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Introduction 
In this paper, we discuss a few issues related to PSI-based discard:
· When UE should de-/activate PSI-based discard for UL split bearers;
· How UE should report its data volume with UL split bearer depend on the state of PSI-based discard;
· How UE should report delay status depend on the state of PSI-based discard.
Discussion
De-/activation of PSI-based discard with UL split bearers
De-/activation of PSI-based discard with UL split bearers
In R2-2400453 [1], it was discussed whether PDCP entity associated with a UL split bearer should de-/activate PSI-based SDU discard once a de-/activation MAC CE is received from any CG or only after de-/activation MAC CEs from both CGs are received. We think the answer can be derived from the following agreement from the RAN2#125 meeting: 
Agreements:
1	For PSI-Based SDU Discard Activation/Deactivation MAC CE, Di field indicates the activation/deactivation status of the PSI-based SDU discard of DRB i, where i is the ascending order of the DRB ID among the DRBs configured with PSI-based SDU discard and with RLC entity(ies) associated with this MAC entity.
This agreement, especially this part, implies that each PSI-Based SDU Discard De-/activation MAC CE is local to a CG, i.e. it is not possible for MN or SN to de-/activate PSI-based SDU discard in a DRB in the other CG. 
We think this agreement makes sense because congestion obviously is local to a CG. If only one CG associated with a UL split-bearer is congested, UE still can use the other CG without problem. Therefore, 
· A UL split-bearer is considered in congestion state and activates PSI-based SDU discard only after it has received de-/activation MAC CEs activating the discard from both MN and SN. 
· A UL split-bearer deactivates PSI-based SDU discard once it has received a de-/activation MAC CE deactivating the discard from either MN or SN. 
Proposal 1. 	A UL split-bearer activates PSI-based SDU discard only after it has received MAC CEs activating the discard from both MN and SN. 
Proposal 2.	A UL split-bearer deactivates PSI-based SDU discard once it has received a MAC CE deactivating the discard from either MN or SN. 
Data volume reporting based on the state of PSI-based discard
A related issue is PDCP data volume reporting after UE receives PSI-based SDU discard de-/activation MAC CE. If UE receives PSI-based SDU discard de-/activation MAC CE activating the discard, it means that the corresponding CG is in congestion state. As a result, UE should avoid sending data or send less data through that CG. We think a simple change to implement that is to apply a different ul-DataSplitThreshold. More specifically,
Proposal 3.	On a UL split bearer, UE applies a lower data volume reporting threshold after receiving a PSI-based SDU Discard De-/activation MAC CE activating the discard on the primary path.
Proposal 4.	On a UL split bearer, UE applies a higher data volume reporting threshold after receiving a PSI-based SDU Discard De-/activation MAC CE activating the discard on the secondary path.
Proposal 5.	UE applies the legacy data volume reporting threshold ul-DataSplitThreshold after it has received MAC CEs activating the discard on both primary and secondary paths. 
Delay status reporting based on the state of PSI-based discard
After PSI-based discard is activated, UE applies a different (shorter) PDCP discard timer for PDU sets with low importance, as a means to alleviate congestion. However, this mechanism has an unintended impact on DSR. For example, with a shorter discard timer, a PDU set with low importance would trigger DSR sooner than PDU sets with high importance but arriving around the same time. Such a pre-mature request for scheduling can mis-lead gNB to allocate more radio resources to PDU sets with low importance than necessary, because they are more subject to discard during congestion. Other negative impacts also have been mentioned in contributions such as [][].
A simple way to avoid the negative impacts described above is not to include PDU set with low importance in DSR operations when PSI-based discard has been activated. More specifically, 
· PDU sets with low-importance does not trigger DSR 
· Data volume reported in a DSR MAC CE does not include SDUs in PDU sets with low-importance. 
Proposal 6.  	In a DRB where PSI-based discard is activated, SDUs in PDU sets with low importance do not trigger DSR and are not included in the data volume reported in DSR MAC CEs. 
TPs implementing the above changes can be found in the Appendix A and B.
Proposal 7.	Adopt the TPs in the Appendix to implement the above proposals.
Conclusion
We respectfully request RAN2 to discuss and agree to the following proposals:
Proposal 1. 	A UL split-bearer activates PSI-based SDU discard only after it has received MAC CEs activating the discard from both MN and SN. 
Proposal 2.	A UL split-bearer deactivates PSI-based SDU discard once it has received a MAC CE deactivating the discard from either MN or SN. 
