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1.	Introduction
In NR, the number of LCGs is increased to 8. With increased number of LCGs, RAN2 discussed BSR format in RAN2#98 and agreed that
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

This contribution discuss the remaining issues on BSR.

2.	Discussion
2.1 Flexible Long BSR
In LTE, the Long BSR MAC CE always includes four BS fields without LCG ID field. Given that NR supports 8 number of LCGs, it was considered undesirable overhead to always include BS fields for all LCGs. Therefore, RAN2 decided to support flexible long BSR format, where the flexible long BSR format includes BS only for LCGs having data.
In order to include BS of only LCGs having data, the long BSR MAC CE should indicate LCG IDs for which BS is included. For this, there could be a couple of candidates of Long BSR MAC CE format including,
· Option 1. Long BSR MAC CE includes 3 bits of LCG ID fields. 
· Option 2. Long BSR MAC CE includes 1 byte of bitmap field indicating the presence of BS of an LCG, i.e., G field. 



Figure 1. An example of Option 1 (Left) and Option 2 (Right).
In option 1, 3 bits of LCG ID field is required for every LCG for which BS is reported. Therefore, the LCG ID overhead increases as the number of LCGs of which BS are reported increases, e.g., multiple of 3 bits.
In option 2, 1 byte of G field allows including only LCGs having data. For example, Gi is set to "1" to indicate that BS for LCG i is included in the BSR MAC CE and Gi is set to "0" to indicate that BS for LCG i is not included in the BSR MAC CE. The G field is fixed to 1 byte regardless of the number of LCGs for which BS is reported.
Therefore, Option 2 is better than Option 1 in terms of LCG ID overhead especially when there are many LCGs having data. For example, to report BS for three LCGs, option 1 consumes 9 bits for LCG ID field while option 2 consumes 8 bits for G field.
In addition, in option 2, as G field indicates the LCG for which BS is reported, the length of the BSR MAC CE can be estimated by looking at the G field. Therefore, there would be no need of L field in MAC subheader. However, option 1 requires L field in MAC subheader as the gNB cannot tell the length of BSR MAC CE in advance.
We see some benefits of option 2 in terms of signaling overhead in LCG ID field and MAC subheader. Therefore, we propose to include 1 byte bitmap field for indicating the presence of BS of an LCG.
Proposal 1. For Long BSR MAC CE, to use 1 byte bitmap field for indicating presence of BS of an LCG, i.e., G field.

It needs to be noted that, in Sidelink BSR where variable size of BSR MAC CE is supported, the BS of LCGs are included in decreasing order of the highest priority of the sidelink logical channel belonging to the LCG. The reason was to inform the eNB of the LCG priority since the eNB doesn’t know the LCG priority. However, in NR, the gNB determines priority of logical channel. Therefore, it would be fine to include the BS for the LCG having data in increasing order of LCG ID.
Proposal 2. For Long BSR MAC CE, the BS of LCGs are included in increasing order of LCG ID.

Long BSR MAC CE allows reporting BS only for the LCGs having data. If the UL grant is sufficient to include BS for all LCGs having data, there is no problem. However, if the UL grant is not sufficient, the MAC may need to select some LCGs for which BS are reported, i.e., Long Truncated BSR.
We can consider the similar approach as in Sidelink BSR, i.e., the MAC entity selects the LCGs in decreasing order of the highest priority logical channel belonging to the LCG. This is also considered to be a simple extension of the LTE Truncated BSR, where the MAC entity selects single LCG with the highest priority logical channel having data.
Proposal 3. Truncated Long BSR is supported in NR. If UL grant is not sufficient to include BS for all LCGs having data, the MAC selects the LCGs for which BS are reported in decreasing order of the highest priority logical channel having data belonging to the LCG.

