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1 Introduction
In RAN2#124, the following agreements for PDCP discard were made:

	RAN2#124:
· The PDCP Control PDUs should be considered as delay-critical PDCP data volume.
· The PDCP SDUs and PDCP Data PDUs to be retransmitted for AM DRBs should be considered as the delay-critical PDCP data volume.
· The PSI based SDU discard and the PDU set discard should be independent features in XR.
· The initial state of the PSI-Based PDU Discard Activation/Deactivation MAC CE is deactivated.
· In the MAC CE for the activation/deactivation of the PSI-based discard, introduce a bitmap for DRB to efficiently control multiple DRBs separately and simultaneously.



In this paper, we address the needed corrections and considerations for PDCP and discard operation.
2 Discussion
2.1 Handling running discardTimerLowImportance after deactivation of PSI based SDU discard


Figure 1: Discard and DSR reporting issue after deactivation of PSI based SDU discard

As illustrated in Figure 1, when the congestion is over (i.e. PSI based SDU discard is deactivated), the (running) discardTimerForLowImportance timer(s) for certain PDCP SDUs could still be running. For simplicity, PDU Set is not shown in Figure 1, however, same issue is applicable. As a result, even in non-congestion situation:
a) These PDCP SDUs are still subject to unnecessary early discard conditions; and 
b) These PDCP SDUs are also not considered for DSR which is only based on discardTimer(s). Therefore, network could not perform proper scheduling for these PDCP SDUs i.e. uplink grants could not be provided properly and sufficiently.
Consequently, UE could suffer data loss. This is an unacceptable consequence, when there is no congestion. The problem can be handled easily if these PDCP SDUs with running discardTimerLowImportance are also accounted in DSR, when PSI based SDU discard is deactivated. Considering that only delay-critical PDCP SDU is accounted in DSR, we would like to propose the following:

Proposal 1: Delay-critical PDCP SDU is defined as ‘a PDCP SDU for which the remaining time till discardTimer or discardTimerLowImportance (if PSI based SDU discard is deactivated) expiry is less than reminingTimeThreshold’. Adopt TP1.

TP1
	Sec 3.1
….
Delay-critical PDCP SDU: if pdu-SetDiscard is not configured, a PDCP SDU for which the remaining time till discardTimer or discardTimerLowImportance (if PSI based SDU discard is deactivated) expiry is less than the remainingTimeThreshold. If pdu-SetDiscard is configured, a PDCP SDU belonging to a PDU Set of which at least one PDCP SDU has the remaining time till discardTimer or discardTimerLowImportance (if PSI based SDU discard is deactivated) expiry less than the remainingTimeThreshold.



2.2 Clarification on PDCP duplication for delay critical

The PDCP duplication and split bearer are beneficial in reducing the delay of the delay-critical data, since the diversity gain provided by multiple cells/cell groups can be exploited to serve the delay-critical data as soon as possible.

How to calculate data volume for BSR for PDCP entity associated with multiple RLC entities is clearly defined in current PDCP spec, while the corresponding part for DSR is missing. We propose to add similar TP for DSR. 

Proposal 2: RAN2 is kindly asked to add data volume calculation for DSR similar to that for BSR, for the case of PDCP entity associated with at least two RLC entities. 

Proposal 3: The data volume calculation for the case of PDCP entity associated with at least two RLC entities in ‘5.6 Data volume calculation’ can be a baseline for the transmitting PDCP entity behavior on data volume calculation for delay status reporting for the same scenario. Adopt TP2. 

TP2
	5.15         Data volume calculation for delay status reporting
…
If the transmitting PDCP entity is associated with at least two RLC entities, when indicating the delay-critical PDCP data volume to a MAC entity, the transmitting PDCP entity shall:
· if the PDCP duplication is activated for the RB:
· [bookmark: _GoBack]indicate the delay-critical PDCP data volume to the MAC entity associated with the primary RLC entity;
· indicate the delay-critical PDCP data volume excluding the PDCP Control PDU to the MAC entity associated with the RLC entity other than the primary RLC entity activated for PDCP duplication;
· indicate the delay-critical PDCP data volume as 0 to the MAC entity associated with RLC entity deactivated for PDCP duplication;
· else (i.e. the PDCP duplication is deactivated for the RB or the RB is a DAPS bearer):
· if the split secondary RLC entity is configured; and
· if the total amount of PDCP data volume and RLC data volume pending for initial transmission (as specified in TS 38.322 [5]) in the primary RLC entity and the split secondary RLC entity is equal to or larger than ul-DataSplitThreshold:
· indicate the delay-critical PDCP data volume to both the MAC entity associated with the primary RLC entity and the MAC entity associated with the split secondary RLC entity;
· indicate the delay-critical PDCP data volume as 0 to the MAC entity associated with RLC entity other than the primary RLC entity and the split secondary RLC entity;
· else, if the transmitting PDCP entity is associated with the DAPS bearer:
· if the uplink data switching has not been requested:
· indicate the delay-critical PDCP data volume to the MAC entity associated with the source cell;
· else:
· indicate the delay-critical PDCP data volume excluding the PDCP Control PDU for interspersed ROHC feedback associated with the source cell to the MAC entity associated with the target cell;
· indicate the delay-critical PDCP data volume of PDCP Control PDU for interspersed ROHC feedback associated with the source cell to the MAC entity associated with the source cell;
· else:
· indicate the delay-critical PDCP data volume to the MAC entity associated with the primary RLC entity;
· indicate the delay-critical PDCP data volume as 0 to the MAC entity associated with the RLC entity other than the primary RLC entity.



