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[bookmark: _Ref490127969]Introduction
In last meeting, we 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
In this contribution, we discuss the BSR MAC CE based on the agreements.
Discussion
BS size
The above agreement to support the short BSR format of one byte was primarily motivated by coverage performance and VoIP traffic. But the final decision on BS size and table is still open though. So based on these preliminary agreements, there are three options for BS size.
Option 1: 5 bit BS size
With 1 byte short/truncated BSR format and 3 bits LCG ID, it seems 5 bit BS size must be adopted unless introducing some optimization of MAC subheader. However, we agreed in RAN2 AH#2 that “As a baseline, the MAC header is not further optimized”. Then unified MAC CE subheader in NR is preferred.
Option 2: both 5 bit and 8 bit BS size
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In LTE, the BS levels are calculated according to the exponentially distribution between Bmin and Bmax. The same method should be used for BS levels calculation in NR. With the exponentially distribution, the BS levels with lower indices have finer granularity so that gNB can allocate resource to the UE precisely. The BS levels with higher indices have coarse granularity because gNB can’t schedule too many resources within one or several scheduling occasions and can get updated buffer information via some ways such as padding BSR.
[bookmark: OLE_LINK93][bookmark: OLE_LINK94]An example of BSR table assuming 5 bit BS size, 10 bytes Bmin, and 3000000 bytes Bmax (the values of Bmin and Bmax in LTE) is shown in Table 1. Note that this table is coarser than BSR table in LTE because the BS size in LTE is 6 bit. Referring to the transport block size table in [2]  from the index 9, each buffer size value in Table 1 spans many transport block sizes in [2]. For example, the index 16 corresponding to 4407 < BS <= 6808, assuming ITBS=18 in Table 7.1.7.2.1-1 of [2], NPRB could be from 12 to 18. It is hard for the gNB allocate the accurate UL resources to the UE.

[bookmark: _Ref494217065]Table 1 An example of BSR table with 5 bit BS size
	Index
	Buffer Size (BS) value [bytes]
	Index
	Buffer Size (BS) value [bytes]

	0
	BS = 0
	16
	4407 < BS <= 6808

	1
	0 < BS <= 10
	17
	6808 < BS <= 10517

	2
	10 < BS <= 16
	18
	10517 < BS <= 16246

	3
	16 < BS <= 24
	19
	16246 < BS <= 25096

	4
	24 < BS <= 37
	20
	25096 < BS <= 38767

	5
	37 < BS <= 57
	21
	38767 < BS <= 59886

	6
	57 < BS <= 88
	22
	59886 < BS <= 92511

	7
	88 < BS <= 136
	23
	92511 < BS <= 142909

	8
	136 < BS <= 210
	24
	142909 < BS <= 220762

	9
	210 < BS <= 325
	25
	220762 < BS <= 341028

	10
	325 < BS <= 501
	26
	341028 < BS <= 526813

	11
	501 < BS <= 774
	27
	526813 < BS <= 813810

	12
	774 < BS <= 1196
	28
	813810 < BS <= 1257155

	13
	1196 < BS <= 1847
	29
	1257155 < BS <= 1942026

	14
	1847 < BS <= 2853
	30
	1942026 < BS <= 3000000

	15
	2853 < BS <= 4407
	31
	BS > 3000000



Bmax dimensioning is typically based on the peak data rate. Therefore, in NR, although we have diverse services, the Bmax should be dimensioned based on eMBB RTT and the BS values for URLLC can be included in the BSR table based on eMBB. As a result, a much larger maximum TBS is expected in NR compared with LTE, but for a similar RTT. Hence, Bmax should be much larger than that in LTE. Then more bits in BS size are anticipated. To simplify the design of BSR MAC CE format considering byte-alignment requirement, 8-bit Buffer Size is reasonable.
Option 3: reconsidering the agreements and only 8 bit BS size is used
As analyzed above, the BSR table with 5 bit BS size can’t indicate the buffer values accurately for gNB scheduling in NR, but 5 bit BS size should be used due to the agreement of 1 byte BSR format. If both 5 bit and 8 bit BS size are used, some complexity may be introduced. We may reconsider the agreement in last meeting and adopt 8 bit BS size only.
Comparing above options, option 1 is unreasonable for gNB precisely scheduling. Option 2 introduce some complexity but align with agreement of 1 byte BSR format. Option 3 needs to reconsider the agreement. Considering the time scheduling of NR WI, option 2 is preferred.
Proposal 1: Both 5 bit and 8 bit BS sizes should be used in BSR MAC CE formats.
BSR table
BSR table consists of N BS levels following the exponentially distribution within the scope of Bmin and Bmax. N = 2^BS size. With proposal 1 of 5 bits and 8bits BS size, there are two options of BSR table: one BSR table or two BSR tables.
Option 1: one BSR table:
In option 1, there is only one BSR table of 8 bit BS size with 256 entries. 
When 1 byte BSR MAC CE with 5 bit BS size is reported, only the first 31 indices are applicable. The 32ed index means the BS is larger than the scope of 5 bit BS size. This method is applicable when only consider small data indication (such as 40 byte for VoIP). Depending on the original Bmax (associated to 256), the resulting value at 32 might be too small. And has no real legitimate justification in many cases.

