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1.
Introduction
At the RAN2#86 meeting, RAN2 agreed that PDCP starts reordering function immediately upon bearer type change from MCG bearer to Split bearer.

=>
The PDCP starts reordering function immediately after receiving split bearer configuration message.

This document discusses issues in this bearer reconfiguration.
2.
Discussion
The MeNB may decide to change the type of a radio bearer from MCG bearer to Split bearer when e.g. it wants to increase the throughput of the radio bearer. The reconfiguration from MCG bearer to Split bearer is quite simple in that it requires only the establishment of one more RLC entity, i.e. SCG-RLC. No impacts on PDCP and MCG-RLC are expected in normal situation.

One issue may be brought up when the bearer reconfiguration is performed right after MeNB handover.
In normal situation, no PDCP SDUs are stored in the SDU buffer, i.e. in-order delivery buffer. However, at handover, the RLC is re-established and the PDCP PDUs stored in the RLC SDU buffer are delivered to PDCP even if they are out-of-order. Thus, the PDCP stores those PDCP PDUs in the SDU buffer at handover. After handover, the target eNB may trigger the UE to send PDCP Status Report and retransmits PDCP SDUs that were not received by the UE before handover.
If the bearer reconfiguration from MCG bearer to Split bearer occurs right after MeNB handover, there may be some PDCP SDUs stored in the SDU buffer. Handling of PDCP SDUs stored in the SDU buffer at bearer reconfiguration to Split bearer is the issue we want to discuss in this document. We think there are four possible options to handle those SDUs at bearer reconfiguration.
Option 1
The PDCP delivers PDCP SDUs stored in the SDU buffer to the upper layer, updates Last_Submitted_PDCP_RX_SN to the PDCP SN of the last PDCP SDUs delivered to upper layer, and then disables the SDU buffer. The UE indicates the First Missing SN (FMS) = Last_Submitted_PDCP_RX_SN + 1 to the target eNB. The target eNB transmits PDCP SDUs from the PDCP SN = FMS. As PDCP SDUs with PDCP SN <  FMS are not retransmitted, this option incurs PDCP SDU loss. An example of this option is shown in Figure 1.
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Figure 1: SDU buffer handling at MCG bearer reconfiguration to Split bearer - Option 1
Option 2
The PDCP discards PDCP SDUs stored in the SDU buffer without any state variable updates, and then disables the SDU buffer. The UE sends the PDCP Status Report indicating NACK for all PDCP SDUs following FMS even if they were correctly received. The target eNB transmits PDCP SDUs from the PDCP SN = FMS. There is no SDU loss, but radio resource is wasted due to the redundant retransmission of successfully transmitted PDCP SDUs. An example of this option is shown in Figure 2.
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Figure 2: SDU buffer handling at MCG bearer reconfiguration to Split bearer - Option 2
Option 3
The PDCP disables SDU buffer but temporarily maintains SDUs already stored in the SDU buffer. Those SDUs are maintained in PDCP until they become in-sequence and are delivered to upper layer. The UE sends the PDCP Status Report indicating NACK for not successfully received PDCP SDUs. This option relies on UE implementation; how to maintain the SDUs that were stored in the SDU buffer before bearer reconfiguration. An example of this option is shown in Figure 3.
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Figure 3: SDU buffer handling at MCG bearer reconfiguration to Split bearer - Option 3
Option 4
The target eNB does not reconfigure the MCG bearer to Split bearer until the UE’s SDU buffer is emptied. Based on the PDCP Status Report, the eNB can know that by which SDU transmission the SDU buffer is emptied. For example, if the UE informs to the eNB that FMS=2, NACK=2, 4, and ACK= 3, 5 (same example in Figure 3), then the eNB can know that transmission of SDUs 2, 4 will empty the UE’s SDU buffer. Thus, the eNB can safely reconfigure the MCG bearer to Split bearer from PDCP SDU 6. This option relies on network implementation.
Among four options, we think Option 4 should be enough for handling this issue. 

The SDU reordering in the legacy procedure is performed only in transient period, so this temporary SDU reordering does not take long. Moreover, as the bearer transmitted by the Split bearer is typically not time-critical, there is no hurry to reconfigure to the Split bearer. 

Proposal 1: Before reconfiguring MCG bearer to Split bearer, the MeNB should ensure that there is no PDCP SDUs stored in the PDCP SDU buffer.
3.
Proposal
This document looks into details on the bearer reconfiguration from MCG bearer to Split bearer, and concludes that smart network implementation can ensure that no SDUs are stored in PDCP SDU buffer at the time of bearer reconfiguration. Thus, we propose:
Proposal 1: Before reconfiguring MCG bearer to Split bearer, the MeNB should ensure that there is no PDCP SDUs stored in the PDCP SDU buffer.
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