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1   Introduction
In RAN2#99 meeting, the following agreements were achieved regarding to BSR [1].
Agreements

1. 3 types of BSRs including Regular BSR, Periodic BSR and Padding BSR

2. Short BSR format of one byte is supported.  Truncated BSR format of 1 byte is at least supported.  Details are FFS

3. FFS on BS size and table

4. Flexible Long BSR format will be supported.  The number of LCGs to report is decided before the PDU is constructed.  BS information is the BS status after LCP.   BS of 0 for some LCG can be reported.  

5. BSR cancelation are FFS
There are still pending issues related to BSR format and BS table design. In this contribution, based on the previous progress, we will further discuss the BSR format and BS table for NR and provide corresponding solutions.

2   BSR format design in NR
2.1   Long BSR format 
BS size for long BSR

In LTE, there are 64 buffer size levels for BSR, and only when the extendedBSR-Sizes is configured the level for the buffer size can be larger that 300000 bytes (i.e. 3MB). As the application and requirements increase in NR, new services such as AR/VR will introduce in uplink which have a big data rate. The BS level might be not enough to indicate the large buffer size. Besides, more precise buffer size is preferable in NR, so that gNB would make better decision on UL grant size to reduce the probability of segmentation or resource waste. Therefore, for a long BSR format, more accurate BS information is needed in NR and the size of buffer size field should be extended to 8bit.  

Proposal 1: For the flexible long BSR format, the size of BS field is extended to 8bit.
Report /Presence of BS of a LCG
By using the flexible BSR format, there is no need for the UE to report the BS for those LCGs which do not have data available (i.e. BS = 0), so similar to Sidelink BSR in LTE, the UE can only report the LCGs which have data available for transmission.
In order to indicate the presence of BS of LCG, there are mainly two options as shown in Figure 1 and Figure 2:

· Option 1：Use bitmap to indicate the presence of BS of LCG

· Option 2：Use LCG ID to indicate whether there is BS for the LCG included in BSR
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Figure1.Example of flexible BSR format (option 1: bitmap)
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Figure2.Example of flexible BSR format (option 2: LCG ID)

Since the number of LCGs has been agreed to be extended to 8, one-byte bitmap can indicate the presence of BS for the 8 LCGs. However, in NR, the BSR is requested to provide more information to assist the gNB to decide what parameters should be carried in UL grant. A simple way is to link LCG with one combination of parameters (e.g. numerology/TTI). There is an on-going discussion on LCH applicability for a grant in LCP, i.e. what L1 parameters should be included in a UL grant. This may have some potential impacts on BSR format design (i.e. whether more LCGs or additional bits are needed to indicate the parameters for LCH applicability).

To this end, option 1 seems a little limited in expansibility, and thus reserved bit may be needed as shown in dotted lines in Figure.1. Option 2 reuses the LTE BSR format which consists of LCG IDs and their corresponding buffer size fields. Besides, 1 bit reserved for each LCGID in option 2 can provide more future proof. The byte overhead for two options are given in Table 1. From the Table 1, we can see that BSRs in the two options have similar length. Nevertheless, option 2 needs less bytes than option 1 when the number of LCG(s) is smaller than 3. 

Table.1 Comparison of BSR length for two options 

	Number of LCG(s) with available data
	0
	1
	2
	3
	4
	5
	6
	7
	8

	Option 1(byte)
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Option 2(byte)
	0
	2
	3
	5
	6
	8
	9
	11
	12


Therefore, by taking consideration of flexibility and byte overhead, we prefer option 2 in NR.

When LCG ID is used for LCG indication, the length of the BSR can be reused in NR. Thus the L field is neccesary in MAC subheader for BSR. Besides, as in LTE, different LCIDs can be used to distinguish the complete and truncated BSR separately in NR.

Proposal 2: The flexible long BSR is comprised of the ID(s) of the LCG(s) with data available for transmission and the corresponding BS field(s). L field in MAC subheader incicates the length of the flexible long BSR.
2.2   Short BSR format 
In last meeting, it has been agreed that a short BSR format of one byte is supported. The motivation to have one-byte short BSR is for the case when the UE has a small amount of data, e.g. VoIP. In this case, the UE is not necessary to report a long BS value and 5 bits BS should be sufficient. Therefore, the one-byte short BSR can be comprised of 3 bits LCG ID and 5 bits BS value. The one-byte truncated BSR should be the same.
Proposal 3: The one-byte short/truncated BSR is comprised of 3 bits LCG ID and 5 bits BS value.

