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1 Introduction

In previous RAN2 meetings, there were some discussions on NR BSR formats and several agreements were made as follow [1] [2]: 

Agreement in RAN2 #98

The number of LCGs will be increased up to 8
Agreements in RAN2 #99
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

According to agreements, both Short BSR format and Long BSR format will be supported. In this contribution, we discuss some remaining issues on Short BSR format and Long BSR format in NR considering the increase of the number of LCGs. 
2 Discussion 
The concept of a logical channel group (LCG) was included in LTE to reduce the BSR signalling overhead in case a UE have many radio bearers established simultaneously. In previous RAN2 meetings, it has been agreed that NR reuses LTE BSR framework as the baseline and no new BSR triggers in addition to LTE are needed. So, NR BSR is also triggered per LCG. Currently up to four LCGs can be supported per UE in LTE and it has been agreed that NR shall support up to eight LCGs. The grouping of radio bearers (or logical channels) is established at radio bearer setup by the gNB based on QoS attributes of the radio bearers such as QoS Class Identifier (QCI). [3]. 
In LTE, at most 4 LCGs can be defined per MAC entity and the size of BS value is 6 bits, which was kind of compromise to make the short BSR 1 byte. 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 [4].
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Fig 1. Short BSR format in LTE
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Fig 2. Long BSR format in LTE
With the increase in the number of LCGs, the NR BSR formats need to be re-defined. There can be several alternatives for the NR BSR formats. As agreed in the last meeting, both Short BSR format and Long BSR format will be supported in NR. So, let’s discuss each BSR form one by one.
In LTE the short BSR is introduced for reducing the report load. The advantage of short BSR is to allow UEs to include buffer status information even in small UL MAC PDUs. This is especially useful when UE has small but high-priority data to send [5] and essential for VoIP and MTC where every bit of overhead affects coverage [6]. It is important to keep this advantage in NR, so Short BSR format of one byte is agreed in the last meeting. Several options were proposed in the last meeting but not discussed [3] [5] [6] [7].  
The first option is the size of BS field decreased to 5 bits, having LCG ID 3 bits. This would mean fewer levels of granularity for BS to Short BSR format. A separate new BS value or a new mapping between the BS value and BS table needs to be defined correspondingly.

The second option is the size of BS field kept to 6 bits, but LCG ID 3 bits are placed separately, for example, 1bit in the MAC subheader and 2 bits in BSR MAC CE. This option would provide the same granularity level as LTE without increasing the total bytes for Short BSR format.
The third option is to use different LCIDs for specific LCGs to save the LCG ID 1 bit for Short BSR, for example, the first LCID covers the LCG#0 ~ LCG#3 and the second LCID covers the LCG#4~ LCG#7. This option also would provide the same granularity level as LTE without increasing the total bytes for Short BSR format.

We think above three options are all feasible and have small specification impacts, so we propose RAN2 discuss the 3 options further for the selection of Short BSR format.  
Proposal 1:
RAN2 should discuss the 3 options further for the selection of Short BSR format.
With 3 bits LCG ID field, the legacy long BSR format of LTE which carries only up to 4 LCGs will not be able to accommodate all LCGs buffer status in NR. Although we decided that there are at most 8 LCGs, most of the time the number of LCGs with data available should be much less than 8. Therefore, as agreed in the last meeting, flexible Long BSR format will be supported in NR and the number of LCGs to report is decided before the PDU is constructed. To support flexible long BSR reporting efficiently, a bitmap to indicate presence/absence of data available for each LCG in long BSR format can be considered. It would have smaller overhead than having LCG IDs for each LCG having data available.
Proposal 2:
To use a bitmap for the BSR to indicate presence/absence of data available for each LCG in Long BSR format.
3 Conclusion

In this paper, NR BSR formats were discussed, and we propose:
Proposal 1:
RAN2 should discuss the 3 options further for the selection of Short BSR format.
Proposal 2:
To use a bitmap for the BSR to indicate presence/absence of data available for each LCG in Long BSR format.
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