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1	Introduction
This contribution discuses PDU discard for XR services.
2	QoS Parameters and Information
2.1	PDU Set Integrated Handling Indicator
The PDU Set Integrated Handling Indicator (PSIHI) determines whether all PDUs within a PDU set are required to be delivered so that the PDU set is counted as successfully received or not. This indication can have direct impact on the PDU discarding as if PSIHI indicator is set to true (all PDUs are required), then discarding a PDU may trigger discarding of the rest of the PDUs belonging to the same PDU set. 
In the PDCP protocol, such PSIHI-based discarding can be introduced by making timer-based discarding (based on the existing per-SDU discard timer) “contagious” to all other PDCP SDUs in the same PDU set.
Proposal 1: when PSIHI is configured for a DRB, upon timer-based discarding of a PDCP SDU, all other SDUs belonging to the same PDU set are discarded (if still stored) and indicated to lower layers to be discarded (regardless of if still stored at PDCP).
This raises the question whether the discard-timer handling could be kept only for the SDU that is received first from upper layers for a PDU set and omitted for the rest. We think there is no sufficiently solid justification to rule out cases where timer-based discarding occurs for a non-first SDU of a PDU set after the first SDU has been discarded for other reasons such as delivery confirmed by PDCP Status report (on bearers mapped on RLC AM) or submission to lower layers for transmission (on bearers mapped on RLC UM).
Proposal 2: regardless of whether PSIHI is configured, the current PDCP discard timer applies to every PDCP SDU.
2.2	PDU Set Importance
Based on SA2's reply to LS on PDU Set Handling S2-2301378, As concluded by SA2 in the FS_XRM study and now reflected in TS 23.501, the PDU Set Importance (PSI) may be provided by the UPF to NG-RAN via GTP-U header of user plane packet. It may be used by NG-RAN for PDU Set level packet discarding in presence of congestion. The PDU Set importance of the different PDU Sets within one QoS flow can be different.
RAN2#121 agreed e.g. the following [R2-2301902]:
	
Introduce UL PDU Set Importance. How UE derives this will be handled in UE implementation. 
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.




Because congestion manifests itself as prolonged buffering of packets to be transmitted, discarding based on a PSI-dependent timer seems like a natural way to introduce discarding at congestion based on PSI. Since PSI and P(S)DB are independent parameters, such a PSI-dependent discard timer should not replace the current P(S)DB-based discard timer, but rather be an additional mechanism.
Observation 1: expiry of a timer for a packet awaiting transmission serves as a reliable indication of congestion.
Proposal 3: an additional early-discard timer is introduced at PDCP whose expiry time can depend on PSI (as opposed to the current discard timer that should depend on P(S)DB).
However, discarding packets before their delay budget is exhausted should only be done for some good cause and does not seem useful for, say, the last packet in the transmission queue. The existence of packets of higher importance (in terms of PSI) behind the packet considered for early discarding seems like a good justification.
Proposal 4: upon expiry of the early-discard timer for a PDCP SDU, the SDU is discarded only if there are more important SDUs (in terms of PSI) associated with higher Count value stored for transmission.
2.3	PDU Set Error Rate
TS 23.501 defines the PSER as follows: The PDU Set Error Rate (PSER) defines an upper bound for the rate of PDU Sets that have been processed by the sender of a link layer protocol (e.g. RLC in RAN of a 3GPP access) but that are not successfully delivered by the corresponding receiver to the upper layer (e.g. PDCP in RAN of a 3GPP access). Thus, the PSER defines an upper bound for a rate of non-congestion related PDU Set losses. The purpose of the PSER is to allow for appropriate link layer protocol configurations (e.g. RLC and HARQ in RAN of a 3GPP access).
Further, TS 23.501reads that the PDB for Non-GBR and GBR resource types denotes a "soft upper bound" in the sense that an "expired" packet, e.g. a link layer SDU that has exceeded the PDB, does not need to be discarded and is not added to the PER. However, for a Delay-critical GBR resource type, packets delayed more than the PDB are added to the PER and can be discarded or delivered depending on local decision.
Observation 2: if legacy PDCP discarding (based on discardTimer) is triggered often for one or more of PDU sets, the PSER may exceed its target easily. 
3	PCDP discard impact on lower layers
The discarding of PDUs is currently quite basic in PDCP [38.323] and RLC [38.322]:
-	PDCP reads the following:
	
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.
For SRBs, when upper layers request a PDCP SDU discard, the PDCP entity shall discard all stored PDCP SDUs and PDCP PDUs.
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.