For a PDCP SDU of a split bearer, whether it is delay-critical should be determined per MAC entity/cell group, since the remainingTimeThresholds configured per MAC entity can be different between MCG and SCG, for a single split bearer. That is, a PDCP SDU of a split bearer can be delay-critical based on remainingTimeThreshold of one MAC entity/cell group, while, it is not yet delay-critical in the other cell group.
Proposal 4: Whether a PDCP SDU of a split bearer is delay-critical should be determined per MAC entity/cell group. Adopt TP3.
TP3
	5.15         Data volume calculation for delay status reporting
...
In case of split bearer, whether a PDCP SDU is delay-critical is determined per MAC entity.



2.3 Initial state of PSI based SDU discard activation/deactivation
PSI based SDU discard activation/deactivation is dynamically indicated by a MAC CE. Notably, MAC CE provided activation/deactivation causes an additional delay due to MAC CE processing. Packets that are received in this interval would have their discardTimer started and this causes a delay in tackling congestion situation. Based on network strategy in handling a specific XR service, a XR bearer configuration may be configured with an initial state for PSI based SDU discard, where XR bearer configuration may happen even during congestion. Benefit is that delay is reduced with RRC configuration providing initial state. Furthermore, this approach is quite aligned with existing PDCP duplication involving initial state of duplication.

Another case to consider is HO. Since the MAC layer activation/deactivation status is not forwarded from source to target gNB during UE CONTEXT RETRIEVE, the PSI-based discarding should be deactivated after HO and activated by MAC CE again. However, if we allow the NW to provide the initial state in RRC, the UE can continue PSI-based discarding after HO without additional MAC CE signalling.

Proposal 5: RAN2 agree that RRC configuration provides the initial state of PSI based SDU discard activation/deactivation. 

2.4 PDCP discard signalling between Tx and Rx
In RAN2#124, the PDCP discard signalling between Tx and Rx was discussed. However, the issue could not be concluded as many companies have concern on the complexity and real benefits. We like to emphasize that such discard signalling should not be supported in Rel-18 XR. 

· Achievable benefits: Discard signalling is not useful when PDCP has not yet assigned the SN to the received SDUs from upper layers or when SDU or a segment thereof is already transmitted by RLC. The case for real use is only when SDU is assigned SN and is in the PDCP/RLC buffer and yet not transmitted, which is the more likely case in congestion situation. In this case, discard signalling may also be affected by congestion. Furthermore, benefit achievable is limited by the reordering timer limit. 

· Triggering for discard signalling: It is not clear how the Tx can trigger the discard signalling when a PDCP SN gap is identified. It may also be dependent on an indication from associated RLC entity whether transmission of the SDU or a segment thereof has been already pursued or not. Further, it is required to control the triggering, as a frequent discard signaling is not a desirable behaviour for peer-to-peer signalling.

· Conflict between discardTimer and discardTimerLowImportance: SDU discard is more likely during congestion. However, with disparity in the configured timer values for discardTimer and discardTimerLowImportance, SDU discard may not happen in sequential order i.e. SDU with higher SN may be discarded earlier than SDU with lower SN. This would make both the discard signalling and Rx operations complex.

· Time constraint for Rel-18: Rel-18 XR is almost complete, it is not reasonable to address new and complex mechanism given the time constraints and large specification impact. A hurried solution may potentially lead to low quality and faulty specification. It makes more sense to discuss and address the issue in Rel-19.

Observation 1: PDCP discard signalling between Tx and Rx has complexity and concerns related to achievable benefits, triggering for discard signalling, conflict between discardTimer and discardTimerLowImportance, and time constraints for Rel-18.

Proposal 6: RAN2 agree that PDCP discard signalling between Tx and Rx is not considered in Rel-18 XR. 

3 Conclusion
RAN2 is requested to discuss and agree to the following observation and proposals:

Proposal 1: Delay-critical PDCP SDU is defined as ‘a PDCP SDU for which the remaining time till discardTimer or discardTimerLowImportance (if PSI based SDU discard is deactivated) expiry is less than reminingTimeThreshold’. Adopt TP1.

Proposal 2: RAN2 is kindly asked to add data volume calculation for DSR similar to that for BSR, for the case of PDCP entity associated with at least two RLC entities. 
Proposal 3: The data volume calculation for the case of PDCP entity associated with at least two RLC entities in ‘5.6 Data volume calculation’ can be a baseline for the transmitting PDCP entity behavior on data volume calculation for delay status reporting for the same scenario. Adopt TP2. 
Proposal 4: Whether a PDCP SDU of a split bearer is delay-critical should be determined per MAC entity/cell group. Adopt TP3.
Proposal 5: RAN2 agree that RRC configuration provides the initial state of PSI based SDU discard activation/deactivation. 

Observation 1: PDCP discard signalling between Tx and Rx has complexity and concerns related to achievable benefits, triggering for discard signalling, conflict between discardTimer and discardTimerLowImportance, and time constraints for Rel-18.

Proposal 6: RAN2 agree that PDCP discard signalling between Tx and Rx is not considered in Rel-18 XR. 
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