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Introduction
In Rel-18 XR, we have defined the feature of PDU Set discarding. Essentially, this is used for the cases where the Applications can only make use of a PDU Set when all packets of this PDU Set are received. Therefore, a UE can be configured to discard all uplink packets belonging to a PDU Set, when at least one packet of this PDU Set is discarded, because this may be pointless to deliver any of the remaining packets in the PDU Set. 
As the packets may arrive in the AS at different times (due to e.g. jitter), it is possible that a packet may arrive after the UE has decided to discard the entire PDU Set. This paper aims to clarifies some ambiguity about the handling of such situations that we have observed in TS 38.323.
Discussions
According to the clause 5.3 of TS 38.323 V18.1.0 [1], a PDCP SDU should be discarded by the transmitting PDCP entity, if its discard timer expires, or if it belongs to a PDU Set that is to be discarded.
	[bookmark: _Toc37126954][bookmark: _Toc46492067][bookmark: _Toc46492175][bookmark: _Toc162949121]5.3	SDU discard
When 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.
When the discardTimer or discardTimerForLowImportance expires for a PDCP SDU, the transmitting PDCP entity shall:
-	if pdu-SetDiscard is configured:
-	discard all PDCP SDUs belonging to the PDU Set to which the PDCP SDU belongs along with the corresponding PDCP Data PDUs;
NOTE 1:	PDCP SDUs subsequently received from upper layers are also discarded if they belong to the PDU Set.
-	else:
-	discard the PDCP SDU along with the corresponding PDCP Data PDU.



Based on the NOTE 1 highlighted above, there could be situations where some PDCP SDUs belonging to a PDU Set that only arrive in the buffer after the transmitting PDCP entity decides to discard the PDU Set. In such cases, the transmitting PDCP entity should directly discard the PDCP SDU received from upper layers for this PDU Set, without any further processing for this PDCP SDU. The considered scenario is depicted below:
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Figure 1 Illustration of a scenario where a PDCP SDU belongs to a PDU Set arrives after the PDU Set is discarded.
Observation 1: When pdu-SetDiscard is enabled, the UE should directly discard a PDCP SDU received from the upper layers, if the PDCP SDU belongs to a PDU Set that is already discarded.

On the other hand, the clause 5.2.1 of [1] has also specified the transmit operation for a PDCP SDU that is newly received from the upper layers. In particular, for every PDCP SDU received from upper layers, the transmitting PDCP entity shall start the discardTimer (or discardTimerForLowImportance) for the received PDCP SDU, if this is configured.  
	[bookmark: _Toc12616335][bookmark: _Toc37126947][bookmark: _Toc46492060][bookmark: _Toc46492168][bookmark: _Toc162949114]5.2.1	Transmit operation
At reception of a PDCP SDU from upper layers, the transmitting PDCP entity shall:
-	if discardTimerForLowImportance is configured and PSI based SDU discard is activated, and the PDCP SDU belongs to a low importance PDU Set:
-	start the discardTimerForLowImportance associated with this PDCP SDU;
-	else:
-	start the discardTimer associated with this PDCP SDU (if configured).
NOTE 0:	Identification of PSI of a PDU Set and determination of low importance PDU Set are left up to UE implementation.