Proposal 3.	On a UL split bearer, UE applies a lower data volume reporting threshold after receiving a PSI-based SDU Discard De-/activation MAC CE activating the discard on the primary path.
Proposal 4.	On a UL split bearer, UE applies a higher data volume reporting threshold after receiving a PSI-based SDU Discard De-/activation MAC CE activating the discard on the secondary path.
Proposal 5.	UE applies the legacy data volume reporting threshold ul-DataSplitThreshold after it has received MAC CEs activating the discard on both primary and secondary paths. 
Proposal 6.  	In a DRB where PSI-based discard is activated, SDUs in PDU sets with low importance do not trigger DSR and are not included in the data volume reported in DSR MAC CEs. 
Proposal 7.	Adopt the TPs in the Appendix to implement the above proposals.
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Appendix A – TP for TS 38.323
------------------------------------------------- [ start of the 1st change ] ------------------------------------------------------
[bookmark: _Toc12616335][bookmark: _Toc37126947][bookmark: _Toc46492060][bookmark: _Toc46492168][bookmark: _Toc139052317]5.2.1	Transmit operation
If the split secondary RLC entity is configured, the transmitting PDCP entity shall:
· if indications for activating PSI based SDU discard have been received from both the MAC entity associated with the primary RLC entity and the MAC entity associated with the split secondary RLC entity:
· activate PSI based SDU discard;
· if indication for deactivating PSI based SDU discard has been received from either the MAC entity associated with the primary RLC entity or the MAC entity associated with the split secondary RLC entity:
· deactivate PSI based SDU discard.
At reception of a PDCP SDU from upper layers, the transmitting PDCP entity shall:
-	if discardTimerForLowImportance is configured and PSI based SDU discard is activated, and the PDCP SDU belongs to a low importance PDU Set:
-	start the discardTimerForLowImportance associated with this PDCP SDU;
-	else:
-	start the discardTimer associated with this PDCP SDU (if configured).
NOTE 0:	Identification of PSI of a PDU Set and determination of low importance PDU Set are left up to UE implementation.
For a PDCP SDU received from upper layers, the transmitting PDCP entity shall:
-	associate the COUNT value corresponding to TX_NEXT to this PDCP SDU;
NOTE 1:	Associating more than half of the PDCP SN space of contiguous PDCP SDUs with PDCP SNs, when e.g., the PDCP SDUs are discarded or transmitted without acknowledgement, may cause HFN desynchronization problem. How to prevent HFN desynchronization problem is left up to UE implementation.
-	perform header compression of the PDCP SDU using ROHC as specified in the clause 5.7.4 and/or using EHC as specified in the clause 5.12.4;
-	perform uplink data compression of the PDCP SDU as specified in clause 5.14.4;
-	perform integrity protection, and ciphering using the TX_NEXT as specified in the clause 5.9 and 5.8, respectively;
-	set the PDCP SN of the PDCP Data PDU to TX_NEXT modulo 2[pdcp-SN-SizeUL];
-	increment TX_NEXT by one;
-	submit the resulting PDCP Data PDU to lower layer as specified below.
When submitting a PDCP PDU to lower layer, the transmitting PDCP entity shall:
-	if the transmitting PDCP entity is associated with one SRAP entity:
-	submit the PDCP PDU to the associated SRAP entity;
-	else, if the transmitting PDCP entity is associated with one RLC entity:
-	submit the PDCP PDU to the associated RLC entity;
-	else, if the transmitting PDCP entity is associated with one or more RLC entities and, either one SRAP entity or the N3C:
-	if PDCP duplication is activated for the RB:
-	if the PDCP PDU is a PDCP Data PDU:
-	duplicate the PDCP Data PDU and submit the PDCP Data PDU to both the primary path and secondary path, including any associated Uu RLC entities activated for PDCP duplication;
-	else:
-	submit the PDCP Control PDU to the primary path;
-	else (i.e., PDCP duplication is deactivated for the RB):
-	if the total amount of PDCP data volume, RLC data volume pending for initial transmission (as specified in TS 38.322 [5]) in the RLC entity, and data volume pending for either transmission in the N3C (if available) or mapped SL RLC entity associated with the SRAP entity, is equal to or larger than ul-DataSplitThreshold:
-	submit the PDCP PDU to either the primary path or secondary path;
-	else:
-	submit the PDCP PDU to the primary path;
-	else, if the transmitting PDCP entity is associated with at least two RLC entities:
-	if the PDCP duplication is activated for the RB:
-	if the PDCP PDU is a PDCP Data PDU:
-	duplicate the PDCP Data PDU and submit the PDCP Data PDU to the associated RLC entities activated for PDCP duplication;
-	else:
-	submit the PDCP Control PDU to the primary RLC entity;
-	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:
-	submit the PDCP PDU to either the primary RLC entity or 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:
-	submit the PDCP PDU to the RLC entity associated with the source cell;
-	else:
-	if the PDCP PDU is a PDCP Data PDU:
-	submit the PDCP Data PDU to the RLC entity associated with the target cell;
-	else:
-	if the PDCP Control PDU is associated with source cell:
-	submit the PDCP Control PDU to the RLC entity associated with the source cell;
-	else:
-	submit the PDCP Control PDU to the RLC entity associated with the target cell;
-	else:
-	submit the PDCP PDU to the primary RLC entity.
