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1   Introduction
In a previous contribution [1] we looked at the issues surrounding the choice of the maximum value for the table of Buffer sizes in TS36.321. It was decided at 3GPP TSG-RAN2 meeting #62bis to take the table defined in [2] as the baseline table for the buffer status field. This contribution examines the problems in choosing one table for all possible values of UE category and system bandwidth.
2  Buffer Size Coding Options

2.1
UE categories

The table from [3] defining the maximum number of bits of an UL-SCH transport block transmitted within a TTI for each UE category is shown below:
	UE Category
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL

	Category 1
	5160
	No

	Category 2
	25456
	No

	Category 3
	51024
	No

	Category 4
	51024
	No

	Category 5
	75376
	Yes


Table 4.1-2 Uplink physical layer parameter values set by UE category
As can be seen from the above table, the maximum transport size is related to the UE Category, and it is reasonable to assume that the maximum useful buffer size is proportional to the maximum transport block size (i.e. assuming the minimum delay to empty the buffer of a low-category UE would not be shorter than the minimum delay to empty the buffer of a high-category UE).  Therefore a more efficient use of the available bits for buffer status reporting (that would give less BSR reporting error) would be to define the maximum buffer size dependent on the UE category. 
As for E-DCH, the coding of the buffer sizes is logarithmic to minimise the step size for the lower ranges of buffer sizes. Thus if the values are plotted on a log scale then it is possible to view the range of UE UL buffer sizes that can be signalled.
The ratio between largest and smallest maximum TB size across the UE categories  is 14.6. If we plot all the BSR values against Buffer size values as shown in figure 1, then according to the argument above a reasonable maximum buffer size to report for a category 1 UE would be 1/14.6 of the maximum buffer size of a category 5 UE. This means that for a category 1 UE there is no benefit in being able to signal buffer size values above about 1/14.6 of the maximum  for the category 5 UE. 
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Figure 1 Range of Buffer Sizes
2.2
System Bandwidth

The definition of the uplink system bandwidth can be found in SystemInformationBlockType2 [4] where the resource configurations common for all UEs are defined. The ul-Bandwidth is defined in Resource Blocks (RB) from 6 RBs to 100 RBs. Thus the ratio between the upper and lower limits is approximately 17.  Thus if we apply a scaling of 17 to the previous limits obtained by scaling according to UE category, then we end up with a category 1 UE in a 6-RB system bandwidth not needing to signalling buffer sizes above about 500 bytes. This means that for the lowest category UE operating in the smallest system bandwidth of 6RBs then only the first 26 values of the 63 defined values are needed. 
2.3
Proposal
It makes sense to take the UE category and the system bandwidth into account when setting the range of the BSR. [5] proposed to do this using a scaling factor, signalled by RRC. However, since both UE category and system bandwidth are known to both UE and eNB, the Buffer Size field can be adjusted to these parameters automatically without any additional signalling. 
This can allow finer granularity of reporting for lower UE categories and smaller system bandwidths: the table can be re-defined such that the maximum entry in the table is a function of system bandwidth and UE category. This has the advantage of reducing the step size and therefore reported buffer size error. 

Also some signalling bits may be saved. The bits saved by this method could be reserved for future use to enable other metrics of the UL data buffer to be signalled in the case of lower category/ system bandwidth UEs (which may for example be appropriate for quality metrics for VoIP),,.
3 Conclusions

The last code point in the Buffer size table should depend on largest TB size that can be transmitted, taking into account the UL system bandwidth and UE category.  

This can be used to improve granularity, and any unused bits could be reserved for future use. 
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