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Discussion and decision
1. Introduction
In the RAN2 #83bis meeting, the issue of BSR handling for dual connectivity was addressed. In this document, we present our views on the issue in light of RAN2’s decision on the UP architecture and present our proposal for handling the bearer splitting scenario. 
2. Discussion
2.1. Background
In the RAN2 #83bis meeting, the UP architectures for eNB-specific bearer (1A) and  bearer-splitting (3C) were selected for possible realization in Rel12. These are shown in Figure 1 [1].
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Figure 1. UP architectures 1A and 3C.
Furthermore, RAN2 also agreed that [2]
   For eNB-specific bearer, UE sends BSR information related to specific bearer towards the eNB for which corresponding bearer belongs to.
Hence, it remains FFS how to handle the bearer-splitting case. (Note: in the following discussion, it is assumed that UE has dual Tx/Rx capability and onfigured PUCCH on both MeNB and SeNB.)
2.2. Issues for bearer-splitting BSR
Dual cell connectivity presents some challenges as a bearer may be scheduled in uplink over the MeNB and SeNB while satisfying the following criteria
C1: Improving user experience (e.g, peak throughput of the bearer)  

C2: Not increasing the UP delay (relative to single eNB connectivity)

C3: Minimizing resource wastage due to potential double scheduling for a bearer

It is possible to satisfy C1 if the UE triggers the BSR as follows

Option A: To both MeNB and SeNB, i.e, dual BSR;or

Option B: To either MeNB or SeNB (but not both), which in turns forwards the BSR (or some part of it) to the other eNB over Xn. 

C2 is satisfied in case of option A, as both MeNB and SeNB receive BSR directly from the UE and can start scheduling right away. Option B, on the other hand, incurs some Xn delay, resulting in an increase in UP delay. 

A potential disadvantage of dual BSR lies in satisfying C3. If MeNB and SeNB schedule independently, it is possible that the same data is scheduled by both, resulting in a waste of radio resources. This issue may be addressed by scaling the BSR appropriately and using the adjusted report at each eNB. The scaling coefficients may be determined by coordination among MeNB and SeNB (over Xn), based on the traffic requirements, load at each of the eNBs, etc. The possible solutions include the following:
Solution A1: Scaling is performed at MeNB and SeNB; Corresponding scaling coefficient is applied  on BSR reported by UE at each MeNB and SeNB

Solution A2: Scaling is performed at UE; UE scales BSR prior to reporting it to MeNB and SeNB. The reported value is adjusted appropriately, based on the corresponding scaling coefficients. 
Note that it is possible to envision a coordination of BSR among eNBs tied with scheduling, i.e. as a dynamic process. However, this coordination incurs delays on Xn and extra complexity at MeNB and SeNB (e.g. exchange of information about the amount of data each eNB has already scheduled since their individual BSR reception). Hence, this approach does not seem as a viable solution.  

Solution A2 enables the UE to report different (adjusted) values of BSR to MeNB and SeNB, which can then perform the scheduling process independently. The scaling parameters can be configured by the network (semi-statically) or dynamically adjusted by the UE (e.g, based on its served throughput).

2.2.1. Restricting BSR

As the size of the UE buffer decreases, the chance of double scheduling increases in general. In such case, it is beneficial for the UE to trigger BSR to a single eNB only.   

The BSR restriction could be based on, for example 

· Total amount of data in the buffer

· Amount of data in the buffer per bearer.

This mechanism seems to be a useful tool to prevent wasted resources due to possible scheduling of the same data on both MeNB and SeNB, as it can decrease the inaccuracy of the available data in cases the amount of data in the UE buffer is small. 

This functionality fits better with Solution A2, because when BSR is to be reported to only one eNB, scaling of the BSR should not be done. Note that only UE has the knowledge of when a single BSR is to be reported, and hence only at the UE the appropriate action (of not scaling the buffer status value) can be taken.
2.3. Proposed solution
From the above discussion on how to handle BSR for bearer splitting architecture (3C) in dual connectivity, we propose the following: 
Proposal 1:
Dual eNB BSR reporting is supported for bearer splitting.
Proposal 2:
UE applies appropriate scaling coefficient to the buffer status value and reports the corresponding BSR to MeNB and SeNB. 

· It is FFS if the scaling is network configured and/or UE-assisted.
Proposal 3:
UE can report BSR only to one eNB when the amount of data in the buffer is below a threshold
· Threshold is FFS

· When reporting BSR to a single eNB, UE does not apply any scaling coefficient.
3. Conclusion
In this document we discussed BSR aspects related to bearer splitting and made the following proposals.
Proposal 1:
Dual eNB BSR reporting is supported for bearer splitting.

Proposal 2:
UE applies appropriate scaling coefficient to the buffer status value and reports the corresponding BSR to MeNB and SeNB. 

· It is FFS if the scaling is network configured and/or UE-assisted.
Proposal 3:
UE can report BSR only to one eNB when the amount of data in the buffer is below a threshold

· Threshold is FFS

· When reporting BSR to a single eNB, UE does not apply any scaling coefficient.
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