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1. Introduction
In this contribution we discuss corrections and open issues to the PDCP operation for XR communication. 
2. [bookmark: Proposal_Beacon]Discussion
Discarding a packet at the transmitter side – e.g., due to exceeding the corresponding PSDB or due to PDU set integrated handling - may depending on what stage the discarding is done benefit from 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 the 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. The current specified discard mechanism was designed with the assumption that discarding is more of an error case. 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, for XR services it may be needed to discard packets even if they have not 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). Also, it is assumed that in future releases, further additional discarding mechanism may be introduced, e.g. due to application of AL-FEC or considerations of PDU set interdependencies. Therefore, it is beneficial from capacity and transmission power point of view to also allow discarding of packets which have already an associated SN. 
As mentioned before this may though require informing the corresponding receiving entity about the discarded packets to avoid the reordering delay which is caused by the SN gaps at the transmitter PDCP entity. For example, the gNB can send the discard information by a PDCP control PDU, e. g., PDCP Discard Command, similar to the legacy PDCP status report. The PDCP SDU Discard Command may indicate the COUNT value associated with the first SDU which is discarded and the number of subsequent consecutive SDUs. . Concerns on the additional overhead caused by the new PDCP control PDU could be addressed by limiting the transmission of the PDCP SDU Discard command, e.g. specifying conditions when UE triggers transmission of PDCP control PDU. The receiving entity may update its receiving window respectively corresponding timers in PDCP based on the provided information on discarded packets. For example, the receiving entity may discard the PDCP SDUs with COUNT value indicated in the PDCP SDU Discard Command, update RX_DELIV to the COUNT value of the first PDCP SDU which has not been delivered to upper layers and which is not indicated to be discarded in the PDCP SDU Discard Command, update RX_NEXT to the COUNT value of the next PDCP SDU expected to be received excluding the PDCP SDU that are indicated to be discarded and stop the t-Reordering.


Proposal 1: RAN2 to discuss enhancements to inform receiving PDCP entity about discarded packets at the transmitter side by PDCP control PDU indicating the discarded packets.
Proposal 2: RAN2 to discuss enhancements to update PDCP receiving window based on the discarded packet information.
In RAN2#123bis meeting, it was agreed that if pdu-SetDiscard is configured, the data volume calculation for the DSR report considers the size of all the SDU/PDUs belonging a PDU set for which at least one PDCP PDU has an associated remaining delay which is below the configured threshold.

	Agreements on DSR 
1. For triggering DSR, the shortest remaining-time left for the buffered data in UL is smaller than a configured threshold is used, if there is no pending DSR associated for that LCG.  
2. One threshold per LCG for triggering purposes is enough for delay status report
3. The data volume calculation to be reported in the DSR will consider the at size of the full remaining PDUs in the PDU set (if any PDU within the PDU set is with remaining time below the threshold), if the PDU set discard is configured. FFS what to report for the case of not PDU set discard configured
4. Support single delay information per LCG as baseline for Rel-18 DSR.  The remaining time (the shortest remaining time in the LCG) will be explicitly reported in the DSR.



If pdu-SetDiscard is not configured only the PDCP SDUs which have a remaining delay shorter than the threshold should be considered as the delay-critical PDCP data volume. This has been implemented by defining a delay-critical PDCP SDU in TS38.323:

	Delay-critical PDCP SDU: if pdu-SetDiscard is not configured, a PDCP SDU for which the remaining time till discardTimer 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 expiry less than the remainingTimeThreshold.



However, we believe that the current wording of this definition leaves some room for misinterpretation and should be therefore improved. Rather than saying “if pdu-SetDiscard is configured, a PDCP SDU belonging to a PDU Set of which…” we should define it as “if pdu-SetDiscard is configured, each PDCP SDU belonging to a PDU Set …”. This would be also more aligned with the wording of the discarding operation at PDCP layer if pdu-SetDiscard is configured:

Proposal 3: improve the wording of the definition of delay-critical PDCP SDU as follows:
Delay-critical PDCP SDU: if pdu-SetDiscard is not configured, a PDCP SDU for which the remaining time till discardTimer expiry is less than the remainingTimeThreshold. If pdu-SetDiscard is configured, each PDCP SDU belonging to a PDU Set of which at least one PDCP SDU has the remaining time till discardTimer expiry less than the remainingTimeThreshold.

PDCP data volume calculation for split bearer
We think that split bearer operation (DC) should be also supported for XR services, i.e. the scope of the XR enhancements is not restricted to the non-split bearer Split bearer operation. Therefore, we think that DSR reporting should be supported for the split bearer case.

Proposal 4: DSR reporting is supported for the split bearer case. 

