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Introduction
In this paper, we discuss a few issues related to discard operation. We first discuss configuration and procedures for PDCP discard timer and then discuss the needs to study impacts of PDU discard on L2 protocols. 
Discussions
Trigger for discard
In RAN2#121, the following agreement related to PDU discard was agreed:
	RAN2 thinks PSI can be useful for PDU set-based discard. RAN2 aims to introduce a mechanism to allow UE to handle discarding of packets with different PSI in case of congestion. FFS for other cases.


We support the view that discard is necessary only when there is congestion. To follow up on the above agreement, we think the following questions should be discussed:
· Whether any new congestion based trigger for PDU discard needs to be defined;
· After discard is triggered, which PDUs should be discarded and how discard of PDU sets with different PSI (or any additional factors) should be differentiated. 
We address these questions in the following. 
Generally speaking, we see two possible options for network to trigger discard operation:
1. It sends an explicit signal to UE to trigger discard operation;
2. It configures UE with some criteria. UE then evaluate the configured criteria and autonomously trigger discard when the criteria are met. 
We think the second option is better. That is because the first option requires network to have a good knowledge of UE’s congestion status (e.g. delay information of buffered data). In addition, if discard is performed per PDU or per PDU Set, which we believe should be the case, that would require network to be aware of congestion status per PDU or per PDU Set. Clearly that would not be a desirable granularity for the operation. 
Observation 1. 	Configuring discard criteria for UE to evaluate and autonomously trigger discard is more preferred over sending explicit signals to trigger discard.
In our view, PDCP discard timer is a good mechanism implementing the 2nd option. For example, suppose network configures a PDU’s PDCP discard timer based on its PDB or PSDB, which is longer than the “typical” delay for a PDU to cross the wireless link. Consequently, if a PDU has not been submitted to the lower layer yet when its PDCP discard timer expires, it is reasonable to conclude that this excessive delay must be caused by either poorer than average link quality or congestion at gNB scheduler. 
Although these two causes are different in nature, from UE’s perspective, they have the same impact on PDUs with strict delay requirements. When either occurs, UE should drop some PDUs to free up available bandwidth so that more important ones could have better chance in meeting their deadlines. In addition, the duration of PDCP discard timer implicitly reflects network’s criterion on UL congestion for a DRB, because network can control when UE should trigger discard by varying the duration of PDCP discard timer. 
Observation 2.	PDCP discard timer is an effective mechanism for network to control when UE should trigger PDU discard in case of congestion. 
To handle PDU sets with different importance, we think it is straightforward to extend the mechanism by configuring different PDCP discard timers for PDU Sets with different importance (See Observation 3 for details). Therefore, we do not see critical needs to introduce additional mechanisms for discard. 
Based on Observation 1 and 2, we hence propose that PDCP discard timer is the mechanism that RAN2 should adopt to handle PDU discards in case of congestion.
Proposal 1. 	No mechanism other than PDCP discard timer is introduced to handle PDU discard in case of congestion.
In case there is no congestion, we do not think PDU discard is needed. According to the SA4 LS S4-220505, network should minimize packet loss, because any packet losses in video generally result in degradation of the user-perceived quality of experience. Therefore, we do not think any discard operation is needed when there is no congestion on UL. 
Proposal 2.	No discard operation by UE is needed in non-congestion related cases.  
In legacy, PDCP discard timer is configured per DRB, i.e. PDCP discard timer for each PDUs in the same DRB has the same duration. That is all PDUs share the same/compatible QoS requirements. With the introduction of PDU Set Importance, different PDUs in the same DRB may require differentiated handling.
More specifically, if a PDU Set is marked with high importance, typically that is because it is needed in the decoding of other PDUs. What this fact implies is that even if a PDU Set with high importance misses its own delivery deadline (or playback time at application), it is still useful to the application, because it is still needed in the decoding of subsequent PDUs. For this reason, PDU Sets with high importance should have more time before being discarded, so that they have more chance of being sent even when there is congestion on UL. 
Observation 3.	A PDU Set with high importance may still be needed in the decoding of subsequent PDU Sets, even after it misses its own decoding deadline (PSDB).
For this reason, we believe PDU Set with high importance should have long delay budget than less important PDU Sets. To enable this difference, PDU Sets with different importance should be configured with their own PDCP discard timers.
Proposal 3.	PDU Sets with different importance can be configured with different PDCP discard timers.
Discard procedure
In legacy, when PDCP discard timer expires, the associated PDU is discarded only if it has not been submitted to the lower layer yet. In RAN2#119bis, it was agreed that PDCP discard should be performed on a per PDU Set basis. This agreement then leads to the question whether discard of a PDU Set follows the legacy rule (i.e. only those PDUs have not been submitted to lower layer are subject to discard) or needs to be enhanced (e.g. all PDUs in a PDU Set are discarded). 
SA2 have introduced an indication, PDU Set Integrated Handling Indication (PSIHI). When the indication is set, it indicates that all PDUs in this PDU Set are required by application for decoding. For example, PDU Sets which are based “all-no-nothing” type of codec require all its PDUs for its decoding. On the other hand, PDU Sets coded with AL-FEC require only a fraction of its PDUs for its decoding. 
