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1. Introduction
Buffer status report is important in uplink system to provide necessary UE side information to assist the scheduling at the eNB. In Rel-8/9, since there is only one MAC PDU in one TTI, the buffer status reporting is relatively simple, but in Rel-10, there are multiple MAC PDUs in one TTI due to the introduction of multiple CCs. This paper discusses buffer status reporting for CA.
2. Discussion
2.1 The format of the BSR

The buffer status reporting is used to provide the serving eNB with information about the amount of data available for transmission in the UL buffers of the UE. It should be the amount of data that left for transmission after the MAC PDUs for all CCs are built. As in Rel-8, BSR MAC control elements in Rel-10 should consist of long BSR format and the short BSR\truncated BSR format.
Proposal 1: BSR MAC control elements should consist of Long BSR format and the short BSR\truncated BSR format.
2.2 The Regular /Periodic BSR
Since the Regular / Periodic BSR provide user specific information, it seems not necessary to report multiple BSR in one TTI on different CCs. So even there are more than one UL MAC PDU in a TTI on different CCs, only one MAC PDU would be included with a Regular/ Periodic BSR. In last RAN2 meeting, it is agreed that UL scheduling will assume similar QoS (delay/loss) on different CC's. From this perspective, the BSR can be included in  MAC PDU on any CC. But in last RAN1 meeting , it is agreed that when power scaling down, PUSCH with UCI > PUSCH without UCI, it means that the PUSCH with MAC control element will have higher priority. From this point of view, the BSR should be included in the same MAC PDU with data belong to logical channel with the highest priority (i.e, high QoS requirement).
Proposal 2: With CA, the UE reports one BSR per TTI for Regular/Periodic BSR.

Proposal 3: RAN2 to discuss whether we need to include the Regular/Periodic BSR in the same MAC PDU with the data from logical channel with the highest priority.
2.3 The padding BSR
In Rel-8, the padding BSR will be triggered if there is enough padding bits to support the short BSR/truncated BSR or the long BSR. With CA, since there are multiple MAC PDUs, it is possible to support multiple padding BSR according to the specification of Rel-8[1]. It is worthwhile to discuss what content should be transmitted on the padding BSR?
In last RAN2 meeting, there is agreement that it is up to UE implementation whether to accumulate the grants and run steps1,2,3 once, or apply steps 1,2,3  per grant. This means that MAC PDUs can be assembled in sequence or in parallel .Thus we discuss these issues in the following two scenarios separately.
MAC PDUs on different CCs are assembled in sequence 
If Regular /Periodic BSR is triggered, the BSR (Long or short BSR) will be transmitted in one CC.If there is  padding in other MAC PDUs on the other CCs, padding BSR is allowed to be transmitted. The question is what information should be included in the padding BSR.

One alternative is to transmit the complete or partial copies of the Regular /Periodic BSR in the form of long BSR or short /truncated BSR based on the allowed padding bits. If the padding can support long BSR, Regular/periodic BSR can be transmitted., If the padding is short /truncated BSR, the padding BSR includes a part of buffer status belong to the LCGs with higher priority in the order of assembling the MAC PDU.  This principle is also suitable for the scenario that there is only padding BSR when Regular /Periodic BSR is not triggered. 
For example, there are three MAC PDUs to be transmitted in one TTI. The Periodic/Regular BSR is triggered and it will be transmitted in one MAC PDU. The padding BSR is supported in other two MAC PDUs.  Assume the BSR from four LCGs are needed to be reported and the long BSR (as shown in Figure 1) is included in one MAC PDU as the Periodic/Regular BSR. If the padding BSR in the other two MAC PDUs can only support short BSR, then the short BSRs for the LCG with the highest priority (as shown in Figure 2) and LCG with second highest priority (as shown in Figure 3) can be transmitted in the other two MAC PDUs separately. If one padding BSR can support long BSR and the other padding BSR can only support short BSR, then the long BSR (as shown in Figure 1) can be included in one MAC PDU, and the short BSR for the LCG with the highest priority (as shown in Figure 2) can be included in the other MAC PDU.
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Figure 1   Long BSR for Periodic/Regular BSR
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Figure 2  Short  BSR for the LCG of the first priority
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Figure 3  Short  BSR for the LCG of the second priority
Another alternative is to transmit the Regular /Periodic BSR in the last assembled MAC PDU in one TTI. If the previous assembled MAC PDU can include all the buffer status information need to be reported, then this Regular /Periodic BSR is not necessary to be included in the last assembled MAC PDU. If  no BSR or only part of the buffer status information is transmitted in the previous assembled MAC PDU, the remaining BSR information will be included in the last assembled MAC PDU. 

 All MAC PDUs are assembled in parallel in one TTI
Since all MAC PDUs are assembled in parallel, availability of padding BSR in other MAC PDUs is not known during the assembling of one MAC PDU. Therefore, only the first alternative discussed in the previous section can be used for the padding BSR, 
Proposal 4: The padding can be used to transmit the complete or partial copies of Periodic/Regular BSR to improve the transmission reliability. The information transmitted on the padding BSR depends on the method (either sequential or parallel) used for MAC PDU assembly. 
2.4 The BSR table 
The buffer size table defines the maximum buffer size level derived based on the uplink peak data rate multiplied by the expected response time. But due to the increased peak data rate with the introduction of CA and UL MIMO, this buffer table may not support the accurate buffer status information report. The straightforward solution to extend the BS size to 7 bits seems not compatible with the current short BSR and long BSR format.
To keep the 6 bits BS size unchanged, one solution is to enlarge the maximum value with lower granularity [3] or introduce different tables [2]. 
The padding BSR can be used to provide the additional information (more accurate BSR information), for example referring to the lower granularity Table.  For example, there are two MAC PDUs to be transmitted in one TTI. The Periodic/Regular BSR is triggered and it will be transmitted in one MAC PDU, and the padding BSR is supported in another MAC PDU.  Assume there is only one LCG and the actual buffer amount is 111148 bytes, thus the report index of Periodic/Regular BSR should be 61(109439 < BS <= 128125)  according to table 6.1.3.1-1 [1]. The padding BSR can be used to inform the increment information (111148-109439 = 1709) indicated by the index 34 (referring to the interval 1552<BS<=1817) of the lower granularity table.
Proposal 5: The padding BSR can be used to enhance the BSR accuracy referring to the lower granularity table with 6 bits.
3. Conclusion

This paper discussed BSR mechanism for CA. RAN2 is requested to agree on the following proposals.
Proposal 1: BSR MAC control elements should consist of Long BSR format and the short BSR\truncated BSR format.
Proposal 2: With CA, the UE reports one BSR per TTI for Regular/Periodic BSR.

Proposal 3: RAN2 to discuss whether we need to include the Regular/Periodic BSR in the same MAC PDU with the data from logical channel with the highest priority.

There maybe multiple padding BSR in one TTI, and the padding BSR can be used transmit the following information.
Proposal 4: The padding can be used to transmit the complete or partial copies of Periodic/Regular BSR to improve the transmission reliability. The information transmitted on the padding BSR depends on the method (either sequential or parallel) used for MAC PDU assembly. 

Proposal 5: The padding BSR can be used to enhance the BSR accuracy referring to the lower granularity table with 6 bits.
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