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1. Introduction
RAN2#123bis has agreed the following about the PDU discarding:

Agreements
1. We will use a discard timer mechanism for the low importance PDU set. We will allow a value of zero for the timer. The running discard timers are not changed.   
2. It is up to UE implementation to determine which PSI levels will apply the discard mechanism 
3. the gNB signals an activation/deactivation indication (e.g. when congestion situation is detection) 
4. activation/deactivation is signaled using an ON/OFF mechanism on a per UE basis. Introduce new MAC CE.  

In this contribution we further discuss the remaining details on PDCP discarding for XR communication. 
2. [bookmark: Proposal_Beacon]Discussion
PSI-based Discarding 
In RAN2#121 meeting it was agreed that PSI can be considered for PDU set discarding in the presence of UL congestion. Therefore, in addition to the timer-based discard mechanism within a given PDCP entity, a PDCP discarding mechanism based on PDU set importance level (PSI) is introduced for XR communications in Rel-18. 
During RAN2#123bis meeting following two main solutions for PSI based discarding were discussed: timer-based (Option A) or threshold-based (Option B) discarding solution. When network determines there is congestion and PSI based discarding should be used it indicates to UE to apply PSI based discarding via dedicated signalling. The two options will generally behave as follows:
· Option A: timer-based PDU set discarding
· UE classifies the PDU set into two groups (i.e., higher and lower importance) based on implementation, NW configures an additional PDCP discard timer value for the lower importance PDU sets which is to be applied when PSI-based discarding is enabled.
· Option B: threshold-based PDU set discarding
· NW indicates a PSI threshold according to the congestion status and UE discards immediately all PDU sets which have PSIs above the PSI threshold

In RAN2#123bis it was finally agreed to introduce a timer based discard mechanism for the case of congestion, where NW can configure a shorter timer value for low important PDU sets. Furthermore, it was agreed that the new timer value is only applied to new SDUs arriving in the PDCP layer, i.e. running discard timer are not changed. 
The RAN2#123bis agreements on PSI based discarding was implemented in the PDCP specification by introducing a new additional PDCP discard timer, i.e. discardTimerForLowImportance, which is used for low importance PDU sets in the PDCP entity – if configured – for cases that psi-BasedDiscard is configured and activated (by MAC CE). 
As also expressed by other companies during the CR review phase, e.g. post R2#123bis email discussion, we are not convinced that the introduction of a new additional timer is necessary. First of all, the intention – as also captured above – was just to configure a second discard timer value, which is applied when PSI based discarding is activated for the low importance PDU sets. We understand that some companies think that the introduction of a second timer is necessary to avoid any DSR reporting problems for the low importance data, e.g. DSR reporting is too frequently triggered for PDUs with a shorter discard timer value. However, we don’t agree with this. Looking at the current CR, it seems that with the introduction of the additional timer the threshold based DSR reporting is just disabled for low importance PDU sets, since the threshold is compared only against the legacy discard timer but not against the new discardTimerForLowImportance , e.g. threshold cannot be satisfied for low importance PDU sets and hence no DSR reporting is triggered for low importance PDU sets. 
We agree that DSR reporting for low importance PDUs/PDU sets is not really beneficial in case of congestion. However, we can also simply disable threshold-based DSR reporting for low importance PDU sets when PSI based discarding is enabled. The introduction of a new additional timer is not necessary for that purpose.
Even though we respect the PDCP spec rapporteur’s opinion that the introduction of a new additional discard timer is simpler from specification point of view, we still believe that such decision to introduce a second additional PDCP discard timer should be made by the whole group. 
Therefore, we propose that RAN2 discusses whether an additional PDCP discard timer is introduced for the purpose of PSI based discarding. 

Proposal 1: RAN2 to discuss whether a new additional PDCP discard timer, i.e. discardTimerForLowImportance, should be introduced. In our opinion NW should only configure a second discard timer value which is to be applied for low importance PDUs when PSI based discarding is activated. 

