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1 Introduction

With respect to MeNB buffer management in RAN2#85-bis we agreed:

	Agreements

1 The SeNB provides to the MeNB PDCP SNs of the successfully delivered PDCP PDUs (based on RLC AM state in SeNB) among the ones that it received from the MeNB. 
-
FFS which PDCP PDU SN(s) exactly to report based on what trigger (all delivered or only a subset)


This paper discusses the above FFS i.e. “which PDCP PDU SN(s) exactly to report based on what trigger (all delivered or only a subset)”.
2 Discussion
With respect to MeNB buffer management and signalling from SeNB -> MeNB, the following options are possible:

P1: Per received (on X2) PDCP PDU that is successfully delivered: The benefit of this option is that MeNB can re-transmit the “missing” PDUs to the UE. Further, if PDU N-1 and N+1 were successfully delivered (to the UE and reported as such to MeNB) but PDU N was yet not since it is still in RLC re-transmission, what does the MeNB conclude the status of PDU ‘N’ (really discarded in SeNB OR it could still be successfully delivered to the UE)? So, it might seem that “Per received (on X2) PDCP PDU that is successfully delivered in-sequence” should be the better solution. However, we note that original P1 will as such not cause a big problem since the MeNB would just hold PDU N a bit longer (until it receives successful delivery indication for ‘N’ or until the Discard timer for ‘N’ expires). If PDU N is re-transmitted by the MeNB, the UE would discard the duplicate, if required. Therefore, we deem that P1 in its current form is sufficient. On the other hand P1 is certainly a lot of signalling on X2 and is better avoided.
P2: Using a Bitmap which is sent periodically (in time or length of Bitmap): In this option one ACK_SN (corresponding to the most recent or oldest not yet reported PDU that is successfully delivered) is present together with 1 bit information for each subsequent/ preceding PDU(s). P2 however is in-efficient since the updated information about an earlier missing PDU could cause to re-transmit virtually the entire bitmap again e.g. PDU N is reported as “missing” in Report_1 containing information on 10 PDUs from PDU [N-1] to PDU [N+8] …but later PDU N is eventually delivered (after Report_1 was sent).
P3: PDCP PDU SN of the most recently delivered PDCP PDU: It is simplest and most signalling efficient; however, could be inaccurate since:
· It will not indicate which PDCP PDUs were dropped on X2 (SN 13 and 15 in the diagram below)
· It will give an incorrect picture of PDCP PDUs with SN less than the highest successfully delivered SN that were not yet successfully received in the UE (SN 17 and 19 in the diagram below)
· MeNB assumes all till SN 20 have been successfully delivered and therefore discards them; opportunity for re-transmission is lost.
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Figure 1: Reporting highest SN among successfully delivered can be misleading
Further, assuming losses on X2 and Uu-SeNB-UE are minimal and therefore, if required, the re-transmissions can be done at the higher layers (e.g. TCP). In this option though MeNB can clear its buffer earlier than the expiry of Discard Timer of the oldest PDCP SDU that was not yet discarded but if it receives a PDCP Status Report (upon SeNB change) then it cannot anyway re-transmit the required packet and split AM bearer(s) will no more be lossless.
P4: The other option could be to send the indication about PDU Discard at SeNB to the MeNB when the SeNB discards the RLC SDU e.g. upon expiry of a local discard timer at SeNB or when the particular PDU was already (re)transmitted many times by SeNB RLC. Since in normal circumstances the delivery failures will be extremely less (10^-6 after RLC re-transmissions), this way seems more signalling efficient and also allows the MeNB to re-transmit the PDU to the UE if the Discard Timer in MeNB is still running. Further, as pointed out in [1], this option may not allow timely clearing of MeNB buffer. Therefore, to allow timely clearing of MeNB buffer, the Discard Indication be sent periodically by the SeNB to MeNB even to indicate just an ACK_SN and zero NACK_SN (or more in case there are some undelivered PDUs). This option is efficient in terms of X2 signalling and is also more stable since the X2 reports contain now the final picture of each PDU and therefore reverting/ updating the report is not required. 
Proposal 1: SeNB reports to MeNB periodically the NACK_SN(s) together with an ACK_SN of the highest successfully delivered PDCP PDU.
RAN2 should inform RAN3 of our progress since this impacts RAN3 work as well in not only designing the X2 aspects but also thinking about the discard mechanisms in SeNB, if any.

Proposal 2: RAN2 send LS to RAN3 and respectfully ask them to take our decision in account.
3 Conclusions
This document discussed the issue of MeNB buffer management and relevant PDCP PDU SN reporting between SeNB and MeNB. Accordingly, following proposals are made: 
Proposal 1: SeNB reports to MeNB periodically the NACK_SN(s) together with an ACK_SN of the highest successfully delivered PDCP PDU.

Proposal 2: RAN2 send LS to RAN3 and respectfully ask them to take our decision in account.
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