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1 Introduction
Without proper care, discarded and unacknowledged PDCP SDUs may cause HFN de-synchronization. In this contribution, we first analyze the HFN de-synchronization issue for UL split bearer, and then discuss how to treat receiving gaps in MeNB PDCP reordering window caused by SCG-RLF and PDCP discard. 

2 Discussion

2.1 HFN de-synchronization issue
In 
current PDCP specification, one note is added as the following to treat the HFN de-synchronization issue:

NOTE:     Associating more than half of the PDCP SN space of contiguous PDCP SDUs with PDCP SNs, when e.g., the PDCP SDUs are discarded or transmitted without acknowledgement, may cause HFN desynchronization problem. How to prevent HFN desynchronization problem is left up to UE implementation.


In UL split bearer scenario, one main difference from Rel-12 is that one transmission link (e.g., MeNB link) can still have good channel quality, while the other transmission link (e.g., SeNB link) is weak. Then, from UE implementation point of view, the UE may be tempted to autonomously re-transmit those PDCP SDUs by MeNB link to prevent HFN de-synchronization, if one or more PDCP PDUs delivered into SCG-RLC is not acknowledged or is discarded. But this requires that the UE discard those PDCP PDUs which are being transmitted/processed in SCG link in time; otherwise, duplicate PDCP PDUs transmission will happen. 
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Figure 1: outside of the MeNB reordering window    Figure 2: within of the MeNB reordering window 
As shown in Figure 1 and Figure 2, the duplicate PDCP PDUs can fall either in or out of the reordering window at MeNB. If the duplicate PDCP PDUs falls within the MeNB reordering window, the MeNB will recognize them as normal PDCP PDUs with next HFN number. As a result, future PDCP PDUs with the same SN will be incorrectly discarded. However, to timely discard duplicated transmission in SCG link is not so easy, because it requires tight interworking among different layers in UE. 
Proposal 1: the UE should not autonomously deliver a PDCP PDU to another RLC entity for retransmission, if the PDCP PDU has already been delivered to a RLC entity for transmission. 

2.2 SCG-RLF

In Rel-12, only the data transmission to SeNB is suspended upon S-RLF. When PDCP data split is supported, only suspending the transmission to SeNB while maintaining transmission to MeNB will generate many gaps in the MeNB reordering window. The following are some possible options to treat UL data transmission for UL split bearer upon SCG-RLF:
· Option 1: keep the same principle with Rel-12, i.e., the data transfer to the MeNB is maintained, and the data transfer to the SeNB is suspended upon SCG-RLF;

· Option 2: the data transfer to the MeNB and to the SeNB are suspended upon SCG-RLF;

· Option 3: the data transfer to the MeNB is maintained, and the suspended PDCP SDUs to the SeNB are retransmitted to the MeNB upon SCG-RLF [1].

Between the options 1 & 2, it doesn’t seem necessary to additionally require UE to suspend data transfer to the MeNB, as the existing UE implementation can already prevent the HFN de-synchronization, even if there are gaps in MeNB reordering window caused by not receiving PDCP PDUs from SeNB. 
With option 1, the UE can perform the UL transmission to the MeNB, but the UE will not treat further those PDCP PDUs which have been delivered into SCG lower layer. After receiving SCG-RLF report from the UE, the MeNB can initiate an SCG change to reconfigure the split bearer to MCG bearer or resume SCG transmission. The UE can then perform the PDCP recovery procedure to retransmit those unacknowledged PDCP PDUs. Therefore, option 1 will not bring any additional specification impact. The downside is that UL throughput may be impacted, due to those gaps in reordering window before PDCP recovery is performed.
With option 3, the UE would retransmit through the MeNB those unacknowledged PDCP PDUs originally delivered to the SeNB. This helps eliminate those gaps in the reordering window, so that the PDCP SDUs can be delivered into upper layers sooner. In this way, the UL throughput can be improved. But the UE needs to discard the corresponding PDCP PDUs in SCG RLC buffers when they are successfully retransmitted to the MeNB. Otherwise, duplicate PDCP transmission will happen when PDCP recovery procedure is invoked, which may lead to HFN de-synchronization.  
Comparing these options, we think the option 1 is a reasonable option to treat data transfer of UL split bearer upon SCG-RLF. 

Proposal 2: keep the same principle as in Rel-12, i.e., the data transfer to the MeNB is maintained, and the data transfer to the SeNB is suspended upon SCG-RLF.
2.3 PDCP discard

For DL transmission, the MeNB can try to avoid discarding a PDCP SDU with SN. But for UL transmission, it is not easy to avoid discarding the PDCP SDU due to many reasons, for example, PUSCH resources shortage, lower priority service starving, too many RLC segments, and so on.  
In order to eliminate gaps due to the PDCP SDU discard, the following solutions can be considered:

· Option 1: add one note to leave the issue as UE implementation; [2]

· Option 2: allow re-routing to another eNB when the discard timer expires; [1]
· Option 3: use PDCP SDUs of zero length to replace the discarded PDCP SDUs; [3]
· Option 4: use a control PDU to report the SN of the discarded PDCP SDU.
In option 1, by UE implementation, the UE will try to avoid allocating PDCP SN to a PDCP SDU too early. But the option cannot totally eliminate gaps in the reordering window. For example, the PDCP discard can still occur, due to too much RLC segmentation and poor UL link quality. 
The options 2, 3 and 4 all require some specification changes. If there is only one discarded PDCP SDU, the effect of three options is similar. But in some cases, it is possible that there are multiple (consecutive) PDCP SDUs being discarded in one or more continuous TTIs. With option 2 or option 3, the UE will have to transmit multiple PDCP SDUs to the network to eliminate the gaps. With option 4, the UE can generate one control PDU to report all PDCP SN of those discarded PDCP SDUs.
We think the option 1 is acceptable, because PDCP discard should not occur frequently with split bearer.  But if companies think it is worth some enhancements, we prefer the option 4, as reporting one control PDU is more robust than sending multiple PDCP SDUs to the network. 
Proposal 3: if RAN2 decides that enhancement (other than UE implementation) is needed for PDCP discard, the option 4 should be adopted, i.e., the UE uses a control PDU to report the SN of the discarded PDCP SDU.
3 Conclusion
We further investigated the HFN de-synchronization issue for UL split bearer, and discussed how to treat the SDU/PDU gaps in MeNB PDCP reordering window caused by SCG-RLF and PDCP discard.

Proposal 1: the UE should not autonomously deliver a PDCP PDU to another RLC entity for retransmission, if the PDCP PDU has already been delivered to a RLC entity for transmission. 

Proposal 2: keep the same principle as in Rel-12, i.e., the data transfer to the MeNB is maintained, and the data transfer to the SeNB is suspended upon SCG-RLF.
Proposal 3: if RAN2 decides that enhancement (other than UE implementation) is needed for PDCP discard, the option 4 should be adopted, i.e., the UE uses a control PDU to report the SN of the discarded PDCP SDU.
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