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1. [bookmark: _Toc18413600][bookmark: _Toc18403966][bookmark: _Toc18404533]Introduction
During the XR study item it was agreed to introduce PDU Set and data burst end indication[1], and in the XR WID[3], the following objective has been included:  
· Discard operation of PDU Sets for DL and UL 
In the RAN2#121bis meeting, the following agreements have been made:
	· PDU set discard is modelled using the existing PDCP discard timer for the uplink. The timer is in network control.


In the RAN2#122 meeting, the following agreements has been made:
	· 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 the RAN2#123 meeting, the following agreements has been made:
	· 1: PDCP discard timer for PDU sets supports cases where PDUs of a PDU Set arrive at different instances of time.


In the RAN2#123bis meeting, the following agreements has been made:
	1.We will use a discard timer mechanism for the low importance PDU set.  We will allow a value of zero for the timer.    The running discard timers are not changed.   
2.It is up to UE implementation to determine which PSI levels will apply the discard mechanism 
3.the gNB signals an activation/deactivation indication (e.g. when congestion situation is detection) 
4.activation/deactivation is signaled using an ON/OFF mechanism on a per UE basis.  Introduce new MAC CE.  



In this contribution, we will further discuss PDU set discard operation and give our proposals.
2. Discussion
During the XR study item, it has been agreed that PDU Set Integrated Handling Indication (PSIHI) will be provided by the CN to RAN via control plane (NGAP). In Rel-18 either the PSIHI will indicate that all PDU Sets within a burst are needed or not (i.e. a binary indication). So, if the PSIHI indication is configured, then if one of the PDUs within the PDU Set exceed the delay budget or is known to be lost then all then the entire PDU Set should be discarded by the transmitting PDCP entity. 
Observation 1: When PSIHI indication is configured, if one of the PDUs within the PDU Set is lost/discarded, then, the entire PDU Set should be discarded.
Considering that other PDUs may have been transmitted to lower layers(e.g. RLC entity) when one of the PDUs within the PDU Set is lost/discarded, similar as PDCP duplication, PDCP entity should notify RLC layer to discard the PDUs within a PDU set, if necessary.
Proposal 1: PDCP entity can notify RLC layer to discard PDUs within a PDU set.
So that PDCP entity can decide which PDUs belong to the same PDU set for PDU set discarding, PDCP should know the PDU set information e.g. the PDU Set Sequence Number, PDU Set Size in bytes, PDU SN within a PDU Set and End PDU of the PDU Set. 
And it has also been agreed that for SDAP SDU handling: SDAP still maps every incoming SDU to a single PDU for a single PDCP entity. Based on the current specification and the agreement, PDCP cannot know the PDU set information in GTP-U header.  
Usually, there are the following two alternatives for PDCP entity to know the PDU set information in user plane (GTP-U header):
Alt 1: SDAP Data PDU format is enhanced to include the PDU set information in user plane (GTP-U header).
Alt 2: It is based on gNB implementation to deliver the PDU set information in user plane (GTP-U header) from SDAP to PDCP.
For the both alternatives, the impacts on gNB implementation are the same. However, we have already agreed that the PDU Set information is not transmitted in-band over the Uu. If Alt1 is agreed, then the PDCP layer would need to remove the in-band marking in the SDAP header. This is not clean and is not preferred. Hence Alt 1 would be not suitable anymore. So, we propose to agree Alt 2. 
Proposal 2: The PDCP layer can take into account the PDU Set related information to enable PDU Set based discard functionality and no new fields are added in SDAP or PDCP header to enable this.   
To reduce the PDU reordering delay, PDU set discarding should be notified to the receiving PDCP entity. 
Proposal 3: When the PDCP entity discards the PDUs belonging to a PDU Set, this should be indicated to the receiving PDCP entity.  
Another question is the whether the receiving PDCP entity passes the already received PDUs within the PDU Set to the upper layers or not. If PSIHI indication is configured, then it is clear that upper layers don’t need the remaining packets that are received. Thus, it is proposed that the receiving PDCP entity also discards any received PDUs belonging to a PDU Set which has been discarded at the transmitter entity. This is especially important in UL where if the PDUs are not discarded at the receiver, they are unnecessarily transmitted over the network interfaces and only discarded at the application server which is a waste of network resources. 
