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1   Introduction
Whether the PDCP SN reconfiguration is needed or not in handover and non-handover cases was discussed in the RAN2 #97bis meeting, with the following agreements:
	Stage 3 to progress on the PDCP SN size for NR-PDCP and then revisit this issue when the PDCP SN size for NR is finalised.


In this contribution, different scenarios of PDCP reconfiguration are analysed.
2   Possible scenarios of PDCP SN reconfiguration

2.1 Non handover case
In LTE, multiple PDCP SN values exist in specification, but for one DRB, PDCP SN could not be modified. In NR, if only ONE PDCP SN length is applied, modification is not needed naturally. If multiple PDCP SN lengths are introduced, how to reconfigure this value smoothly is due to gNB implementation. 
Observation 1: PDCP SN reconfiguration in NR shall be gNB implementation.

2.2 Handover case

There are four cases for handover as illustrated in figure 1.
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Figure 1: four different scenarios during handover
Case 1: LTE->LTE

PDCP SN extension had been introduced in Release 11 CA enhancement WI [2], and an extended 15bit SN length was agreed. The misalignment of PDCP SN length between new eNB and legacy eNB had also been discussed for LTE. And most companies agreed that the only option is to do full-configuration handover. When eNB/UE performs full-configuration handover, it has to release and re-establish all PDCP entities. Hence, PDCP SDUs which has already been transmitted will not be retransmitted again, and data loss at such a handover can occur. 
Observation 2: full-configuration handover cannot guarantee lossless data delivery due to release and re-setup of PDCP entities.
Case 2: NR->NR
If only one PDCP SN length is applied, there is no problem. If multiple PDCP SN lengths are introduced, every gNB shall support all the possible PDCP SN values. Data loss will not arise due to different supported SN size during handover.
Case 3: NR->LTE
If the PDCP SN length pool in NR is not aligned with that in LTE, SN shall be modified to avoid data loss during handover.
Case 4: LTE->NR
If PDCP SN length value in NR is not among the values in LTE, SN shall also be reconfigured in handover procedure. For lossless data delivery the current PDCP procedure has to be enhanced.
Observation 3: In summary, for handover from eNB to eNB/gNB with misaligned support for different SN lengths, full configuration cannot guarantee lossless data delivery. 
3   PDCP SN reconfiguration procedure
There are two types of PDCP SN reconfiguration: 

Type 1: Short SN->Long SN

For this type of reconfiguration, there is no SN wrap-around problem: Source gNB/eNB could forward the unacknowledged packets with short SN to target gNB/eNB. Then, the target gNB/eNB deduces the HFN, generates the new long SN, and continues the data transmission.

Type 2: Long SN->short SN

For this type of reconfiguration, there is SN wrap-around problem: For lossless and ordered data delivery, source gNB has to do necessary SN reconfigurations so that target gNB/eNB doesn’t need to handle long SN format. 
To solve this problem, we think the following options can be considered:

Option1: Reconfigure SN length to the short one before handover. Source NR gNB can reconfigure a short SN length equal to what is supported in target eNB, so the PDCP re-establishment procedure can be executed for lossless data delivery. For the handover scenario from LTE to NR, lossless data delivery can be accomplished by existing methods.
Option2: Source gNB transfers all the packets which is not acknowledged together with modified HFN and SN to target LTE eNB. The modified HFN and SN mean that the bits that are unrecognizable by target LTE eNB is added to the tail of HFN. And the format of PDCP report to target LTE eNB is changed to include both the modified HFN number and SN number. After the packets with modified HFN and SN are transmitted successfully, short SN format will be started from the very beginning.

Option3: This option is illustrated in the figure below. Source gNB divides the data in the buffer into two types: the first type is the data in the normal PDCP window, which is in the red rectangle. Source gNB shall forward these packets with the shortened PDCP SN to target eNB; the second type is the data out of the normal PDCP window, which could be regarded as the fresh data. Source gNB shall forward these packets without PDCP SN, even though these packets have been assigned with PDCP SN in the source gNB. In target eNB, these packets could be assigned with the PDCP SN of new length.
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Figure 2: Lossless HO procedure with PDCP SN modification
Comparing these three options, option1 may lead to delayed handover, and option 2 requires some modifications to LTE eNB and the format of PDCP status report. Option3 can avoid data loss and does not require any modification to target eNB. Hence, we prefer option 3 as the method for reconfiguration for handover between eNB/gNBs with misaligned support for SN lengths.
Proposal 1: For lossless SN reconfiguration, source eNB shall first resize the transmit window to the size which equals that of the target eNB/gNB. Then, (a) the unacknowledged packets are assigned with SN, and (b) the packets out of short window are delivered without SN, treated similarly like the fresh data.
4   Conclusion
By analysing PDCP SN reconfiguration for lossless and ordered delivery of higher-layer data, we have the following observations:
Observation 1: PDCP SN reconfiguration in NR shall be gNB implementation.

Observation 2: full-configuration handover cannot guarantee lossless data delivery due to release and re-setup of PDCP entities.
Observation 3: In summary, for handover from eNB to eNB/gNB with misaligned support for different SN lengths, full configuration cannot guarantee lossless data delivery. 

Based on the above observations, we make the following proposals:
Proposal 1: For lossless SN reconfiguration, source eNB shall first resize the transmit window to the size which equals that of the target eNB/gNB. Then, the unacknowledged packets are assigned with SN, and the packets out of short window are delivered without SN, treated similarly like the fresh data.
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