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1   Introduction
In NR, BSR formats are designed quite different from LTE. However, the judging condition for choosing long BSR or short BSR to report in LTE is reused, which may cause problem in NR scheduling. In this contribution, we will further discuss the potential problem with the BSR procedure in the current TS 38.321.
2   Discussion
In the current TS38.321, it is specified:

	For Regular and Periodic BSR, the MAC entity shall:
1>
if more than one LCG has data available for transmission when the MAC PDU containing the BSR is to be built:
2>
report Long BSR for all LCGs which have data available for transmission.

1>
else:

2>
report Short BSR.
For Padding BSR:

1>
if the number of padding bits is equal to or larger than the size of the Short BSR plus its subheader but smaller than the size of the Long BSR plus its subheader:

2>
if more than one LCG has data available for transmission when the BSR is to be built:
3>
if the number of padding bits is equal to the size of the Short BSR plus its subheader:

4>
report Short Truncated BSR of the LCG with the highest priority logical channel with data available for transmission.
3>
else:

4>
report Long Truncated BSR of the LCG(s) with the logical channels having data available for transmission following a decreasing order of priority, and in case of equal priority, in increasing order of LCGID.
2>
else:

3>
report Short BSR.
1>
else if the number of padding bits is equal to or larger than the size of the Long BSR plus its subheader:

2>
report Long BSR for all LCGs which have data available for transmission.


Similar to LTE, if there is only one LCG with data available for transmission, Short BSR must be reported. In LTE, the BS field size is 6 bits in short BSR format and long BSR format, which both have fixed sizes. However, in NR, there are mainly two changes: 

1) Short BSR has 5 bits BS field size and Long BSR has 8 bits BS field size.

2) Long BSR has variable sizes which can be used to report buffer sizes ranging from one to eight LCGs.

In this case, it is not appropriate to always report short BSR when only one LCG has data available for transmission. In below, we will give detailed analysis.
· Firstly, for UEs with eMBB services only, it is possible that the network will not differentiate QoS for different eMBB services and may only configure one LCG for such UEs. It is very likely the LCG has buffer size to report. 
· Secondly, when multiple LCGs are configured to the UE, it is also possible that only one LCG has data for transmission, but the amount of data is large, e.g. when the UE is transmitting video data. 
· Thirdly, sometimes, although data amount is small, small granularity is needed for precise scheduling.   

In above cases, limiting UE to report only short BSR would be inappropriate, because using the 5 bits BS may not be enough to provide precise scheduling information, as there are only 32 levels (as shown below) with the maximum value 150000 Bytes. 

Table 6.1.3.1-1 in TS 38.321: Buffer size levels (in bytes) for 5-bit Buffer Size field

	Index
	BS value
	Index
	BS value
	Index
	BS value
	Index
	BS value

	0
	0
	8
	≤ 102
	16
	≤ 1446
	24
	≤ 20516

	1
	≤ 10
	9
	≤ 142
	17
	≤ 2014
	25
	≤ 28581

	2
	≤ 14
	10
	≤ 198
	18
	≤ 2806
	26
	≤ 39818

	3
	≤ 20
	11
	≤ 276
	19
	≤ 3909
	27
	≤ 55474

	4
	≤ 28
	12
	≤ 384
	20
	≤ 5446
	28
	≤ 77284

	5
	≤ 38
	13
	≤ 535
	21
	≤ 7587
	29
	≤ 107669

	6
	≤ 53
	14
	≤ 745
	22
	≤ 10570
	30
	≤ 150000

	7
	≤ 74
	15
	≤ 1038
	23
	≤ 14726
	31
	> 150000


At the same time, RAN1 has defined much finer TBS values compared to the BS values for the 5 bit short BSR. However, without a finer BS value provided in BSR, finer TBS values would become useless as the network does not know exactly how much data the UE has for transmission.

Observation 1: When the UE has only one LCG with data available, reporting Short BSR is unable to provide precise scheduling information, although DCI can provide finer TBS value for scheduling.
According to the current specs, Long BSR can be used for padding BSR when a single LCG has data available. Therefore, taking the above observation into account, it is beneficial to also support reporting Long BSR for periodic and regular BSR when only a single LCG has data available.
Proposal 1: When a single LCG has data available, Long BSR can be reported for regular and periodic BSR similar with padding BSR.
If proposal 1 is agreed, UE should know whether to report Long BSR or Short BSR for regular and periodic BSR when only a single LCG has data available. If the grant size is equal to or larger than the size of the Short BSR plus its subheader but smaller than the size of the Long BSR plus its subheader, only short BSR can be reported. Otherwise, if the grant size is larger than the size of the long BSR plus its subheader, it is beneficial to report Long BSR to provide precise scheduling information.
Proposal 2: For regular/periodic BSR, if there is only one LCG having data available, the UE shall report long BSR if the UL grant can accommodate the size of the long BSR plus its subheader; otherwise, the UE reports short BSR.
If Proposal 1 and Proposal 2 are not agreeable, we would like to ask RAN1 to evaluate whether the 5 bit short BSR would cause big performance degradation in scheduling.

Proposal 3: In case Proposal 1 and Proposal 2 are not agreeable, RAN1 should be requested to evaluate the performance loss caused by the 5-bit short BSR.
3   Conclusion
In this contribution, we discuss BSR reporting and have the following observation and proposals:
Observation 1: When the UE has only one LCG with data available, reporting Short BSR is unable to provide precise scheduling information, although DCI can provide finer TBS value for scheduling.
Proposal 1: When a single LCG has data available, Long BSR can be reported for regular and periodic BSR similar with padding BSR.

Proposal 2: For regular/periodic BSR, if there is only one LCG having data available, the UE shall report long BSR if the UL grant can accommodate the size of the long BSR plus its subheader; otherwise, the UE reports short BSR.

Proposal 3: In case Proposal 1 and Proposal 2 are not agreeable, RAN1 should be requested to evaluate the performance loss caused by the 5-bit short BSR.
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