	Concurrent running of discardTimer and discardTimerForLowImportance 

Option A: only one timer is running
Option B: two timers can be running concurrently 
Option B-1: when PSI based SDU discard is activated
Option B-2: when PSI based SDU discard is configured




One of the open issues for the PSI based discarding operation is – assuming that we will have a new additional discard timer discardTimerForLowImportance for low importance PDU sets – whether the two discard timers could be running concurrently or whether only one timer is running at a given point of time. The companies supporting the option where both timers are running concurrently anticipate a UE behaviour where UE always starts the legacy PDCP discard timer, also for cases when PSI based discarding is activated and the second new PDCP discard timer is started at the arrival of low importance PDUs. It was mentioned that when NW deactivates PSI-based discarding there might be still some PDUs in the UE with the discardTimerForLowImportance running. This may cause an early dropping/discarding of some low importance PDUs even though congestion is no longer existing. By having also the legacy timer running in parallel to the new discard timer, such potential early discarding might be avoided. 
Firstly, we think that congestion may typically only occur rarely, which makes this scenario happen also quite rarely. Furthermore, since congestion is no longer existing, it is possible that even low importance PDU sets are scheduled/transmitted before the new discard timer with the short value expires. Essentially, since there no congestion on the air interface, there shouldn’t be packets piled up in the UE’s buffer. In conclusion we don’t think that there is a significant problem which needs to be solved also considering that we speak about a potential discarding of just a few additional low importance PDUs. Given that there is also some complexity when supporting two discard timers running concurrently for a PDU SDU, we propose that only one PDCP discard timer should be running at one point of time. 

Proposal 2: RAN2 to agree that only one PDCP discard timer is running at a time, e.g. legacy PDCP discard timer should not be always started. 

As mentioned before there was one concern with the agreed timer-based solution (Option A above), where different PDCP discard timer values are applied during congestion, that there is some problem with the reporting of the remaining time in the DSR. If certain PSI levels (low importance) got a new timer value (higher than 0 but shorter than the normal timer value) those packets would likely be reported as more urgent data since they have less time left until the discarding point. Essentially UE triggers DSR reporting for the low importance PDUs/PDU sets earlier and more often due to the shorter PDCP discard timer values.
We think that DSR reporting is in general not very useful for the case the PSI discarding is enabled, e.g. during congestion.
At least for the unimportant PDU sets/PSI level, we see no additional benefit in providing DSR information to the scheduler. Therefore, disabling the DSR functionality when PSI-based discarding is applied seems like a simple way to address the concern for the timer-based discarding scheme. Furthermore, as mentioned before, it will avoid the necessity to introduce a new additional PDCP discard timer (discardTimerForLowImportance) 

Proposal 3: RAN2 to agree that DSR reporting is disabled for low importance PDU sets when PSI-based discarding is applied. 

NW explicitly indicates the mode of operation and consequently the PDCP discard timer configuration to apply in the UE for a PDCP entity/LCH. UE should apply the indicated PDCP discarding behaviour until NW changes the mode of operation, e.g. NW explicitly switches the mode from “congestion” to normal. The Indication itself should be signalled by means of a MAC CE according to the latest agreements. Similar to the PDCP duplication enabling/disabling MAC CE, the indication should be done per DRB/PDCP entity. However, RAN2 has agreed that PSI-based discarding activation /deactivation is signalled using an ON/OFF mechanism on a per UE basis. We observe an issue in NR-DC case. If only UL congestion is detected in MCG, UE activates the PSI based discarding for the MCG bearers, SCG bearers and split bearers, which is obviously not reasonable. Therefore, it is proposed that RAN2 discusses how to apply the PSI based discarding for the DRBs for the case of NR-DC.

Proposal 4: MAC CE indicates on a DRB level which discarding mode to apply, e.g. PDCP discarding timer configuration associated with the mode (congestion/normal mode). 
Proposal 5: RAN2 to discuss how to apply PSI based discarding for DRBs in case of NR-DC.

A further open issue is the handling of a PDCP discard timer upon discarding of the corresponding PDCP SDU based on a received PDCP status report if PDU set discarding is configured. 

	Handling of discardTimer when a PDCP SDU is discarded by ACK in PDCP status report if PDU Set discard is configured.
Option A: discardTimer is stopped (and disabled because PDCP SDU is discarded)
Option B: discardTimer is kept running until expiry even if the PDCP SDU is discarded



We think that Option A is the intended behaviour, e.g. discardTimer is stopped (and disabled because PDCP SDU is discarded). Since a discardTimer is always associated with a SDU, there should not be a discard timer running when the corresponding SDU has been discarded. Furthermore, we don’t assume that the difference in the arrival time of PDUs of the same PDU set is so huge, therefore the discard timer of a subsequent SDU will eventually also expire and trigger PDU set discard. It should be also kept in mind that PDCP status report is only used in case of a PDCP re-establishment or PDCP data recovery. Therefore, the discussed scenario should anyway be considered as a corner case.

Proposal 6: PDCP discardTimer is stopped (and disabled because PDCP SDU is discarded) if the associated PDCP SDU is discarded based on a received PDCP status report. 

Regarding the following open issue on whether there is some dependency between PDU set discard and PSI based SDU discarding functionality, we think that from specification point of view both can be treated as independent functionalities. 

