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1. Introduction
For the XR-specific capacity improvements, discard operation for XR is one of the crucial issue. According to the latest RAN2#121 and RAN2#121 bis meeting agreements[1][2], the following agreements on PDU set discarding are reached.

	When the PSIHI is set for a QoS flow, as soon as one PDU of a PDU set is known to be lost, the remaining PDUs of that PDU Set can be considered as no longer needed by the application and may be subject to discard operation (see clause 5.3.2).
NOTE 3:	It cannot always be assumed that the remaining PDUs are not useful and can safely be discarded.
NOTE 4:	In case of Forward Error Correction (FEC), active discarding of PDUs when assuming that a large enough number of packets have already been transmitted for FEC to recover without the remaining PDUs is not recommended as it might trigger an increase of FEC packets (see S4aV220921 [14]).

For PDCP discard operation in uplink, the timer-based discard operation (when configured) should apply to all SDUs/PDUs belonging to the same PDU Set. Furthermore, for a PDU Set in a QoS flow for which the PSIHI is set, when one PDU of that PDU set is known to either be lost or associated to a discarded SDU (see clause 5.1.1), all remaining PDUs of that PDU Set could be discarded at the transmitter to free up radio resources.
In case of congestion, the PSI may be used for PDU set discarding (see clause 5.1.1) and in uplink, a PDU set discard mechanism taking the PSI into account will be introduced.
: PDU set discard is modelled using the existing PDCP discard timer for the uplink. The timer is in network control.





However, there are still several questions need to be further discussed on PDU Set discarding issue. Such as :
· How to perform PDU-set based discard in PDCP layer?
· When PSI is set, how to perform PDU Set discarding by UE? 
[bookmark: _Toc54284460]In this contribution we will discuss the above unconfirmed questions on PDU Set discarding in RAN in detail.  
2. Discussion
2.1 PDU Set discarding in PDCP layer
According to the agreed TR38.835[2], for PDCP discard operation in uplink, the timer-based discard operation (when configured) should apply to all SDUs/PDUs belonging to the same PDU Set. This is an reasonable discard strategy. However, for XR transmission, the discard timer is set for a PDU Set, which may contains multiple PDUs. Only when all the PDUs belonging to the same PDU Set are sent , can the discard timer be expired. Therefore it will be very long for expiration of the discard timer, and the transmission buffer will be occupied for a long time. For example, when the first PDCP PDU of the PDU Set is sent to lower layer, the discard timer will be turned on. And it will be very long for the last PDCP PDU of the PDU Set is sent by the PDCP transmitter if the size of the PDU Set is very big. Until then the discard timer will expire and it trigger the PDCP transmitter to discard all SDUs/PDUs belonging to the same PDU Set. We can see that that, the time between the discard timer turned on to it is expiration can be very long. And the discard operation of the PDCP transmitter can also be very long which is not efficient and real-time for PDU Set discarding. 
To address this issue, we propose to support to reuse the legacy PDCP Status report-based discarding strategy for XR. This strategy can timely feedback the receiving status of the PDCP PDUs by PDCP receiver to make the PDCP transmitter discard packet of PDU Set on time. And this strategy may be very efficient when the PDU Set belongs to a QoS flow who’s PSIHI is set. In this case, as soon as one PDU of a PDU set is known to be lost, the remaining PDUs of that PDU Set can be considered as no longer needed by the application and may be subject to discard operation. That is to say, the discard operation for this PDU Set can not based on a PDU Set-based, this is no explicit dependency requirement between PDUs inside the PDU Set. Thus, if the PDCP Status report can be supported in this case, the transmitter of PDCP entity can discard the unsuccessfully transmitted PDU/SDU based on PDCP Status report on time to make the system more efficient and avoiding transmission buffer congestion.  
To support the legacy discard operation for XR, associated protocol enhancement may be needed. Take the following legacy SDU discard mechanism in PDCP layer as baseline. DiscardTimer expires-based discarding mechanism and PDCP status report-based discarding mechanism are both supported.  
	