Logically speaking, the transmitting PDCP entity must receive a PDCP SDU first, before it can discard the received PDCP SDU. Thus, even if the transmitting PDCP entity intends to discard the PDCP SDU directly when this is received from the upper layers (based on Observation 1), the transmitting PDCP entity shall still perform the operations for this PDCP SDU according to the procedures specified in the clause 5.2.1, as soon as the PDCP SDU is received. Note that the formulation “shall” is used in the clause 5.2.1, so this is a mandatory UE behavior.
In addition to discard timer operations, the transmitting PDCP entity shall also take other actions such as associating the SN to state variables and performing integrity protections. All these operations are anyway unnecessary for a PDCP SDU that is to be discarded directly.
	For a PDCP SDU received from upper layers, the transmitting PDCP entity shall:
-	associate the COUNT value corresponding to TX_NEXT to this PDCP SDU;
NOTE 1:	Associating more than half of the PDCP SN space of contiguous PDCP SDUs with PDCP SNs, when e.g., the PDCP SDUs are discarded or transmitted without acknowledgement, may cause HFN desynchronization problem. How to prevent HFN desynchronization problem is left up to UE implementation.
-	perform header compression of the PDCP SDU using ROHC as specified in the clause 5.7.4 and/or using EHC as specified in the clause 5.12.4;
-	perform uplink data compression of the PDCP SDU as specified in clause 5.14.4;
-	perform integrity protection, and ciphering using the TX_NEXT as specified in the clause 5.9 and 5.8, respectively;
-	set the PDCP SN of the PDCP Data PDU to TX_NEXT modulo 2[pdcp-SN-SizeUL];
-	increment TX_NEXT by one;
-	submit the resulting PDCP Data PDU to lower layer as specified below.



Observation 2: According to the clause 5.2.1 of TS 38.323, it is mandatory for the UE to perform transmit operations (e.g. starting the discard timer, performing integrity protection, and update state variables etc) for every PDCP SDU received from the upper layers. The specification does not exempt the received PDCP SDUs that are supposed to be discarded directly due to configuration of pdu-SetDiscard.

We do not think this is a desirable behavior that RAN2 intends to specify, so some corrections are needed to clarify that, the transmit operations are only applicable to the received PDCP SDUs that are not to be discarded directly. We have provided the corresponding text proposal in the Annex. 
Proposal 1: RAN2 confirms that, for the PDCP SDUs received from the upper layers that are to be discarded directly, the transmit operations specified in the clause 5.2.1 of TS 38.323 are not applicable. 
Proposal 2: Adopt the text proposal in the Annex to clarify the behavior described in Proposal 1.

Conclusions
In this paper, we have made the following observations:
Observation 1: When pdu-SetDiscard is enabled, the UE should directly discard a PDCP SDU received from the upper layers, if the PDCP SDU belongs to a PDU Set that is already discarded.
Observation 2: According to the clause 5.2.1 of TS 38.323, it is mandatory for the UE to perform transmit operations (e.g. starting the discard timer, performing integrity protection, and update state variables etc) for every PDCP SDU received from the upper layers. The specification does not exempt the received PDCP SDUs that are supposed to be discarded directly due to configuration of pdu-SetDiscard.

