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1 Introduction

In last meeting, it is agreed that : “RAN2 intends to enhance the L2 UP protocols (PDCP, RLC, MAC) so that they can accommodate for the increased L1 bit rate achieved by adding more carriers”. 
With the increasing of the UL max bit rate, the maximum buffer size should also be increased. In this contribution, the possible BSR MAC CE format and BS size are discussed for the case of up to 32 CCs. 
2 Discussion
2.1 Analysis of the maximum number of bits for up to 32 CCs
In R10 CA, the maximum buffer level of  3Mbytes is derived considering the a maximum UL TB size of 75376 bits and a response time of 2 RTT, 5 UL CC  as well as 4 x UL  MIMO per CC. If assuming the other factors are not changed, the maximum buffer size level for supporting 32 UL CCs becomes roughly 6.4 times of current maximum BS:32/5*3 000 Kbytes=19.2Mbytes. By keeping the 6 bits BS field, the granularity will be quite large for high buffer size which will affect the accuracy of the scheduler .e.g allocate more resources than is needed resulting in wasting UL resources. 
Proposal 1: If 32 UL CCs is the target maximum UL CCs for B5C, the maximum buffer size level has to be increased. The maximum buffer size level is 19Mbits.
Observation: The granularity of 6 bit BS table may result in wastage of UL resources.
2.2 BSR MAC CE format for up to 32 UL CCs

Based on the above observation,  one straightforward method to improve the granularity of high buffer size is to extend the size of BS field to 8 bit. Then the size of short BSR and of long BSR could be 2 byte and 4 byte respectively. A new BS table has to be defined for the 8-bit BS field. This would mean that an extra 1 byte overhead is incurred for both short and long BSR compared to the legacy BSR, A long BSR may need to be sent in Message 3 as a result of BSR triggered by RA-SR.A reason not to allow a bigger BSR is to maximize coverage; the eNB typically assigns an uplink grant of 56 bits for msg3 in the random access process. Of those 56 bits 24 bits are used for the C-RNTI and its 8-bit MAC subheader, leaving 32 bits for a ProSe-BSR and its MAC subheader. By increasing the long BSR by another 1 byte means that this is no longer possible to be sent in Msg3. Hence it is proposed that:
Proposal 2: Keep the 6-bit BS field in the BSR MAC CE.

One method to keep the 6 bit BS table is to define multiple BS tables. The following approaches use multiple table definition:
Alt#1: Defining multiple tables with different minimum and maximum buffer size levels
In this alternative, the buffer size can be divided into multiple tables, each table corresponding 64 index (6 bits) and with different minimum and maximum buffer size levels.  Each BSR can be indicated with both the table index as well as the buffer size fields in the corresponding table. The table index can be indicated in the BSR format or with the R bits in MAC sub-header as well as the new LCID.
For the above method, it will require indicating the table index. This can be done easily by using different LCID or using the R-bit in the subheader. The existing BSR MAC CE can be re-used.  Therefore this method is simple and with less specification change. 

Alt#2: Defining multiple tables with different number of UL CCs
In this alternative, the max value of each table corresponds to the max UL data rate supporting different number of CCs. The table index is explicitly indicated as the above method or implicitly indicated according to the configured number of CCs/the active number of CCs. 
For the above method, the current BSR MAC CE can be re-used whether for the implicit method and explicit method. But the granularity of this method will be poor in some scenarios. Especially for the case that the configured number of CC is large and the traffic is low with the implicit method. 
Alt#3: Defining multiple tables with different granularity using different granularity formulation (e.g. uniform rather than exponential or a mix of both)

The last method is to report multiple BSRs per TTI referencing different tables. Each table is with different granularity. Multiple BSR report corresponding to multiple tables can be used to reduce the granularity step by step. Firstly, the table with the maximum value (for 32 carriers) is used and the index is determined. Then based on the determined index, use another table which maximum value is nearest  to the first report BSR value , then determine the next index, by this method,  the BSR is reported  with enough granularity. 
For this method, the current BSR MAC CE can be re-used, but the BSR procedure should be changed to support multiple BSR in one TTI. Furthermore it may have the same issue as extending the size of the BS field as multiple BSR may not be possible in Message 3. 

Considering all the above alternatives, it is proposed that: 
Proposal#3: Defining multiple BS tables with different minimum and maximum buffer size levels for BSR reporting
Proposal#4: Indicate the BS table dynamically in the BSR reporting (e.g. in the subheader related to the BSR MAC CE)
3 Conclusion

It is recommended that RAN 2 discusses the following observation and proposal:
Proposal 1: If 32 UL CCs is the target maximum UL CCs for B5C, the maximum buffer size level has to be increased. The maximum buffer size level is 19Mbits.
Observation: The granularity of 6 bit BS table may result in wastage of UL resources.
Proposal 2: Keep the 6-bit BS field in the BSR MAC CE.

Proposal#3: Defining multiple BS tables with different minimum and maximum buffer size levels for BSR reporting
Proposal#4: Indicate the BS table dynamically in the BSR reporting (e.g. in the subheader related to the BSR MAC CE)
4 References
[1] RP-142286 LTE Carrier Aggregation Enhancement Beyond 5 Carriers
[2]RAN2#89b meeting minutes
[3]TS36.321
