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1 Introduction

In RAN2#99 meeting, the following agreements have been made for bearer type harmonization and PDCP version in EN-DC:
Agreements for EN-DC 

1:
Working assumption of the last meeting is confirmed as an agreement: For MCG bearer, either LTE or NR PDCP can be used, configurable by the network.

1a
EN-DC capable UE without EN-DC operation configured can be configured with NR PDCP version for SRBs and DRBs.

2: 
NR-PDCP is used for ‘MCG split or duplicate SRB’. 

3:
Non split SRB1 and 2 can be transmitted over either LTE-PDCP or NR-PDCP, which is configurable by network (at least after initial connection establishment). 

FFS whether SRB1 and SRB2 need to be configured with the same PDCP type (to be concluded in stage 3).

4: 
LTE-PDCP is used for SRB1 at the initial connection establishment from idle state. (I.e. no additional optimization to support NR-PDCP for SRB1 for idle to connected state transition)

5:
The PDCP version change (release of old PDCP and establish of new PDCP) of SRBs can be supported via:


i/  handover procedure (reconfiguration with mobility); and 


ii/ reconfiguration without mobilityControlInfo (when network implementation is sure there is no UL data in buffer). No user plane actions beyond release and establish of PDCP are to be specified for this case.

6
EN-DC operation should support a single reconfiguration procedure for bearer type change between MCG to/from split bearer and MCG to/from SCG bearer, when MCG bearer is configured with NR PDCP (before and after the bearer type change).

7
EN-DC operation where MCG bearer is configured with LTE PDCP, then direct bearer type change of such MCG bearer to split bearer or SCG bearer is performed is FFS.

This paper would like to focus on the lossless operation when PDCP version is changed from LTE to NR and vice versa.
2 Discussion
2.1 Scenario 
Prior to discuss lossless operation, we need to see possible scenarios of PDCP version change. There are three following scenarios that PDCP version change can happen from LTE PDCP to NR PDCP and vice versa.
· Inter-RAT handover: When an EN-DC capable UE moves between legacy LTE coverage and Rel-15 eLTE coverage, PDCP version can be changed. Rel-15 eNB can configure NR PDCP for EN-DC operation for bearer not carrying VOIP packets. This scenario can be handled by the handover procedure [1].
· Bearer type change: In EN-DC operation, bearer type could be changed from/to MCG bearer in which LTE PDCP is configured by RRC configuration. Since using NR PDCP was agreed for the other bearers (i.e. split bearers, SCG bearer), the PDCP version should be changed in this case. In our view, this version change requires more discussion due to potential impacts on complexity and restriction [1].
· Only version change of MCG bearer: Network can configure only PDCP version change of MCG bearer, according the operation scenario. This scenario can be also handled by the handover procedure [1].
Even though all those cases do not need to be defined in NR specification, some cases seem to be supported. Also, the changes may happen frequently regardless of RRC state (i.e. connected or not). Thus, if there is an ongoing transmission, data recovery based on re-establishment and retransmission could be necessary. Otherwise, packet loss for AM DRB may happen and, in turn, decreasing end-to-end throughput or increasing latency can be followed. 
2.2 Issues on Lossless Operation
Now we discuss what is additionally necessary for the lossless operation. Even though NR and LTE are quite similar in terms of functionality, there are still some differences compared in Table 1.
	
	LTE
	NR

	PDCP SN Size for SRB
	5 bits
	12 bits

	PDCP SN Size for DRB
	7/12/15/18 bits
	12/18 bits

	UP Integrity
	Not supported
	Supported

	UL Duplication
	Not supported
	Supported

	PDCP Variable
	SN
	COUNT

	Maximum SDU
	8188 bytes
	9000 bytes

	T-reordering
	Only for split bearer
	Always (by configuration)


Table 1. Difference between LTE PDCP and NR PDCP
From the difference above and EN-DC architecture, we consider the following impacts for lossless operation.
· SN Size: The lossless PDCP version change without SN size change does not have any issue on the size itself. If the SN size increased due to the version change, the SN remapping at both transmitter and receiver should be necessary to ensure the retransmission. For instance, SN mapping function maintaining COUNT can be considered as a solution. For decreasing SN change, some additional mechanism should be necessary to avoid packet loss based on SN ambiguity. In our view, at least for the same and increased SN size, lossless operation could be supported unless there is other limitation. 
· Synchronization of PDCP state variables: Variables in NR PDCP operation are based on COUNT value whereas those in LTE PDCP are based on SN. Also, NR PDCP reordering function can be always enabled for MCG bearer whereas LTE PDCP has a limited reordering function during HO. Therefore, at PDCP version change, all variables should be mapped to a new value. It seems to be an additional operation, but does not have so critical problem.
· SDAP configuration change: If SDAP configuration changes, PDCP shall adapt SDUs with new SDAP header before starting retransmission. Because the PDCP operation regarding second aspect is too complex, we can have restriction on the specification that SDAP configuration shall not change during handover.
We can say therefore that lossless PDCP version change for all cases is a bit difficult because significant additional functions should be needed. Under a few restrictions such as same or increased SN size and no SDAP configuration change, lossless PDCP version change can be achieved with the PDCP re-establishment procedure which does not result in data loss. 
Based on above, we think carefully for which cases lossless PDCP version change can be supported. This discussion should consider the scenarios of the version change and additional complexity to NSA operation.
Proposal 1. RAN2 to consider support of lossless PDCP version change from LTE PDCP to NR PDCP and vice-versa.
3 Conclusion

Based on the above, we propose the following proposal:

Proposal 1. RAN2 to consider support of lossless PDCP version change from LTE PDCP to NR PDCP and vice-versa.
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