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1	Introduction
This paper aims at clarifying how PDCP currently operates with respect to transmit and receive windows, retransmissions and handling of status reports in order to suggest how it should operate for MBS.
2	Current PDCP Operation
2.1	Transmit window
PDCP SDUs remain in the transmit window of PDCP until the discardTimer expires, unless a PDCP status reports confirms a successful delivery earlier. Indication of successful delivery by lower layers does not clear any SDU from the buffer and the PDCP status report only helps to clear SDUs faster. 
Observation 1: PDCP SDUs remain in the transmit window of PDCP until the discardTimer expires, unless a PDCP status reports confirms a successful delivery earlier.
The corresponding behaviour specified in 38.323 is quoted below for reference:
	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.
For SRBs, when upper layers request a PDCP SDU discard, the PDCP entity shall discard all stored PDCP SDUs and PDCP PDUs.
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.



2.3	Receive Window
In NR reordering of PDUs takes place at PDCP only and RLC limits itself to reorder possible segments. To prevent the receiver from stalling forever in case of gaps, a reordering timer (t-Reordering) was introduced. This means that any missing PDCP PDU will stall the re-ordering window.
NOTE:	this differs from LTE where when the UE receives a PDCP SDU, it delivers it to higher layer together with all PDCP SDUs with lower SNs regardless of possible gaps and in ascending order of the SNs.
Observation 2: unlike in LTE, any gap in in the receive SN sequence of PDCP PDUs will stall the reordering window until a reordering timer expires.
The corresponding behaviour specified in 38.323 is quoted below for reference:
	When t-Reordering expires, the receiving PDCP entity shall:
-	deliver to upper layers in ascending order of the associated COUNT value after performing header decompression, if not decompressed before:
-	all stored PDCP SDU(s) with associated COUNT value(s) < RX_REORD;
-	all stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from RX_REORD;
-	update RX_DELIV to the COUNT value of the first PDCP SDU which has not been delivered to upper layers, with COUNT value >= RX_REORD;
-	if RX_DELIV < RX_NEXT:
-	update RX_REORD to RX_NEXT;
-	start t-Reordering.



2.3	Retransmissions
Retransmissions of PDCP SDUs can be triggered for RLC AM bearers in three separate cases: re-establishment, data recovery and uplink data switching. In all three cases, the retransmission always starts from the first PDCP SDU for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by lower layers. Retransmissions are not triggered by a status report. This can obviously generate duplicates.
Observation 3: retransmission of PDCP SDUs are triggered by specific events and always start from the first SDU for which the successful delivery has not been confirmed by lower layers.
The corresponding behaviour specified in 38.323 is quoted below for reference:
-	Re-establishment
	When upper layers request a PDCP entity re-establishment, the UE shall additionally perform once the procedures described in this clause for Uu or PC5 interface. After performing the procedures in this clause, the UE shall follow the procedures in clause 5.2.
When upper layers request a PDCP entity re-establishment, the transmitting PDCP entity shall:
[…]
-	for suspended AM DRBs for Uu interface, from the first PDCP SDU for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by lower layers, for each PDCP SDU already associated with a PDCP SN:
-	consider the PDCP SDUs as received from upper layer;
-	perform transmission of the PDCP SDUs in ascending order of the COUNT value associated to the PDCP SDU prior to the PDCP re-establishment without restarting the discardTimer, as specified in clause 5.2.1;
-	for AM DRBs which were not suspended, from the first PDCP SDU for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by lower layers, perform retransmission or transmission of all the PDCP SDUs already associated with PDCP SNs in ascending order of the COUNT values associated to the PDCP SDU prior to the PDCP entity re-establishment as specified below:




-	PDCP Data Recovery
	For AM DRBs, when upper layers request a PDCP data recovery for a radio bearer, the transmitting PDCP entity shall:
-	perform retransmission of all the PDCP Data PDUs previously submitted to re-established or released AM RLC entities in ascending order of the associated COUNT values for which the successful delivery has not been confirmed by lower layers, following the data submission procedure in clause 5.2.1.
After performing the above procedures, the transmitting PDCP entity shall follow the procedures in clause 5.2.1.



