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As an outcome of the SI phase, RAN2 concluded the following in [1]:
For PDCP discard operation in uplink, the timer-based discard operation (when configured) should apply to all SDUs/PDUs belonging to the same PDU Set. Furthermore, for a PDU Set in a QoS flow for which the PSIHI is set, when one PDU of that PDU set is known to either be lost or associated to a discarded SDU (see clause 5.1.1), all remaining PDUs of that PDU Set could be discarded at the transmitter to free up radio resources.
In case of congestion, the PSI may be used for PDU set discarding (see clause 5.1.1) and in uplink, a PDU set discard mechanism taking the PSI into account will be introduced.
In this contribution, we discuss the implications of discarding PDUs based on PDU Set for XR.
Discussions 
The following UE behavior for discarding a PDCP SDU is specified in the PDCP spec [2]: 
[bookmark: _Toc37126954][bookmark: _Toc46492067][bookmark: _Toc46492175][bookmark: _Toc130939804]5.3	SDU discard
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.
…
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.
To minimize the SN gap, the UE needs to be able to reuse the COUNT value of the discarded PDCP SDU/PDU on the next PDCP SDU that will be transmitted. For example, it should be trivial for the UE to reassign the COUNT value of the discarded PDCP SDU/PDU to the next PDCP SDU in the buffer, if it is not discarded and has not been associated with a COUNT value yet. On the other hand, to reassign the COUNT value of the discarded PDCP SDU/PDU to the next PDCP SDU in the buffer when the next PDCP SDU has been assigned with another COUNT value, and with the COUNT value, has been pre-processed completely, would require the UE perform the computation related to the ciphering and integrity protection on the next PDCP SDU again with the reassigned COUNT value, which could be time-consuming and power-consuming for the UE. 
Observation 1. To minimize the SN gap, the UE needs to be able to reuse the COUNT value of the discarded PDCP SDU/PDU on the next PDCP SDU that will be transmitted.
Observation 2. It is non-trivial to reassign the COUNT value of the discarded PDCP SDU/PDU to the next PDCP SDU in the buffer when the next PDCP SDU has been assigned with another COUNT value, and with the COUNT value, has been pre-processed completely.
The situation gets only worse with the PDU Set based PDU discarding for XR. In Rel-17 XR SI, it has been assumed that the PDB/PSDB of AR UL video traffic is 30 msec and the traffic periodicity is 16.666 msec [4], which means that when the UE finally decides to discard a previous PDU Set due to running out of PSDB, the PDCP SDUs of the next PDU Set have already arrived at the PDCP entity for more than 10 msec, and to reduce processing delay, may have already completed all the PDCP related pre-processing using COUNT values that follow the COUNT values of the discarded PDU Set. The UE may not have the time, the computing resource, and/or the battery power to perform the computation related to the ciphering and integrity protection on the next PDU Set again or doing so may risk the next PDU Set to run out of its PSDB as well. Therefore, a UE implementation may be unable (if due to lack of time or computing resource) or unwilling (if due to power consumption) to reuse the COUNT values in this circumstance.
Observation 3. After discarding SDUs of a PDU Set, although whether to reuse the COUNT values of the discarded PDCP SDUs/PDUs is up to UE implementation, a UE implementation may be unable (e.g., due to lack of time or computing resource) or unwilling (e.g., due to power consumption) to reuse the COUNT values associated with the discarded PDU Set(s). 
This may create a situation where a large chunk of contiguous PDCP SNs are missing at the receiving PDCP entity when the receiving PDCP entity receives a PDCP PDU of the next PDU Set. If outOfOrderDelivery is not configured, meaning in-sequence delivery is required, the receiving PDCP entity will hold off the delivery of the subsequently received PDCP SDUs to its upper layer, for not knowing that the missing PDCP PDUs have been discarded by the transmitting PDCP entity, and hence incurring unnecessary delay in delivering those subsequently received PDCP SDUs to the upper layer.
Another potential issue is that when the discarding of PDU Set is caused by network congestion, it is possible that a large number of consecutive PDU Sets may be discarded in a non-stop interruption until the transmission is resumed. Based on the data rates of 10 Mbps (baseline) and 20 Mbps (optional) assumed for AR UL video traffic in [4] and a PDCP SDU size of 1500 Bytes, there are roughly 874 (for 10 Mbps) or 1748 (for 20 Mbps) PDCP SDUs per second, on average, being produced for the AR UL video flow. If 12-bit PDCP SN is used, half of the PDCP SN space is 2048. Discarding PDU Sets consecutively for 2.3 or 1.2 seconds could create a PDCP SN gap that is greater than half of the PDCP SN space at the receiving PDCP entity, which could result in HFN desynchronization. Although 18-bit PDCP SN can be used in this case, it just extends the non-stop interruption time from 2.3 or 1.2 seconds to 150 or 75 seconds before the HFN desynchronization may occur. Although some users may have already given up the XR service by that time, it is uncertain whether that will be the case for every user or for every XR service.
Therefore, the potential issues of PDCP reordering and HFN desynchronization due to PDU discarding should be carefully considered when RAN2 specify the discarding operation for XR.
Proposal 1. RAN2 consider the potential issues of PDCP reordering and HFN desynchronization due to PDU discarding when specifying the discarding operation for XR.
[bookmark: _Ref129681832]Conclusions
Observation 1. To minimize the SN gap, the UE needs to be able to reuse the COUNT value of the discarded PDCP SDU/PDU on the next PDCP SDU that will be transmitted.
Observation 2. It is non-trivial to reassign the COUNT value of the discarded PDCP SDU/PDU to the next PDCP SDU in the buffer when the next PDCP SDU has been assigned with another COUNT value, and with the COUNT value, has been pre-processed completely.
Observation 3. After discarding SDUs of a PDU Set, although whether to reuse the COUNT values of the discarded PDCP SDUs/PDUs is up to UE implementation, a UE implementation may be unable (e.g., due to lack of time or computing resource) or unwilling (e.g., due to power consumption) to reuse the COUNT values associated with the discarded PDU Set(s). 
Based on these observations, the following is proposed:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1. RAN2 consider the potential issues of PDCP reordering and HFN desynchronization due to PDU discarding when specifying the discarding operation for XR.
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