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Discussion and decision
1 Introduction
In RAN2#99 [1], there is agreement for BSR format as below. 
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
In this paper we discuss the detailed design for long, short, and truncated BSR format. 
2 Discussion
2.1 Short BSR format
NR support up to 8 LCG, and in our expectation BS field length should not be less than 6 as in LTE. Therefore, we need at least 9 bits (3-bit LCG field + 6-bit BS field), i.e. two bytes, to express the buffer status information of one LCG. To support one-byte short BSR format as agreed in RAN2#99 [1], some enhancement is needed. Exemplary alternatives for 6-bit BS field are as below.

· ALT 1. Move one bit from either LCG or BS field to the MAC subheader, e.g. R bit
· ALT 2. Apply 5-bits BS field

ALT 2.1 Apply a new BS table, which has the same BS range but coarser BS granularity as in LTE

ALT 2.2 Report a smaller BS range, e.g. assumes that the most significant bit is 0
· ALT 3. Apply 2 LCID to indicate the most significant bit of LCG

· ALT 4. Apply 2 LCID to indicate the most significant bit of BS field

ALT 1 may introduce additional MAC subheader processing, i.e., R bit or F bit has additional meaning when the MAC CE is for BSR. ALT 2.1 causes less accurate BS information report. ALT 2.2 requires additional BSR transmission and thus may increase scheduling delay, e.g. if the amount of available data exceeds the 5-bit BS range, UE needs to report BSR for several times, and thus suffer from increased scheduling delay. 
Observation 1. Using the reserved bit in MAC subheader for short BSR may increase processing cost
Observation 2. Using 5-bit truncated BS report as in ALT 2 may make the gNB have a less accurate picture of buffer status, and thus cause some scheduling impact.
Proposal 1. Two LCIDs are applied to support 1-byte short BSR format, e.g.

· 1 LCID for short BSR from LCG 1 to 4

· 1 LCID for short BSR from LCG 5 to 8
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Figure 1. Short BSR format. The most significant bit of LCG ID is indicated by two separate LCID.
2.2 Long BSR format
To support flexible long BSR format as agreed in RAN2#99 [1], we could apply 1-byte bitmap to indicate whether BS for a particular LCG is included or not.
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L: in sub-header it serves as a bitmap to indicate whether BS for a particular LCG is included or not

BS n : the buffer status value of the n-th LCG whose buffer status is included in the BSR
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Figure 2. Long BSR format.

Proposal 2. Long BSR consists of 1-byte bitmap followed by the BS field of those LCGs as indicated in the bitmap. The 1-byte bitmap indicates whether BS for each LCG is included or not, and the indicated LCGs in the bitmap contains all those LCGs with data available. 
2.3 Truncated BSR format
In LTE, truncated BSR is used to tell the network that some BS information is not yet reported in the padding BSR due to the limit of available padding bit. The design is good and could be reused in NR.
Observation 3. Truncated BSR should be applied as in LTE, i.e., applied for padding BSR if more than one LCG has data available for transmission, and the number of padding bits is not less than short BSR but less than long BSR.
As in LTE, 1-byte truncated BSR is supported in NR as agreed in [1]. One byte is only enough to report BS information of one LCG. Therefore, truncated BSR could reuse short BSR format when there is no padding room to include BS information of more than one LCG. For example, if BS field length is 6 bits, we need 4 bytes to indicate BS information of two LCGs. So if the padding bits is less than 4 bytes, the truncated BSR should have the same format as short BSR, and indicates the BS information of the LCG with the highest priority with data available.

Observation 4. 1 byte truncated BSR can include BS information of at most one LCG.
Observation 5. For simplicity, 1-byte truncated BSR could reuse short BSR format to indicate the BS information of the LCG with the highest priority logical channel with data available.
In contrast, if the number of padding bits is enough to accommodate BS information of more than one LCG, we prefer that truncated BSR indicates as much buffer status information as possible until reaching the limit of available padding bits. The intention of including more BS information in truncated BSR than in LTE is to support high data-rate transmission and reduce scheduling latency in NR. For example, if BS field length is 6 bits and the number of padding bits are not less than 4 bytes, truncated BSR could apply the long BSR format to indicate BS information of LCGs with higher priority logical channels with data available.
Observation 6. To support high data-rate transmission and reduce scheduling latency in NR, truncated BSR should apply long BSR format to indicate BS information for more than one LCG when the number of padding bits is enough.

Moreover, to support high data-rate transmission and reduce scheduling latency in NR, we prefer that truncated BSR provides as much buffer status information as possible, i.e. truncated BSR could reuse long BSR format to introduce as many BS information as possible within the padding room, and indicate the BS information of those LCGs with higher priority among those LCG with data available. That is, if the number of padding bits is not enough to report BS information of two LCG, truncated BSR could 

Proposal 3. Truncated BSR is applied for padding BSR if more than one LCG has data available for transmission, and the number of padding bits is enough for the size of short BSR not enough for long BSR.

· If the padding room can include BS information of at least two LCGs in long BSR format, truncated BSR has the same format as long BSR, and report as many BS information as possible for those LCGs with highest priority logical channels with data available until reaching the limit of available padding bits.
· Otherwise, truncated BSR has the same format as short BSR, and report BS information of the LCG with the highest priority logical channel with data available

3 Conclusions
In this contribution, we have the following observation for NR BSR design.
Observation 1. Using the reserved bit in MAC subheader for short BSR may increase processing cost

Observation 2. Using 5-bit truncated BS report as in ALT 2 may make the gNB have a less accurate picture of buffer status, and thus cause some scheduling impact.

Observation 3. Truncated BSR should be applied as in LTE, i.e., applied for padding BSR if more than one LCG has data available for transmission, and the number of padding bits is not less than short BSR but less than long BSR.

Observation 4. 1 byte truncated BSR can include BS information of at most one LCG.

Observation 5. For simplicity, 1-byte truncated BSR could reuse short BSR format to indicate the BS information of the LCG with the highest priority logical channel with data available.

Observation 6. To support high data-rate transmission and reduce scheduling latency in NR, truncated BSR should apply long BSR format to indicate BS information for more than one LCG when the number of padding bits is enough.

Based on observations, we have proposals as below

Proposal 1. Two LCIDs are applied to support 1-byte short BSR format, e.g.

· 1 LCID for short BSR from LCG 1 to 4

· 1 LCID for short BSR from LCG 5 to 8
Proposal 2. Long BSR consists of 1-byte bitmap followed by the BS field of those LCGs as indicated in the bitmap. The 1-byte bitmap indicates whether BS for each LCG is included or not, and the indicated LCGs in the bitmap contains all those LCGs with data available. 
Proposal 3. Truncated BSR is applied for padding BSR if more than one LCG has data available for transmission, and the number of padding bits is enough for the size of short BSR not enough for long BSR.

· If the padding room can include BS information of at least two LCGs in long BSR format, truncated BSR has the same format as long BSR, and report as many BS information as possible for those LCGs with highest priority logical channels with data available until reaching the limit of available padding bits.
· Otherwise, truncated BSR has the same format as short BSR, and report BS information of the LCG with the highest priority logical channel with data available
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