	Dependencies between PDU Set discard and PSI based SDU discard
Option A: Independent functions
Option B: PSI based SDU discard can be activated only when PDU Set discard is configured




Even though we think it makes sense to enable PSI based discarding when PDU set based discarding is also enabled, since PSI based discarding basically means to discard low importance PDU sets in case of congestion, we think that the configuration could be left to NW implementation. There is basically no need to specify any dependency between the two functionalities, e.g. NW can make sure that a correct configuration is chosen. 
Proposal 7: PDU Set discarding and PSI based discarding are specified as independent functionalities, e.g. left sensible configuration is left to NW implementation. 

We think that PSI-based discarding should be initially activated or deactivated by its RRC configuration. Similar to the handling of PDCP duplication or NES DTX/DRX activation, RRC should configure the initial state. We think that we should follow the same principles for the PSI-Based PDU Discard Activation/Deactivation MAC CE. 
Proposal 8: PSI-based PDU discarding state should be initially activated or deactivated by RRC.
Impacts of discarding to L2 protocols (RLC/PDCP)
Discarding a packet at the transmitter side – e.g., due to exceeding the corresponding PSDB or due to a lost packet- may depending on what stage the discarding is done require informing the corresponding receiving entity about the discarded packets. If the to be discarded packets have not been yet submitted to lower layers, the associated L2 (PDCP/RLC) SN could be reused for new packets. However, if packets have been already provided to lower layers for a transmission attempt reassignment of Sequence numbers is not possible, e.g. discarding a PDCP SDU already associated with a PDCP SN causes a SN gap in the transmitted PDCP. 
We think that the packet dropping mechanism should be enhanced for XR services. Different to the current specified mechanism, where only those RLC PDUs/SDUs can be discarded which have not yet been submitted to the lower layers for transmission, it may be needed to discard packets even if they have already been submitted to lower layers (MAC layer) for transmission. Discarding will be more often invoked for XR services compared to the legacy discard mechanism – e.g. due to the PDU Set Integrated handling Indication (PSIHI). Therefore, it is beneficial from capacity and transmission power point of view to also allow discarding of packets which have already an associated SN. It should be noted that RAN1 agreed to introduce Dynamic indication of unused CG PUSCH occasion(s) based on UCI for cases when UE doesn’t use the allocated CG PUSCH resources. This unused indication could be also used for cases when PDCP PDUs/SDUs and hence the corresponding TBs are discarded for cases when the TB contains data which is of no use for the receiving entity (due to an exceeded PSDB). Assumption here is that the PDUs of a PDU set, e.g. I/P frame are transmitted on CG PUSCH resources. 
As mentioned before this may though require informing the corresponding receiving entity about the discarded packets. The receiving entity may update its receiving window respectively corresponding timers in RLC/PDCP and for example not requesting RLC retransmissions (when applying RLC AM) based on the provided information on discarded packets. 

Proposal 9: RAN2 to discuss enhancements to the discarding mechanism, e.g. informing receiving entity about discarded packets at the transmitter side, which may impact PDCP/RLC window operation.

3. Conclusion
In this contribution, we discuss the discarding of PDUs of a PDU set. We have the following proposals:
Proposal 1: RAN2 to discuss whether a new additional PDCP discard timer, i.e. discardTimerForLowImportance, should be introduced. In our opinion NW should only configure a second discard timer value which is to be applied for low importance PDUs when PSI based discarding is activated.
Proposal 2: RAN2 to agree that only one PDCP discard timer is running at a time, e.g. legacy PDCP discard timer should not be always started. 
Proposal 3: RAN2 to agree that DSR reporting is disabled for low importance PDU sets when PSI-based discarding is applied.
Proposal 4: MAC CE indicates on a DRB level which discarding mode to apply, e.g. PDCP discarding timer configuration associated with the mode (congestion/normal mode). 
Proposal 5: RAN2 to discuss how to apply PSI based discarding for DRBs in case of NR-DC.
Proposal 6: PDCP discard Timer is stopped (and disabled because PDCP SDU is discarded) if the associated PDCP SDU is discarded based on a received PDCP status report. 
Proposal 7: PDU Set discarding and PSI based discarding are specified as independent functionalities, e.g. left sensible configuration is left to NW implementation. 
Proposal 8: PSI-based PDU discarding state should be initially activated or deactivated by RRC.
Proposal 9: RAN2 to discuss enhancements to the discarding mechanism, e.g. informing receiving entity about discarded packets at the transmitter side, which may impact PDCP/RLC window operation.
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