Currently the data volume calculation for the delay status reporting is limited in TS38.323 to the non-split bearer case, i.e. PDCP entity is associated with a single RLC entity. Therefore, RAN2 should define the data volume calculation to the split bearer case where a PDCP entity is associated with at least two RLC entities. 

For UL split bearer operation, the PDCP Tx entity compares a data volume against a configured threshold in order to determine whether a PDCP PDU can be only submitted to the primary RLC entity or also to other RLC entities than the primary RLC entity, e.g. split secondary RLC entity. If the total amount of PDCP data volume and RLC data volume pending for initial transmission in the primary RLC entity and the split secondary RLC entity is equal to or larger than the configured threshold (UL-dataSplitThreshold), PDCP entity can e.g. submit a PDCP PDU to the primary RLC entity or the (split) secondary RLC entity. Also for the purpose of MAC buffer status reporting, the PDCP entity compares the same data volume against the threshold (UL-dataSplitThreshold) in order to determine whether the PDCP data volume is only indicated to the MAC entity associated with the primary RLC entity or also to the MAC entity associated with the (split) secondary RLC entity. For the DSR reporting the data volume calculation needs to be also defined in a similar way for the split bearer case. 

However, the amount of delay-critical PDCP data volume – which is reported in a DSR MAC CE – is most likely smaller than the data volume which is compared against the threshold (UL-dataSplitThreshold) for the PDCP transmit operation/BSR, since the data volume is comprised of the total amount of PDCP volume as well as the RLC data volume pending for initial transmission. Therefore, RAN2 needs to discuss which data volume is used for determining whether a delay-critical PDCP data volume is reported to only the primary MAC entity or also to the secondary MAC entity. A straight forwarded behaviour would be if the delay-critical PDCP data volume and potentially the delay-critical RLC data volume pending for initial transmission in the primary and split secondary RLC entities is used for a comparison against the UL threshold. However this may lead to a mismatch between the DSR data volume calculation and the PDCP transmission behaviour for the split bearer case, e.g different data volumes are used for the threshold comparison for DSR data volume calculation and PDCP transmit operation. Similar to the BSR reporting, it may be desired that also for DSR data volume calculation, the UE behaviour is aligned with the PDCP transmission behaviour, e.g. when DSR is reporting the delay-critical PDCP PDU data volume to primary as well as secondary RLC/paths then also PDCP layer should be allowed to submit a delay-critical PDCP PDU to either primary RLC entity or secondary RLC entity. Situations should be avoided, where DSR reports the delay-critical PDCP data volume only to the primary MAC/RLC even though the UE/PDCP layer uses multiple paths/links for UL data transmission, e.g. delay-critical PDCP PDUs.
[image: ]
Another option would be that PDCP transmit entity always indicates the delay-critical PDCP data volume to both MAC entities, i.e. no need for a threshold comparison. Given that the data reported in a DSR should be transmitted as quickly as possible, it may benefit from receiving UL grants from more than one gNB. 


Proposal 5: RAN2 to discuss which option to use for the DSR data volume calculation, e.g. to decide whether the delay-critical PDCP data volume is indicated only to the primary MAC entity or also to the secondary MAC entity:

· Option 1: total amount of PDCP data volume and RLC data volume pending for initial transmission in the primary RLC entity and the split secondary RLC entity is used for comparison against threshold
· Option 2: total amount of delay-critical PDCP data volume and delay-critical RLC data volume pending for initial transmission in the primary RLC entity and the split secondary RLC entity is used for comparison against threshold
· Option 3: delay-critical PDCP data volume is always indicated to MAC entity associated with the primary RLC entity and the MAC entity associated with the split secondary RLC entity, i.e. no threshold comparison


3. Conclusion
In this contribution, we discuss the PDCP impact due to discarding of PDUs of a PDU set. We have the following proposals:
Proposal 1: RAN2 to discuss enhancements to inform receiving PDCP entity about discarded packets at the transmitter side by PDCP control PDU indicating the discarded packets via COUNT values.
Proposal 2: RAN2 to discuss enhancements to update PDCP receiving window based on the discarded packet information.
Proposal 3: Improve the wording of the definition of delay-critical PDCP SDU as follows:
Delay-critical PDCP SDU: if pdu-SetDiscard is not configured, a PDCP SDU for which the remaining time till discardTimer expiry is less than the remainingTimeThreshold. If pdu-SetDiscard is configured, each PDCP SDU belonging to a PDU Set of which at least one PDCP SDU has the remaining time till discardTimer expiry less than the remainingTimeThreshold.
Proposal 4: DSR reporting is supported for the split bearer case. 

