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1 Introduction

In RAN2 #99 [1], the following agreement has been made on BSR:
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 discusses the remaining issues in the BSR format and proposes a unified format for short, truncated and long BSRs.
2 Discussion  
2.1 Length of Buffer Size field

Contribution [2]

 REF _Ref494225805 \r \h 
[3] describe how maximum buffer size was calculated for the LTE. We think the general approach is still applicable to NR. We only need to use NR-specific parameters to determine if the maximum buffer size specified in the LTE is still applicable to NR. 
First, we first use the following parameters to derive the maximum TS size based on the formula specified in the LS sent back from RAN1:

Table 1. Maximum size of a TB

	Parameters
	Formula
	Value
	Note

	# of RB per CC
	A
	270
	

	# of subcarriers per CC
	B =12*A
	3,240
	

	# of CCs
	C
	1
	

	# of bits per symbol
	D
	8
	256 QAM

	# of layers
	E
	4
	Up to 4 layers for Rel-15

	# of data symbols per slot
	F
	12
	Assuming 2 bit DMRS per slot

	# of REs per slot
	G = B*C*F
	38,880
	

	Max code rate
	H
	0.93
	This is from LTE. Its value depends on RAN1’s agreement on MCS 

	Max size of a TB (byte)
	J=D*E*G*H/8
	144633
	One TB per slot


Therefore, the maximum TB size is 144633 bytes. 

Second, we determine if the maximum buffer size in the LTE baseline, which is 3MB bytes, is large enough to hold data for at least one round-trip time, i.e. from the time a BSR is sent to the time next MAC PDU is sent. This can be determined by the following steps:

· Since the maximum buffer size is the 3000000 bytes and the maximum TB size is 144633 bytes, the maximum buffer size is equal to at least 20 TBs.
· According to the latest RAN1 agreement, each TB spans one slot. This means the maximum buffer size of 3MB is large enough to cover 20 slots of data at maximum PHY data rate.

· 20 slots is longer enough than a RTT in NR, no matter what the numerology is. 
Based on the above calculations, we can conclude that the existing maximum buffer size is large enough for NR as well. Therefore, we do not need to change the existing buffer size table and the length of the Buffer Size field in BSRs.

Proposal 1. 
There is no need to change the existing buffer size table and the length of Buffer Size field in BSRs.
2.2 Format of short BSR
In the RAN2 #99 meeting, it was agreed that short BSR format should support one byte. The main argument for this agreement was that for applications such as VoIP, it is important to keep overhead low to enhance the service coverage. The length of short BSR therefore is kept at one byte as in the LTE. 
However, there were concerns on how to redesign the Buffer Size field. Because the number of LCGs in NR has been increased to eight, the LCG ID hence is three bits long. The Buffer Size field in a one-byte short BSR can be at most five bits long. However, in LTE the Buffer Size field is six-bit long to indicate 64 levels of buffer sizes. Different proposals to close this one-bit gap were discussed in the meeting, which included using a truncated version of the existing Buffer Size values, or defining a new Buffer Size table with 32 levels (i.e. 5-bit long).  
We think other alternatives with less impact on the specification may be possible too. More specially, we observe that for applications requiring low overhead, their buffer sizes typically are small. And for applications which often have bursty traffic and hence large buffer size, low overhead is not critical because they likely get large grants. Based on these observations, we propose a short BSR can have two sizes as follows:
· It includes a one-bit format field to indicate whether it is one-byte or two-byte long;

· If the buffer size is short enough to be indicated by four bits, then the BSR is one-byte long with a four-bit long Buffer Size field. The value in that field is the least significant four bits of the regular buffer size value. 
· Otherwise, the BSR is two bytes long, with a full-size Buffer Size field. The most-significant bit of Octet 2 is the least-significant two bits of the Buffer Size field, and the rest of Octet 2 are reserved bits. 
The details of this variable-length format are illustrated in Figure 1. Its advantage is that there is no need to design the Buffer Size field differently for short BSRs, and yet it supports one-byte short BSR when needed.

Proposal 2.  Short BSR can be either one byte or two bytes long, which is indicated by a one-bit flag.
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Figure 1. Format of short BSR
2.3 Format of truncated BSR
The agreement made in the last meeting was that truncated BSR should support at least one byte. Therefore, the same approach used for short BSR format can be applied to the format of truncated BSR as well, i.e. in the first octet of a truncated BSR, there is a one-bit format flag which indicates whether this truncated BSR is one byte only or longer. 
With up to eight LCGs, long BSR is at least six bytes long (it could be longer if the Buffer Size field is increased to eight bits long, as proposed by some companies). If truncated BSR is at most one byte long, that means padding BSR can’t be applied if the padding space is between two to five bytes. That is rather wasteful. We therefore think truncated BSR should have variable size too, as proposed by some other companies in the last meeting (e.g. [4]). Its exact size can be determined based on the size of padding space. The proposed format is illustrated in Figure 2.
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Figure 2. Format of truncated BSR
We think this format has the following advantages:
· It supports one-byte format as agreed, by using a Format bit at the beginning. If the available padding space is only two bytes and the buffer size can be indicated by 4 bits or less, the Format bit is set to zero and the Buffer Size field is shortened to 4 bits, so that the BSR is one-byte long. Otherwise, if the buffer size requires more than 4 bits to represent but the padding space is two bytes or less, then no truncated BSR is applied. This motivation behind this design choice is the same as that for the short BSR.
· It has variable length and does not need a length field, so that it can easily scale with every possible size of padding space from two bytes and up. This enables more flexibility than the format used in the LTE.
Proposal 3.  Truncated BSR can have variable length and is at least one-byte long. Its length is indicated by a one-bit extension flag.
2.4 Format of long BSR
Since it has been agreed that long BSR has variable length, we think its format can have the same structure as that of the truncated BSR. The only difference would be that
· The number of LCGs in a long BSR depends on number of non-empty LCGs before the PDU is built, whereas the number of LCGs to report depend on the size of padding bits;

· Buffer Size field for each LCG in a long BSR has the full length. So the format bit in the first byte in a long BSR is not needed and can be always set to 1.
Compared to other proposals for long BSR format, this design allows a single, unified structure used for all three types of BSRs. That simplifies the implementation of building and decoding BSRs. In addition, this design is more future compatible, if maximum number of LCGs or Buffer Size field increases.
Proposal 4.  The format of a long BSR has the same structure as that of truncated BSR.
2.5 MAC Sub-header for BSRs

Since all three types BSRs can use either the format or extension bit to indicate their lengths, they do not need a length field in the MAC sub-header. That helps lower the overhead. 
Proposal 5.  Short, truncated and long BSRs all use the one-byte R/LCID MAC sub-header.
3 Summary
Based on the above discussions, we recommend RAN2 to discuss the following proposals: 
Proposal 1.  There is no need to change the existing buffer size table and the length of Buffer Size field in BSRs.

Proposal 2.  Short BSR can be either one byte or two bytes long, which is indicated by a one-bit flag. 
Proposal 3.  Truncated BSR can have variable length and is at least one-byte long. Its length is indicated by a one-bit extension flag.
Proposal 4.  The format of a long BSR has the same structure as that of truncated BSR.
Proposal 5.  Short, truncated and long BSRs all use the one-byte R/LCID MAC sub-header. 
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