-	 While RLC reads the following:
	
When indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting side of an AM RLC entity or the transmitting UM RLC entity shall discard the indicated RLC SDU, if neither the RLC SDU nor a segment thereof has been submitted to the lower layers. The transmitting side of an AM RLC entity shall not introduce an RLC SN gap when discarding an RLC SDU.




At RLC, the current discard procedure is limited to the scenarios where neither the RLC SDU nor a segment thereof has been submitted to the lower layers. This limitation is aligned between RLC AM and RLC UM, even though in RLC UM there seems to be no strong reason against discarding a remaining tail segment, since in RLC-UM an incompletely received SDU will not hold back:
-	Delivery of other SDUs to higher layer (since NR RLC does not perform reordering); 
-	The reception window since it will be pulled forward by any out-of-window PDUs if received.
Besides, the current discarding cannot introduce any SN gap in case of RLC AM. 
Observation 3: requesting RLC to discard SDUs does not always trigger an actual discard. 
The mechanisms are quite basic because they were designed under the assumption that discard is more of an error case. For XR services, the assumptions are different: discard can be frequent. Without any optimisations, it would not always be possible to avoid transmitting data that is known to be useless for the receiver, and as a result, the capacity and power saving gains would be limited. Thus for the sake of capacity and power consumption, when discard is triggered for XR services, it should actually occur. Furthermore, XR services have low latency requirements, and any discard procedure should not increase delays due to reordering.
Therefore, to allow PDCP and RLC SN gaps from discarding, in both the protocols an indication should be introduced from the transmitting entity to the receiving entity that reception of PDU(s) with given SN(s) is not to be expected.
Proposal 5: in both PDCP and RLC AM, introduce an indication from the transmitting entity to the receiving entity that reception of PDU(s) with given SN(s) is not to be expected.
Furthermore, in RLC UM the unnecessary restriction of not discarding remaining tail segments should be removed.
Proposal 6: when indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting UM RLC entity shall discard the indicated RLC SDU even if a segment thereof has been submitted to the lower layers.
5	Conclusion
This document has made the following observations and proposals:
Observation 1: expiry of a timer for a packet awaiting transmission serves as a reliable indication of congestion.
Observation 2: if legacy PDCP discarding (based on discardTimer) is triggered often for one or more of PDU sets, the PSER may exceed its target easily. 
Observation 3: requesting RLC to discard SDUs does not always trigger an actual discard. 
Proposal 1: when PSIHI is configured for a DRB, upon timer-based discarding of a PDCP SDU, all other SDUs belonging to the same PDU set are discarded (if still stored) and indicated to lower layers to be discarded (regardless of if still stored at PDCP).
Proposal 2: regardless of whether PSIHI is configured, the current PDCP discard timer applies to every PDCP SDU.
Proposal 3: an additional early-discard timer is introduced at PDCP whose expiry time can depend on PSI (as opposed to the current discard timer that should depend on P(S)DB).
Proposal 4: upon expiry of the early-discard timer for a PDCP SDU, the SDU is discarded only if there are more important SDUs (in terms of PSI) associated with higher Count value stored for transmission.
Proposal 5: in both PDCP and RLC AM, introduce an indication from the transmitting entity to the receiving entity that reception of PDU(s) with given SN(s) is not to be expected.
Proposal 6: when indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting UM RLC entity shall discard the indicated RLC SDU even if a segment thereof has been submitted to the lower layers.