Option 2: two BSR tables:
In option 2, there are two BSR tables, one with 32 entries and one with 256 entries.
Option 2-1: two BSR tables with the same Bmax
In option 2-1, the same values of Bmin and Bmax are used in both tables. As discussed above, with very large Bmax, 32 indices are not enough to indicate the accurate buffer size for gNB scheduling.
Option 2-2: two BSR tables with different Bmaxs
Option 2-2 is similar to option 1. The difference is that in option 2-2, the Bmax used in BSR table with 32 indices is a specific value based on some regulation. Currently, we have no clear view on how to define the second Bmax.
Comparing the options of BSR table design, one BSR table is simple but can only indicate small data when 1 byte BSR MAC CE is reported; in option 2-1, the values in BSR table with 32 indices are too coarse to support efficient UL data scheduling; option 2-2 seems good if we can define an appropriate second Bmax.

Proposal 2: If only considering small data report such as 40 byte VoIP packet, 1 BSR table with 256 indices is preferred and the BS values of 1 byte BSR MAC CE are derived from the first 32 indices of the table. Otherwise two BSR tables could be adopted and different Bmax values are used for each BSR table.
BSR MAC CE format
With 5 bit BS size, the BSR MAC CE format is shown in Figure 1.


[bookmark: _Ref492668736]Figure 1 BSR MAC CE format of 1 byte
In this section, we mainly discuss the BSR MAC CE format with 8 bit BS size. 
We agreed that “Flexible Long BSR format will be supported”. There are two options for long BSR MAC CE:
Option 1: fixed sized BSR MAC CE for a UE with specific LCGs configuration
In option 1, the size of long BSR MAC CE for a UE equals to (the configured LCG number * BS size). The size of long BSR MAC CE is fixed until the LCG configuration is changed. UE reports all configured LCGs even if there is no buffer in some LCGs at all. An example is shown in Figure 2 where 8 LCGs are configured for the UE.
In option 1, the L field in MAC subheader for BSR MAC CE is not needed. The overhead of MAC subheader is one byte.


[bookmark: _Ref492654064]Figure 2 fixed sized long BSR (8 LCGs are configured)
Option 2: variable BSR MAC CE size based on the buffer in the UE
In option 2, UE only reports buffer of LCGs with data available. Although we agreed that “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.” We think the 0 BS comes from the MAC PDU construction procedure only. UE can preclude the LCGs without data at all before the MAC PDU construction. 
Due to 8 LCGs in NR, a bitmap can be used for LCG indication. And variable sized BSR MAC CE could be designed as shown in Figure 3. In this BSR MAC CE format, the first byte is used to indicate which LCGs have buffer to report, and the following bytes are used as Buffer Size of the indicated LCGs with the order in the bitmap.
In option 2, the L field in MAC subheader for BSR MAC CE is not needed because UE can get the length of BSR MAC CE via bitmap indication. The overhead of MAC subheader is one byte.



[bookmark: _Ref483654080]Figure 3 Variable-size BSR MAC CE (bitmap)
Comparing option 1 and option 2, option 2 has 1 more byte than option 1 when all LCGs have to be reported. In any other cases, option 2 has less or equal overhead compared with option 1. Since it is expected that in most cases, configured LCHs don’t have data in buffer, only a small fraction, if any, of configured LCGs have data available to be reported. Then option 2 has less overhead than option 1 in most cases. In addition, the one byte bitmap is quite useful in providing the gNB UL scheduler an instant image of LCGs activity (which LCG has data and which has not). As mentioned above, most of the time no data is reported, which the gNB is immediately made aware of by only checking the bitmap.
Proposal 3: There are two kinds of BSR MAC CEs in NR:
· 1 byte BSR MAC CE including 3 bit LCG ID and 5 bit BS size as in Figure 1;
· Variable-size BSR MAC CE with a bitmap indicating the reported LCGs as in Figure 3:
· One byte bitmap for LCGs indication;
· Buffer Size of indicated-only LCG (s) in increasing LCG order.
Proposal 4: There is no L field in the MAC subheader for BSR MAC CEs.
Conclusion
In this contribution, we discuss BSR MAC CE design and give below proposals.
BS size:
Proposal 1: Both 5 bit and 8 bit BS size should be used in BSR MAC CE formats.

BSR table:
Proposal 2: If only considering small data report such as 40 byte VoIP packet, 1 BSR table with 256 indices is preferred and the BS values of 1 byte BSR MAC CE are derived from the first 32 indices of the table. Otherwise two BSR tables could be adopted and different Bmax values are used for each BSR table.

