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1 Introduction

Last RAN2 meeting discussed PDCP status reporting over X2 for architecture 3C.  RAN2 took the following decisions:

	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. 


Further, RAN2 also agreed some rules/requirements that can help to design of the overall solution:

=>
Burst delivery of packets from reordering to the deciphering entity in the UE is not considered an issue since RLC AM may show the same behaviour already today. 

=>
The PDCP transmitter should not bring more than half the sequence number space in flight in order to avoid HFN de-sync. (as in legacy behaviour). 

The following FFS was captured in the LS sent to RAN3:

It is FFS which PDCP PDU SN(s) exactly to report based on what trigger (all delivered or only a subset). RAN2 has not discussed whether there is a need for the SeNB to inform the MeNB about PDCP PDUs it has received via X2 but not delivered via Uu to the UE.
PDCP status reports for 1A was also discussed but no decisions were formally captured.  
This document discusses the topic further and makes recommendations.
2 Discussion

RAN2 had further agreed in RAN2#85 on the following that PDCP status reporting:
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.

With the following left as FFS:


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. 


PDCP reordering after SeNB release if FFS.

2.1 SeNB Change/Bearer release

In both these cases, the bearer is released in the SeNB cell and moved to another eNB.  Both 1A and 3C architectures need to be discussed as they are different with respect to PDCP in SeNB.
Architecture 1A:

For Architecture 1A, when a bearer is moved from one eNB to another, it is identical to a HO today as far as the bearer itself is concerned (the only difference being that it is only the bearer that is moving rather than the Pcell).   For a normal HO, UE sends a status report after the HO and re-tx and re-ordering is performed.  It is hence proposed to adopt the same principle for bearer movement in 1A.
Proposal #1: Bearer movement from and to SeNB (including SeNB release) for Architecture 1A is handled as HO today.  PDCP status report and re-ordering is performed after the bearer movement.
Architecture 3C
For architecture 3C, there is no PDCP in SeNB.  For a DL bearer split to include SeNB, re-ordering has to be performed continuously as long as the bearer is split.  When the bearer is subsequently released from the SeNB, there could be packets that are sent to the SeNB that are not transmitted or have been transmitted and not received by UE, or RLC-ACK not received by SeNB.  Hence a network based solution will not be able to provide a guaranteed and correct status report of the packets received by the UE; it is only the UE that has a complete view of the packets that have been received.  Thus it is proposed to align with the Architecture 1A to have UE send a PDCP status report when the bearer is released in SeNB
Re-ordering needs to be performed for a while until the packets that are earlier than than the last packet sent over MeNB is received by the UE.  After a split bearer in SeNB is released, MeNB must prioritise any outstanding packets to minimise re-ordering delay in the UE.  It should be possible for a UE implementation to work out the last packet that was sent to the SeNB and when it can stop the re-ordering.  Hence this can simply be left to good UE implementations.
Proposal #2: For Architecture 3C bearers, UE sends a PDCP status report after the split bearer is released in SeNB.  Network must prioritise SeNB packets to minimise re-ordering delay in UE. Stopping of re-ordering after release of the bearer could be left to UE implementation.
2.2 Need for additional status reporting over X2 for 3C
As already discussed, packet losses over X2 loses are not considered for re-transmission by the MeNB.  Buffer overflow in SeNB should also be a rare event with proper flow control.  T-reordering already agreed by RAN2 will prevent stalling in the UE from any data loss should it happen.  Data loss over radio interface for an RLC-AM bearer does not happen.
If proposals above are agreed, then the remaining case for status reporting over X2 is to prevent PDCP SN wrap around and to allow MeNB to remove packets that are guaranteed delivered from its buffer.   
Hence it is sufficient if SeNB indicates delivered PDCP PDUs every 64 packets.   For this purpose, it is sufficient for MeNB to be told of last in sequence successfully delivered know PDCP PDUs periodically.  Note that it has to be in-sequence PDU since MeNB will remove all PDCP PDUs earelir than this SN and hence will not be able to re-tx them should the bearer split be released.  The period could be once every number of PDUs and/or time period (exact periodicity is FFS).
Proposal #3: It is sufficient for SeNB to report periodically the last successfully transmitted in-sequence PDCP PDU Sequence number.  The periodicity is FFS.
Since the actual transfer of the status is over X2 and using RAN3 protocols, it is proposed to confirm RAN2 agreements to RAN3 to progress the stage 3.  
3 Summary and proposals

This document discussed the different possibilities for reporting the PDCP status for the different procedures for 1A and 3C architecture bearers. 
Proposal #1: Bearer movement from and to SeNB (including SeNB release) for Architecture 1A is handled as HO today.  PDCP status report and re-ordering is performed after the bearer movement.

Proposal #2: For Architecture 3C bearers, UE sends a PDCP status report after the split bearer is released in SeNB.  Network must prioritise SeNB packets to minimise re-ordering delay in UE. Stopping of re-ordering after release of the bearer could be left to UE implementation.

Proposal #3: It is sufficient for SeNB to report periodically the last successfully transmitted in-sequence PDCP PDU Sequence number.  The periodicity is FFS.

Since the actual transfer of the status is over X2 and using RAN3 protocols, it is proposed to confirm RAN2 agreements to RAN3 to progress the stage 3.  