When the discardTimer expires for a PDCP SDU, or the successful delivery of a PDCP SDU is confirmed by PDCP status report, the transmitting PDCP entity shall discard the PDCP SDU along with the corresponding PDCP Data PDU. If the corresponding PDCP Data PDU has already been submitted to lower layers, the discard is indicated to lower layers.
For SRBs, when upper layers request a PDCP SDU discard, the PDCP entity shall discard all stored PDCP SDUs and PDCP PDUs.
NOTE:	Discarding a PDCP SDU already associated with a PDCP SN causes a SN gap in the transmitted PDCP Data PDUs, which increases PDCP reordering delay in the receiving PDCP entity. It is up to UE implementation how to minimize SN gap after SDU discard.



Since a PDU set is composed of one or more PDUs, the above DiscardTimer expires-based discarding mechanism and PDCP status report-based discarding mechanism for PDU set discarding can be reused if the following associated specification enhancement are agreed. 
(1) The discardTimer should be set with the granularity of PDU set-based. That is to say, the XR traffic, the transmitting PDCP entity shall set a common discardtimer for all the PDCP SDUs in one PDU Set. And it will discard all the PDCP SDUs in one PDU Set if discard condition is satisfied, i.e., the discardTimer expires for this PDU set.
(2) PDU-based PDCP status report should be supported. That is to say, the XR traffic, the receiving PDCP entity will feedback PDU-based PDCP status report to the transmitting PDCP entity if PSIHI is not set. When the successful delivery of a PDCP SDU in one PDU set is confirmed by PDCP status report, the transmitting PDCP entity shall discard the PDCP SDU along with the corresponding PDCP Data PDU on time.
Proposal 1: For XR transmission, both discardTimer-based PDU Set discarding and PDCP status report-based PDU discarding can be supported to reused the legacy discarding mechanism.
2.2 PDU set discarding indication
Due to the fact that a PDU set contains multiple PDUs, if the transmitting side of the PDCP layer decides to discard a PDU set, indicating that the PDU set is no longer meaningful, PDCP PDUs belongs to the discarded PDU set that have been sent to the RLC layer by the transmitting side need to be instructed to discard and should not be sent over the air interface. At the same time, the PDCP PDUs belongs to the discarded PDU set that have been sent to the receiving side also need to be instructed to discard and should not be submitted to the upper layer. In this case, the discarding indication are needed by PDCP layer and associated PDCP layer impact and RLC layer impact need to be enhanced. Specifically, for PDCP layer, when transmitting PDCP entity decides to discard a specific PDU Set, it will inform the PDCP receiver entity of the discarding of the PDCP SDUs/PDUs belongs to the specific PDU Set, the associated PDCP SN need to be indicated to the PDCP receiver entity. 
In addition, If a PDCP SDU/PDU that is queued for reception by the receiving PDCP window is discarded by the transmitting PDCP entity, the receiving window will be blocked until the timer expires. In such a scenario, the transmitting PDCP entity should inform the receiving PDCP entity of the SN of the discarded PDCP SDU/PDU to prompt the receiver to cease waiting and shift the receiving PDCP window.
For the RLC layer, when the upper layer (i.e. PDCP layer) indicates that a specific PDU set should be discarded, the transmitting side of an AM RLC entity or the transmitting UM RLC entity shall be instructed to discard the the RLC SDUs belongs to the PDU set which have not been submitted to the lower layers to save the transmission resources on Uu. 
Proposal 2: When the transmitting PDCP entity decides to discard a PDU set, it will instruct the receiving PDCP entity to discard all the PDCP SDUs/PDUs belongs to the PDU set to prevent delivery to the upper layer.
Proposal 3: When the transmitting PDCP entity decides to discard a PDU set, it will instruct the receiving PDCP entity the SN of the discarded PDCP SDU/PDU of the PDU set to prompt the receiver to cease waiting and shift the receiving PDCP window.
Proposal 4: When the transmitting PDCP entity decides to discard a PDU set, it will instruct the transmitting RLC entity to discard the RLC SDUs belongs to the PDU set. 