BSR MAC CE format:
Proposal 3: There are two kinds of BSR MAC CEs in NR:
· 1 byte BSR MAC CE including 3 bit LCG ID and 5 bit BS size as in Figure 1;
· Variable-size BSR MAC CE with a bitmap indicating the reported LCGs as in Figure 3:
· One byte bitmap for LCGs indication;
· Buffer Size of indicated-only LCG (s) in increasing LCG order.
Proposal 4: There is no L field in the MAC subheader for BSR MAC CEs.
Reference
[1]  [bookmark: _Ref488934596][bookmark: _Ref489464493]R2- 1707920, BSR MAC CE Format, CATT
[2]  [bookmark: _Ref494217691]3GPP TS 36.213 V14.2.0
5. Text proposal to 38.321 on BSR MAC CE format

[bookmark: _Toc491782030]6.1.2	MAC PDU (DL-SCH and UL-SCH except transparent MAC and Random Access Response)
A MAC PDU consists of one or more MAC subPDUs. Each MAC subPDU consists of one of the following:
-	A MAC subheader only (including padding);
- 	A MAC subheader and a MAC SDU;
-	A MAC subheader and a MAC CE;
-	A MAC subheader and padding.
The MAC SDUs are of variable sizes.
Each MAC subheader corresponds to either a MAC SDU, a MAC CE, or padding.
A MAC subheader except for fixed sized MAC CE,  and padding and variable sized BSR MAC CE consists of the four header fields R/F/LCID/L. A MAC subheader for fixed sized MAC CE, padding and variable sized BSR MAC CE and padding consists of the two header fields R/LCID.


Figure 6.1.2-1: R/F/LCID/L MAC subheader with 8-bit L field


Figure 6.1.2-2: R/F/LCID/L MAC subheader with 16-bit L field


Figure 6.1.2-3: R/LCID MAC subheader
MAC CEs are placed together. DL MAC subPDU(s) with MAC CE(s) is placed before any MAC subPDU with MAC SDU and MAC subPDU with padding as depicted in Figure 6.1.2-4. UL MAC subPDU(s) with MAC CE(s) is placed after all the MAC subPDU(s) with MAC SDU and before the MAC subPDU with padding in the MAC PDU as depicted in Figure 6.1.2-5.


Figure 6.1.2-4: Example of a DL MAC PDU


Figure 6.1.2-5: Example of a UL MAC PDU
A maximum of one MAC PDU can be transmitted per TB per MAC entity.

…

[bookmark: _Toc491782032]6.1.3.1	Buffer Status Report MAC Control Elements
Buffer Status Report (BSR) MAC control elements consist of either:
-	Short BSR format and Truncated BSR format: fixed size. 3 bit LCG ID field and one corresponding 5 bit Buffer Size field (figure 6.1.3.1-1); or
-	Truncated BSR format; or
-	Long BSR format: variable size.. One byte bitmap for LCGs indication and corresponding Buffer Size fields (each Buffer Size field is 8 bit) of indicated-only LCG (s) in increasing LCG order (figure 6.1.3.1-2).
Editor's Note: Note that RAN2 agreed the following agreements, and to be captured by having e.g. MAC CE formats.
- Short BSR format of one byte is supported.
- Truncated BSR format of 1 byte is at least supported.
- Flexible Long BSR format will be supported. The number of LCGs to report is decided before the MAC PDU is constructed. 

The BSR formats are identified by MAC PDU subheaders with LCIDs as specified in table 6.2.1-2.
The fields in the BSR MAC CE are defined as follows:
-	LCG ID: The Logical Channel Group ID field identifies the group of logical channel(s) which buffer status is being reported in Short BSR format. The length of the field is 3 bits.
-    LCGi: this field indicates if Buffer Size corresponding to the LCG exists in Long BSR format where i corresponds to the number of LCG in ascending order. The LCGi field is set to 1 to indicate that the corresponding Buffer Size field exists. The LCGi field is set to 0 to indicate that the corresponding Buffer Size field doesn’t exist.
-    Buffer Size: The Buffer Size field identifies the total amount of data available according to the data volume calculation procedure in TSs 38.322 and 38.323 [3] [4] across all logical channels of a logical channel group after all MAC PDUs for the NR-UNIT have been built (i.e. after the logical channel prioritization procedure). The amount of data is indicated in number of bytes. The length of this field is TBD 5 bits in Short BSR format and 8 bits in Long BSR format.



Figure 6.1.3.1-1: Short BSR and Truncated BSR MAC control element


Figure 6.1.3.1-2: Long BSR MAC control element

Editor's Note: Size of BS field is not determined yet.
Editor's Note: Depending on the RAN2 agreements, additional field can be added (e.g. LCGID, …).
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