The one-byte short BSR is only for the case of small amount of data. However, in some cases, it is possible that only one LCG in the UE has data for transmission, but the amount of data is large, e.g. when the UE is watching video. In this case, the one-byte short BSR would be inappropriate, because using the 5 bits BS cannot provide precise information for the network to perform scheduling. Therefore, when the UE has only one logical channel with data available and the LCG has a large amount of data (e.g. larger than a threshold), it is beneficial to report a flexible BSR including only one LCG ID and 8 bits BS value. Otherwise, the UE may report a one-byte short BSR if there is only one LCG with data available
Observation 1: In some cases, the UE may have only one LCG with data available but the LCG has a big amount of data.
Proposal 4: When the UE only has one LCG with data available, the UE may report a flexible BSR format including only a LCG ID and a 8-bit BS value if the amount of data is larger than a threshold; otherwise, the UE report one-byte short BSR.
2.3   Truncated BSR format
A difference in NR is, flexible long BSR is supported in NR and the flexible BSR could be relatively long. Therefore, it is possible that the UL grant may not be large enough to accommodate the BSR and truncation is needed. As in LTE, truncated BSR should be supported for padding BSR if the remaining grant is not sufficient. On the other hand, the periodic BSR and regular BSR may also need to be truncated in NR, as the total size of the initial UL grant may not be able to accommodate the BSR. 
RAN2 agreed that truncated BSR format of one byte is supported, but it should not be only case for truncated BSR especially when the remaining grant is larger than two bytes. Some rules should be made to report truncated BSR.

For regular/periodic/padding BSR, when the remaining grant can only accommodate a one-byte BSR, it is straightforward that the UE reports a one-byte truncated BSR with 5 bits BS. Otherwise, in order to make good use of UL grant and report buffer status for as many LCGs having data available for transmission as possible, more than one-byte truncated BSR should be supported in NR. For the case of more than one-byte truncated BSR, the flexible BSR format (i.e. with 8 bits BS) can be used, and the BSR should include as many LCGs as possible. The LCGs can be included in the BSR with the decreasing order of the priority of the logical channels in the LCG to provide most critical information to the gNB.
Proposal 5: Besides padding BSR, truncated BSR is also applied to regular BSR and periodic BSR.

Proposal 6: When the remaining grant cannot accommodate the triggered regular/periodic/padding BSR, the UE should report truncated BSR according to the following rule: 
· the UE reports one-byte truncated BSR format if the remaining grant can only accommodate one-byte truncated BSR;
· otherwise, the UE reports the flexible long BSR format with as many LCGs as possible with descending order of the logical channel priority in the LCG.
3   BS table design in NR
As discussed above, there are two BS lengths, i.e. 5 bits and 8 bits. Another issue is how many BS tables should be specified. 

Option 1 is to specify two BS tables for 5 bits and 8 bits BS separately.

Option 2 is to specify one BS table with 256 levels. When 8 bits BS value is used, it uses all those 256 levels, and when 5 bits BS value is used, it just uses the first 32 levels. 

Option 1 needs to specify two tables which take more pages in the spec, and a parameter may need to be configured by the network indicating which table should be used. Compared to option 1, option 2 seems simpler and requires less specification works. 
Proposal 7: One BS table with 256 levels is specified. 8 bits BS value uses all those 256 levels and 5 bits BS value just uses the first 32 levels.
4   Conclusion
Proposal 1: For the flexible long BSR format, the size of BS field is extended to 8bit.
Proposal 2: The flexible long BSR is comprised of the ID(s) of the LCG(s) with data available for transmission and the corresponding BS field(s). L field in MAC subheader incicates the length of the flexible long BSR.
Proposal 3: The one-byte short/truncated BSR is comprised of 3 bits LCG ID and 5 bits BS value.

Observation 1: In some cases, the UE may have only one LCG with data available but the LCG has a big amount of data.
Proposal 4: When the UE only has one LCG with data available, the UE may report a flexible BSR format including only a LCG ID and a 8-bit BS value if the amount of data is larger than a threshold; otherwise, the UE report one-byte short BSR.
Proposal 5: Besides padding BSR, truncated BSR is also applied to regular BSR and periodic BSR.

Proposal 6: When the remaining grant cannot accommodate the triggered regular/periodic/padding BSR, the UE should report truncated BSR according to the following rule: 

· the UE reports one-byte truncated BSR format if the remaining grant can only accommodate one-byte truncated BSR;

· otherwise, the UE reports the flexible long BSR format with as many LCGs as possible with descending order of the logical channel priority in the LCG.

Proposal 7: One BS table with 256 levels is specified. 8 bits BS value uses all those 256 levels and 5 bits BS value just uses the first 32 levels.
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