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[bookmark: _Ref488331639][bookmark: _Ref178064866]Introduction
This paper will discuss the discard operation for XR.

Discussion
In legacy, the PDCP discard is operated per PDCP SDU/PDU. In Rel-18, SA2 introduces a concept of PDU set for which RAN2 discussed the PDU set-based discard and achieves the following agreements.
· 1. For UE transmitter, the PDCP discard should be performed per PDU set basis. 
· 2. For UE transmitter, The PDCP discard is managed per SDU for PDU set, the PDCP entity discards all PDCP SDUs associated with the PDU set.
· 2: PDU set discard is modelled using the existing PDCP discard timer for the uplink. The timer is in network control.
· 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.

In summary, the UE performs the PDU set-based discard operation for a specific DRB if the gNB enables the UE to do so. In the detailed implementation, the UE discards all packets in a PDU set when one PDU belonging to this PDU set is discarded, e.g. based on the discard timer expiry.
Assume that the first SDU of a PDU set is the first one of that PDU set that arrives at the UE AS layer. One undecided issue is whether the PDCP discard timer is maintained for each SDU or the first SDU of a PDU set. We understand the former one is not necessary and redundant, since 1) If all SDUs of one PDU set arrive at the same time, the PDCP timers of all SDUs of a PDU set would expire at the same time. It has the same result of maintaining only one PDCP discard timer. 2) If all SDUs of one PDU set arrive sequentially, the UE discards all SDUs of a PDU set when the PDCP discard timer of the first SDU expires even if other discard timers are still running. It seems meaningless to maintain other discard timers. 
[bookmark: _Toc141361619][bookmark: _Toc141362003][bookmark: _Toc142647461]If PDU set discard is configured for a specific DRB and when the first SDU of one PDU set is received from the upper layer, the associated transmitting PDCP entity starts the discardTimer associated with this SDU.
Also, the transmitting PDCP entity discards all SDUs of one PDU set once the discardTimer associated with the first SDU of that PDU set expires.
[bookmark: _Toc141361620][bookmark: _Toc141362004][bookmark: _Toc142647462]If PDU set discard is configured for a specific DRB, the associated transmitting PDCP entity discards all PDCP SDUs of one PDU set once the discardTimer associated with the first SDU of that PDU set expires.

In the SI phase, RAN2 agrees to consider PSI in the PDU set discard mechanism. 
· 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.
In RAN2#122, further agreements are achieved on the PSI.
· 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
As we agree that the network will indicate to the UE whether to apply the PSI-based XR discard, we assume it is the network to detect the congestion not the UE itself. Note that RAN3 already mentions in R2-2300036 that the gNB is able to estimate congestion for both UL and DL, thus, it does not require extra work on the gNB detection. As usual, we understand this PSI-based discard would be enabled/disabled by the ON/OFF information. This “ON” operation works until the network orders UE to off the discard operation. 
The next issue is what the UE would do for the specific PSI. No matter how many PSI values the SA4 defined (e.g.16), what RAN2 concerns is to have separate operations for important and less important PDU sets, i.e. discard the less important PDU set ASAP as well as maintain the important PDU set as usual. Thus, a threshold should be introduced as one kind of specific parameter for PSI-based discard to classify PDU sets as important/less important. On how to have separate discarding for important/less important PDU sets, a specific discard timer (which can be set to zero or non-zero value) for less important PDU sets can be configured by the network for flexible congestion handling. Accordingly, the UE uses this separate discard timer for discarding the less important PDU sets based on the configured threshold. 

[bookmark: _Toc141362006][bookmark: _Toc141361622][bookmark: _Toc142647463]If PDU set discard is configured, the network can also indicate to the UE whether to enable/disable the PSI-based discard.
[bookmark: _Toc142647464]The network configures the UE with a threshold to classify PDU sets as important/less important as well as a separate discard timer (which can be set to zero or non-zero value) for less important PDU sets. 
[bookmark: _Toc141361623][bookmark: _Toc141362007][bookmark: _Toc142647465]If the network indicates the UE to apply the PSI-based discard, the UE applies the PSI-based discard until the network orders UE to alter the discard operation.
[bookmark: _Toc141361624][bookmark: _Toc141362008][bookmark: _Toc142647466]If the network indicates the UE to apply the PSI-based discard, the UE uses a separate discard timer for discarding the less important PDU sets derived by the configured threshold.

