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1 Introduction
We have the following objective for the XR WI [1]:Specify the enhancements related to capacity:
-	Discard operation of PDU Sets for DL and UL (RAN2, RAN3);

In this document, we discuss how PSDB and PDU Set importance can be used in the RAN for data discard procedures to improve capacity, and its impact on user plane operation.
2 Discussion
Video frames in an XR stream have stringent associated delay budgets. Once the delay budget is exceeded, it is not useful to present the video frame to the user. In some cases, its presentation may be detrimental to the user’s experience as it could trigger nausea [2]. In some delay critical real time streaming cases, video frames that exceed their delay budget can be considered as lost and there may be limited  value in its transmission. However, in other cases such as when differential encoding is employed, the transmission of the video frame may still be important to process future video frames. We address these cases separately below.
Case 1: Transmission of the PDU set is not important after PSDB expiry
The PDU-set delay budget (PSDB) defines the maximum delay that a PDU set can experience over the 3GPP link. In cases where the PDU set can be considered as lost after its delay budget is exceeded, discarding PDUs that have not been transmitted by the time the PSDB has been exceeded, can be beneficial to i) reduce congestion and ii) prioritise the transmission of new information. 
Observation 1: A partial/complete PDU-set discard operation when the PSDB is exceeded can be useful to reduce congestion and priortise new data in some cases.
Impact on the Downlink
The RAN will be aware of the PSDB as well as the set of PDUs that belong to a PDU set/burst as indicated in SA2’s response. This awareness enables the NW to implement PDU discard mechanisms, which can be completely left to NW implementation.
Proposal 1: PDU discard based on PSDB expiry can be left to NW implementation on the downlink.
Impact on the Uplink
When there is no jitter between PDUs that belong to a PDU set, the PSDB metric reduces to existing PDB metric, i.e. all PDUs of the PDU set arrive at the same time and their respective PDB start and end at the same time. In this case, if discard is needed, existing PDCP discard mechanism can be reused to model PDU-set discard behaviour. 
When there is some jitter, e.g. due to a wireless link between XR glasses and the UE, the existing PDCP discard mechanism can still be reused to trigger PDU-set discard. All that is needed is a parameter that configures the UE to trigger discard of all PDUs in the PDU-set if the PDCP discard timer expires for any PDU that belongs to the PDU set.
RAN awareness of PSDB will enable proper configuration of the PDCP discard timer.
Proposal 2: PDU discard based on PSDB expiry is modelled using the existing PDCP discard timer for the uplink.
Proposal 3: In cases where jitter exists for the uplink, expiry of the PDCP discard timer of a PDU that belongs to a PDU set can trigger discard of all PDUs that belong to that PDU-set.
Case 2: Transmission of the PDU set is still important after PSDB expiry
In this section, we discuss the case of differential encoded video, where 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. As can be seen above, even if the delay budget associated with presenting the video frame to the end user has been exceeded, transmission of frames are still needed due to their dependencies on earlier frames.
Observation 2: In case of differential encoded video, PDB/PSDB expiry cannot be used as a trigger for PDU discard as the information is still needed to decode future frames.
In case of real time streams, it is also equally important to present the latest information to the end user where possible. This is possible when independently decodable frames such as I-frames arrive. If the RAN is aware of an independent frame (using the PDU Set importance indicator of the PDU set), the transmission of this information to the receiver can be expedited. 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 2 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 2: Prioritisation of an independent frame along with data discard to ease congestion

Observation 3: In cases where PSDB expiry based PDU discard cannot be used (e.g. differentially encoded information), it is useful to drop all earlier PDU sets in the transmission buffer of the transmitter when a PDU set of high importance arrives, to ease congestion and to ensure that newly arriving independent video frames can be provided to the end-user in a timely manner.
Proposal 4: Arrival of a PDU set with high importance can trigger the discard of all PDU sets that arrived earlier.
When data is discarded, it may result in ‘holes’ in the sequence number space of RLC or PDCP headers. If the RLC or PDCP entity at the receiver side is unaware of the existence of such ‘holes’, it can result in a window stall at the receiver (reassembly/reordering timers) as it waits for this missing data to arrive. Such a window stall at the receiver is undesirable as it results in unnecessary delays to delay-sensitive XR traffic, and should be avoided. Therefore, when PDU discard takes place at the transmitter, it is important that the receiver is made aware of this operation to avoid unnecessary costly delays to the processing of XR traffic.
Observation 4: Window stalls at the receiver entity as a consequence of discarded PDUs by the transmitter entity is undesirable for delay-sensitive XR traffic.
Proposal 5: The receiver entity is notified of any PDUs that are discarded by the transmitter entity to avoid window stalls.
3 Conclusion
In this contribution we have the following observations:
Observation 1: A partial/complete PDU-set discard operation when the PSDB is exceeded can be useful to reduce congestion and priortise new data in some cases.
Observation 2: In case of differential encoded video, PDB/PSDB expiry cannot be used as a trigger for PDU discard as the information is still needed to decode future frames.
Observation 3: In cases where PSDB expiry based PDU discard cannot be used (e.g. differentially encoded information), it is useful to drop all earlier PDU sets in the transmission buffer of the transmitter when a PDU set of high importance arrives, to ease congestion and to ensure that newly arriving independent video frames can be provided to the end-user in a timely manner.
Observation 4: Window stalls at the receiver entity as a consequence of discarded PDUs by the transmitter entity is undesirable for delay-sensitive XR traffic.

Based on these observations, we propose:
Proposal 1: PDU discard based on PSDB expiry can be left to NW implementation on the downlink.
Proposal 2: PDU discard based on PSDB expiry is modelled using the existing PDCP discard timer for the uplink.
Proposal 3: In cases where jitter exists for the uplink, expiry of the PDCP discard timer of a PDU that belongs to a PDU set can trigger discard of all PDUs that belong to that PDU-set.
Proposal 4: Arrival of a PDU set with high importance can trigger the discard of all PDU sets that arrived earlier.
Proposal 5: The receiver entity is notified of any PDUs that are discarded by the transmitter entity to avoid window stalls.
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