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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the last RAN2 meeting, timer based discard for congestion was agreed. In this contribution, the remaining open issues of discard will be further discussed:
· Dependency between PDU Set discard and PSI based SDU discard;
· Maintenance of the discardTimerForLowImportance and discardTimer;
· Handling of discardTimer when a PDCP SDU is discarded by ACK in PDCP status report if PDU Set discard is configured;
· Implicit congestion exit mechanism.
Discussion
Dependency between PDU Set discard and PSI based SDU discard
During the post email discussion [Post123bis][026], the dependency between PDU Set discard and PSI based discard was raised. And two options were mentioned:
· Option A: Independent functions;
· Option B: PSI based SDU discard can be activated only when PDU Set discard is configured.
In our understanding, PSI based SDU discard is introduced to alleviate the congestion while the PDU Set discard is introduced to discard the whole PDU Set due to PSIHI. They are introduced for different purposes. Hence, there is no strong motivation to associate them. Even if PDU Set discard is not configured, PSI based SDU discard can still be performed in case of congestion, as long as the UE reported it is able to identify PDU Sets and related importance.
[bookmark: _Ref149834771]Proposal 1: PDU set discard and PSI based SDU discard are separate functions.
Maintenance of the discardTimerForLowImportance and discardTimer
During the post email discussion [Post123bis][026], one open issue is whether concurrent running of discardTimer and discardTimerForLowImportance is supported or not. There are two options:
· 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, upon receiving a PDCP SDU, start the discardTimerForLowImportance;
· Option B-2: When PSI based SDU discard is configured, upon receiving a PDCP SDU, start the discardTimerForLowImportance.
The disadvantage of Option A is that 1) when PSI based SDU discard is activated, the enhanced discarding cannot apply to PDCP SDUs already in the buffer, hence, it does not solve the congestion of these SDUs; and 2) inversely, when the PSI based discard is deactivated while the discardTimerForLowImportance is still running, these packets will be discarded upon the discardTimerForLowImportance expiry although such SDUs are no longer expected to be discarded with the shorter timer. Hence, Option A disallows applying the appropriate treatment associated with the congestion state (activated / deactivated) for SDUs already in the buffer, so it should be ruled out.
Comparing Option B-1 and Option B-2, Option B-1 suffers the same issue 1) mentioned above: if the discardTimerForLowImportance can be started only when the PSI based SDU discard is activated, the low importance SDU already in the buffer will not be discarded, which is not beneficial for alleviating the congestion, hence, Option B-2 is preferred.
If Option B-2 is adopted, when the PSI based SDU discard is configured but not activated and the discardTimerForLowImportance expires, no action is needed.
[bookmark: _Ref149834775]Proposal 2: The discardTimer should be always started upon receiving a PDCP SDU from upper layer if it is configured, no matter the discardTimerForLowImportance is started or not.
[bookmark: _Ref149834779]Proposal 3: When the discardTimerForLowImportance is configured, UE should start the discardTimerForLowImportance upon receiving a PDCP SDU from upper layer.
[bookmark: _Ref149834783]Proposal 4: If the discardTimerForLowImportance is configured but PSI based SDU discard is not activated, when the discardTimerForLowImportance expires, no action is needed.
[bookmark: _Ref149834786]Proposal 5: If the discardTimerForLowImportance is configured and PSI based SDU discard is activated, when the discardTimerForLowImportance expires, UE should discard the associated PDCP SDU and/or PDU Set, as when the discardTimer expires.
Handling of discardTimer when a PDCP SDU is discarded by ACK in PDCP status report if PDU Set discard is configured
During the post email discussion [Post123bis][026], another open issue is the handling of discardTimer when a PDCP SDU is discarded by ACK in PDCP status report if PDU Set discard is configured. There are two options:
· 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.
This issue also exists in the legacy release. According to the current PDCP spec, it mentioned that:
	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.


That is to say, in legacy, the PDCP SDU discarded due to ACK of PDCP status report, it will not impact the running of discardTimer. At this stage, we see no reason or drawback in keeping the legacy mechanism when PDU Set discard is configured.
[bookmark: _Ref149834789]Proposal 6: When a PDCP SDU is discarded by ACK in PDCP status report if PDU Set discard is configured, it does not impact the discardTimer, as in legacy.
[bookmark: _Ref145401902]Implicit congestion exit mechanism
The network activates the PSI-based discard when it detects congestion. For example, this could be based on an observation that the UL channel quality has degraded while data keeps filling the UE buffer. Indeed, the congestion results in PDU Sets to be stuck in the UE buffer, and congestion continues when, after discarding the low-importance PDU Sets, new data keeps coming in and filling-up the buffer. Hence a good criterion for assessing when congestion has been resolved is when the buffer status has come back to a reasonable level. However, it requires a signaling loop where UE reports BSR (at a non-deterministic time) and then the network sends a MAC CE for deactivating the PSI-based discard. Considering it is also important to preserve the integrity of XR traffic packets, the PSI-based discard should be stopped as soon as the congestion has been resolved. Therefore, a more efficient way to exit congestion is to define an implicit exit mechanism in the UE, where the UE is configured to exit the congestion state based on a buffer status threshold for a given QoS flow or LCG. The buffer status threshold can be configured by RRC.
When the UE exits implicitly from congestion state, it can send BSR to the NW. When NW sees that the buffer level has gone below the exit threshold, it understands the UE has exited congestion state. Since the discard PSI threshold is determined by UE implementation, this new BSR trigger also allows NW controlling that the UE indeed implemented the discard correctly (i.e. discarded down to the expected buffer level). This guarantees a fair implementation across UEs.
[bookmark: _Ref139986001]Proposal 7: Beside the explicit congestion exit indicated by the NW via MAC CE, UE can also exit congestion based on a pre-configured criterion e.g. the buffer status is lower than a threshold.
[bookmark: _Ref149834796]Proposal 8: When UE stops applying PSI-based discarding (either autonomously based on pre-configured condition or following a deactivation command from NW), the UE triggers a BSR.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: PDU set discard and PSI based SDU discard are separate functions.
Proposal 2: The discardTimer should be always started upon receiving a PDCP SDU from upper layer if it is configured, no matter the discardTimerForLowImportance is started or not.
Proposal 3: When the discardTimerForLowImportance is configured, UE should start the discardTimerForLowImportance upon receiving a PDCP SDU from upper layer.
Proposal 4: If the discardTimerForLowImportance is configured but PSI based SDU discard is not activated, when the discardTimerForLowImportance expires, no action is needed.
Proposal 5: If the discardTimerForLowImportance is configured and PSI based SDU discard is activated, when the discardTimerForLowImportance expires, UE should discard the associated PDCP SDU and/or PDU Set, as when the discardTimer expires.
Proposal 6: When a PDCP SDU is discarded by ACK in PDCP status report if PDU Set discard is configured, it does not impact the discardTimer, as in legacy.
Proposal 7: Beside the explicit congestion exit indicated by the NW via MAC CE, UE can also exit congestion based on a pre-configured criterion e.g. the buffer status is lower than a threshold.
Proposal 8: When UE stops applying PSI-based discarding (either autonomously based on pre-configured condition or following a deactivation command from NW), the UE triggers a BSR.
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