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1. Introduction
Currently, it is up to UE implementation how PDCP delivers PDUs to the lower layer. However, with two data paths for the uplink direction, the delivery of PDCP PDUs to the multiple lower layers is unclear, and further clarification of the principle behind PDCP PDUs delivery is needed.
This contribution clarifies the PDCP PDU delivery to lower layers and addresses some related issues along with possible solutions.
2. Discussion
2.1. PDCP data delivery to lower layers
At the last meeting, it is concluded that “double reporting + threshold” solution is used for BSR. If the PDCP data amount is above threshold, both MAC entities trigger BSRs, otherwise only one MAC entity triggers BSR. This conclusion just states how BSR is triggered. As pointed out in the last meeting, triggering BSR is independent topic on how PDCP PDUs are delivered to lower layer. 

Two possible solutions, push model and pull model are introduced in [1]. Both models seem to be assumed by companies. It is beneficial to clarify how PDCP PDUs are delivered to lower layer since there are two lower layers for uplink direction in Rel-13 DC. 

Push model

With this model, PDCP PDUs are delivered to lower layer immediately upon arrival of SDU, as long as not more than half the PDCP SN space is in use. Assuming large data amount, “double BSR” is triggered. Both MeNB and SeNB may consider uplink grant for the UE. In this case, there is a possibility that PDCP “push” PDUs to SCG-RLC queue while MCG-RLC queue would be nearly empty (SeNB grant uplink resources first). Such PDCP PDU stuck in the wrong RLC queue can occur with this model. This is not appropriate for double BSR scheme.

Pull model

PDCP does not immediately deliver PDCP PDUs to lower layer. The PDCP PDUs are delivered to lower layer when RLC of either cell group informs PDCP of transmission opportunity (“pull” PDU from PDCP). With this model, PDCP PDUs are not got stuck in RLC queue.

Pull model is better model for uplink bearer split considering “double BSR + threshold” scheme and drawback of push model. 

Proposal 1:
RAN2 should assume the pull model for PDCP PDU delivery to lower layers.
2.2. SCG-RLF case considering two routes
In Rel-12, it was agreed that the UE shall suspend all SCG DRBs and suspend SCG transmission for split DRBs upon detection of SCG-RLF [3] but there is no restriction to the MCG transmission for split DRBs. This behaviour corresponds to RAN2 agreement [4]:
	3
The data transfer for a split bearer over the MeNB is maintained upon S-RLF.


In Rel-12, UE actually sends uplink split bearer only towards one eNB, either MeNB or SeNB. In the case the UE sends the uplink to the SeNB but SCG-RLF is subsequently detected, the UE should redirect the transmission of all PDCP packets towards the MeNB and suspend transmission of all PDCP packets towards SeNB. However, if the UE transmits part of PDCP packet transmission towards MeNB while some packet for SeNB is suspended, since PDCP is not re-established, this may result in more than half the PDCP sequence number space is brought in flight and/or buffer overflow at the MeNB.
To resolve this issue, the UE should autonomously re-route the pending PDCP PDUs at the SeNB towards the MeNB without RRC Reconfiguration. Detection of SCG-RLF is a good indication to the UE that such re-routing to the MeNB is needed. The existing procedure for PDCP re-establishment may be reused in this scenario [2].
Proposal 2:
SCG-RLF should be used as an indication to the UE that all unacknowledged PDCP packets should be re-routed to the MeNB.
After SCG-RLF is detected, there is a possibility that the SeNB is resumed through SCG change procedure. In this case, UE may send the same packet through SeNB although the packet is already received by MeNB. In order to avoid this duplication, SCG-RLC in the UE should discard its SDU upon SCG-RLF. To prevent duplication in the PDCP layer, the MeNB should provide the PDCP Status report towards the UE upon resuming SeNB operation so that the UE will only send unacknowledged PDCP packets towards the SeNB.
Proposal 3:
SCG-RLC in the UE should discard its SDU upon SCG-RLF.

Proposal 4:
To prevent duplication in the PDCP layer, MeNB should provide the PDCP Status report towards the UE upon resuming SeNB operation.
3. Conclusion 
In this contribution, PDCP push and pull models referenced by [1] is introduced for clarification. 
Furthermore, re-routing the PDCP data units upon detection of SCG-RLF is also discussed.
We have the following proposals. 
Proposal 1:
RAN2 should assume the pull model for PDCP PDU delivery to lower layers.
Proposal 2:
SCG-RLF should be used as an indication to the UE that all unacknowledged PDCP packets should be re-routed to the MeNB.
Proposal 3:
SCG-RLC in the UE should discard its SDU upon SCG-RLF.

Proposal 4:
To prevent duplication in the PDCP layer, MeNB should provide the PDCP Status report towards the UE upon resuming SeNB operation.

4. References

[1] R2-151434, Uplink bearer split for Dual Connectivity , 3GPP TSG-RAN WG2 Meeting #89bis, Ericsson
[2] 3GPP TS 36.323 V12.3.0 (2015-03), Packet Data Convergence Protocol (PDCP) specification (Release 12)
[3] 3GPP TS 36.331 V12.5.0 (2015-03), Radio Resource Control (RRC); Protocol specification (Release 12)
[4] R2-142941, Report of 3GPP TSG RAN WG2 meeting #85bis, Valencia, Spain, March 31 – April 4, 2014, ETSI MCC
