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1 Introduction

From RAN2 #96 meeting, it is agreed that
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 how to avoid HFN de-synchronization between UE and network after PDCP reconfiguration on SN length.
2 Discussion
Considering during handover, SN and HFN are only kept for DRB mapped to RLC AM, so that this paper focuses on RLC AM to address the issue of SN length re-configuration.
2.1 From short SN to long SN

When PDCP SN length changes from short to long value, there would be no ambiguity since the longer SN is always capable to index previous packets with shorter SN. 

The only problem is for security synchronization and reception operation continuity, i.e., to maintain the COUNT value, HFN and SN should be updated together.
· The SN should be enlarged by taking some bits from HFN part;

· The HFN should shrink by removing some bits to SN part;
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Figure 1 The change of HFN and SN for SN length reconfiguration

For example, for the case where SN is changed from 7 bits to 12 bits, 5 bits have to be moved from HFN to SN part, in order to keep the 32 bits COUNT as it was.

Proposal 1 HFN and SN should be updated during PDCP SN re-configuration. 

2.2 From long SN to short SN 
For this case, there would be more ambiguirty problem, after using the similar length change of SN and HFN as discussed in section 2.1, since the window shrinks due to the new shorter SN, and thus cannot uniquely indexes the missing packet with previous longer SN.
Given the agreed change from FMS to FMC at RAN#97bis, NR PDCP transmitter side can get full information of NR PDCP receiver side after handover.

Agreements on PDCP reordering

-
Use First Missing COUNT (FMC) instead of FMS in the PDCP Status Report.
In LTE, the PDCP status report is optionally configured (using statusReportRequired), but it has to be mandatory in case of long-to-short SN change, where the buffered PDCP SDU may span multiple new SN spaces (which shrinks to 1/32 of original SN spaces if 5 bits difference).

Proposal 2 PDCP status report is necessary for PDCP long-to-short SN reconfiguration.

After FMC reception at receiver side, the problem is different at transmitter and receiver side

· For transmitter, the problem is how to deliver the missing packet in order for lossless handover, with the new shorter SN.
· For receiver, the problem is how to update the reception window, i.e., how to update the relevant variables, and how to handle the packets re-transmitted by the transmitter.

2.2.1 For PDCP transmitter (UL data transfer)

In LTE system, the behavior is defined as TS 36.323

-
from the first PDCP SDU for which the successful delivery of the corresponding PDCP 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 re-establishment as specified below: 
   -
perform header compression of the PDCP SDU (if configured) as specified in the subclause 5.5.4;
   -
if connected as an RN, perform integrity protection (if configured) of the PDCP SDU using the COUNT value associated with this PDCP SDU as specified in the subclause 5.7;
   -
perform ciphering of the PDCP SDU using the COUNT value associated with this PDCP SDU as specified in the subclause 5.6;
   -
submit the resulting PDCP Data PDU to lower layer.

Therefore, the legacy behavior can be reused, i.e., the transmitter re-transmits the missing packets indicated by the PDCP status report one-by-one. One thing to note is that the re-transmission are using the new short PDCP SNs.

Proposal 3 Follow the LTE specification for PDCP SDU re-transmission for PDCP re-establishment.

2.2.2 For PDCP receiver (DL data transfer)
The following Figure 2 gives an example on how for the reception window to shrink from the previous large reception window to the new shrinked one (the blue sector), while ensuring that all missing packet (purple dots) can be recovered.
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Figure 2 Shrinked window when SN length is reconfigured 

As shown in Figure 2, in order to keep track of all missing packets, when the receiver side updates the reception window based on the newly shortened SN, it can starts from the first missing part, as indicated in status report via FMC field. 

Proposal 4 The reception window shrinks to acquire the oldest missing packet indicated by FMC in PDCP status report.
To further update the shrinked reception window, one thing to note is that there have been already packets in the buffer at receiver side “ahead of the shrinked window” (the packets denoted as red curves in Figure 2 outside of the blue sector). Taking into account of the existing packets in the buffer, the reception window can be moved in a different way from the legacy system: i.e., these packets in the buffer would be used to move the reception window just like the packets newly arrived at receiver in sequential order. In that way, it is not necessary to re-transmit the packets which have been delivered successfully, just because that they are out of the reception window which has been shrinked.

Proposal 5 The packet in the receiver buffer can be used to move the reception window.

3 Conclusion
Based on the observations, we propose:
Proposal 1
HFN and SN should be updated during PDCP SN re-configuration.
Proposal 2
PDCP status report is necessary for PDCP long-to-short SN reconfiguration.
Proposal 3
Follow the LTE specification for PDCP SDU re-transmission for PDCP re-establishment.
Proposal 4
The reception window shrinks to acquire the oldest missing packet indicated by FMC in PDCP status report.
Proposal 5
The packet in the receiver buffer can be used to move the reception window.
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