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1. Introduction
At handover, PDCP handling has been fully discussed in several meetings. Furthermore, in RAN2#62 meeting, it has been agreed that PDCP actions related to handover are performed when a handover is initiated [1][2]. However, it is still unclear what actions should be performed in PDCP at RRC connection re-establishment and nothing is captured in current specification. For DRBs that are mapped on RLC UM and for SRBs, we don’t see the need to perform the actions different from the actions related to handover. So, this contribution only focuses on the PDCP actions related to RRC connection re-establishment for DRBs that are mapped on RLC AM.

2. Discussion

In order to decide what actions should be performed in PDCP, first of all, it should be clarified that whether PDCP SDUs will be retransmitted or not after the completion of RRC connection re-establishment.
Currently, there are 4 causes which may initiate the RRC connection re-establishment procedure i.e. handover failure, radio link failure, RLC problem, and RRC connection reconfiguration failure. For handover failure, the UE may complete the re-establishment in the serving cell or a prepared cell. To support PDCP SDU retransmission after RRC connection re-establishment, data should be forwarded to the eNB of the prepared cell selected during the RRC connection re-establishment procedure. If the source eNB only forwards the data to the target eNB during the handover procedure and the eNB of the selected cell is different from the target eNB, data forwarding needs to be done during or after RRC connection re-establishment procedure. This might be the extra effort to support PDCP SDU retransmission after RRC connection re-establishment. For the remaining 3 causes, the successful re-establishment will mostly occur in the serving cell. So no data forwarding is needed to support PDCP SDU retransmission after RRC connection re-establishment.
Depending on whether PDCP SDU retransmission after RRC connection re-establishment needs to be supported or not, we think different actions should be performed in PDCP. Hence, we kindly ask RAN2 to discuss the need of PDCP SDU retransmission after RRC connection re-establishment.
Discussion: RAN2 is kindly requested to discuss the need of PDCP SDU retransmission after RRC connection re-establishment.
Based on the potential decisions (Support/Not Support), the UE actions in PDCP related to RRC connection re-establishment are discussed in the following 2 sections.

2.1 Support PDCP SDU retransmission after RRC connection re-establishment

Because the missing PDCP SDUs will be retransmitted, the UE should temporarily store PDCP SDUs that are received from lower layers due to the re-establishment of lower layers by activating the PDCP reordering function if it has not been activated yet.

Proposal 1. Activate the in-order delivery and duplicate elimination function (if inactive) when RRC connection re-establishment occurs.

If handover occurred before, it is possible that the PDCP reordering function is still active (i.e. Flush_Timer is running) when RRC connection re-establishment is initiated. The UE should keep the reordering function active to reorder the SDUs received before and after RRC connection re-establishment. However, it may take a long time to complete the RRC connection re-establishment procedure. It is possible that the Flush_Timer will expire during the RRC connection re-establishment procedure and the reordering function will be deactivated. In order to prevent timer expiry, the UE should stop the Flush_Timer when RRC connection re-establishment occurs.

Proposal 2. Stop the Flush_Timer (if running) when RRC connection re-establishment occurs.
The Flush_Timer needs to be started to avoid stalling of the following data transfer. When RRC connection re-establishment is initiated, all DRBs are suspended until the RRCConnectionReconfiguration message following the RRCConnectionReestablishment message is received. Because the UE won’t receive retransmitted SDUs when the DRB is suspended and the Flush_Timer may be reconfigured by the RRCConnectionReconfiguration message, we think the UE should start the Flush_Timer when the DRB is resumed.
Proposal 3. Start the Flush_Timer when the DRB is resumed.

Because the PDCP status report can only be transmitted after the DRB is resumed and whether compiling a PDCP status report is required or not may be reconfigured by the RRCConnectionReconfiguration message, we think the UE should compile the PDCP status report when the DRB is resumed.
Proposal 4. Compile a PDCP status report (if configured) and submit it to lower layers as the first PDCP PDU for the transmission when the DRB is resumed.

2.2 Not support PDCP SDU retransmission after RRC connection re-establishment

If handover occurred before, it is possible that the PDCP reordering function is still active (i.e. Flush_Timer is running) when RRC connection re-establishment is initiated. Because the missing PDCP SDUs will not be retransmitted after the completion of RRC connection re-establishment, the UE should deactivate the reordering function and deliver all stored PDCP SDUs to upper layers in ascending order immediately. Otherwise, some issues may occur:
· After the completion of RRC connection re-establishment, new PDCP PDU with SN outside the receiving window will be discarded. New PDCP PDU with SN inside the receiving window will be misinterpreted as retransmitted PDCP PDUs and will be out-of-sequence delivered to upper layers.
· Delivering stored PDCP SDUs to upper layers is unnecessarily delayed, i.e. TCP NACKs are delayed.
Proposal 5. Stop the Flush_Timer (if running) and deactivate the in-order delivery and duplicate elimination function when RRC connection re-establishment occurs.
Because PDCP SDU retransmission after RRC connection re-establishment is not supported, there is no need to maintain PDCP SN. PDCP status report is also not needed.

Proposal 6. For RLC-AM DRB, set Next_PDCP_TX_SN, Next_PDCP_RX_SN, TX_HFN and RX_HFN to 0 and set Last_Submitted_PDCP_RX_SN to 4095 when RRC connection re-establishment occurs.
Proposal 7. No PDCP status report due to RRC connection re-establishment.

Because the UE doesn’t need to retransmit PDCP SDUs in the new cell, the PDCP SDUs that have been submitted to lower layers before should be discarded and the corresponding PDUs should also be discarded. For the PDCP SDUs that have not been submitted to lower layers before, the corresponding PDUs should be re-generated according to the new COUNT value.

Proposal 8. For each PDCP SDU for which a corresponding PDU has previously been submitted to lower layers, discard the PDCP SDUs and the corresponding PDUs when RRC connection re-establishment occurs.

Proposal 9. For each PDCP SDU for which a corresponding PDU has not previously been submitted to lower layers, consider the PDCP SDUs are newly received from upper layer and re-generate the corresponding PDUs when RRC connection re-establishment occurs.

3. Conclusion

In this contribution, a discussion on the need of PDCP SDU retransmission after RRC connection re-establishment is raised. Based on the potential decisions, different PDCP actions are proposed. Please discuss and decide what PDCP actions the UE should perform at RRC connection re-establishment. We will be glad to prepare a CR in next meeting if consensus can be reached in this meeting.
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