-	Uplink data switching
	For DAPS bearers, when upper layers request uplink data switching, the transmitting PDCP entity shall:
-	for AM DRBs, from the first PDCP SDU for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by the RLC entity associated with the source cell, perform retransmission or transmission of all the PDCP SDUs already associated with PDCP SNs in ascending order of the COUNT values associated to the PDCP SDU prior to uplink data switching to the RLC entity associated with the target cell as specified below:
-	perform header compression of the PDCP SDU using ROHC as specified in the clause 5.7.4;
-	perform integrity protection and ciphering of the PDCP SDU using the COUNT value associated with this PDCP SDU as specified in the clause 5.9 and 5.8;
-	submit the resulting PDCP Data PDU to lower layer, as specified in clause 5.2.1.



2.4	Status Report
It is important to understand that status reports are optional and do not trigger retransmissions. Even when status reports are configured, retransmissions do actually take place before receiving them to minimise latency. Status reports are only used to reduce possible duplicates over the air interface. 
Observation 4: Status Reports are optional and only help to reduce the number of duplicates.
The corresponding behaviour specified in 38.323 is quoted below for reference:
	For AM DRBs configured by upper layers to send a PDCP status report in the uplink (statusReportRequired in TS 38.331 [3]), the receiving PDCP entity shall trigger a PDCP status report when:



3	PDCP Operation for MBS
Triggering retransmissions at PDCP for MBS reliability purposes should not alter PDCP operation as it would significantly increase overall complexity, latency during mobility events, as well as duplicating functionalities already present in RLC. We therefore suggest that possible retransmissions for MBS services are handled similarly as for any other services i.e. that MBS PDCP SDU retransmissions are not triggered by PDCP status reports and that PDCP status reports remain optional to reduce possible duplicates.
Proposal 1: PDCP SDU retransmissions for MBS are not triggered by PDCP status reports.
Proposal 2: PDCP status reports for MBS remain optional to reduce possible duplicates.
When it comes to the handling of possible losses, while we should aim at minimising them, MBS does increase the possibility of having them occur during mobility events. To avoid stalling the re-ordering window, the LTE behaviour should be followed i.e. deliver to upper layers:
-	all stored PDCP SDU(s) with an associated COUNT value less than the COUNT value associated with the received PDCP SDU;
-    all stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from the COUNT value associated with the received PDCP SDU.
This would be a one-shot-operation, and once completed, the window would then switch back to the current behaviour for NR.
Proposal 3: PDCP receive window should temporarily follow the LTE behaviour when ordered to do so by the gNB i.e. deliver to upper layers 1) all stored PDCP SDU(s) with an associated COUNT value less than the COUNT value associated with the received PDCP SDU; and 2) all stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from the COUNT value associated with the received PDCP SDU.

4	Conclusion
This contribution has observed the following:
Observation 1: PDCP SDUs remain in the transmit window of PDCP until the discardTimer expires, unless a PDCP status reports confirms a successful delivery earlier.
Observation 2: unlike in LTE, any gap in in the receive SN sequence of PDCP PDUs will stall the reordering window until a reordering timer expires.
Observation 3: retransmission of PDCP SDUs are triggered by specific events and always start from the first SDU for which the successful delivery has not been confirmed by lower layers.
Observation 4: Status Reports are optional and only help to reduce the number of duplicates.
And made three proposals:
Proposal 1: PDCP SDU retransmissions for MBS are not triggered by PDCP status reports.
Proposal 2: PDCP status reports for MBS remain optional and only help to reduce possible duplicates.
Proposal 3: PDCP receive window should temporarily follow the LTE behaviour when ordered to do so by the gNB i.e. deliver to upper layers 1) all stored PDCP SDU(s) with an associated COUNT value less than the COUNT value associated with the received PDCP SDU; and 2) all stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from the COUNT value associated with the received PDCP SDU.


