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1 Introduction

In the last meeting, RAN2 agreed to have 8 logical channel groups (LCGs), i.e. the LCG ID field in BSR format has 3 bits for NR. Based on this, we can further discuss the related issues. In this contribution, we propose possible BSR formats and ask RAN2 to discuss them for decision on NR BSR format.
2 Discussion
In LTE, the buffer status is reported per logical channel group and at most 4 LCGs can be defined per MAC entity. Given that at most 10 logical channels (2 for DCCHs and 8 for DTCHs) can be configured for a UE, it seems reasonable that the number of LCGs is 4 in LTE. In NR, it is expected that the network provides various services and thus the number of DRBs and DTCHs for NR needs to be increased in order to support them. The recent RAN2 agreement reflected this need.

In the last meeting, RAN2 agreed that the number of LCGs will be increased up to 8. However, the increase in the number of LCGs has serious implication on the size/format of BSR due to byte alignment requirement. Considering the above, further discussion on BSR format would be required. In the remainder of this contribution, the size of BS value and the number of BSR formats will be discussed.

2.1 The size of BS value 
In LTE MAC [1], the size of BS value is 6 bits, which was kind of compromise to make the short BSR 1 byte. With 3 bit LCG id from the last RAN2 agreement, the compromise is not valid anymore. There have been proposals to increase the BS value size to accommodate significantly high data rate in NR, which makes more sense now with the agreement of 3 bit LCG id. According to the given min/max values, the BS size determines the relative step size between adjacent BS values. Table 1 below shows the expected step size with the min value of 10 bytes and max value of 3000000 bytes (as in LTE extended BS table).
	The size of BS value
	The size of BS tables in spec.
	The relative step size

	6 bits
	64 entries / approximately 1 page in spec.
	18.14%

	7 bits
	128 entries / approximately 2 page in spec.
	9.45%

	8 bits
	256 entries / approximately 4 page in spec.
	4.83%

	9 bits
	512 entries / approximately 8 page in spec.
	2.44%

	10 bits
	1024 entries / approximately 16 page in spec.
	1.23%

	11 bits
	2048 entries / approximately 32 page in spec.
	0.61%


Table 1. The size of BS table and the relative step size according to the size of BS value
In NR, the data rate will increase considerably comparing to LTE. Hence it would be logical to expect that the relative step size becomes larger for high data rate in NR. Considering the size of BS table, 7 bits seem reasonable while higher than 8 bits for the size of BS value seem not serious option.
Proposal 1: In NR, the size of BS value is 7 bit.
2.2 The number of BSR formats 
In LTE, the buffer size level is indicated by 6-bit coded value. Based on this, two formats are defined and used in LTE, i.e. short BSR and long BSR. The short BSR format consists of 2-bit LCG ID and 6-bit BS level while the long BSR format comprises four 6-bit BS levels. These factors (2-bit LCG ID, 6-bit BS level) efficiently interacts with each BSR format to result in two nicely fitted BSR formats, which composes one byte or three byte, respectively. In LTE, short BSR and long BSR can be reported for the purpose of regular BSR, periodic BSR, padding BSR, and truncated BSR. 
In NR, the size of LCG ID field in BSR format will be 3 bit, i.e. the NR BSR format needs to be re-defined. There are two options as follows:
Option 1. Short format (LCG ID and BS field) and long format (BS fields for all LCGs without LCG ID) 

Option 2. A single format, including each BS field with each LCG ID for which LCG the buffer status need to be reported.
The option 1 takes the similar approach as in LTE, just increasing the size of each field. The exemplary BSR format is as follows:
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Table 2. Short BSR format and long BSR format for Option 1.
In option 2, two different approaches can be applied to have a single BSR format. Firstly, a single BSR format can be defined with each LCG ID and its corresponding BS field (Option 2-1). The exemplary single BSR format is as follows:
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Table 3. The single BSR format for Option 2-1.
Secondly, we can take the bitmap approach to have a single BSR format (Option 2-2), i.e. 8 bits can indicate which LCG has data to be reported. The exemplary single BSR format is as follows:
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Table 4. The single BSR format for Option 2-2.
Even though a single BSR format is more intuitive, short and long formats have been adopted in LTE to reduce the overhead. However, it is questionable whether LTE approach is still beneficial for NR in terms of overhead, considering 8 LCGs. The simple overhead analysis is shown in the following table:
	The number of  LCGs with data 
	Short and long format 

(Option 1)
	Single format 

(Option 2-1)
	Single format

(Option 2-2)

	1
	3
	4
	3

	2
	8
	5
	4

	3
	8
	6
	5

	4
	8
	7
	6

	5
	8
	9
	7

	6
	8
	10
	8

	7
	8
	11
	9

	8
	8
	12
	10


Table 5. The overhead analysis for possible options.
In Table 5, it is assumed that one byte MAC sub-header and one byte L field are required for Option 1 and Option 2-1. As for Option 2-2, the receiver can read the first one byte of the BSR format and predict the size of BSR format and thus only one byte MAC sub-header is required. Based on the above, we ask RAN2 to discuss the details on NR BSR format.
Proposal 2: RAN2 discuss the details on NR BSR format based on the proposed options.       

3 Conclusion

In this contribution, we provide our view on the BSR formats and ask RAN2 to discuss the following proposals:

Proposal 1: In NR, the size of BS value is 7 bit.
Proposal 2: RAN2 discuss the details on NR BSR format based on the proposed options.       

4 References
 [1]: 3GPP TS 36.321 : “E-UTRA MAC protocol specification”.
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