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1. Introduction

In the RAN2#79 meeting in Qingdao, issues on PDCP SN extension were discussed. The following agreements were made: 
=> Length is 15 bits

=> Extended PDCP SN is used only for AM DRB

=> Configured per AM DRB, per DL and UL 
=> 15 bits for FMS

=> Increase BITMAP length according to the extended SN

As respect to PDCP SN change from short to long, it was agreed in the UP session last meeting that long to short SN change and short to long SN change both rely on full-configuration at handover. In the discussion, however, some companies preferred to allow lossless handover for short to long SN change. In this contribution, we would like to discuss whether it should be possible to perform lossless PDCP SN-length switch. 
2. Discussion
With introduction of 15 bits PDCP SN length, there are the following two options for handling PDCP SN change from short to long for AM DRB at inter-eNB handover.
Option 1: Full configuration
This is the agreed solution in the UP session last meeting. In this option, the source eNB sends AS-Config to the target eNB in HandoverPreparationInformation message. If the new PDCP extended SN related IE is not present for some AM DRBs and the target eNB wants to extend the PDCP SN length for certain AM DRBs, the target eNB uses Full configuration in the handover command. On receiving the handover command, UE will release the related PDCP entities and establish them again, and the PDCP SNs for these AM DRBs will be reset. 

During the handover: 
· In DL, probably only the PDCP SDUs which have not been allocated SNs (i.e. fresh data) in the source eNB would be sent to the UE in the target side, and the PDCP SDUs which have been allocated SNs in the source eNB may not be sent in the target side to the UE, depending on the source eNB implementation of data transferring and target eNB implementation of data transmission to the UE. Thus data loss may take place. 
· In UL, when the UE releases the related PDCP entities and establishes them again, UE will not be able to retransmit the PDCP SDUs that are not confirmed by the lower layer before handover. Thus data loss may also take place. 
In this option, data loss may take place in both DL and UL. 
Option 2: Reconfiguration of PDCP SN from short to long
In this option, on receiving AS-Config from the source eNB, If the new PDCP extended SN related IE is not present for some AM DRBs and the target eNB wants to extend the PDCP SN length for certain AM DRBs, the target eNB could reconfigure PDCP SN length to 15 bits for these AM DRBs in the handover command. On receiving the handover command, UE will re-establish the related PDCP entities. 
During the handover: 
· Currently the source eNB transfers both UL COUNT value and DL COUNT value in the X2 message to the target eNB. Since the COUNT value is composed of a HFN and the PDCP SN, the target eNB could take the 15 least significant bits as PDCP SN. That is to say, the 3 least significant bits of the source HFN are moved to the new PDCP SN as its 3 most significant bits. The target eNB would perform such PDCP SN extension (i.e., adding the 3 least significant bits of the source HFN) to the UL PDCP SNs and DL PDCP SNs received from the GTP-U headers respectively, and send PDCP Status report with the extended PDCP SN. 
· UE would also perform the above PDCP SN extension on PDCP re-establishment, update its PDCP SN and send PDCP Status report with the extended PDCP SN, if PDCP Status report is configured. 
This option can ensure lossless inter-eNB handover in both DL and UL.

From the above, we can see the benefits of option 2 which provides lossless data transmission to the UE. So we propose that: 
Proposal 1: During inter-eNB handover with PDCP SN change from short to long, lossless data transmission should be ensured. 
In addition, as the UE’s service demand or radio conditions may change, the data volume in-flight in PDCP may vary. Thus the eNB may use intra-eNB handover to switch PDCP SN length between short and long, to adapt to these changes and save PDCP overhead. The option similar to the above option2, i.e. eNB changes PDCP SN length by implementation and UE performs PDCP re-establishment and updates its PDCP SN, can reduce data loss and give better user experience. On the handling of PDCP SN from long to short, there are 3 solutions as indicated in [6], which are forwarding out-of-window PDUs, discarding out-of-window PDUs and release and setup of PDCP, respectively. In order to ensure lossless PDCP SN-length change from long to short, we prefer discarding out-of-window PDUs solution. 

Proposal 2: It should be possible to perform lossless PDCP SN-length switch during intra-eNB handover. 
A draft CR can be found in [5] where the handling of PDCP SN from long SN to short SN is based on discarding out-of-window PDUs solution in [6]. 
3. Conclusion

In this contribution, we have analyzed the two options for PDCP SN length change from short to long in the inter-eNB handover scenario and discussed the PDCP SN change during intra-eNB handover. We have the following two proposals:
Proposal 1: During inter-eNB handover with PDCP SN change from short to long, lossless data transmission should be ensured. 
Proposal 2: It should be possible to perform lossless PDCP SN-length switch during intra-eNB handover. 
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