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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
At the RAN2 #99 meeting, the BSR aspects in NR was discussed and the following agreements were made [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

In this contribution, we will further discuss the open issues on BSR: the short, long and truncated BSR formats.
2. Discussion
2.1. Short BSR
[bookmark: OLE_LINK1]Since the number of LCGs now have increased to 8, the LCG ID field needs to increase to 3 bits accordingly, and the size of BS field about the short BSR was decreased to 5 bits which kept the short BSR as 1-byte long as like LTE. In contribution [2] and [3], it was proposed that the LCG ID field is placed in the MAC CE  together with the Buffer Size field, which should correspond respectively with 3 bits and 5bits, as shown in Figure 1. Using 5bits buffer size would mean fewer levels of granularity for BS, but as the application and requirements increase in NR, new services will introduce in uplink, which have a big data rate. So, if the 5bits scheme is supported, The BS level might be not enough to indicate the large buffer size. In addition, increasing the bytes of short BSR format with the increase in the number of LCGs will impair the advantage of having a consistent MAC subheader for all MAC CEs. So, it is desirable that NR short BSR buffer size have the same bits as in LTE.
Proposal 1: It is desirable that the buffer size of short BSR in NR have the same bits as in LTE.


Figure 1: Format of short BSR with 5 bits Buffer Size

Based on the proposal 1, to keep consistency with totally two bytes including MAC subheader as in LTE, we think there are at least two possible ways which are described in the following:
Option 1:  Use two LCIDs and LCG field to indicate the 8 LCGs.
As shown in the Figure 2, the MAC subheader consists of 2 reserved bits and 6 bits LCID field (as shown in the 1st octet). The Buffer Size field is still 6 bits, and the LCG ID field with 2 bits is placed in the MAC CE together with the Buffer Size field (as shown in the 2nd octet). However, because the number of LCG has been extended to 8 and the size of LCID field is extended to 6 bits, only two bits are left for LCG. It also means that 2 bits LCG ID are not enough to indicate the 8 LCGs. We propose two LCIDs can be used for the short BSR. More specifically,  the short BSR group 1 indicated by LCID X can cover the LCG#0~ LCG#3, and the Short BSR group 2 indicated by LCID Y  can cover the LCG#4~ LCG#7. The index corresponds to LCID values as show in below Table 1. 
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Figure 2: Format of short BSR(Option 1)

Table 1: value of two LCIDs for short BSR
	Index
	LCID values

	LCID X
	Short BSR and Truncated BSR group 1

	LCID Y
	Short BSR and Truncated BSR group 2



Option 2: Use 1 bit R field and LCG field to indicate the 8 LCGs.
As shown in the Figure 3, the 2nd octet is the same as option 1. In the  MAC subheader, 1 bit R field (filled in red) can be used for indicating either the LCG#0~ LCG#3 or the LCG#4~ LCG#7. One is that the R field is set to "1" to indicate the LCG#0~ LCG#3. Another is set to "0" to indicate the LCG#4~ LCG#7. Then using LCGs field as in LTE can uniquely identify the LCGs.
We can see that short BSR in the two options have the same length. Nevertheless, we think option 1 is a better choice because it is advantageous to keep 2 bits “R”.


Figure 3: NR Short/Truncated BSR
Proposal 2: Two LCIDs can be used for the short BSR. The Short BSR group 1 indicated by LCID X can cover the LCG#0~ LCG#3, The Short BSR group 2 indicated by LCID Y can cover the LCG#4~ LCG#7.
2.2. Long BSR
In the last meeting, the bitmap approach that UE only reports the logical channel group(s), which has data available for transmission was mentioned for the long BSR format. Nevertheless, bitmap always takes one byte to report all the LCGs even if only 2 or 3 LCGs actually have data to be transmitted, this obviously results in unnecessary scheduling overhead as well as waste of resources to report those LCGs actually without any data to be transmitted.
By considering that the UEs may have fewer LCGs (always less than five) that need to be configured and the number of LCG has been extended to 8 for BSR, it is better that the long BSR can support variable size. 2 bits L field can be used to indicate the number of LCGs that are needed to be configured and reported in the long BSR. Table 2 below shows that the L field value corresponds to the numbers of LCGs, i.e., the length of BSR content. The actual long BSR formats are shown in Figure 4. 

Table 2: L field value for length of BSR content
	L field value
	Length of BSR content

	00
	2

	01
	4

	10
	6

	11
	8






Figure 4: NR long BSR format

It is assumed that the LCGs with data transmission are reported in sequence and continuously, then the byte overhead for bitmap approach and our scheme for the number of LCGs with data are given in Table 3.

Table 3: The overhead analysis for two option
	The number of  LCGs with data
	L field scheme (byte)(without bitmap load)
	bitmap(byte)

	1
	3
	3

	2
	3
	4

	3
	5
	5

	4
	5
	6

	5
	7
	7

	6
	7
	8

	7
	9
	9

	8
	9
	10



Both our scheme and bitmap scheme have one byte for MAC sub-header overhead. In table 3, we can see that BSRs in this two options have similar length overhead, but in some cases, our scheme needs less or equal to bytes than bitmap scheme. However, unnecessary overhead and resource waste may happen when LCGs with data transmission are discontinuous. For example, if LCG0, LCG5 and LCG7 have data to be transmitted, the overhead for our scheme and bitmap scheme would be 9 bytes and 5 bytes. However, case like this rarely happen in practice.
Proposal 3: One LCID is used for the long BSR, L field can be used to indicate the length of BSR content.
2.3. Truncated BSR
It is straight forward to reuse the same rules like short and long BSR formats as we proposed in above sections for the Truncated BSR format. It means that If the truncated BSR has only one LCG that has data to send, its format is the same as the short BSR. if more than one LCG has data available for transmission, truncated BSR format can adopt long BSR format and UE report the LCGs with data transmission in order of decreasing priority. Besides, 2 LCIDs shall be used to differentiate between truncated(short) BSR and truncated(long) BSR.
Proposal 4: 2 LCIDs shall be used to differentiate between truncated(short) BSR and truncated(long) BSR. 
Proposal 5: Truncated BSR for NR can adopt short and long BSR formats according to the number of the LCG(s) with the amount of data available for transmission.
3. Conclusion
In this contribution, we discuss the detailed BSR format in NR and provide below proposals:
Proposal 1: It is desirable that the buffer size of short BSR in NR have the same bits as in LTE.
Proposal 2: Two LCIDs can be used for the short BSR. The Short BSR group 1 indicated by LCID X can cover the LCG#0~ LCG#3, The Short BSR group 2 indicated by LCID Y can cover the LCG#4~ LCG#7.
Proposal 3: One LCID is used for the long BSR, L field can be used to indicate the length of BSR content.
Proposal 4: 2 LCIDs shall be used to differentiate between truncated(short) BSR and truncated(long) BSR. 
Proposal 5: Truncated BSR for NR can adopt short and long BSR formats according to the number of the LCG(s) with the amount of data available for transmission.
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