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Introduction
In the last 3GPP meeting RAN2 discussed a potential enhancement to PDCP in light of packet discarding operations for Rel-18 XR. 
	R2-2311946	PDCP discard notifications to receiving PDCP entity	CATT, CANON Research Centre France, Nokia, Nokia Shanghai Bell	discussion	Rel-18	NR_XR_enh-Core
Proposal 1: When configured to do so, the transmitting PDCP entity informs the receiving PDCP entity about the discarded SDUs.
-	Ericsson doesn’t think this is an issue, it is similar to legacy.  LG agrees and it is a big feature and as the last meeting it can’t be done.  CATT indicates that there is no TP as there is divergence.
-	Nokia explains that now we are creating gaps and because of reordering timer we are stalling and it can’t work without it.  Nokia thinks that we can also specify that the UE shall not create SN gaps.  
-	Apple agrees with Nokia and supports P1.  Intel also supports this.  
-	Futurewei explains that this is not like the legacy and in Rel-18 if we need to inform the other entity as the SN cannot be re-used for another PDU. Sony, Huawei, Spreadtrum, Vivo and Lenovo think that there is a problem and it is not very complicated.  
-	Xiaomi, Oppo, NEC thinks that this is an optimization 
-	NEC thikns that the gNB knows the problem.  
-	ZTE also thinks that this is a problem
=>	Noted
R2-2313923	Report of [AT124][019] PDCP discard (CATT)	CATT	discussion	Rel-18	NR_XR_enh-Core
=>	Noted


RAN2#125 is expected to continue discussing potential optimizations for discard operation including a PDCP discard notification from the transmitting to the receiving PDCP entity. This contribution presents some of our views on packet discarding in Rel-18 XR, including impacts to PDCP reordering delay.
Discussion
Compared to traditional PDCP operation where packet discarding is rather an abnormal event, PDCP operation for XR can infer packet discarding at a more regular rate. As packet discarding typically happens at the PDCP transmitter, enhancements at the receiver side are worth considering for XR. 
In the current operation of the PDCP protocol the discarding of a PDCP SDU already associated with a PDCP SN creates a SN gap in the sequential numbering of transmitted PDCP Data PDUs. Upon detection of the SN gap the receiving PDCP entity starts the reordering timer. The PDCP receiver, being unaware that the SN gap was caused by a discarding event, waits for the (anyway discarded) packets until finally the reordering timer expires. As a result, the delivery of the next SDUs to the application (following the SN gap) incurs extra delay. The presence of a SN gap increases the PDCP reordering delay in the receiving PDCP entity. This issue may be even more undesirable for XR use cases which require low delay and low processing overhead, and the use of system resources (including memory at the PDCP receiver) should be minimized. 
Observation 1: Being unaware of a discarding event associated with a SN gap, the PDCP receiver unnecessarily waits for the reordering timer to expire. As a result, the delivery of next SDUs to the application incurs extra delay.
If the receiving PDCP entity can be made aware of a packet discarding event at the PDCP transmitter it can gracefully handle the situation, for example, by excluding those SNs from the reordering process. Moreover, a SN gap can trigger certain actions in the receiver (e.g., the receiver may infer lost packets and/or call some optimization routine). Such behavior is not desired for PDUs intentionally discarded in XR. Therefore, it might be good to inform the receiver. 
To assist the reordering function at the PDCP receiver, a Discard Notification (or an indication of SN gap) can be introduced to inform the receiver about packets discarded at the transmitter, in order to minimize the PDCP reordering delay at the receiver. The range of discarded SNs could be identified based on a separate discard indication. 
Based on such awareness of XR packet discarding the PDCP receiver can consider the last SN before packet discard and the next SN after packet discard as in-sequence (i.e., without considering the SN gap). The PDCP receiver, using a Discard Notification or another discard signalling received, accounts for the PDUs discarded by the transmitter as part of receive operation, reordering and in-order delivery. As a result, the SN gap pertaining to the discarded PDUs does not trigger out-of-sequence operation. In other words, received PDUs are considered in-sequence in spite of the SN gap. This can avoid unnecessary processing and reduce the delay in the PDCP receiver.
Proposal 1: RAN2 should specify enhancements for minimization of reordering delay by making the receiver aware of packet discarding. 
In principle the Discard Notification can be signalled in a data or control PDU. In a scenario where PDUs in a PDU Set are consecutive and a discard condition triggers at a specific SN within a sequence of PDUs in the PDU Set, the remaining PDUs in the PDU set can be understood as slated for discard. If RAN2 decides to introduce a discard notification in Rel-18, preferably the solution should be generic enough to cover not only the typical case where most discarded SDUs are in-sequence but allow the transmitter to indicate the discarding of “scattered” packets that are not in-sequence as well. 
To notify the receiver of discarded SDUs in all cases, a straight-forward option is to provide a discard bitmap in a PDCP Control PDU. The discard bitmap may have a format similar to the existing PDCP status report but using a bitmap field for setting (or nor setting) a bit for every PDU that has been discarded. 
We therefore think a new PDCP Control PDU allows for flexibility and is simpler to introduce. The Control PDU may utilize a format similar to PDCP Status Report with e.g. first/last missing SN (i.e. COUNT) and a bitmap. 
Proposal 2: A Discard Notification in the form of a PDCP Control PDU can be used to inform the receiver of any packets that have been discarded at the transmitter. 
A Discard Bitmap could be used by the PDCP transmitter to inform the PDCP receiver of multiple discarded PDUs (including the case where the discarded PDUs are not always in-sequence). The Discard Bitmap can be a new field in the PDCP Status Report. Alternatively, a separate PDCP Status Report (or Control PDU) is used for discard reporting.
Proposal 3: The Control PDU may utilize a format similar to PDCP Status Report with first discarded SN (i.e. COUNT) and a bitmap. 
Following packet discarding at the transmitter and reception of a discard notification at the receiver, the receiving PDCP entity considers the last SN before packet discard and the next SN after packet discard as in-sequence (i.e. without considering the SN gap). Hence there is no need to start the reordering timer.  
Proposal 4: The PDCP receiver considers the last SN before packet discard and the next SN after packet discard as in-sequence (i.e., without considering the SN gap).

Conclusions
This contribution provides our views on PDCP operation for XR, as well as enhancements to packet discarding. We observe and propose the following:
Observation 1: Being unaware of a discarding event associated with a SN gap, the PDCP receiver unnecessarily waits for the reordering timer to expire. As a result, the delivery of next SDUs to the application incurs extra delay.
Proposal 1: RAN2 should specify enhancements for minimization of reordering delay by making the receiver aware of packet discarding. 
Proposal 2: A Discard Notification in the form of a PDCP Control PDU can be used to inform the receiver of any packets that have been discarded at the transmitter. 
Proposal 3: The Control PDU may utilize a format similar to PDCP Status Report with first discarded SN (i.e. COUNT) and a bitmap. 
Proposal 4: The PDCP receiver considers the last SN before packet discard and the next SN after packet discard as in-sequence (i.e., without considering the SN gap).
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