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1   Introduction
In RAN2#83bis meeting, the UP architecture of dual connectivity was discussed and 1A and 3C were down-selected as the baseline solutions. Furthermore, the BSR issue was discussed and the following consensus was agreed: 
For eNB-specific bearer, UE sends BSR information related to specific bearer towards the eNB for which corresponding bearer belongs to.
This agreement is only applicable to 1A where the bearers are all eNB-specific, but for 3C, bearer split is introduced and a EPS bearer is maintained by both eNBs, so the BSR issue is more complicated in 3C. In the last meeting, the number of MAC entity for dual connectivity UE was also discussed [1], but no consensus was agreed. We think the BSR issue is related to the MAC architecture, so in this paper we analyse the detail BSR issue for architecture 3C with single MAC and dual MAC respectively.
2   Discussion 
2.1   BSR issue for single MAC
The UE protocol architecture with single MAC is shown in the following figure:
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Figure1. UE protocol architecture with single MAC

In this architecture, each EPS bearer has one PDCP entity and two RLC entities for MeNB and SeNB respectively, which are denote as “RLC-M” and “RLC-S” in figure 1. UE has only one MAC entity. In the uplink, the MAC entity multiplex the RLC-M PDUs into MAC PDU-M to be transmitted to the MeNB, and multiplex the RLC-S PDUs into MAC PDU-S to be transmitted to the SeNB. The MAC entity has to differentiate the RLC-M PDU and the RLC-S PDU in the LCP procedure.

In the downlink, UE has to differentiate the RLC PDUs come from MeNB or SeNB to decide to deliver it to which RLC entity(RLC-M or RLC-S), so the LCH IDs should be different for RLC-M and RLC-S of the same EPS bearer. In current specification, the LCH ID range is 0 to 10, and it has to be extended in 3C with single MAC.  
In the following, we analyse BSR trigger and BSR report seperately.

· BSR trigger

In this architecture, the legacy BSR trigger scheme can be reused. The network can configure the MAC entity with only one parameters set for “periodicBSR-Timer” and “retxBSR-Timer”, which may trigger a BSR. Meanwhile the buffer status of any logical channel can trigger the BSR. Here the MAC has no need to differentiate the logical channels corresponding with RLC-M or RLC-S. 

In this architecture, the legacy BSR trigger scheme can be reused, and the MAC has no need to differentiate the logical channels corresponding with RLC-M or RLC-S, the buffer status change of any bearer may trigger a BSR. 
In the last meeting, we have the agreement that:

For eNB-specific bearer, UE sends BSR information related to specific bearer towards the eNB for which corresponding bearer belongs to.

Eventhough this agreement is aligned with the eNB-specific bearer scenatio, e.g., UP architecture 1A, we think the principle should be followed in 3C, that the BSR reflecting the available data to be transmitted should only be reported to the corresponding eNB. Assuming UE has only one EPS bearer as shown in figure 2:
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Figure2. Buffer status of one EPS bearer in 3C
In figure 2, UE reports BSR1 to MeNB, and BSR2 to SeNB. The BSR reflects the sum available data in PDCP and RLC, so how to split the available data of PDCP into two different BSRs should be researched, otherwise this type data is double counted. 

Proposal 1: BSR should only be reported to the corresponding eNB in architecture 3C. 
The BSR reflects the buffer status of a LCG, and the following two candidate solutions are proposed here for only report the BSR to the corresponding eNB:

1. Network allocates logical channels of different eNBs to different logical channel groups. 
2. In BSR triggering and reporting, UE takes into account which logical channels belong to which eNB.

Solution 1 can be realized by network implementation and solution 2 needs the modification in UE side. We prefer solution 1.
Proposal 2: Network should allocate logical channels of different eNBs to different LCGs in architecture 3C with single MAC. 
· BSR report

In solution 1, when a short/truncated BSR is triggered, the UE only reports it to the eNB which the LCG belongs to. When a long BSR is triggered, the UE evaluates which eNB the LCGs with buffered data belong to, and report it to the corresponding eNB, that means UE may report this long BSR to both eNBs, or UE can divide a long BSR into several short BSRs and report them to corresponding eNBs. 
2.2   BSR issue for dual MAC
The UE protocol architecture with dual MAC is shown in the following figure:
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Figure2. UE protocol architecture with dual MAC

In this architecture, all the RLC-M associates with a MAC entity “MAC-M”, meanwhile all the RLC-S associates with the other MAC entity “MAC-S”. MAC-M and MAC-S work independently. In the downlink, since UE can differentiate the RLC-M PDUs or RLC-S PDUs from different MAC entities, so the two logical channels’ ID of a single EPS bearer can be the same. In the uplink, the MAC-M multiplex the RLC-M PDUs into MAC PDU-M, and the MAC-S multiplex the RLC-S PDUs into MAC PDU-S. 

For the BSR issue, MAC-M and MAC-S can trigger and report the BSR independently, and the legacy procedure can be reused. However, the problem of double counting of PDCP available data analysed in figure 2 also exists here, so regardless of UE architecture with single MAC or dual MAC, this problem should be researched.
Proposal 3: The problem of double counting of PDCP available data should be considered in architecture 3C. 

3   Conclusion
In this paper, we analyse the BSR issue for 3C with single MAC and dual MAC respectively. If UE has single MAC, the BSR should only be reported to the corresponding eNB, and some network implementation restriction should be introduced that the network allocates logical channels of different eNBs into different LCGs. If UE has dual MAC, the legacy BSR procedure can be reused for each independent MAC while the UE MAC architecture should be modified. Regardless of single MAC or dual MAC, the problem of double counting of PDCP available data should be researched.
Proposal 1: BSR should only be reported to the corresponding eNB in architecture 3C. 

Proposal 2: Network should allocate logical channels of different eNBs to different LCGs in architecture 3C with single MAC. 
Proposal 3: The problem of double counting of PDCP available data should be considered in architecture 3C. 
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