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1 Introduction

During RAN2#96, the following was agreed:
· 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.
During RAN2#98, 12 and 18-bit PDCP SN size was agreed to be supported for NR

In this paper, PDCP operations for PDCN SN reconfiguration are discussed. Non-handover case and handover case are analysed, separately, to see scenario of PDCP SN reconfiguration and necessity of lossless packet delivery.
2 Discussion
2.1 PDCP SN Reconfiguration in Non-Handover
First of all, whether PDCP SN reconfiguration is needed in non-handover case is discussed. The PDCP SN reconfiguration is classified into two cases: 1) increasing SN size and 2) decreasing SN size. 
1) Increasing SN could happen when the data rate of the radio bearer (i.e. number of PDCP SDUs per radio bearer within the unit time) is increased and current SN space is too small. However, the size of PDCP SN is configured at the radio bearer establishment by considering both data rate and capabilities of UE and network. A short SN size could be chosen for efficiency in overhead, but the actual SN size should be large enough to prevent HFN desynchronization which degrades overall end-to-end performance. Therefore, increasing SN size within the same radio bearer and the same cell should rarely happen during normal operation (i.e. non-handover case).
2) Decreasing SN could happen when the data rate of the radio is decreased and current SN space is too large. In contrast with increasing SN, decreasing SN is not forced because the current SN space is already large. The only gain is a kind of optimization by reducing header overhead about a few bytes. Also, there are no other use cases of decreasing SN. One may argue that reconfiguration to shorter SN is required before the handover to a gNB/eNB which support only short SN size. However, it is difficult to estimate timing for handover and expect the handover accurately. In that case, reconfiguration can be performed at the handover. 
Observation 1. There is no practical usage of PDCP SN reconfiguration in non-handover case.
Although there is no usage, we could allow PDCP SN reconfiguration to give full flexibility if any performance degradation is not expected. One technical issue of SN reconfiguration is packet loss due to the change of SN mapping of each SDU. In reconfiguration to long SN, it can be avoided by reusing previous SN as a part of the new SN. Conversely, in case of reconfiguration to short SN, some packets may be lost because SN space is truncated and some packets may not be remapped to new SN. A new scheme to prevent packet loss due to this PDCP SN reconfiguration will increase complexity of NR layer 2 whereas we are not sure that PDCP SN reconfiguration is really needed in non-handover case. Therefore, in our view, PDCP SN reconfiguration could be supported but lossless PDCP procedure in non-handover case is not necessary. 
Observation 2. There is no motivation to support lossless operation at PDCP SN reconfiguration to short SN in non-handover case.
2.2 PDCP SN Reconfiguration in Handover
In this subsection, whether PDCP SN reconfiguration is needed in handover is discussed. PDCP SN reconfiguration to different SN size will occur when the target node does not support the SN size being used by a radio bearer before handover. 
For intra-NR handover, a prerequisite of this reconfiguration is that there are two different types of NR gNBs which support different SN size to each other. However, at least in Rel-15 (i.e. NR phase-1), it may not happen because there will be only one type of NR gNB which supports all the SN sizes defined in NR PDCP specification. In short, we do not see any use case that PDCP SN reconfiguration is needed in intra-NR handover, as similar in non-handover case. This means that packet loss can be avoided by using the same SN size after intra-NR handover. 
In RAN2#98 meeting, RAN2 agreed that 12 and 18-bit PDCP SN is used for NR. Those sizes are well-aligned with LTE which also support 12 and 18-bit. Also, RAN2 recently has been discussing to use NR-PDCP for LTE side in EN-DC scenario. Therefore, the case that packet loss due to SN size reconfiguration occurs is not expected in Rel-15 NR.
Observation 3. There is no motivation to support lossless operation at PDCP SN reconfiguration to short SN in intra-NR and LTE-NR handover in Rel-15 NR.

2.3 Summary

Table 1 summarizes the discussion on PDCP SN reconfiguration.

	
	Non-Handover
	Intra-NR Handover
	LTE-NR Handover

	SN Change
	Not needed
	Not needed
(at least for rel-15 NR)
	Not needed

(at least for rel-15 NR)

	Packet loss
	Avoidable

(Using the same SN size)
	Avoidable

(Using the same SN size)
	Avoidable

(Using the same SN size)


Table 1. SN change and packet loss for each case
Based on the discussions above, we propose the following proposals:
Proposal 1. Additional lossless mechanism for PDCP SN size reconfiguration between different sizes is not supported.
3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposals:
Proposal 1. Additional lossless mechanism for PDCP SN size reconfiguration between different sizes is not supported.