Proposal 4: When PSIHI indication is configured, if the PDCP transmitter entity discards the PDU Set, any PDUs belonging to the discarded PDU Set that are already received at the receiver should also be discarded at the receiving PDCP entity.
Since it has been agreed that PDU Set information is not transmitted in-band over the Uu, the receiving PDCP entity cannot know the PDU set information. The discarded PDUs can be notified to the receiving PDCP entity by one of the following alternatives:
· Using the PDCP control PDU to notify the discarded PDUs.
· Using empty PDCP PDU (with header only) to notify the discarded PDUs.
Considering that multiple PDUs may be included in one PDU set, if using empty PDCP PDU to notify the discarded PDUs in one PDU set, multiple empty PDCP PDUs(e.g. PDCP PDU headers) need to be sent, while using the PDCP control PDU to notify the discarded PDUs, one PDCP control PDU can be used to notify all the discarded PDUs in one PDU set. Using the PDCP control PDU to notify the discarded PDUs is more efficient.
Proposal 5: The PDCP Control PDU format for PDCP status report is used as the baseline for indicating discarded PDUs. 
Usually, the PDU sequence number are continuous in one PDU set, some optimization for the PDCP Control PDU format for PDCP status report may be feasible for indicating discarded PDUs, e.g. FMC and number of PDUs discarded are included in the PDCP Control PDU format for PDCP status report, which can reduce the size of PDCP Control PDU format for PDCP status report. 
Proposal 6 RAN2 discuss whether PDCP Control PDU format for PDCP status report should be optimized to indicate the discarded PDUs in one PDU set.  
For the RLC AM mode , when RLC PDU is discarded, the receiving RLC entity may send NACK_SN and wait for the discarded PDU(s) for RLC SDU reassembly. For the RLC UM mode, when RLC PDU is discarded, the receiving RLC entity may also wait for the discarded PDU(s) for RLC SDU reassembly. For both RLC AM mode and RLC UM mode , the discarding of RLC PDU may cause stuck issue.To avoid this issue, when RLC PDU(s) are discarded, it should be notified to the receiving RLC entity. Since NACK_SN feedback is not involved in RLC UM mode, the notification frequency for RLC UM mode can be smaller than that for RLC AM mode.  Considering that XR service are usually video streaming, it is usually transmitted by RLC UM mode, RAN2 can only consider RLC UM mode in the XR topic in Rel-18 for less notification info. 
Proposal 7: RAN2 considers the RLC UM mode enhancement, e.g. when RLC UM mode PDUs are discarded, it is notified to the receiving RLC entity.
For the transmission of PDCP control PDU in RLC queue: If the PDCP control PDU is generated in PDCP and be delivered to RLC once the PDCP determine to discard some PDCP PDU, the PDCP control PDU will usually be put on the tail of the RLC buffer (e.g. there may be some PDCP PDU pending for transmission which will not be discarded in RLC buffer). Thus, the PDCP control PDU cannot be transmitted to the receiving PDCP entity in a timely fashion, and the discarded PDCP PDU may cause reordering delay. Some optimization may also be necessary to improve the transmission priority of the PDCP control PDU. 
Proposal 8: When PDCP control PDU are used for indicating discarded PDUs, some RLC optimization is necessary to improve the transmission priority of the PDCP control PDU.  
3. Conclusion
[bookmark: _Toc18403976][bookmark: _Toc18404543][bookmark: _Toc18413612]Observation 1: When PSIHI indication is configured, if one of the PDUs within the PDU Set is lost/discarded, then, the entire PDU Set should be discarded.
Proposal 1: PDCP entity can notify RLC layer to discard PDUs within a PDU set.
Proposal 2: The PDCP layer can take into account the PDU Set related information to enable PDU Set based discard functionality and no new fields are added in SDAP or PDCP header to enable this.
Proposal 3: When the PDCP entity discards the PDUs belonging to a PDU Set, this should be indicated to the receiving PDCP entity.
Proposal 4: When PSIHI indication is configured, if the PDCP transmitter entity discards the PDU Set, any PDUs belonging to the discarded PDU Set that are already received at the receiver should also be discarded at the receiving PDCP entity.
Proposal 5: The PDCP Control PDU format for PDCP status report is used as the baseline for indicating discarded PDUs.
Proposal 6 RAN2 discuss whether PDCP Control PDU format for PDCP status report should be optimized to indicate the discarded PDUs in one PDU set.
Proposal 7: RAN2 considers the RLC UM mode enhancement, e.g. when RLC UM mode PDUs are discarded, it is notified to the receiving RLC entity.
Proposal 8: When PDCP control PDU are used for indicating discarded PDUs, some RLC optimization is necessary to improve the transmission priority of the PDCP control PDU. 
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