In RAN2#99, RAN2 agreed to support Truncated BSR at least with 1 byte, which includes 3 bits of LCG ID field and 5 bits of BS field. As the Long BSR MAC CE can also be used for truncation as well, the BSR MAC CEs consist of either:
· Short BSR and Short Truncated BSR: 1 byte BSR MAC CE with 3 bits of LCG ID field and corresponding 5 bits of BS field;
· Long BSR and Long Truncated BSR: multiple bytes BSR MAC CE with 1 byte of G field and corresponding [x] bits of BS field.
Therefore, we need to allocate total four LCIDs for BSR. With these formats, the use of Short BSR, Short Truncated BSR, Long BSR, and Long Truncated BSR are described below:
· If the number of LCGs having data is 1, report Short BSR;
· If the number of LCGs having data (N) is equal to or larger than 2, i.e., N≥2,
· If UL grant size≤2 bytes, report Short Truncated BSR;
· If 3 bytes≤UL grant size < N+2 bytes, report Long Truncated BSR;
· If UL grant size≥N+2 bytes, report Long BSR;
Only the case that RAN2 may need to discuss is when the number of LCGs having data is equal to or larger than 2 and the UL grant size is equal to 3 bytes. In this case, there are two choices, one is to report Short Truncated BSR plus 1 byte padding, and the other one is to report Long Truncated BSR. Given that Long Truncated BSR would use longer BS field than 5 bits, it seems reasonable to report Long Truncated BSR instead of reporting Short Truncated BSR by wasting 1 byte for padding.
Proposal 4. In NR BSR, Short BSR, Short Truncated BSR, Long BSR, and Long Truncated BSR are used as follows:
· If the number of LCGs having data is 1, report Short BSR;
· If the number of LCGs having data (N) is equal to or larger than 2, i.e., N≥2,
· If UL grant size≤2 bytes, report Short Truncated BSR;
· If 3 bytes≤UL grant size < N+2 bytes, report Long Truncated BSR;
· If UL grant size≥N+2 bytes, report Long BSR;

2.2 BS table
Although the exact length of BS field for Long (Truncated) BSR MAC CE, i.e., [x] bits, could be decided after RAN1 provides input parameters such as maximum TB size, granularity of TB size, and HARQ RTT, it seems that at least 6 bits which has been used for LTE is required. Accordingly, the BS field size could be different for Short (Truncated) BSR and Long (Truncated) BSR. 
There could be two options to support different lengths of BS field for Short (Truncated) BSR and Long (Truncated) BSR.
· Option 1. Use one BS table and restrict use of some BS values from Short (Truncated) BSR.
· Option 2. Define two separate BS tables, where one is to define 5 bits of BS field and the other one is to define [x] bits of BS field.
Option 1 would limit the maximum buffer size that can be reported by Short (Truncated) BSR. In our view, it seems not logical to lose a chance of reporting large buffer size for Short (Truncated) BSR because Short (Truncated) BSR is not only for small size data transmission, e.g., voice. Therefore, we would propose to define two separate BS tables, one for Short (Truncated) BSR and the other one for Long (Truncated BSR).
Proposal 5. In NR BSR, separate BS tables are defined, where one is to define 5 bits of BS field for Short (Truncated) BSR and the other one is to define [x] bits of BS field for Long (Truncated BSR), where [x] can be decided later based on RAN1 input.

3.	Conclusion
In this contribution, we discussed BSR formats and propose that:
Proposal 1. For Long BSR MAC CE, to use 1 byte bitmap field for indicating presence of BS of an LCG, i.e., G field.
Proposal 2. For Long BSR MAC CE, the BS of LCGs are included in increasing order of LCG ID.
Proposal 3. Truncated Long BSR is supported in NR. If UL grant is not sufficient to include BS for all LCGs having data, the MAC selects the LCGs for which BS are reported in decreasing order of the highest priority logical channel having data belonging to the LCG.
Proposal 4. In NR BSR, Short BSR, Short Truncated BSR, Long BSR, and Long Truncated BSR are used as follows:
· If the number of LCGs having data is 1, report Short BSR;
· If the number of LCGs having data (N) is equal to or larger than 2, i.e., N≥2,
· If UL grant size≤2 bytes, report Short Truncated BSR;
· If 3 bytes≤UL grant size < N+2 bytes, report Long Truncated BSR;
· If UL grant size≥N+2 bytes, report Long BSR;
Proposal 5. In NR BSR, separate BS tables are defined, where one is to define 5 bits of BS field for Short (Truncated) BSR and the other one is to define [x] bits of BS field for Long (Truncated BSR), where [x] can be decided later based on RAN1 input.
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