Proposal 5: RAN2 to discuss which option to use for the DSR data volume calculation, e.g. to decide whether the delay-critical PDCP data volume is indicated only to the primary MAC entity or also to the secondary MAC entity:

· Option 1: total amount of PDCP data volume and RLC data volume pending for initial transmission in the primary RLC entity and the split secondary RLC entity is used for comparison against threshold
· Option 2: total amount of delay-critical PDCP data volume and delay-critical RLC data volume pending for initial transmission in the primary RLC entity and the split secondary RLC entity is used for comparison against threshold
· Option 3: delay-critical PDCP data volume is always indicated to MAC entity associated with the primary RLC entity and the MAC entity associated with the split secondary RLC entity, i.e. no threshold comparison

4. References 
TS 38.323 v 18.0.0
Annex A
The Annex A provides Text Proposal to TS 38.323 for above proposals.
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[bookmark: _Toc12616372][bookmark: _Toc37126998][bookmark: _Toc46492114][bookmark: _Toc46492222][bookmark: _Toc90590250]6.2.3.x	Control PDU for PDCP Discard Command.
Figure 6.2.3.1-x shows the format of the PDCP Control PDU carrying one PDCP discard command. 


Figure 6.2.3.1-x: PDCP Control PDU format for PDCP Discard Command
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[bookmark: _Toc12616382][bookmark: _Toc37127009][bookmark: _Toc46492125][bookmark: _Toc46492233][bookmark: _Toc90590261]6.3.8	PDU type
Length: 3 bits
This field indicates the type of control information included in the corresponding PDCP Control PDU.
Table 6.3.8-1: PDU type
	Bit
	Description

	000
	PDCP status report

	001
	Interspersed ROHC feedback

	010
	EHC feedback

	011
	PDCP discard command

	011100-111
	Reserved



Next Modified Subclause
[bookmark: _Toc12616341][bookmark: _Toc37126955][bookmark: _Toc46492068][bookmark: _Toc46492176][bookmark: _Toc139052325]5.X	PDCP Discard Command
[bookmark: _Toc12616342][bookmark: _Toc37126956][bookmark: _Toc46492069][bookmark: _Toc46492177][bookmark: _Toc139052326][bookmark: _Toc12616343][bookmark: _Toc37126957][bookmark: _Toc46492070][bookmark: _Toc46492178][bookmark: _Toc139052327]5.X.1	Transmit operation
For DRBs configured by upper layers to send a PDCP Discard Command in the uplink, the transmitting PDCP entity shall trigger a PDCP Discard Command when:
-	the PDCP SN gap happens upon discarding the PDCP SDU along with the corresponding PDCP Data PDU upon the discardTimer or discardTimerForLowImportance expires for a PDCP SDU and.
If a PDCP Discard Command is triggered, the transmitting PDCP entity shall:
-	compile a PDCP Discard Command as indicated below by:
-	setting the FMC field to the COUNT of first discard PDCP SDU;
-	if more than one PDCP SDUs are discarded:
-	allocating a Bitmap field of length in bits equal to the number of COUNTs from and not including the first discard PDCP SDU up to and including the last out-of-sequence PDCP SDUs, rounded up to the next multiple of 8, or up to and including a PDCP SDU for which the resulting PDCP Control PDU size is equal to 9000 bytes, whichever comes first;
-	setting in the bitmap field as '0' for all PDCP SDUs that have not been discarded;
-	setting in the bitmap field as '1' for all PDCP SDUs that have been discarded;
5.X.2	Receive operation
When a PDCP Discard Command control PDU is received, the receiving PDCP entity shall:
     -    if RX_NEXT is equal to the COUNT value of a PDCP Data PDU indicated as discarded by the PDCP Discard Command control PDU:
           -    update RX_NEXT to the COUNT value of the first PDCP SDU with COUNT value >RX_NEXT and not indicated as discarded within the PDCP Discard Command control PDU;
      -   if RX_DELIV is equal to the COUNT value of a PDCP Data PDU indicated as discarded:
           -   deliver all stored PDCP SDU(s) with consecutively associated COUT value(s) starting from COUNT=RX_DELIV to upper layers in ascending order of the associated COUNT value.
           -   update RX_DELIV to the COUNT value of the first PDCP SDU which has not been delivered to upper layers with COUNT value > RX_DELIV and not indicated as discarded within the PDCP Discard Command control PDU.
-	if t-Reordering is running, and if RX_DELIV >= RX_REORD:
-	stop and reset t-Reordering.
-	if t-Reordering is not running (includes the case when t-Reordering is stopped due to actions above), and RX_DELIV < RX_NEXT:
-	update RX_REORD to RX_NEXT;
-	start t-Reordering.
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[bookmark: _Toc12616383][bookmark: _Toc37127010][bookmark: _Toc46492126][bookmark: _Toc46492234][bookmark: _Toc156000603]6.3.9	FDC
Length: 32 bits
First Discard COUNT. This field indicates the COUNT value of the first discarded PDCP SDU within the transmission window.
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