Applications may react differently to the loss/discard of PDU Sets with different PSIHIs. For example, 
· for PDU Sets based on “all-or-nothing”, after a PDU is lost/discarded, whether any of the rest of the PDUs in the same PDU Set is delivered to the application does not matter to the application.
· On the other hand, for PDU Sets based on AL-FEC, even after application receives enough number of PDUs in a PDU Set to complete its decoding, it is still important to deliver the remaining PDUs to the application. That is because codecs using AL-FEC typically adapts its FEC code rate based on measured loss rate. Unnecessary discards can trick the adaptation algorithm into thinking there is an increase in end to end loss rate and thus increase its code rate. That in turn leads to over protection and wasted capacity in delivering those redundant PDUs. Therefore, network/UE should avoid discarding PDUs in application traffic with AL-FEC unless it is absolutely necessary.   
Observation 4.	Applications with different PSIHI may react to discard differently. 
Based on the above observation, one can see that it is necessary to have different discard rules for PDU Sets with different PSIHI. More specifically, when PDCP discard timer for a PDU Set expires, for those which have already been submitted to the lower layer:
· For PDU Sets based on “all-or-nothing”, since it is fine to discard PDUs in a PDU Set if a PDU in the same PDU Set has already been discarded, PDUs which have already been submitted to the lower layers can be discarded too. To avoid unintended impact of PDU discard on applications (i.e. try to avoid PDU discard only when it is necessary, as recommended by SA4), we think this type of discard should be controlled (enabled/disabled) based on network configuration. In other words, it is performed only when there is persistent congestion on uplink. 
· For PDU Sets based on AL-FEC, as analysed above, after PDCP discard timer expires, only PDUs which have not been submitted to the lower layers may be discarded. 
Proposal 4.	When PDCP discard timer for a PDU Set expires, all its associated PDUs that have not been submitted to the lower layer (including those that have not been received yet) are discarded.
Proposal 5.	If a PDU Set has the PSIHI set, network configures whether its PDUs that have already been submitted to the lower layers should be discarded or not when its associated PDCP discard timer expires. 
Proposal 6.	If a PDU Set does not have the PSIHI set, its PDUs that have already been submitted to the lower layers are not discarded when its associated PDCP discard timer expires.
Impact of PDU discard on L2 protocols
In the previous section, we discussed the scenarios in which PDUs have already submitted to the lower layers may be discarded after DPCP discard timer for the PDU Set expires. In this section, we discuss how discard of those PDUs may impact RLC and MAC protocols.
If a RLC transmitter, which can be either UE or RAN, discards a RLC PDU, that will create a gap in the RLC sequence number. This gap can cause stall in the ARQ window operation and unnecessary expiry of RLC timers. Therefore, it is desirable for the transmitter to send an indication to the receiver to inform it of the discarded PDUs. This indication does not need to be sent for every discarded PDU. For instance, it may be subject to some prohibit timer; or it is sent only after a configured number of PDUs have been discarded. 
Proposal 7.	When a RLC transmitter discards a RLC PDU, it sends an indication to the receiver. FFS mechanisms to control the frequency of such an indication.
When a PDCP PDU is to be discarded, it is possible that it is multiplexed with other PDUs in the same MAC PDU which do not need to be discarded. In that case, it is unnecessary and wasteful to discard a whole MAC PDU only because one of its MAC SDUs is no longer needed. 
Or even if PDCP PDUs associated with all MAC SDUs in a MAC PDU are subject to discard, it is also not desirable to discard the MAC PDU, as long as HARQ transmissions of the MAC PDU have already taken place. Because otherwise, discard of the MAC PDU would cause unnecessary packet loss and waste the radio resources that already have been used for the transmissions.  
[bookmark: _Hlk125973687]Proposal 8.	UL MAC PDUs are not subject to discard.

Conclusion
Based on the above analysis, we’d like to suggest RAN2 to discuss and agree to the following proposals:
Observation 1. 	Configuring discard criteria for UE to evaluate and autonomously trigger discard is more preferred over sending explicit signals to trigger discard.
Observation 2.	PDCP discard timer is an effective mechanism for network to control when UE should trigger PDU discard in case of congestion. 
Proposal 1. 	No mechanism other than PDCP discard timer is introduced to handle PDU discard in case of congestion.
Proposal 2.	No discard operation by UE is needed in non-congestion related cases.  
Observation 3.	A PDU Set with high importance may still be needed in the decoding of subsequent PDU Sets, even after it misses its own decoding deadline (PSDB).
Proposal 3.	PDU Sets with different importance can be configured with different PDCP discard timers.
Observation 4.	Applications with different PSIHI may react to discard differently. 
Proposal 4.	When PDCP discard timer for a PDU Set expires, all its associated PDUs that have not been submitted to the lower layer (including those that have not been received yet) are discarded.
Proposal 5.	If a PDU Set has the PSIHI set, network configures whether its PDUs that have already been submitted to the lower layers should be discarded or not when its associated PDCP discard timer expires. 
Proposal 6.	If a PDU Set does not have the PSIHI set, its PDUs that have already been submitted to the lower layers are not discarded when its associated PDCP discard timer expires.
Proposal 7.	When a RLC transmitter discards a RLC PDU, it sends an indication to the receiver. FFS mechanisms to control the frequency of such an indication.
Proposal 8.	UL MAC PDUs are not subject to discard.
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