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1
Introduction
Similar to HSUPA [1] [2], BSR table for LTE Rel-8 was settled with exponentially distributed granularity and the Maximum buffer size level derived based on the uplink peak data rate multiplied by the expected response time [3] [4]. With possibility of multiple UL carrier configured and UL MIMO in Rel-10, the uplink peak data rate can be increased by several times, thus it is necessary to discuss whether BSR extension is needed. 
2
BSR format for CA
From scheduling point of view, current BSR table based on a maximum value assuming one UL CC is not enough for CA and UL MIMO as the eNB has no way to get further information of how many extra resources need to be configured/allocated when getting the BS > 150 Kbyte.
If the maximum buffer size level is derived based on the uplink peak data rate and the expected response time after a buffer status report is transmitted, with a maximum transport block size of 75376 bits [5], a response time of 2 RTTs, 5 UL CC [6] and 2 TBs per CC, the maximum buffer size level for in E-UTRA uplink becomes Bmax = (75376 ( 16 ( 5 ( 2) / 8 = 15752 ( 10 bytes # 150 ( 10 Kbyte.
One possibility would be to extend BS size to 7 bits. Unfortunately this straightforward solution is not compatible with both the short BSR and long BSR formats and should therefore only be considered if unavoidable.
Proposal 1: Reuse per LCG Short/Long BSR format, i.e. 2 bits LCG ID and 6 bits BS size.
An alternative would be to extend the table by enlarging the maximum value with lower granularity while keeping the 6bits BS size unchanged [7]. Enlarging the maximum value by 10 times with the penalty of less accuracy when only one UL CC is configured without UL MIMO might not be acceptable because in reality one UL CC without UL MIMO would still be the typical case even for Rel-10. Even though how much the inaccuracy will impact the scheduling efficiency depends very much on eNB scheduling algorithm, we would expect Rel-10 specifications to provide no less scheduling efficiency than earlier Releases for the UEs without CA configured or non-CA capable UEs. Moreover, modifing Rel-8/9 BSR table would have backward compatibility issue when Rel-10 UEs are scheduled in Rel-8/9 network.
Another alternative would be to have multiple tables with different maximum value and granularity to provide more accurate information, e.g. at least one table identical to Rel-8/9 and another new table supporting the uplink peak data rate supported in Rel-10. To avoid back compatibility issues, the new table would then only be used when Rel-10 feature, e.g. CA/UL-MIMO, is configured.
Proposal 2: Introduce a new BSR table to support 500 Mbps UL data rate.
Proposal 3: The new table is used when Rel-10 feature, e.g. CA/UL-MIMO, is configured.
When multiple tables are usable, the UE can choose the tables according to current buffer status and indicate to the eNB which one is used via e.g. the R bit(s) in the MAC subheader. UE chooses the table with the finest granularity to provide most accurate information to the eNB. However, as there are only 2 R bits in the MAC subheader, which is not enough to indicate which table has been used for the 4 LCGs of a Long BSR, all LCGs of the long BSRs should therefore use same BSR table. A simple criterion could be to select the table according to the LCG with most data buffered. Alternatively the LCG that has triggered the BSR could also set the BSR table.
Proposal 4: UE chooses the tables according to current buffer status and indicates to eNB which table is used.
3
BSR trigger for CA
Threshold based BSR trigger was extensively discussed for Rel-8 with quite many supportive companies [8]. In the context of CA, with more dimensions of resource to be used in the scheduler, threshold based BSR e.g. to inform the eNB when the buffer status exceed what can be supported with current configuration / allocated resource without delay would facilitate more flexible/efficient scheduling. We propose to introduce threshold based BSR trigger for Rel-10.
Proposal 5: Threshold based BSR trigger should be supported.
4
Conclusion
Possible extension for BSR is discussed in this contribution with following proposals proposed:
Proposal 1: Reuse per LCG Short/Long BSR format, i.e. 2 bits LCG ID and 6 bits BS size for Rel-10.
Proposal 2: Introduce a new BSR table to support 500 Mbps UL data rate.

Proposal 3: The new table would only be used when Rel-10 feature, e.g. CA/UL-MIMO, is configured.

Proposal 4: UE chooses the tables according to current buffer status and indicates to eNB which table is used.
Proposal 5: Threshold based BSR trigger should be supported.
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