NOTE 2:	If the transmitting PDCP entity is associated with two RLC entities, or with one or more RLC entities and either an SRAP entity or the N3C, the UE should minimize the amount of PDCP PDUs submitted to lower layers before receiving request from lower layers and minimize the PDCP SN gap between PDCP PDUs submitted to two associated RLC entities, or to the RLC entity and either the SRAP entity or the N3C, to minimize PDCP reordering delay in the receiving PDCP entity.
----------------------------------------------- [ End of the 1st change ] ---------------------------------------------------------
----------------------------------------------- [ start of the 2nd change ] -------------------------------------------------------
[bookmark: _Toc12616345][bookmark: _Toc37126959][bookmark: _Toc46492072][bookmark: _Toc46492180][bookmark: _Toc156000538]5.6	Data volume calculation
For the purpose of MAC buffer status reporting, the transmitting PDCP entity shall consider the following as PDCP data volume:
-	the PDCP SDUs for which no PDCP Data PDUs have been constructed;
-	the PDCP Data PDUs that have not been submitted to lower layers;
-	the PDCP Control PDUs;
-	for AM DRBs, the PDCP SDUs to be retransmitted according to clause 5.1.2 and clause 5.13;
-	for AM DRBs, the PDCP Data PDUs to be retransmitted according to clause 5.5.
If the transmitting PDCP entity is associated with at least two RLC entities, or with an RLC entity and either an SRAP entity or the N3C, when indicating the PDCP data volume to a MAC entity for BSR triggering and Buffer Size calculation (as specified in TS 38.321 [4] and TS 36.321 [12]), the transmitting PDCP entity shall:
-	if the PDCP duplication is activated for the RB:
-	indicate the PDCP data volume to the MAC entity associated with the primary RLC entity or primary path;
-	indicate the PDCP data volume excluding the PDCP Control PDU to the MAC entity associated with the RLC entity other than the primary RLC entity or primary path activated for PDCP duplication;
-	indicate the 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
[bookmark: _Hlk162782515]-	if indication for activating PSI based SDU discard has been received from the MAC entity associated with only one of the RLC entities:
-	if the indication was received from only the MAC entity associated with the primary RLC entity and 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-DataSplitThresholdPrimaryCongestion; or 
-	if the indication was received from only the MAC entity associated with the split secondary RLC entity and 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-DataSplitThresholdSecondaryCongestion:
-	indicate the 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 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 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 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 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 total amount of PDCP data volume, RLC data volume pending for initial transmission (as specified in TS 38.322 [5]) in the RLC entity, and data volume pending for either transmission in the N3C (if available), or mapped SL RLC entity associated with the SRAP entity, is equal to or larger than ul-DataSplitThreshold:
-	indicate the PDCP data volume to the MAC entity;
-	else, if the transmitting PDCP entity is associated with the DAPS bearer:
-	if the uplink data switching has not been requested:
-	indicate the PDCP data volume to the MAC entity associated with the source cell;
-	else:
-	indicate the 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 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 PDCP data volume to the MAC entity associated with the primary RLC entity or primary path;
-	indicate the PDCP data volume as 0 to the MAC entity associated with the RLC entity other than the primary RLC entity or primary path.
