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1 Introduction
In this document we discuss the applicability of PDU prioritisation to XR applications. We focus on the video component of XR traffic as it is the most data-intensive traffic stream [1].
2 Discussion
Video traffic is sequential in nature. Simplistically speaking, a video is composed of a set of images that need to be displayed one after the other (in order) at the receiver. Most video encoding algorithms leverage this aspect of video traffic to optimise the codec. A common approach across video codecs is to provide differential information, i.e. the encoder looks at what has changed from a previous scene (e.g. motion on a screen) and provides only that information to the decoder. The decoder applies this differential information to the current scene to generate the next scene. We use the Group of Pictures (GOP) example in Figure 1 below as a simple illustration of how this works.
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[bookmark: _Ref115373423]Figure 1: Illustrative example of a GOP approach to video
A GOP consists of a set of interdependent frames, consisting of a set of I and P frames, that form part of a video stream. The I frame contains information that is independent of a previous frame (e.g. the entire image to be displayed on the screen). The set of P frames that follow are differentially encoded and consist of that information in the current scene which is different from the preceding frame. In this context, the I frame can be described as an independent frame, while the P frame can be described as a dependent frame.
Given that all subsequent P frames first require the corresponding I frame from the GOP in order to be successfully decoded, at first glance it appears that the transmission of I frames should be prioritised over the transmission of P frames. This is the reasoning behind several papers at the last meeting which suggest that I frames should be transmitted over a different link (modelled as QoS flow/subflow/DRB/LCH) from the link that transports P frames. The drawback with such an approach is that it breaks the sequential aspect of a video stream, as illustrated in Figure 2 below.
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[bookmark: _Ref115373414]Figure 2: What happens when I frames are prioritised over P frames
As can be seen at the receiver end of the illustration above, video frames would be received out of order at the receiver when transmitted over different links. If the receiver presents the I frame numbered 6 to the user, P frames 2 to 5 that are received later are useless as the scene presented to the user has moved on. If the receiver doesn’t present the I frame numbered 6 to the user and waits for ealier P frames to ensure in-order delivery of frames, then there was no point in prioritising the transmission of I frame 6. 
Observation 1: Simply transmitting different frames from a video stream over different links to prioritise the transmission of certain frames is useless as it breaks the sequential nature of video, and can lead to unpredictable delays as in-order delivery is required by the receiver.
In non real-time video streams (e.g VoD services such as Netflix or Youtube), playout buffers are typically used to buffer tens of seconds worth of the video stream to compensate for any temporary variations in the communication link. In these cases, there is little reason to prioritise any data within a video stream when transmitting over a 3GPP link. RLC AM mode can be used to ensure that all video data is reliably sent in-order to the receiver, and any associated delays due to AM operation can be compensated by the use of such playout buffers in the application.
Observation 2: There is no need for any form of PDU prioritisation when the video traffic is non real-time in nature.
However, in real-time video streams (e.g. cloud gaming, augmented reality, virtual meetings etc), we can no longer employ playout buffers to compensate for glitches over the communication link. It is important that latest information gets presented to the user as soon as possible, i.e some form of LIFO (last-in first-out) operation. However, the use of differential encoding means that a simple LIFO operation is not feasible. Earlier frames need to be sent in order to decode later frames. As a result, the transmission of dependent frames (e.g. P frames) cannot be prioritised over earlier frames and need to be transmitted in-order as illustrated in Figure 3 below. 
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[bookmark: _Ref115373402][bookmark: _Ref115373397]Figure 3: In-order delivery of dependent frames
Independent frames (e.g. I frames) on the other hand, can be prioritised. If the RAN is aware of an independent frame (e.g. the corresponding PDU-set is marked as high priority), it can prioritise the transmission of this information to the receiver. Given that all existing data in the transmission buffer correspond to older video frames that are now irrelevant to the real time video stream, there is no point in transmitting them any longer and can be dropped as illustrated in Figure 4 below. This will help ease congestion in the network while improving the end-user experience of the real time video stream.
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[bookmark: _Ref115420881]Figure 4: Prioritisation of an independent frame along with data discard to ease congestion

Observation 3: Prioritisation of latest independent frames can be useful in real-time video streams, to provide up to date information to the user. 
Proposal 1: The use of PDU prioritisation should be configurable as it is only useful in certain scenarios (e.g. real-time streams).
Observation 4: Following the prioritisation of a frame in a real-time stream, the transmission of all earlier frames in the transmission buffer is pointless as they contain outdated information.
Proposal 2: When a frame is prioritised in a real-time stream, all earlier frames in the transmission buffers of the RAN can be dropped to ease congestion and to ensure that newly arriving video frames can be provided to the end-user in a timely manner.
3 Conclusion
In this contribution we have the following observations and proposals:
Observation 1: Simply transmitting different frames from a video stream over different links to prioritise the transmission of certain frames is useless as it breaks the sequential nature of video, and can lead to unpredictable delays as in-order delivery is required by the receiver.
Observation 2: There is no need for any form of PDU prioritisation when the video traffic is non real-time in nature.
Observation 3: Prioritisation of latest independent frames can be useful in real-time video streams, to provide up to date information to the user. 
Proposal 1: The use of PDU prioritisation should be configurable as it is only useful in certain scenarios (e.g. real-time streams).
Observation 4: Following the prioritisation of a frame in a real-time stream, the transmission of all earlier frames in the transmission buffer is pointless as they contain outdated information.
Proposal 2: When a frame is prioritised in a real-time stream, all earlier frames in the transmission buffers of the RAN can be dropped to ease congestion, and to ensure that newly arriving video frames can be provided to the end-user in a timely manner.
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