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1 Introduction
During the RAN2#87 meeting, there had been intensive discussion on various bearer reconfiguration scenarios, a number of agreements were made. From the discussion, we obtained following agreements with regard to UL data transmission for bearer reconfiguration [1].
=>  For UL, Restart transmissions of PDCP PDU’s previously transmitted via SCG for which delivery is not confirmed by lower layers
=>  At UL direction change, RLC keeps retransmitting RLC PDUs, and eNB PDCP performs PDU reordering.

Even though above agreements were made, until now, there was not an in-depth discussion on data transmission mechanism for split bearer in case that UL data path is changed. Hence, this document describes basic UL data transmission mechanism for split bearer and then provides remaining issues to be considered due to UL transmission direction change and bearer reconfiguration.
2 Discussion
In RAN2#87 meeting, there was decision that split bearer could be reconfigured toward MCG bearer or another split bearer other than SCG bearer from following agreement[2]. 
	Agreement
1
Direct bearer type change between Split bearer and SCG bearer is not supported. In order to change between SCG and Split bearer, the bearer first needs to be changed to an MCG bearer.




When a split bearer is configured, both MCG cells and SCG cell are used for transmitting downlink PDCP PDU, while uplink transmission direction for split bearer is configured at setup of the split bearer by RRC. In other words, UE should transmit PDCP PDU over the uplink where the split bearer is configured, which can be either MCG or SCG. Additionally, since uplink transmission direction for split bearer can be changed by various reasons such as mobility of UE or decay of radio channel quality, there is need to consider uplink transmission mechanism due to dynamic uplink direction change. 

Regarding UL transmission of split bearer, following scenarios can be considered.  
· Case 1: UL direction change without bearer reconfiguration 

· Case 2: bearer reconfiguration from split to MCG

· Case 3: bearer reconfiguration from split to split

In case 1, uplink direction is changed from one CG to another without any bearer reconfiguration. So, in this case, it is necessary for the UE to retransmit PDCP PDU over newly configured direction, if the UE does not receive indication of successful UL transmission of the PDCP PDU from lower layer. As a result of retransmission of UE, MeNB may repeatedly receive same PDCP PDU from MCG or SCG or may receive PDCP PDUs with out of sequence. 

Figure 1illustrates an example of retransmission of PDCP PDU for split bearer. In this example, UE would retransmit PDCP PDU 3 to MCG-RLC, since direction of UL transmission is changed from SCG to MCG and the UE does not receive acknowledgement of PDCP PDU 3 which was transmitted to SCG-RLC. After retransmission of PDCP PDU 3 over MCG, if the PDCP PDU 3 is successfully transmitted by lower layer operation(i.e. RLC retransmission or HARQ operation), duplication of the PDCP PDU 3 is occurred in PDCP at MeNB. From the behavior of UE, the PDCP at MeNB may receive two PDCP PDUs with same sequence number during UL direction change of the split bearer.
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Figure 1. An example of PDCP PDU transmission at UL path change in split bearer
In case 2, since SCG branch of split bearer is released due to reconfiguration, UE can only use MCG for UL transmission. In this reconfiguration case, if uplink direction of split bearer is configured with MCG, it is sufficient to perform legacy operation. However, if uplink direction of split bearer is configured with SCG, it is necessary for the UE to retransmit PDCP PDUs which do not receive acknowledgement from lower layer for SCG, similar to the case 1. 
In case 3, even though MCG or SCG can be changed during the reconfiguration procedure, split bearer is remained after bearer reconfiguration, which is supported in case of SCG change or intra-eNB handover. For SCG change, since SCG MAC is reset and SCG RLC is reestablished, there is no duplication of PDCP PDUs in PDCP at MeNB. For intra-eNB handover, all the SCG cells are basically released and re-added after handover. Therefore, similar to the SCG change, retransmission of PDCP PDUs is only required. 
From above analysis, we know that there is possibility of receiving duplicated PDCP PDUs and possibility of out of sequence delivery of PDCP PDU in PDCP at MeNB. Thus, PDCP at MeNB requires reordering function and duplication detection/discarding function when change of UL transmission direction or bearer reconfiguration from split to MCG. 

Observation 1: There is possibility of duplicated reception or out of sequence delivery of PDCP PDUs in case of change of UL transmission direction or bearer reconfiguration from split to MCG.
With regard to reordering of PDCP PDUs over uplink, it was already discussed in RAN2#87 meeting, following agreements are made.

=> Temporary reordering is considered only for Bearer Type change from Split bearer to MCG bearer case without involving Security Key change and Header Compression reset.
Along with the reordering function, duplication detection and discarding mechanism is required for UL retransmission of PDCP PDUs for split bearer. For the purpose, following options can be considered. 
· Alt 1: Delayed path switching
In this option, UE waits some moments to receive confirmation of UL transmission of PDCP PDU from lower layer before path switching of UL transmission. The waiting time in this scheme means processing time for lower layer operation. After waiting time, the UE start to transmit PDCP PDUs with newly configured path. In this option, there is no further requirement for PDCP at MeNB. 
· Alt 2: RLC re-establishment when UL direction change

In this option, after reception of UL path change, the UE performs the RLC reestablishment procedure on current configured CG. By performing this operation, since the UE able to discard all PDCP PDUs and PDU in transmitting side, there is nearly no possibility to receive duplicated PDCP PDUs in PDCP at MeNB.

· Alt 3: Duplication detection and Discarding

On reception of UL direction change, UE immediately changes its UL transmission path designated by RRC and transmits PDCP PDUs. During this procedure, the UE may retransmit PDCP PDUs unacknowledged from lower layer through newly configured path. From MeNB point of view, for this option, duplication detection and discarding function are required in PDCP.

Among above alternatives, we think Alt.1 is worst since decision of waiting time for lower layer processing is very difficult. Option 2 is also not good in that even though reestablishment of RLC is performed, HARQ processing is still performed. So, there may be possibility to occur duplicated reception of PDCP PDUs in PDCP at MeNB. Therefore we think option 3 is desirable since duplication detection and discarding at receiving side is fundamental approach.

Proposal 1: Duplication detection and discarding function for split bearer are temporarily required in PDCP at MeNB. 
3 Conclusions
This paper discusses on consideration of UL data transmission of split bearer. According to the discussion in section 2, following proposals are given:
Observation 1: There is possibility of duplicated reception or out of sequence delivery of PDCP PDUs in case of change of UL transmission direction or bearer reconfiguration from split to MCG.
Proposal 1: Duplication detection and discarding function for split bearer are temporarily required in PDCP at MeNB.
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