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1. Introduction
In the previous meetings, RAN2 has discussed the discard operation for XR and achieved the following agreements.

	RAN2#121bis Agreement [1]:

· 2: PDU set discard is modelled using the existing PDCP discard timer for the uplink. The timer is in network control.

RAN2#122 Agreement [2]:

· 2: PDU-set discard indication for UL is configured using RRC to handle the PDU Set based discard functionality (i.e. whether UE discards all packets in PDU set when one PDU is discarded). The configuration is per PDCP entity.

· Network indicates UE to apply PSI-based XR discard mechanism via dedicated signalling. 

· FFS how/whether to minimize additional UL signalling after this indication.

· FFS if the NW indication is a one-shot or also subsequent packets


In this contribution, we will continue to discuss the discard operation for XR from the following aspects:
· the configuration of the PDU set discard timer; 

· how PSI-based discard is performed by UE;
· PDCP discard notification to the receiver.
2. Discussion

2.1. PDU set discard timer
In RAN2#121bis-e meeting, it was agreed that PDU set discard is modelled using the existing PDCP discard timer for the uplink. The timer is in network control. The remaining issue on PDU set discard timer is how to set the value of the discardTimer in PDCP.

For XR service, PDU Set QoS Parameters are used to support PDU Set based QoS handling in the NG-RAN. The PDU set QoS parameters includes PSDB, PSER, and PSIHI. The PSDB defines an upper bound for the delay that a PDU Set may experience for the transfer between the UE and the N6 termination point at the UPF, which means the corresponding PDU set should be transmitted within this delay budget. Otherwise, the PDU set may not be needed or not be useful for the display at the destination side. 
For example, if a PDU belonging to a PDU set has exceeded the corresponding PSDB, it may be meaningless to transmit any remaining data of the packet, since the transmission does not contribute to user experience, while resources would be also consumed unnecessarily at the same time. The packet probably cannot be transmitted successfully within a very short duration. Then, the PDU set could be discarded to improve the efficiency of resource utilization and improve capacity performance consequently. 
In this way, for the PDU set, PSDB could be used to determine the discardTimer for the SDU(s) for this PDU set. Based on the latest TS 23.501 [3], when the PSDB is available, the PSDB supersedes the PDB for the given QoS Flow. From RAN perspective, in case PSDB is not available, discard timer could be configured based on PDB as legacy. In the current specification, the discard timer is configured per DRB. This means that the discardTimer for each SDU of the PDU set shall share the same value. Then, network can configure the value of the discardTimer equals or less than the PDSB. It is anyway up to gNB implementation to determine the specific value of the discardTimer for each SDU of PDU set according to the PSDB. 
Proposal 1: It is up to gNB to configure the value of discardTimer for each PDCP SDU of PDU set based on PSDB.  FFS values of discardTimer.
2.2. Discard based on PSI (PDU Set Importance)
During the discussion in RAN2#122, it was agreed that:

	· Network indicates UE to apply PSI-based XR discard mechanism via dedicated signalling. 

· FFS how/whether to minimize additional UL signalling after this indication.

· FFS if the NW indication is a one-shot or also subsequent packets


RAN2 has agreed that NW indicates UE to apply PSI-based XR discard mechanism via dedicated signaling. However, which kind of dedicated signaling is still not determined. Similar as the most of existing AS functions, the PSI-based XR discard mechanism should be configured via RRC signaling, which can guarantee that NW command will be successfully received by UE. Besides, we assume PSI-based XR discard mechanism should be general for all or some QoS flows, which is not expected to be changed dynamically. Thus, there is no strong motivation to inform such configuration in MAC CE. 
Proposal 2: PSI-based XR discard mechanism is configured via RRC signaling.
If the PSI-based XR discard mechanism is configured, UE will perform PSI based XR discard operation when the congestion occurs. During the online discussion in the RAN2#122 meeting, there are three candidate solutions for UE to perform PSI-based XR discard operation when the congestion occurs:

Solution 1: Network signals congestion indication or PSI level to be discarded. UE immediately discards packets up to the given PSI level provided by network or based on the congestion indication.

Solution 2: Rely on UE to discard with two discard timers (values). Which timer/value is used depends on the PSI. One of the timer/value is only used when UE detects congestion.

