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1.
Introduction
The PDCP operation for Split bearer has been discussed, and RAN2 comes to reach a baseline procedure. One issue with the baseline procedure is that whether the duplicated PDU is processed or not before being discarded. The document discusses this issue.

2.
Handling of Duplication
RAN2 agreed that a Split bearer can be maintained after intra-MeNB handover. RAN2 also agreed that during the PDCP re-establishment for Split bearer, the PDCP PDUs stored in the reordering buffer are deciphered and header decompressed, and the resulting PDCP SDUs are re-stored in the reordering buffer. After the PDCP re-establishment, new PDCP PDUs will be received, ciphered with new Key and header compressed with new Context. 
A newly received PDCP PDU is considered to be duplication if the SN is less than or equal to Last_Submitted_PDCP_SN, or a SDU associated with same PDCP SN is already stored in the reordering buffer. This case may happen if the RLC Status Report was transmitted long before the intra-MeNB handover. After intra-MeNB handover, the MeNB may retransmit the PDCP PDUs which were already received and/or delivered to upper layer in the UE. An example of duplication after intra-MeNB handover is shown in Figure 1.
Suppose that, before intra-MeNB handover, the Source MeNB transmits PDCP PDUs 3 ~ 7 to the UE, where PDUs 5 and 6 are not successfully transmitted. In the UE side, the UE delivers the PDUs 3 and 4 to upper layer as they are in-sequence, and stores the PDU 7 in the reordering buffer as it is out-of-sequence. The UE updates PDCP state variables such that Last_Submitted_PDCP_SN = 4 and Next_PDCP_RX_SN = 8. The UE has not sent RLC Status Report to the Source MeNB yet.

If handover occurs at this point of time, the UE processes (i.e. deciphers and header decompresses) PDU 7 stored in the reordering buffer to reassemble SDU 7, and stores it again in the reordering buffer. Then, the UE applies new security key and resets header compression context.

After handover, the Target MeNB retransmits PDCP PDUs 3 ~ 7 to the UE as they were not acknowledged before handover. The retransmitted PDUs are ciphered with new security key and compressed with new header context. The Target MeNB also transmits a new PDU 8.

In the example of Figure 1, two types of duplication occur in the UE after handover.


-
Duplication of already delivered PDU: PDU 3, 4


-
Duplication of already stored PDU: PDU 7
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Figure 1. Duplication after intra-MeNB handover
The issue is how to handle the duplicated PDUs received after handover.
For handling of duplication for already delivered PDUs, there are two options.


-
Option 1: Discard without processing


-
Option 2: Discard after header decompression

For handling of duplication for already stored PDUs, there are three options.


-
Option 1: Discard without processing


-
Option 2: Discard after header decompression


-
Option 3: Replace stored PDUs with newly received PDUs
The Option 1 may cause context update problem if the Target MeNB starts transmitting packet with context update header (e.g. IR header). The Target MeNB does not know the UE PDCP status, and may retransmit from the first unacknowledged PDCP PDU with IR header. Then, all the following compressed packets referring to the newly updated context cannot be decompressed unless the IR packet is received and header context is updated correctly. For example in Figure 1, if PDU 3 is IR packet, the following packets PDU 4 ~ 8 cannot be decompressed because PDU 3 is discarded without updating the header context. Therefore, the Option 1 itself does not guarantee lossless operation at handover.

The Option 2 may seem to guarantee lossless operation because the header context is also updated by the duplicated packet. However, it is not true for split bearers. In split bearer, the PDUs can be received out-of-order via multiple transmission paths. There is no guarantee that the IR packet is received first after handover. For example in Figure 1, after handover, if PDU 4, 5, 6 are received before PDU 3 which is IR packet, they will all fail in header decompression. Moreover, there is no mechanism defined in current specification to reorder packets less than Last_Submitted_PDCP_SN. Therefore, the Option 2 may lower the possibility of header decompression failure, but still does not guarantee lossless operation at handover.
For handling of duplication for already stored PDUs, the Option 3 can also be considered. Instead of discarding the received PDU, the UE discards the stored PDU and stores the received PDU if it is duplication. This mechanism would work well for duplication within reordering window, but cannot be applied to the duplication outside of reordering window. 
As analysed above, no option can guarantee lossless operation at handover. 
We think the most robust method is to trigger PDCP Status Report at handover for split bearer. If the PDCP Status Report is transmitted after handover, the target MeNB knows the UE reception status accurately, and would not retransmit PDUs that would be outside of reordering window or that would cause duplication in the UE side. If the duplicated transmission is avoided by the PDCP Status Report, we don’t need to consider how to handle the duplicated PDUs in the reception procedure, and the Option 1 would work for all cases.
Proposal 1: Mandate to trigger PDCP Status Report at intra-MeNB handover for Split bearer.

Proposal 2: Discard the duplicated PDCP PDU without any processing in Split bearer operation.

3.
Proposals
This document discusses handling of duplication in Split bearer, and proposes that:

Proposal 1: Mandate to trigger PDCP Status Report at intra-MeNB handover for Split bearer.

Proposal 2: Discard the duplicated PDCP PDU without any processing in Split bearer operation.
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