. Alternatively, the compound packet may contain the length of the payload in bytes, assuming that the receiver knows the size of the pose structures and thus infer the number of poses.
· a combination of both mechanisms above
· The XR device starts sending pose only after an initial threshold is exceeded and starts grouping pose samples into compounds packets after a second threshold is exceeded.
Proposal
Agree the content of section 2 above into the IBACS PD as the basis of further work on XR pose transport.
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