[bookmark: _Toc134698546][bookmark: _Toc134134397][bookmark: _Toc134698548]One additional issue is whether to modify the existing RLC SDU discard rule. The details of the existing rules are shown below. 
In TS 38.323
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In TS 38.322
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As specified, the RLC layer discards the RLC SDU only if neither the RLC SDU nor a segment has been submitted to the lower layer. Some companies argue the existing discard does not suit the XR service since the current mechanism does not benefit as we expected on efficient resource usage. They accordingly propose to enhance the RLC layer, i.e. extend the discard operation to the packets that have been delivered to the lower layer. We understand their point but worry about the issue foreseen, i.e. the problem of serious SN gap and window stalling. To resolve the issue mentioned, RAN2 has to consider a mechanism to notify the receiving entity which PDUs are discarded as well as when the transmitting entity would send the notification. It definitely implies a non-negligible spec impact to both the transmitter and receiver side. With this in mind, we sympathize with the existing RLC discard mechanism.
[bookmark: _Toc134134402][bookmark: _Toc134698553][bookmark: _Toc141361626][bookmark: _Toc141362010][bookmark: _Toc142647467]For the PDU set discard, keep the existing RLC SDU discard rule, i.e. the RLC SDU to be discarded should be the one that has not been yet submitted to the lower layer.
[bookmark: _Toc110370069][bookmark: _Toc110370079][bookmark: _Toc110370107][bookmark: _Toc110370080][bookmark: _Toc110370108][bookmark: _Toc110370081][bookmark: _Toc110370109][bookmark: _Toc110370082][bookmark: _Toc110370110][bookmark: _Toc110370083][bookmark: _Toc110370111][bookmark: _Toc110370084][bookmark: _Toc110370112][bookmark: _Toc110370085][bookmark: _Toc110370113][bookmark: _Toc110370086][bookmark: _Toc110370114][bookmark: _Toc110370087][bookmark: _Toc110370115][bookmark: _Toc110370088][bookmark: _Toc110370116][bookmark: _Toc110370089][bookmark: _Toc110370117][bookmark: _Toc110370090][bookmark: _Toc110370118][bookmark: _Toc110370096][bookmark: _Toc110370120][bookmark: _Toc47558120][bookmark: _Toc47562683][bookmark: _Toc47600085]
[bookmark: _Toc109213964]Conclusion
We have the following proposals:
Proposal 1	If PDU set discard is configured for a specific DRB and when the first SDU of one PDU set is received from the upper layer, the associated transmitting PDCP entity starts the discardTimer associated with this SDU.
Proposal 2	If PDU set discard is configured for a specific DRB, the associated transmitting PDCP entity discards all PDCP SDUs of one PDU set once the discardTimer associated with the first SDU of that PDU set expires.
Proposal 3	If PDU set discard is configured, the network can also indicate to the UE whether to enable/disable the PSI-based discard.
Proposal 4	The network configures the UE with a threshold to classify PDU sets as important/less important as well as a separate discard timer (which can be set to zero or non-zero value) for less important PDU sets.
Proposal 5	If the network indicates the UE to apply the PSI-based discard, the UE applies the PSI-based discard until the network orders UE to alter the discard operation.
Proposal 6	If the network indicates the UE to apply the PSI-based discard, the UE uses a separate discard timer for discarding the less important PDU sets derived by the configured threshold.
Proposal 7	For the PDU set discard, keep the existing RLC SDU discard rule, i.e. the RLC SDU to be discarded should be the one that has not been yet submitted to the lower layer.
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‘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. «
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When indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting side of an AMRLC
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 transmilting side of an AMRLC entity shall not iniroduce 21RLC
SN gap when discarding an RLC SDU.<