2.3 PDU set discarding with PSI : 
According to the latest SA2 conclusion[3], 5GC provides the semi-static information of PDU Set Integrated Handling Indication (PSIHI) to RAN per QoS flow, which indicates whether all PDUs of the PDU set are needed for the usage of PDU set by the application layer. And it is agreed that for PDCP discard operation in uplink, for a PDU Set in a QoS flow for which the PSIHI is set, when one PDU of that PDU set is known to either be lost or associated to a discarded SDU, all remaining PDUs of that PDU Set could be discarded at the transmitter to free up radio resources. In addition, 5GC provides the dynamic information of PDU Set Importance (PSI) to RAN per PDU Set, which identifies the relative importance of a PDU set compared to other PDU sets within a QoS flow. RAN may use it for PDU set level packet discarding in the presence of congestion. We can see that both PSIHI and PSI are associated with PDU set discarding, we need to further discuss the impact of PSI and PSIHI on PDU set discarding mechanism. For a QoS flow, all PDUs included in the PDU sets share the same PSIHI parameter requirements. That is, the PDU sets in a QoS flow may either require complete integrity or not at all. For DRB-carrying PDU sets with integrity requirements over the air interface, if any packet in that PDU set is lost, all packets in that PDU set must be discarded. When it comes to PSI, each PDU Set in one DRB may have different PSI, we will analyze the PSI impact on PDU Set discarding in the following chapter:
For DL transmission, when there is transmission congestion, gNB is able to know the congestion. In this case, packet discarding may be needed to alleviate congestion, and the order of discarding can consider the PSI of the PDU set. For example, PDU sets with lower PSI can be discarded first, while those with higher PSI can be considered last or not discarded at all. If congestion occurs during the transmission of a PDU set with PSI=High, and that PSI=High PDU set needs to be discarded, then the adjacent already transmitted PSI=Low PDU set can be instructed to discard by PDCP entity to the lower RLC layer or receiving PDCP entity.
Proposal 5: When DL congestion occurred, for different PSI level PDU Sets, PDU Set discarding can based on the PSI level.
In the case of UL transmission congestion, the UE is not able to detect the congestion. To alleviate the congestion, packet discarding should be based on the discard timer. When the discard timer expires, the order of discarding can consider the PSI of the PDU set. For instance, PDU sets with lower PSI can be discarded first, while those with higher PSI can be considered last or not discarded at all.
Some proposals suggest that the gNB should provide feedback to the UE dynamically regarding UL congestion, such as through the PDCP Control Element (CE). However, this solution requires feedback from the gNB which may result in a delay. Furthermore, when UL is congested and the DL congestion also occurs (which is often the case due to poor link quality), the feedback of UL congestion indication from gNB will take much longer. Therefore, we believe that this solution may not be timely enough when compared to the UE's discard timer expiration solution.
Proposal 6: In the event of UL congestion, the PDU set discarding can be based on the expiration of the discard timer alone, and there is no need for DL feedback on UL congestion from the gNB.
For both uplink and downlink transmissions, if the PDCP transmitting entity intends to discard a packet and the discarded packets belonging to the PDU Set with PSI = "High", then subsequently arriving packets belonging to the PDU Set with PSI = "low" may become irrelevant and should also be discarded.
Proposal 7: If packets belonging to the PDU Set with PSI = "High" are discarded, the packets which belonging to the PDU Set with PSI = "low" should also be discarded.
3. Conclusion
In this contribution, we provided our observations and proposals on discard operation for XR as follows:
Proposal 1: For XR transmission, both discardTimer-based PDU Set discarding and PDCP status report-based PDU discarding can be supported to reused the legacy discarding mechanism.
Proposal 2: When the transmitting PDCP entity decides to discard a PDU set, it will instruct the receiving PDCP entity to discard all the PDCP SDUs/PDUs belongs to the PDU set to prevent delivery to the upper layer.
Proposal 3: When the transmitting PDCP entity decides to discard a PDU set, it will instruct the receiving PDCP entity the SN of the discarded PDCP SDU/PDU of the PDU set to prompt the receiver to cease waiting and shift the receiving PDCP window.
Proposal 4: When the transmitting PDCP entity decides to discard a PDU set, it will instruct the transmitting RLC entity to discard the RLC SDUs belongs to the PDU set. 
Proposal 5: When DL congestion occurred, for different PSI level PDU Sets, PDU Set discarding can based on the PSI level.
Proposal 6: In the event of UL congestion, the PDU set discarding can be based on the expiration of the discard timer alone, and there is no need for DL feedback on UL congestion from the gNB.
Proposal 7: If packets belonging to the PDU Set with PSI = "High" are discarded, the packets which belonging to the PDU Set with PSI = "low" should also be discarded.
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