Solution 3: Rely on UE to discard with two discard timers (values). Which timer/value is used depends on the PSI. Network indicates to UE which timer value is used.
Solution 2 relies on congestion detected at UE side. However, how to detect UL congestion at UE side and what is the criteria of UL congestion is still not clear. Compared with UE, network actually has more information about the channel quality and transmission status, it is a large possibility that congestion can be identified at gNB. Thus, it should be network responsibility to check whether there is congestion. When the congestion is detected, network should provide the assistance information (e.g., congestion indication or other related information) to help UE perform the discard operation. From this perspective, solution 1 and solution 3 should be take into consideration firstly.
Solution 3 needs NW to configure two timers (values) in advance. When the indication is received by UE, UE will switch to another timer (value). The question is whether the new switched timer (value) is only applicable to the new arrival packet, or both new arrival packet and existing packets in the buffer. Take an example, there are two configured timer values, i.e., value 1 and value 2. When NW indicates UE to switch to value 2, how UE handle the packets with the timer value 1, e.g., whether UE stop the current discard timer with value 1 and start a discard timer with value 2 or leave it alone. The above question should be discussed clearly if solution 2 is adopted. In addition, solution 2 cannot make UE discard packets immediately. Before the discard timer of the packets expires, all packets are still expected to be transmitted, which will not mitigate congestion in time or even cause more worse situation if longer timer/value is used when congestion occurs.
Compared with solution 3, solution 1 can mitigate congestion in time. Moreover, this solution does not complicate the handling of discard timer, e.g., the issue mentioned above. UE only need to perform PSI-based discard operation regardless of the discard timer is running or not, but just follow the network indication. 
Based on the analysis above, the solution 2 is preferable. More specifically, we do not think it is a good idea for network to signal congestion information to UE, as UE does not need to know exactly whether congestion occurs or not. For UE, it is enough to know whether perform discard operation due to congestion and how to perform discard operation based on PSI. Then, we think it is better for network to provide discard information, e.g. PSI level to be discarded due to congestion, to UE.
Proposal 3: In case congestion occurs, network would indicate the discard information to UE if PSI based discard mechanism is configured.
In case congestion occurs, PDU set with lower importance (PSI) should be discarded. Then, the discard information mentioned in proposal 3 can include the PSI level to be discarded due to congestion. But in some case that network does not know the PSI level information at UE side for UL, as it is set per-QoS flow by UE implementation, it is not possible for network to provide the exact PSI level to be discarded. In this way, it should be up to UE to determine which PSI level(s) should be discarded based on the indication from network on PSI-based discard due to congestion. That is, if the PSI information to be discarded is not provided to UE, UE should perform discarding based on PSI by implementation according to network indication.

Proposal 4: In case congestion occurs, network indication includes one of the discard information: 
· if network indicates the PSI level(s) to be discarded due to congestion, the UE performs discarding based on PSI level(s) indicated from network. 
· Otherwise, network just indicates PSI-based discard due to congestion, the UE performs discarding based on PSI by implementation, e.g. discarding lowest PSI level. 
Considering that different UEs may have different transmission status (e.g., different number of packets waiting for transmission, different PSIs), the dedicated signaling should be used to inform UE of the discard information. To mitigate congestion in time and guarantee the transmission of the packets with high PSI, UE should be informed of discarding packet as soon as possible. From RAN2 perspective, MAC CE is the suitable method, compared with RRC signaling as so on. But RRC is also a possible and simple solution. 
Proposal 5: Network indicates the PSI level(s) to be discarded or PSI-based discard due to congestion via MAC CE.
2.3. PDCP Discard notification to the receiver 
In the legacy mechanism as below, PDCP shall minimize the SN gap after SDU discard to avoid unnecessary re-ordering time. Firstly, SDU discard does not need to be frequently performed for the legacy service. Secondly, as RLC will not discard a packet that has been transmitted via the air interface, unnecessary re-ordering time caused by SDU discard at the transmitter is not a big issue. However, for XR service, SDU discard will frequently occur due to congestion control/the handling of PDU set integration. To save the radio resource, the SDUs which has been transmitted over the air interface also need to be discarded. Under this case, the unnecessary re-ordering time caused by SDU discard at the transmitter cannot be ignored. Otherwise, an additional delay will be introduced for delivering packets to the upper layer at the receiver, which will significantly impact the UE experience. To avoid this issue, the transmitter should inform the receiver of the SDU discard to accelerate the update of receiving window.
	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.


For DL, if in-sequence delivery is configured to UE, the receiver at the UE side should obtain the DL PDU set 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 6: If in-sequence delivery is configured, the transmitter should inform the receiver of the DL PDU set 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 PDU set discard information.

Proposal 7: If UE is configured to report PDU set discard information, the UE will inform gNB UL PDU set discard information.

PDU set 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 8: Transmitter informs the receiver of discard information when there is PDU set discard.

3. Conclusion

In this contribution, we discuss PDU set discard from the RAN2 perspective. Based on the discussion, we have the following proposals:
Proposal 1: It is up to gNB to configure the value of discardTimer for each PDCP SDU of PDU set based on PSDB.  FFS values of discardTimer.
Proposal 2: PSI-based XR discard mechanism is configured via RRC signaling.

Proposal 3: In case congestion occurs, network would indicate the discard information to UE if PSI based discard mechanism is configured.

Proposal 4: In case congestion occurs, network indication includes one of the discard information: 
· if network indicates the PSI level(s) to be discarded due to congestion, the UE performs discarding based on PSI level(s) indicated from network. 

· Otherwise, network just indicates PSI-based discard due to congestion, the UE performs discarding based on PSI by implementation, e.g. discarding lowest PSI level. 
Proposal 5: Network indicates the PSI level(s) to be discarded or PSI-based discard due to congestion via MAC CE.
Proposal 6: If in-sequence delivery is configured, the transmitter should inform the receiver of the DL PDU set discard information.
Proposal 7: If UE is configured to report PDU set discard information, the UE will inform gNB UL PDU set discard information.
Proposal 8: Transmitter informs the receiver of discard information when there is PDU set discard.
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