3GPP TSG-RAN WG2 Meeting #124	R2-2313438
Chicago, USA, Nov. 13th – 17th, 2023		

Agenda item:		7.5.4.2	
Source:		Futurewei
Title:		Introduction of signaling for notifying SDU discard
Document for:		Discussion and Decision
[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
PDU set discard and PSI based SDU discard have been specified in the running PDCP CR for XR WI [1].
In this contribution, we discuss implications on PDCP receive operation due to these discard operations and propose a new PDCP control PDU for notifying the SDU discard as a solution.
Discussions 
Implications on PDCP receive operation due to PDU Set discard and PSI based SDU discard
When PDU Set discard or PSI based SDU discard occurs, a gap of COUNT value(s) may be created at the receiving PDCP entity due to the missing COUNT value(s) associated with the discarded SDU(s). Although the PDCP spec has stated that “It is up to UE implementation how to minimize SN gap after SDU discard”, the COUNT gap may be practically unavoidable for XR. For example, performing the PDCP pre-processing may be critical for the XR UE to meet the stringent delay budget of XR traffics. If the PDCP pre-processing on the next SDU to be transmitted has already been done, it may be undesirable for the XR UE to spend extra battery power to re-do the PDCP processing to reuse the COUNT value associated with the discarded SDU. Besides, performing the PDCP processing again takes time, hence increasing the risk that the next SDU misses its delivery deadline. For these reasons, a UE implementation may choose not to re-perform the PDCP processing once the PDCP pre-processing is done on an SDU of an XR DRB and hence not to reuse the COUNT values associated with the discarded SDUs.  
Observation 1: A COUNT gap may be created at the receiving PDCP entity due to PDU Set discard or PSI based SDU discard.
The COUNT gap created at the receiving PDCP entity due to the discarding may trigger the receiving PDCP entity to perform unnecessary reordering if out-of-order delivery is not configured. The reordering could unnecessarily delay the delivery of subsequently received PDCP SDU(s) to the upper layer. For example, the SA2-approved 23.501 CR [2] specifies the following:
PSA UPF identifies PDUs that belong to PDU Sets. If the UPF receives a PDU that does not belong to a PDU Set based on Protocol Description for PDU Set identification, then the UPF still maps it to a PDU Set and determines the PDU Set Information as described in clause 5.37.5.2.
NOTE:	If the PSA UPF receives a PDU that does not belong to a PDU Set, then it is assumed that the UPF determines the PDU Set Importance value based on pre-configuration.
A PDU that does not belong to a PDU Set is also referred to as the lonely PDU in SA2. A lonely PDU typically carries an in-band control message of a higher layer protocol, e.g., a RTCP packet. Although the PSI value assignment is left to the UE implementation, given the nature of the payload (i.e., being control signaling) carried by the lonely PDUs, it is likely that a PSI value associated with a high level of importance is assigned to them in practice so that they will likely be retained for transmission even under network congestion (e.g., when a RTCP packet is sent to facilitate source rate adaption to alleviate the network congestion), and in many cases, a timely delivery of them is also critical. However, there is a great uncertainty on when a lonely PDU may arrive at the transmitting PDCP entity. If a lonely PDU arrives at the PDCP entity after a PDU Set carrying a media data unit but the PDU Set is discarded by the transmitting PDCP entity without the ability of reusing the COUNT values, e.g., due to the reasons described before, then when the receiving PDCP entity correctly receives the lonely PDU, it may hold off the delivery of the lonely PDU to the upper layer due to a reordering procedure being triggered by the COUNT gap created by the discarded PDU Set, until the reordering timer expires, hence unnecessarily delayed the delivery of the lonely PDU, which may carry a time-critical control signaling message of a higher layer protocol, to the upper layer.      
Observation 2: The COUNT gap created at the receiving PDCP entity due to the discarding may trigger the receiving PDCP entity to perform unnecessary reordering if out-of-order delivery is not configured. The reordering could unnecessarily delay the delivery of subsequently received PDCP SDU(s) to the upper layer.
Proposed solutions
To address this issue, the transmitting PDCP entity may inform the receiving PDCP entity about the COUNT value(s) discarded and therefore not to be waited for, e.g., by sending a PDCP control PDU to indicate the range of COUNT values discarded. A COUNT value not to be waited for will not trigger a reordering procedure. Then, the issue is solved.
The new PDCP control PDU may have a format similar to the format of the PDCP Status Report control PDU, except that the new control PDU is sent from the transmitting PDCP entity to the receiving PDCP entity, the First Missing Count (FMC) field is replaced with a First Discarded COUNT (FDC) field and a bitmap field may be optionally included to indicate additionally discarded COUNT values, as shown in Figure 1 below.
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Figure 1                                                                                           Figure 2
Alternatively, the new PDCP control PDU may simply indicate the last discarded COUNT (LDC) value and the receiving PDCP entity considers any COUNT values prior to the LDC value and having not been received yet upon receiving the PDCP control PDU as having been discarded by the transmitting PDCP entity, and therefore, no longer to be waited for. One advantage of indicating the LDC value is that the new PDCP control PDU only indicates the LDC value without the bitmap, as shown in Figure 2 above. 
Proposal 1. Introduce a new PDCP control PDU, which is sent by the transmitting PDCP entity to inform the receiving PDCP entity about the COUNT value(s) discarded and hence not to be waited for. A COUNT value not to be waited for will not trigger a reordering procedure.
Proposal 2. Consider adopting one of the two PDU formats described in Figures 1 and 2 for the new PDCP control PDU.
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Observation 2: The COUNT gap created at the receiving PDCP entity due to the discarding may trigger the receiving PDCP entity to perform unnecessary reordering if out-of-order delivery is not configured. The reordering could unnecessarily delay the delivery of subsequently received PDCP SDU(s) to the upper layer.
Based on the above observations, we propose the following:
Proposal 1. Introduce a new PDCP control PDU, which is sent by the transmitting PDCP entity to inform the receiving PDCP entity about the COUNT value(s) discarded and hence not to be waited for. A COUNT value not to be waited for will not trigger a reordering procedure.
Proposal 2. Consider adopting one of the two PDU formats described in Figures 1 and 2 for the new PDCP control PDU.
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