Based on these observations, we propose the following:
Proposal 1: RAN2 confirms that, for the PDCP SDUs received from the upper layers that are to be discarded directly, the transmit operations specified in the clause 5.2.1 of TS 38.323 are not applicable. 
Proposal 2: Adopt the text proposal in the Annex to clarify the behavior described in Proposal 1.
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Annex: Text Proposal for TS 38.323
	Start of Text Proposal
5.2.1	Transmit operation
At reception of a PDCP SDU from upper layers that is not to be discarded directly, the transmitting PDCP entity shall:
-	if discardTimerForLowImportance is configured and PSI based SDU discard is activated, and the PDCP SDU belongs to a low importance PDU Set:
-	start the discardTimerForLowImportance associated with this PDCP SDU;
-	else:
-	start the discardTimer associated with this PDCP SDU (if configured).
NOTE 0:	Identification of PSI of a PDU Set and determination of low importance PDU Set are left up to UE implementation.
For a PDCP SDU received from upper layers that is not to be discarded directly, the transmitting PDCP entity shall:
-	associate the COUNT value corresponding to TX_NEXT to this PDCP SDU;
NOTE 1:	Associating more than half of the PDCP SN space of contiguous PDCP SDUs with PDCP SNs, when e.g., the PDCP SDUs are discarded or transmitted without acknowledgement, may cause HFN desynchronization problem. How to prevent HFN desynchronization problem is left up to UE implementation.
-	perform header compression of the PDCP SDU using ROHC as specified in the clause 5.7.4 and/or using EHC as specified in the clause 5.12.4;
-	perform uplink data compression of the PDCP SDU as specified in clause 5.14.4;
-	perform integrity protection, and ciphering using the TX_NEXT as specified in the clause 5.9 and 5.8, respectively;
-	set the PDCP SN of the PDCP Data PDU to TX_NEXT modulo 2[pdcp-SN-SizeUL];
-	increment TX_NEXT by one;
-	submit the resulting PDCP Data PDU to lower layer as specified below.
When submitting a PDCP PDU to lower layer, the transmitting PDCP entity shall:
-	if the transmitting PDCP entity is associated with one SRAP entity:
-	submit the PDCP PDU to the associated SRAP entity;
-	else, if the transmitting PDCP entity is associated with one RLC entity:
-	submit the PDCP PDU to the associated RLC entity;
-	else, if the transmitting PDCP entity is associated with one or more RLC entities and, either one SRAP entity or the N3C:
-	if PDCP duplication is activated for the RB:
-	if the PDCP PDU is a PDCP Data PDU:
-	duplicate the PDCP Data PDU and submit the PDCP Data PDU to both the MP primary path and MP secondary path, including any associated Uu RLC entities activated for PDCP duplication;
-	else:
-	submit the PDCP Control PDU to the MP primary path;
-	else (i.e., PDCP duplication is deactivated for the RB):
-	if the total amount of PDCP data volume, RLC data volume pending for initial transmission (as specified in TS 38.322 [5]) in the RLC entity, and data volume pending for either transmission in the N3C (if available) or mapped SL RLC entity associated with the SRAP entity, is equal to or larger than ul-DataSplitThreshold:
-	submit the PDCP PDU to either the MP primary path or MP secondary path;
-	else:
-	submit the PDCP PDU to the MP primary path;
-	else, if the transmitting PDCP entity is associated with at least two RLC entities:
-	if the PDCP duplication is activated for the RB:
-	if the PDCP PDU is a PDCP Data PDU:
-	duplicate the PDCP Data PDU and submit the PDCP Data PDU to the associated RLC entities activated for PDCP duplication;
-	else:
-	submit the PDCP Control PDU to the primary RLC entity;
-	else (i.e. the PDCP duplication is deactivated for the RB or the RB is a DAPS bearer):
-	if the split secondary RLC entity is configured; and
-	if the total amount of PDCP data volume and RLC data volume pending for initial transmission (as specified in TS 38.322 [5]) in the primary RLC entity and the split secondary RLC entity is equal to or larger than ul-DataSplitThreshold:
-	submit the PDCP PDU to either the primary RLC entity or the split secondary RLC entity;
-	else, if the transmitting PDCP entity is associated with the DAPS bearer:
-	if the uplink data switching has not been requested:
-	submit the PDCP PDU to the RLC entity associated with the source cell;
-	else:
-	if the PDCP PDU is a PDCP Data PDU:
-	submit the PDCP Data PDU to the RLC entity associated with the target cell;
-	else:
-	if the PDCP Control PDU is associated with source cell:
-	submit the PDCP Control PDU to the RLC entity associated with the source cell;
-	else:
-	submit the PDCP Control PDU to the RLC entity associated with the target cell;
-	else:
-	submit the PDCP PDU to the primary RLC entity.
NOTE 2:	If the transmitting PDCP entity is associated with two RLC entities, or with one or more RLC entities and either an SRAP entity or the N3C, the UE should minimize the amount of PDCP PDUs submitted to lower layers before receiving request from lower layers and minimize the PDCP SN gap between PDCP PDUs submitted to two associated RLC entities, or to the one or more RLC entities and either the SRAP entity or the N3C, to minimize PDCP reordering delay in the receiving PDCP entity.
	End of Text Proposal
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