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In RAN2 #122, it was agreed that [1]: 
	· 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 RAN2 #121bis-e, it was agreed that [2]: 
	· PDU set discard is modelled using the existing PDCP discard timer for the uplink and the option with one timer per PDU-set should be excluded.



In RAN2 #121, it was agreed that [3]: 
	· 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 #120, it was agreed that [4]:
	· RAN2 to support timer-based discarding of UL transmit side of PDCP PDU/SDUs of a PDU set. FFS how this is modelled in PDCP specification, can be discussed in WI phase.



In this paper, we discuss SN gap issue related to discarding as well as some potential enhancements for PSI-based discard mechanism.

Discussion
SN gap issue
Liaison statement [9], SA4 indicates that in-order delivery of PDUs is preferred.
	In-sequence delivery is preferred but not at the expense of introducing delay in delivery of packets to the RTP layer (i.e. latency that might be caused by the lower layers at the receiver side having to buffer and re-order packets before delivery to the RTP layer). Some codecs can take advantage of packets being delivered as soon as they are received at the lower layers (even if out-of-order). The SRTP/RTP receiver can perform re-ordering if needed.


As indicated in the previous statement special care must be taken to avoid excessive delay being introduced for packet reordering.
For XR, two functions will be handled by PDCP, the PDU Set discarding as per RAN2 agreement ([6]) and the re-ordering of PDUs.
According to R17 PDCP specifications [10], PDU discard shall be indicated to lower layer.
	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.


At lower layer discarding PDUs with allocated sequence numbers create gaps in PDCP sequence numbers at the receiving entity. This issue has been recognized and left for implementation in previous releases as stated in a note [10]:
	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


By combining both the PDU Set discarding and the PDU reordering at PDCP layer, the following unwanted behaviour may happen:
Assuming the PDCP transmitting entity is sending PDCP PDUs belonging to a PDU Set, if at some point the PDCP transmitter detects that a PDU Set discarding condition is met concerning the PDU Set it is currently sending, then it shall discard the PDUs belonging to that PDU Set. The PDU Set discarding conditions includes PSIHI and delay budget or PDU loss. And at some other point, the PDCP transmitting entity starts sending PDCP PDUs belonging to a second PDU Set. At the receiving entity, the delivery to upper layers of the PDCP PDUs belonging to the second PDU Set may experience an additional delay of, at most, the value of the re-ordering counter (from 1 millisecond up-to 3 seconds) whilst waiting for PDCP PDUs belonging to the first PDU Set that will never be received because they will have been discarded. The worst case happens when the re-ordering timer starts counting only upon reception of the first PDCP PDU of the second PDU Set. This means that the previously received PDCP PDU has a non-contiguous sequence number compared to the newly received PDCP PDU.
Taking a closer look to the impact of re-ordering delay, RRC specifications [11] defined t-ordering counter value as enumerated ms values from 0 to 3000. In RAN2 technical report [12], a target latency of 10 ms for video is proposed. Meaning t-ordering values of ms1, ms2, ms4, ms5 or ms8 represents already 10% to 80 % of the total delay budget.
This additional delay clearly contradicts SA4 statement [9] mentioned earlier that in-sequence delivery by RAN (UE or gNB) is preferred unless additional delay is introduced. Indeed, one millisecond to 3 seconds additional delay is not acceptable considering end-to-end latency requirement in the order of 10 milliseconds ([12]).
Leaving such uncertainty managed only by implementation choice makes it difficult to assess the fulfilment of an important requirement for XR.
Proposal 1a: RAN2 to study how to solve the issue of SN gap caused by PDCP discarding
By having knowledge of the PDU Set delimitations, the PDCP receiver would have been able to implement per PDU Set in-sequence delivery procedure preventing the discarding of one PDU Set influencing the delivery time of a second PDU Set. But in-band signalling of PDU Set delimitation information represents too much added overhead, and there is a high risk to defeat the purpose of bandwidth saving by PDU Set discarding.
Proposal 1b: RAN2 to study a method to minimize the additional delay due to in-sequence delivery of PDCP PDUs in the event of PDU Set Discarding while minimizing the induced overhead.
[bookmark: _Hlk134520811]When discarding PDUs with already assigned SN, the PDCP transmitting entity shall signal the discard operation to the remote PDCP receiving entity.
The real issue arises when a second PDU Set is being sent, so it is not mandatory to send a signalling immediately when a PDCP discard occurs.
Proposal 1c: When discarding PDUs with already assigned SN, the PDCP transmitting entity shall signal the discard operation to the remote PDCP receiving entity when a second PDU Set is sent.
Different PDU Sets can be multiplexed in the same DRB. At PDCP receiving entity there may be several SN gaps, some related to an explicit discard operation performed by the remote PDCP transmitting entity and some related to transmission errors. The discard signalling sent by the remote PDCP transmitting entity shall allow the PDCP receiving entity to discern clearly between the existing gaps.
Proposal 1d: The PDCP discard signalling to include information about PDUs belonging to different PDU Sets.
PSI discard mechanism
In RAN2#123Bis [13] it was agreed that:
Agreements
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 RAN2 #123bis, it was agreed that PSI discard indication for UL is configured using MAC CE. However, the configuration is per PDCP entity. In other words, along with the PSI, a UE may also consider the PSIHI associated to a PDU Set to determine whether this PDU Set should be discarded or not.
Proposal 2: When performing PSI-based XR discarding, the UE may also rely on the PSIHI indication which has been configured for a PDU Set.


Conclusion
In this contribution, we discussed some potential enhancements for PSI-based discard mechanism. 
The following proposals have been made:
Proposal 1a: RAN2 to study how to solve the issue of SN gap caused by PDCP discarding
Proposal 1b: RAN2 to study a method to minimize the additional delay due to in-sequence delivery of PDCP PDUs in the event of PDU Set Discarding while minimizing the induced overhead.
Proposal 1c: When discarding PDUs with already assigned SN, the PDCP transmitting entity shall signal the discard operation to the remote PDCP receiving entity when a second PDU Set is sent.
Proposal 1d: The PDCP discard signalling to include information about PDUs belonging to different PDU Sets.
Proposal 2: When performing PSI-based XR discarding, the UE may also rely on the PSIHI indication which has been configured for a PDU Set.
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