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1		Introduction
[bookmark: _GoBack]In this paper, we propose a solution to reduce quantization error of buffer sizes and provide a BSR format for the solution. We also propose that UE selects a BS table based on a threshold to report BSR. 
2		Discussion
In the current specs, the buffer size (BS) field is 5 bits or 8 bits that provide 32 and 256 code points. For 8-bit BS field, if buffer size is larger than 81,338,368 bytes, UE always reports BS value 255.
To reduce quantization error, the 81,338,368 buffer sizes can be divided into 256 equal but non-overlapping windows as shown in Fig.1. A 8-bit BS field is used to indicate a buffer size in the window. The window size is 81,338,368 / 256 = 317,728. 


Fig.1: The 81,338,368 buffer sizes are divided into 256 windows. 
In the window 0, exponential increment of buffer sizes is applied. The quantization error is smaller than the quantization error in legacy BS table due to reduced range of buffer sizes. Specifically, the buffer size Bk for a code point k is 
Bk = Bmin * (Bmax/Bmin)k/N-1,
where 0 <= k <= N-1, and N is total number of code points. The step size Sk = Bk+1 - Bk is given by
Sk = Bk * ((Bmax/Bmin)1/N-1-1).   
In legacy BS table, Bmax is 81,338,368, but in the window 0, Bmax is 317,728. Therefore, Sk in the window 0 is smaller than in legacy BS table. 
For the rest of windows, linear increment is applied. The maximum quantization error is 317,728 / 256 ~= 1,241 bytes. In legacy BS table, starting from BS value 164 (i.e. buffer size = 301,579 bytes), the maximum quantization error starts to increase from 19,576 bytes, which is around 15 times the quantization error of linear increment.  
Proposal 1: If buffer size is small than a threshold, UE uses a BS table with exponential size increment. If buffer size is larger than a threshold, UE uses a BS table with linear size increment.
Following the example in the previous paragraph, a possible BSR format is illustrated in the Fig. 2. There is a window number field and a BS field associated with each LCG. Form these two fields, UE can determine the corresponding buffer size. 


Fig. 2: BSR format for the example in Fig.1.
 Proposal 2: BSR format includes a window number field and a BS field for each LCG.
The existing BSR look-up tables have smaller step sizes for smaller indices and larger step sizes for larger indices resulting in a coarser granularity at the upper end. This is problematic for the XR traffic which typically has large packet sizes as resource allocation becomes sub-optimal due to quantization errors that increase with larger indices. Resource over-allocation requires the use of padding bits to utilize all allocated resources, causing resource inefficiency and lowering system capacity while increasing UL interference. To mitigate this issue, RAN2 agreed to introduce BSR enhancement which includes at least defining new BSR tables with finer granularity for large BS values. 
A new BSR table can be defined and configured to the UE in the event of UL AR traffic transmission. The selection of the BSR table can be determined by a Buffer size threshold . The UE can compare the buffer size to be reported to , and if it is smaller than the threshold, the legacy BSR table is selected for generating the BSR report. If the buffer size exceeds , the new BSR table is used. 
As an example, for AR video traffic with a data rate of 45Mbps and a frame rate of 60 fps, the minimum packet size in the AR flow based on the RAN1 distribution in [2]  (section 5.1.1.1) is 46875 bytes. The UE can use this value to switch between BSR tables. If the buffer size is less than 46875 bytes the legacy table is selected otherwise the new table is utilized. The threshold is dependent on the AR video data rate and the frame rate and could be configured by the gNB to the UE. 
The UE can indicate in the BSR report which BSR table has been used to generate the BSR report per LCG. 3GPP can specify a new field in the BSR MAC CE sub-header to indicate which BSR table is used for the BSR report. UE can also use a new LCID to indicate which table has been used
Proposal 3: A new BSR table to be defined with the selection determined by a buffer size threshold. 
Proposal 4: UE indicates the BSR table used for a LCG in BSR report. 
3		Conclusions
In conclusion, we have the following proposals: 
Proposal 1: If buffer size is small than a threshold, UE uses a BS table with exponential size increment. If buffer size is larger than a threshold, UE uses a BS table with linear size increment.
Proposal 2: BSR format includes a window number field and a BS field for each LCG.
Proposal 3: A new BSR table to be defined with the selection determined by a buffer size threshold. 
Proposal 4: UE indicates the BSR table used for a LCG in BSR report. 
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