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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Although proposed by a decent number of companies [1]-[11] in previous meetings, the need for the PDCP entity transmitter to notify the receiving entity about the discarded SDUs has not yet been discussed due to lack of time. In this contribution we address this issue and discuss the notification of discarded SDUs (individually) as well as PDU Sets.
Discussion
1.1. [bookmark: _Ref145074258]SDU discard notification
[bookmark: _GoBack]Discarding a PDCP SDU already associated with a PDCP SN causes an SN gap in the transmitted PDCP Data PDUs. In legacy, the current mechanisms at the PDCP receiver rely on the reordering timer, while it is recommended in a NOTE in PDCP specification that “it is up to UE implementation how to minimize SN gap after SDU discard”. As raised in [1]-[11], for XR services, the assumptions are different in that, with the new PDU Set based discard mechanism, discard can be frequent and SN gaps can be large. It results that the legacy mechanism at the receiver will introduce large reordering delays, which is contradictory with latency critical nature of XR traffic.
Considering the above issues, a common view across [1]-[11] is that the transmitting PDCP entity informs the receiving PDCP entity about discarded SDUs. This functionality should be enabled/disabled by RRC and executed only when configured.
Proposal 1: When configured to do so, the transmitting PDCP entity informs the receiving PDCP entity about the discarded SDUs.
1.2. PDU Set discard notification
In RAN2#123, the issue of UL PSER maintenance was briefly discussed based on [12] where it was observed that gNB cannot determine PDU Sets boundaries in UL, hence cannot reliably measure the UL PSER. Hence [12] proposed that UL PSER is maintained in the UE and reported periodically to gNB e.g. via UAI. However, such measurements are generally maintained at the gNB leaving opportunities for different implementations (e.g. filters) and the proposals did not reach consensus.
Still, the issue remains valid that gNB is unable to monitor UL PSER, although it is a new key target QoS parameter set to RAN by CN for XR services. Indeed, the latest normative text from SA2 in TS23.501 on PSER was agreed in SA2#156-e and is captured in [13] as follows:
	[bookmark: _Toc131516523]5.7.7.3	PDU Set Error Rate
The PDU Set Error Rate (PSER) defines an upper bound for the rate of PDU Sets that have been processed by the sender of a link layer protocol (e.g. RLC in RAN of a 3GPP access) but that are not successfully delivered by the corresponding receiver to the upper layer (e.g. PDCP in RAN of a 3GPP access). Thus, the PSER defines an upper bound for a rate of non-congestion related PDU Set losses.The purpose of the PSER is to allow for appropriate link layer protocol configurations (e.g. RLC and HARQ in RAN of a 3GPP access).
NOTE 1:	In this Release, a PDU Set is considered as successfully delivered only when all PDUs of a PDU Set are delivered successfully. 
NOTE 2:	How RAN enforces PSER is up to RAN implementation.
A QoS Flow is associated with only one PDU Set Error Rate. PSER is an optional parameter. If the PSER is available, the usage of PSER supersedes the usage of PER. The value of the PDU Set Error Rate is the same in UL and DL.


From the above, it is clear that the PSER applies to both DL and UL QoS flows. Moreover, it was already agreed that PSER enforcement is fully left to gNB implementation, e.g. by adapting the DL and UL BLER accordingly (or any other action) based on the measured DL and UL PSER. Though, same as [3], we note that in DL, gNB has all information to measure/monitor the PSER and set/adapt the DL BLER accordingly. But in UL, RAN2 agreed no in-band marking in support of PDU Set identification over Uu. In other words, the gNB has no clue about PDU Sets it receives in UL, it only sees PDUs. Therefore, in the current state of the design, gNB cannot track the PSER in UL. On the contrary, UE has full knowledge of which PDUs belong to each UL PDU Set and can easily monitor the relative amount of transmitted PDU Sets vs those that are discarded by PDCP discard timer. A simple solution is that UE informs the gNB every time it discards a PDU Set, thus allowing gNB to maintain the count of discarded PDU Sets in UL. Similar to the information of discarded SDUs discussed in Section 2.1, this information can be transferred via PDCP PDU, with the difference that it is only useful in UL. In one option, both could be combined so that, for example, when indicating an SDU discard, an additional field could be provided indicating whether this SDU discard also triggers a new PDU Set discard. Alternately, if the PDCP indicates a range of discarded SDUs, the additional field could indicate how many new discarded PDU Sets this SDUs discard indication corresponds to. Similar to individual SDUs discard indication, this functionality should be enabled/disabled by RRC and executed only when configured.
Finally, as mentioned above by SA2, this PSER target only applies outside congestion, meaning UE should only report it when psi-BasedDiscard is not activated.  
Proposal 2: When configured to do so, and when psi-BasedDiscard is not activated, the transmitting PDCP entity in the UE informs the receiving PDCP entity about discarded PDU Sets.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: When configured to do so, the transmitting PDCP entity informs the receiving PDCP entity about the discarded SDUs.
[bookmark: _Ref69910645]Proposal 2: When configured to do so, and when psi-BasedDiscard is not activated, the transmitting PDCP entity in the UE informs the receiving PDCP entity about discarded PDU Sets.
Reference
[1]. [bookmark: _Ref142499119][bookmark: _Ref145061460][bookmark: _Ref131258404][bookmark: _Ref134025711][bookmark: _Ref134090067]R2-2307100, Discussion on PDU discard for XR, Google Inc.
[2]. R2-2307134, Discussion on discard indication for XR, TCL
[3]. [bookmark: _Ref145065907]R2-2307165, Discussion on packet discarding for XR, Canon Research Centre France
[4]. R2-2307196, Discussion on PDU set discarding for XR traffic, Huawei, HiSilicon
[5]. R2-2307288, Discussion on discard operation for XR, vivo
[6]. [bookmark: _Ref142501734]R2-2307350, Discard Operation for XR, CATT
[7]. R2-2307401, Discussions on PDU discard based on PDU Set Importance, Fujitsu
[8]. R2-2307763, Discussions on PSI-based discard operation for XR, Futurewei
[9]. R2-2307953, Remaining details on discarding operation for XR, Lenovo
[10]. R2-2308339, Details of PSI-based Discard, Nokia, Nokia Shanghai Bell
[11]. [bookmark: _Ref145061465]R2-2308668, Further aspects of PDU discard, MediaTek Inc.
[12]. [bookmark: _Ref146201726]R2-2307164, PSER measurement and feedback, Canon Research Centre France
[13]. [bookmark: _Ref134619344]TS23.501 System architecture for the 5G System (5GS); Stage 2 (Release 18); 3GPP



1
R2-2311946
