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1 Introduction
In previous meetings, the discussion has been made on the issues raised for PDCP when supporting UP alternative 3C and there are the following agreements:
0
We do not support RLC UM bearers in split mode.

1
RLC UM like reordering scheme (with a t-Reordering timer) is used for PDCP layer reordering in case of split bearers.

2
From RAN2 point of view we do not want continuous PDCP status reporting from the UE to the MeNB.


FFS for other cases such as mobility/SeNB change/reconfiguration.

 
FFS whether the SeNB needs to inform the MeNB about successfully delivered (and/or pending) PDCP PDUs or whether it is sufficient to rely on e.g. a discard timer in the MeNB. 

3
PDCP reordering after SeNB release if FFS.

4
PDCP reordering may only be configured for split bearers.
In this contribution, we will give our consideration on the remaining issues on reordering and PDCP status reporting.
2 Discussion
In the legacy system, the PDCP status report is only trigged by PDCP re-establishment and used to optimize and reduce the re-transmission of the PDCP PDUs. The typical scenario is the handover case when the transmission path is switched from the source eNB to the target eNB. In dual connectivity system, the scenarios become complex and the transmission path switch occurs in more scenarios such as  mobility, SeNB change and SeNB modification., the discussion of different scenarios and the need of PDCP status report are provided below. 
A: reconfiguration of bearer type
MCG bearer -->SCG bearer and vice versa (SCG bearer -->MCG bearer) 
 If one bearer is reconfigured to SCG bearer from MCG bearer or vice versa, the PDCP entity will be moved from the MeNB (SeNB) to SeNB (MeNB), this will be similar with handover case, therefore the PDCP status report is needed and can perform as legacy handover procedure.
MCG bearer-->split bearer
 If one bearer is reconfigured to split bearer from MCG bearer, the PDCP entity will still be in MeNB and be mapped to two RLC entities at MeNB and SeNB separately.  Due to the path from MeNB to UE still exists therefore no PDCP status report is needed.
Split bearer -->MCG bearer

 For this case, one bearer is reconfigured to MCG bearer from split bearer, if the RLC entity in the SeNB didn’t get  ACK feedback  for the PDCP PDUs forwarded to SeNB from MeNB , these PDCP PDUs should be re-transmitted  by the MeNB to UE. There is the possibility that the UE has received them correctly but the SeNB has not get the RLC ACK feedback．Therefore the PDCP status report is still needed to reduce the retransmission. 
Based on the above analysis,  when the bearer type reconfiguration occurs, the path switch occurs for most of the scenarios and the similar issue as legacy handover is raised, therefore we propose to use the PDCP status report like handover case to reduce the retransmission when bearer type reconfiguration.
B: mobility 

 “During MeNB-to-(M)eNB handover ,the source MeNB can fetch the data from the source SeNB and performs the (source) SeNB release”. In this scenario, we can consider the data from source MeNB and source SeNB forwarding to the target MeNB. The behaviour is similar to legacy handover where the PDCP status reporting is supported.  

On the other hand, a path could be setup for data forwarding from the source SeNB to the target MeNB directly for MeNB change procedure. Even in this deployment scenario, PDCP status PDU is necessary from the UE to minimize the data retransmission.

Proposal 1: The PDCP status PDU is needed for mobility and reconfiguration 
In addition, for split bearers, the PDCP PDUs are created at MeNB and forwarded to SeNB for transmission. Whether PDCP PDUs transmitted to SeNB are kept in the MeNB or not is up to the eNB implementation.  In one implementation the MeNB does not buffer the PDCP SDUs transmitted to SeNB. In another implementation, the MeNB buffers the PDCP SDUs transmitted to SeNB. For the first approach, when the SeNB is released, the SeNB need to forward back the unacknowledged and un-transmitted PDCP PDUs to the MeNB like the current handover procedure. The UE can send the PDCP status PDU report to MeNB to reduce and optimize the retransmission. For the second approach, the SeNB doesn’t need to inform the unacknowledged and un-transmitted PDCP PDUs to the MeNB. However, this requires a method to make the PDCP layer in MeNB to discard the buffered PDCP PDU which has been transmitted to the UE.  One alternative is the SeNB inform the MeNB about successfully delivered (and/or pending) PDCP PDUs. Another alternative is to rely on one discard timer in the MeNB. For the first alternative, the issue to be solved is that how SeNB can identify the SN of PDCP PDUs, given that there is no PDCP layer in SeNB, hence resulting in protocol layer violation.  as an advantage, this method can provide direct information of the delivery of PDCP PDUs from the SeNB and pending PDCP PDUs as well as recognizing the Xn loss.  In addiotnal to the protocol layer violation issues raised above, the method also results in large amount of signalling exchange over X2. For the second alternative where a timer based approach is taken, one possible issue is that how to manage the PDCP PDUs which are not yet transmitted by the SeNB when the discard timer is expired. From the network perspective, the buffered PDCP PDUS is discarded by the MeNB at the time of discard timer expiry. 

From the UE perspectives, the UE is not aware of the network operation and the discard of the buffered data, thus the UE includes the PDCP PDUs which are not correctly received in the PDCP Status PDU triggered for example after a SeNB modification involving RB type change. Discarding of the PDCP PDU retransmission request from the UE may occur after the PDCP t-reordering timer expiry at the UE. 
Proposal2: RAN2 to agree on discard timer based approach at the eNB for handling of X2 losses in 3C architecture.

There is agreement on PDCP reordering that” RLC UM like reordering scheme (with a t-Reordering timer) is used for PDCP layer reordering in case of split bearers”. But if PDCP reordering is supported after SeNB release is FFS. When the SeNB is released, then the PDCP PDUs which gets no ACK feedback in SeNB will be retransmitted by MeNB based on the status report from UE, and there are possibly the SN gap of PDCP PDU from two transmission paths., Therefore, it is possible that the PDCP PDU is transmitted out of sequence, in this period the re-ordering is still needed. Only when the PDCU PDU is transmitted in sequence, the re-ordering can be released by the explicit indication from the MeNB .
Proposal3: The re-ordering can be released by one explicit indication when the MeNB can deliver the PDCP PDUs in sequence after the SeNB release.
3 Conclusion and summary
The document discussed the remaining issues on PDCP for dual connectivity support.

It is proposed that:

Proposal 1: The PDCP status PDU is needed for mobility and reconfiguration 
Proposal 2: RAN2 to agree on discard timer based approach at the eNB for handling of X2 losses in 3C architecture.
Proposal3: The re-ordering can be released by one explicit indication when the MeNB can deliver the PDCP PDUs in sequence after the SeNB release.
