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Introduction
[bookmark: _Ref178064866]Following discussion of [1], RAN2#96 reached the following agreement.
Agreements
1	In Scenario 3A, the PDCP layer for SCG Bearers is NR-PDCP.
2	In scenario 3A, there is a 1:1 mapping between S1 bearer and DRB for SCG bearers.
3	For tight interworking, support is needed for reconfiguration between SCG bearer and MCG bearer, for reconfiguration of SCG bearer between two secondary nodes, for reconfiguration between MCG bearer and MCG split bearer (this doesn’t exclude other reconfiguration cases being discussed)
4	RAN2 will study PDCP procedures for changing the PDCP-SN length that are lossless and maintain ordered delivery of higher-layer data.  To be studied for reconfigurations between LTE and NR and reconfigurations within NR

In this contribution, we discuss the PDCP SN length change at handover between LTE and NR and within NR.
[bookmark: _GoBack]
[bookmark: _Toc462951621][bookmark: _Toc462951630][bookmark: _Toc465023135][bookmark: _Toc465023136][bookmark: _Toc465346829]Discussion
In LTE, multiple lengths of PDCP SN are defined in PDCP.
	
[bookmark: _Toc469053367]6.3.2	PDCP SN
Length: 5, 7, 12, 15, 16, or 18 bits as indicated in table 6.3.2.1 except for NB-IoT which uses 7 bit PDCP SN for DRB.
Table 6.3.2.1: PDCP SN length
	Length
	Description

	5
	SRBs

	7
	DRBs, if configured by upper layers (pdcp-SN-Size [3])

	12
	DRBs, if configured by upper layers (pdcp-SN-Size [3])

	15
	DRBs, if configured by upper layers (pdcp-SN-Size [3])

	16
	SLRBs

	18
	DRBs, if configured by upper layers (pdcp-SN-Size [3])






Though multiple lengths are defined for different DRBs, the change of PDCP SN length at handover is not considered in LTE. This is because the PDCP SN length is related to type of DRB, and the type of DRB is related to the QoS of the DRB. As the QoS of the DRB would not be changed at handover, there is no reason to consider PDCP SN length change at handover.
In NR, it is expected that multiple PDCP SN lengths would be still used in PDCP. The NR PDCP SN length may or may not be same as LTE PDCP SN length. The length of NR PDCP SN has to be decided first [1].
If it is decided that NR PDCP SN length is different from LTE PDCP SN length, especially for AM DRB, how to ensure lossless and in-order delivery at inter-RAT handover between LTE and NR needs to be discussed.
In the below, we assume that the NR PDCP SN length is larger than the LTE PDCP SN length, which seems likely considering high data rate supported by NR.

PDCP SN length change at handover from LTE to NR
In this case, the PDCP SN length is changed from a smaller value to a larger value. As the PDCP SN space is increased, there is no ambiguity for the NR PDCP receiver to identify PDCP PDUs received after handover. No problem is foreseen in this case.
No problem is foreseen at handover from LTE to NR.
Proposal1: No special mechanism is needed for PDCP SN length change at handover from LTE to NR.

PDCP SN change at handover from NR to LTE
In this case, the PDCP SN length is changed from a larger value to a smaller value. As the PDCP SN space is reduced, the LTE PDCP receiver may not differentiate PDCP SDUs with different HFN values above same PDCP SN value. If the LTE PDCP receiver incorrectly identifies the SN of a PDCP SDU, the HFN de-synchronization problem would occur. 
HFN de-synchronization problem may occur at handover from NR to LTE.
To avoid this problem, a mechanism needs to be considered. 
A simple mechanism might be that the DRB is not re-established but released and added again. But this mechanism may cause large packet loss due to DRB release.
To minimize the packet loss at handover, the DRB needs to be re-established, and the packets not successfully transmitted before handover should be retransmitted after handover. In this case, the important thing is that the receiver should unambiguously identify the SN of the PDCP SDUs from the first missing PDCP SDU. Therefore, at least the COUNT value of the first missing PDCP SDU should be provided to the LTE PDCP. Based on the COUNT value of the first missing PDCP SDU (FMC), the PDCP receiver can correctly identify the SN of the received PDCP SDUs after handover. But, still the PDCP transmitter should be careful that the SN of the in-flight PDCP SDUs is not higher than FMC + Maximum_PDCP_SN / 2.
Proposal2: To avoid HFN de-synchronization problem at handover from NR to LTE, the NR PDCP provides the COUNT value of the first missing PDCP SDU to the LTE PDCP.

PDCP SN length change at handover within NR
Most of all, it is of question why the PDCP SN length needs to be changed at handover within NR. As explained in the beginning, the PDCP SN length is related to the QoS of DRB. Then, there is still no reason to change the PDCP SN length similar to LTE. Thus, we propose that PDCP SN length change is not allowed at handover within NR.
Proposal3: Do not support PDCP SN length change at handover within NR.

[bookmark: _Toc458688128][bookmark: _Toc458688133][bookmark: _Toc458700495][bookmark: _Toc458688134][bookmark: _Toc458700496][bookmark: _Toc458461065][bookmark: _Toc450773277][bookmark: _Toc450773306][bookmark: _Toc450773354][bookmark: _Toc450773369][bookmark: _Toc450774156][bookmark: _Toc450814189]Proposal
[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]In this document, we present our view on the PDCP SN length change at handover and propose following:
Proposal1: No special mechanism is needed for PDCP SN length change at handover from LTE to NR.
Proposal2: To avoid HFN de-synchronization problem at handover from NR to LTE, the NR PDCP provides the COUNT value of the first missing PDCP SDU to the LTE PDCP.
Proposal3: Do not support PDCP SN length change at handover within NR.

 Reference
R2-168686, “EPC - NR PDCP interaction for tight interworking”, Nokia, Alcatel-Lucent Shanghai Bell
R2-1703515, “PDCP SN size”, LG Electronics Inc.