---------------------------------------------- [ End of the 2nd change ] ---------------------------------------------------------
----------------------------------------------- [ start of the 3rd change ] -------------------------------------------------------
[bookmark: _Toc156000574]5.15	Data volume calculation for delay status reporting
For the purpose of MAC delay status reporting, the transmitting PDCP entity shall consider the following as delay-critical PDCP data volume:
-	the delay-critical PDCP SDUs for which no PDCP Data PDUs have been constructed and if PSI based SDU discard is activated for their DRBs, are not associated with any low importance PDU sets;
-	the PDCP Data PDUs that contain the delay-critical PDCP SDUs and have not been submitted to lower layers and if PSI based SDU discard is activated for their DRBs, are not associated with any low importance PDU sets;
-	the PDCP Control PDUs;
-	for AM DRBs, the PDCP SDUs to be retransmitted according to clause 5.1.2 and clause 5.13 and if PSI based SDU discard is activated for their DRBs, are not associated with any low importance PDU sets;
-	for AM DRBs, the PDCP Data PDUs to be retransmitted according to clause 5.5 and if PSI based SDU discard is activated for their DRBs, are not associated with any low importance PDU sets.
If a PDCP SDU becomes a delay-critical PDCP SDU, and if the corresponding PDCP Data PDU has already been submitted to lower layers, the delay-critical indication for the PDCP Data PDU is provided to lower layers.

---------------------------------------------- [ End of the 3rd change ] ---------------------------------------------------------
Appendix B – TP for TS 38.321
------------------------------------------------- [ Start of the 1th change ] -----------------------------------------------------
[bookmark: _Toc163044318]5.4.9	Delay status reporting
The Delay Status Reporting (DSR) procedure is used to provide the serving gNB with delay status of LCGs. This delay status for an LCG includes remaining time, which is the smallest remaining value of the running PDCP discardTimers among SDUs that are buffered for the LCG but have not been transmitted in any MAC PDU and if PSI based SDU discard is activated for the corresponding DRB, are not associated with any low importance PDU sets as specified in clause 7.3 in TS 38.323 [4], and the total amount of delay-critical UL data for the LCG according to the data volume calculation procedure specified in clause 5.5 in TS 38.322 [3] and clause 5.6 in TS 38.323 [4] for the associated RLC and PDCP entities, respectively.
RRC controls the DSR procedure by configuring the following parameter:
-	remainingTimeThreshold: the threshold on remaining time for triggering a DSR for an LCG.
If an LCG is configured for delay status reporting, the MAC entity shall:
1>	if the smallest remaining value of the running PDCP discardTimers among all the SDUs buffered for the LCG that has not been transmitted in any MAC PDU and has not been reported as data volume in a DSR MAC CE and if PSI based SDU discard is activated for the corresponding DRB, are not associated with any low importance PDU sets becomes below remainingTimeThreshold of the LCG; and
1> if there is no DSR pending for the LCG:
2>	trigger a DSR for the LCG.
If there is at least one DSR pending, the MAC entity shall:
1>	if UL-SCH resources are available for a new transmission and the UL-SCH resources can accommodate the DSR MAC CE plus its subheader as a result of logical channel prioritization:
2>	instruct the Multiplexing and Assembly procedure to generate the DSR MAC CE as specified in clause 6.1.3.72.
1>	else if there is no pending SR already triggered by the DSR procedure for the same logical channel as of this DSR:
2>	trigger a Scheduling Request.
NOTE:	The availability of UL-SCH resources for the transmission of the DSR MAC CE follows the same critieria specified in clause 5.4.5.
An SDU is considered to be associated with a DSR if it has not been transmitted in any MAC PDU and it is associated with the LCG which triggered the DSR and the remaining value of its PDCP discardTimer is below remainingTimeThreshold and if PSI based SDU discard is activated for the corresponding DRB, are not associated with any low importance PDU sets.
A MAC PDU shall contain at most one DSR MAC CE. The MAC entity shall not include a DSR MAC CE in a MAC PDU if the MAC PDU can accommodate the SDUs associated with all the pending DSRs.
After a DSR is triggered, it is considered as pending until it is cancelled. The MAC entity shall cancel a pending DSR, either when all the SDUs associated with the DSR have been discarded, or when a MAC PDU is transmitted and this MAC PDU includes a DSR MAC CE that contains the delay information of all the SDUs associated with the DSR (as described in the clause 6.1.3.72). The MAC entity may cancel a pending DSR when a MAC PDU is transmitted and this MAC PDU includes all the SDUs associated with the DSR but is not sufficient to include the DSR MAC CE and its subheader.
-------------------------------------------------- [ End of the 4th change ] ------------------------------------------------------
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