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[bookmark: _Ref178064866]Introduction
In RAN2#124 meeting, RAN2 has discussed the impact of PDCP discard on PDCP reception, aiming at find a simple solution to inform PDCP receiver of the PDCP discard at PDCP transmitter. Due to the limited time, no conclusion has been achieved as below.
[AT124][019][XR] PDCP discard  (CATT)
	Intended outcome: way forward on PDCP discard and simple solution if agreeable  
	Deadline:  Thursday 12-10-2023 
R2-2313923	Report of [AT124][019] PDCP discard (CATT)	CATT	discussion	Rel-18	NR_XR_enh-Core
=>	Noted
In this contribution, we will discuss and provide our views on the PDCP discard notification to receiver.
[bookmark: _Toc462951621][bookmark: _Toc462951630][bookmark: _Toc465023135][bookmark: _Toc465023136][bookmark: _Toc465346829][bookmark: _Hlk145518847]Discussion
1. 
2. 
2.1. Issue Description
In Rel-18 XR, two kinds of PDCP discard mechanisms are introduced, i.e., PSI based discard mechanism and PSIHI based discard mechanism. Compared with legacy service, for XR service, SDU discard will more frequently occur due to congestion control/the handling of PDU set integration. As a result, the unnecessary re-ordering time will occur at PDCP receiver, as shown in the following figure.
For example, both PDU set 1 and PDU set 2 are delivered to RLC layer while PDCP SDUs of PDU set 1 are discarded at PDCP layer. Based on the following NOTE in TS 38.323, PDCP can re-assign the SNs of discard PDCP SDUs to other PDCP SDU to minimize SN gap. However, this is not applied to the discarded PDCP SDU which has been delivered to RLC layer. Otherwise, it may cause security issue. Thus, in the example, as the PDCP SDUs of PDU set 1 has been delivered to RLC layer, PDCP cannot re-assign the SNs of PDCP SDUs of PDU set 1 to other PDCP SDUs, based on the current spec.
	TS 38.323
NOTE:	Discarding a PDCP SDU already associated with a PDCP SN causes a SN gap in the transmitted PDCP Data PDUs, which increases PDCP reordering delay in the receiving PDCP entity. It is up to UE implementation how to minimize SN gap after SDU discard.



Observation 1: Based on the current spec, PDCP can only re-assign the SNs of discarded PDU SDUs which has not been delivered to RLC layer to other PDCP SDUs.
As shown in the following figure, RLC will discard the PDCP SDUs belonging to PDU set 1 as they are not delivered to MAC layer. When PDCP SDUs of PDU set 2 are received at PDCP receiver, those PDCP SDUs shall be stored in the PDCP reception buffer as PDCP SDUs of PDU set 1 are not received. If the re-ordering timer is not running, PDCP receiver shall start the re-ordering timer, which causes one t-Reordering time delay of the PDCPs SDUS of PDU set 2. Similarly, when PDU SDUs of PDU Set 4 are received at PDCP receiver, PDCP SDUs of PDU set 4 will be delayed due to the absence of PDU set 3.
Observation 2: If the discarded PDCP SDU is further discarded by RLC layer, the unnecessary re-ordering time will occur at PDCP receiver. This will occur every time when the re-ordering timer is started caused by the discarded PDCP SDUs.




In NR, PDCP pre-processing and RLC pre-processing are introduced to support high data rate. This means that lots of Packets will be stored in RLC Tx buffer before being scheduled by MAC. Based on the current spec, if PDCP SDU is discarded by PDCP due to congestion control/the handling of PDU set integration, the discard will be indicated to lower layers. Then, it is higher probability that the discarded PDCP SDU will be further discarded by RLC layer.
Observation 3: Due to PDCP pre-processing and RLC pre-processing, it is a higher probability that the discarded PDCP SDUs are not delivered to MAC, which will be further discarded by RLC layer.
2.2. Potential solution
As mentioned in above Observations, unnecessary re-ordering time will occur at PDCP receiver due to frequent PDCP SDU discard in XR. To improve service experience, PDCP transmitter should notify PDCP receiver of the PDCP SDU discard info.
For DL, if in-sequence delivery is configured to UE, the receiver at the UE side should obtain the DL PDCP SDU discard information from network to promote the update of receiving window. If out-of-order delivery is configured to UE, such information is not needed.
Proposal 1: If outOfOrderDelivery is not configured, gNB should inform UE of the DL PDCP SDU discard information.
For UL, it is up to network implementation to apply in-sequence delivery or not. If in-sequence delivery is applied at gNB, RAN can configure UE to report PDCP SDU discard information.
Proposal 2: If UE is configured to report PDCP SDU discard information, the UE will inform gNB UL PDCP SDU discard information.
In the current spec, PDCP receiver can inform PDCP transmitter of the PDCP SDUs which are not received via PDCP status report. Reusing PDCP SR structure is the simplest approach to inform PDCP receiver of the PDCP SDUS which has been discarded by PDCP transmitter. Considering the field of PDU Type has three reserved bits, PDCP SDU discard information can be carried by PDCP control PDU, which is identified by the PDU Type field.
Proposal 3: The discarded PDCP SDUs are reported via PDCP control PDU, while the format could take the PDCP SR as baseline.

PDCP SDU discard information should be provided to the receiver in time. Otherwise, there is no need to provide such information as the re-ordering timer may have expired during the time waiting for such information. Thus, it is straightforward that transmitter informs the receiver of the discarded information when there is PDU set discard.
Proposal 4: Transmitter informs the receiver of discard information when PDCP SDUs are discard.
Conclusion
[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]In this contribution, we discussed the remaining issues on the PDCP discard notification to receiver and provided the following proposals.
Observation 1: Based on the current spec, PDCP can only re-assign the SNs of discarded PDU SDUs which has not been delivered to RLC layer to other PDCP SDUs.
Observation 2: If the discarded PDCP SDU is further discarded by RLC layer, the unnecessary re-ordering time will occur at PDCP receiver. This will occur every time when the re-ordering timer is started caused by the discarded PDCP SDUs.
Observation 3: Due to PDCP pre-processing and RLC pre-processing, it is a higher probability that the discarded PDCP SDUs are not delivered to MAC, which will be further discarded by RLC layer.
Proposal 1: If outOfOrderDelivery is not configured, gNB should inform UE of the DL PDCP SDU discard information.
Proposal 2: If UE is configured to report PDCP SDU discard information, the UE will inform gNB UL PDCP SDU discard information.
Proposal 3: The discarded PDCP SDUs are reported via PDCP control PDU, while the format could take the PDCP SR as baseline.
Proposal 4: Transmitter informs the receiver of discard information when PDCP SDUs are discard.
Reference
1. [bookmark: _Ref159184385]TS 38.323 V18.0.0, Packet Data Convergence Protocol (PDCP) specification.
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