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1 Introduction

In RAN2 #85 meeting, some issues about the BSR was discussed with several basic agreements [1][2]. In this contribution, some further important aspects about BSR are discussed. 

2 Discussion
Currently, there are 3 main BSR alternatives for the split bear transmission in uplink:
· Alternative 1: Except for the RLC status report, all the PDCP PDUs are always transmitted to one eNB, this eNB may be configured, or be fixed in specification. So, the BSR from data is always reported to one eNB.
· Alternative 2: All the packets are transmitted to MeNB and SeNB dynamically, and the ratio is configured by RRC message [3]. UE creates the BSR according to this ratio.
· Alternative 3: All the packets are transmitted to MeNB and SeNB dynamically, and the ratio is coordinated between MeNB and SeNB. UE does not know this ratio, and always reports all the data to two eNBs.
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Figure 1: 3 alternatives for BSR
All these 3 alternatives will be considered in the following analysis.

2.1 LCG configuration 
Since the LCG is defined per MAC entity, 4 LCGs are enough for both of the MAC entities. The current BSR format is not needed to be modified.
Proposal 1: At most 4 LCGs are configured in one MAC entity.
In the current RRC message, one logic channel may not be configured to a LCG. However, if a split bear is not configured in any LCG, the related eNB could not compute the correct sum of uplink resources for this LCH, so the predefined offload ratio could not be realized. 
Observation 1: For alternative 2/3, the split bear must be configured to a LCG.
2.2 BSR trigger
For the alternative 2/3, when the PDCP data arrives, UE wishes to transmit some data via MeNB and other data via SeNB. As a result, it is reasonable to trigger BSR towards 2 eNBs. One special case is that there is only ONE packet arrival. Because one PDCP PDU could not be delivered to two RLC buffers, the BSRs towards both MeNB and SeNB may be not necessary. Considering the split bear is usually for big volumn of datas, this special case is a corner case, and its process could be left to UE implementation.
Proposal 2: For alternative 2/3, when the data arrives for split bear, UE shall trigger BSR towards 2 eNBs.
In the previous CA, there is no fix mapping between LCGs and Cells, so UE could transmit one regular/period BSR in a TTI. Now, the inherent mapping relationship between LCGs and Cells makes it reasonable for UE to transmit regular/period BSR to MeNB and SeNB in the same TTI.
Proposal 3: UE could transmit regular/periodic BSR to MeNB and SeNB in the same TTI.
2.3 BSR creation
For alternative 3, if the split bear and non-split bear are configured in the same LCG, eNB could not make the correct scheduling decision. For example in figure 2, UE wishes to transmit 30% data to MeNB, and 70% to SeNB. If the DRB 1 and DRB2 are configured in the same LCG X, the MAC entity for MeNB will create a BSR of 300 bytes, with which MeNB could not deduce its really wish of getting the UL grant of 160 bytes.
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Figure 2: BSR for alternative 3
Observation 2: For alternative 3, the split bear and non-split bear may not be configured to the same LCG.
In the current specification, all BSRs transmitted in a TTI always reflect the buffer status after all MAC PDUs have been built for this TTI. However, this rule may be complex for 3C.

For every data bear, buffer status includes one PDCP buffer and one RLC buffer, and PDCP will deliver the PDCP PDU to the RLC buffer as soon as possible. For the split bear, the buffer state includes one PDCP buffer and two RLC buffers. If a packet is delivered to RLC buffers too early, BSR and LCP may be simple, at a cost of some restriction in scheduling because this packet is bounded to one eNB and could not be transmitted via another eNB, even there is available uplink resources. In the following discussion, it is assumed that all the PDCP PDUs are stored in the PDCP buffer unless the UL grant is received.
In RAN2 #85 meeting, whether the LCPs are independent or not was not finally decided [1]. Upon receiving 2 UL grants in a TTI, UE has 2 options as in figure 3:
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Figure 3: LCP and BSR creation
For option 1, UE proceeds LCP/ BSR creation to every eNB independently, which may result some error BSR information to eNB because UE does not take into account the LCP result to the other eNB in BSR creation. For example, there are 100 bytes in the split bear buffer, the LCP procedure for MeNB decides to transmit 40 bytes to MeNB, and LCP for SeNB decides to enforce 60 bytes. Although all the data are transmitted, two BSRs are still transmitted to eNB in error.
The difference between option 2 and option 1 is adding the LCP result of another eNB as an input to BSR creation. With this modification, the error above could be avoided. On the other side, the LCP result may be adjusted a little based on the BSR creation. If the created BSR is inserted in the MAC PDU(s), some UL data should be extruded, which results in some modification to the previous LCP result.
In these 2 options above, option 1 should be excluded due to the error BSR. The final choice depends on the agreement in LCP. If separated bucket is applied in LCP, the option 2 is a good choice.
Proposal 4: If separated bucket is applied in LCP, option 2 is preferred.
Proposal 5: For alternative 2/3, BSR(s) is created after two LCP procedures are completed. 

2.4 BSR cancel
In the current specification, the BSR cancelling is described as following:
	All triggered BSRs shall be cancelled in case the UL grant(s) in this subframe can accommodate all pending data available for transmission but is not sufficient to additionally accommodate the BSR MAC control element plus its subheader. All triggered BSRs shall be cancelled when a BSR is included in a MAC PDU for transmission.


For split bear, how to define the ‘all pending data available for transmission’? If the split bear data is transmitted by MeNB and SeNB based on the predefined proportion, after two LCP procedures, there are two possible understanding for the pending data. Take the option 2 in section 2.3 as an example: there are 100 bytes in the PDCP buffer, and no initial data in RLC buffer. The ratio configured to MAC entity for MeNB is 40%. If the LCP for MeNB has make the decision to undertake 40 bytes in a TTI, and it has acquire the information that LCP for SeNB decide to transmit 50 bytes in the same TTI, it may has two possible understandings:
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Figure 4: BSR cancelling confusing
· Understanding 1: I have undertaken 40% of the total data in the buffer, so, I will cancel the BSR to MeNB.
· Understanding 2: there are still 10 bytes in the buffer, so, I will not cancel the BSR to MeNB
Considering the proportion is a static requirement, not an instant requirement, we prefer understanding 2. 
Proposal 6: For the split bear, UE does not cancel BSR if there is still data in the PDCP buffer.
3  Conclusion

In this contribution, some BSR issues are discussed, and we propose:
Proposal 1: At most 4 LCGs are configured in one MAC entity.
Observation 1: For alternative 2/3, the split bear must be configured to a LCG.

Proposal 2: For alternative 2/3, when the data arrives for split bear, UE shall trigger BSR towards 2 eNBs.

Proposal 3: UE could transmit regular/periodic BSR to MeNB and SeNB in the same TTI.
Observation 2: For alternative 3, the split bear and non-split bear may not be configured to the same LCG.
Proposal 4: If separated bucket is applied in LCP, option 2 is preferred.
Proposal 5: For alternative 2/3, BSR(s) is created after two LCP procedures are completed.

Proposal 6: For the split bear, UE does not cancel BSR if there is still data in the PDCP buffer.
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