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Introduction
In RAN2 #98 meeting, it was agreed that the number of LCGs will be increased to 8, per the below extract of the Chairlady’s notes.
Agreements
1. The number of LCGs will be increased up to 8.  
2. The concept of periodicBSR-timer and retx-BSRtimers are reused and are configured per MAC entity 
3. As a baseline, the concept of logicalChannelSR-ProhibitTimer is reused in NR. It is allowed to configured infinite value for this timer.
4. The logicalChannelSR-Mask is supported 

In this contribution, we address the next steps of BSR definition and propose an upgraded design for both the BSR MAC CE types and format accordingly.
Discussion
Comparing with LTE, there are much higher requirements of data amount and data rate in NR. Some key features are shown below.
	
	LTE
	NR

	UL MIMO
	2 layers
	4 layers

	Modulation
	256 QAM
	256QAM

	Bandwidth
	100MHz
	around 1GHz[3] 

	UL peak data rate
	500 Mbps[2] 
	10Gbps [1] 

	Maximum TBsize
	211936 [4] 
	TBD in RAN1

	RTT
	8ms (FDD)
	Flexible and TBD in RAN1

	Bmax
	300kbytes
	Depends on above parameters but much larger than 300kbytes


Observation: The maximum buffer size level (Bmax) of NR is much larger than 300kbytes.
Although 6-bit Buffer Size is used for both 150 kbytes Bmax and 300 kbytes Bmax in LTE, with the anticipated much larger Bmax in NR, the length of the Buffer Size should be extended. To simplify the design of BSR MAC CE format regarding byte-alignment requirement, 8-bit Buffer Size is suggested.
Proposal 1: 8 bit Buffer Size field is suggested.
In LTE, there are three types of BSR MAC CEs: long/short/truncated BSR MAC CEs. The short and truncated BSRs have the same MAC CE format which includes the buffer size of only 1 LCG and its size is 1 byte. The long BSR MAC CE includes the buffer size of all 4 LCGs and its size is 3 bytes.
Reusing the design principle of LTE, the BSR MAC CE in NR should be as shown in Figure 1. The long BSR MAC CE always occupies 8 bytes. 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. The design in Figure 1 (a) decreases the resource efficiency when there are less LCGs with buffer to report. Meanwhile, in Figure 1 (b), as in LTE, the buffer status of only one LCG can be reported in truncated BSR MAC CE. If the size of padding is larger than 3 bytes (including MAC sub-header) and smaller than 9 bytes, the remaining resource can not be used to report buffer status in other LCGs.


          
(a) Long BSR MAC CE     			(b) Short/ truncated BSR MAC CE
[bookmark: _Ref485041272]Figure 1 BSR MAC CE format according to the LTE design mechanism
Observation: BSR MAC CE format with the LTE design mechanism applied to NR is resource inefficient.
Considering 8 LCGs in NR, a bitmap can be used for LCG indication. And variable sized BSR MAC CE should be designed for resource efficiency as shown in Figure 2. 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.


[bookmark: _Ref483654080]Figure 2 Variable-size BSR MAC CE

Proposal 2: RAN2 adopts the variable-size BSR MAC CE in Figure 2:
· One byte bitmap for LCGs indication;
· Buffer Size of indicated-only LCG (s) in increasing LCG order.
With the variable sized BSR MAC CE, the long BSR and short BSR are combined into the same format. We could call it as complete BSR MAC CE.
In NR, the truncated BSR MAC CE is still needed when the remaining resource left by MAC SDUs and other MAC CEs is not enough to fit the buffer report of all LCGs with data in buffer. The truncated BSR MAC CE can adopt the same BSR MAC CE format as the complete BSR MAC CE. When the variable size BSR MAC CE format is used for the truncated BSR, it can fit buffer status of more than one LCG if more than three bytes (including 1 byte MAC sub-header) are left available. In which case, the selected LCGs should be based on LCG priorities and follow the order in the bitmap.
Then we can classify the terminology of BSR MAC CEs as complete BSR MAC CE and truncated BSR MAC CE. The two types of BSR MAC CEs have the same BSR MAC CE format and are distinguished by their MAC sub-header.
Proposal 3: There are two types of BSR MAC CEs: complete BSR MAC CE and truncated BSR MAC CE. They have the same variable-size BSR MAC CE format and are distinguished by their MAC sub-headers.
Proposal 4: The variable size truncated BSR MAC CE can fit buffer status of more than one LCG, in which case, the subset of LCGs are selected in decreasing order of LCG priorities.
Although the BSR MAC CE is variable size, its size can be deduced by the bitmap in the first byte. The L field in MAC sub-header would be redundant. Hence, the L field in MAC sub-header is not needed for the BSR MAC CE.
Proposal 5: The L field in MAC sub-header is not needed for the variable-size BSR MAC CE.
There are two options for MAC sub-header format design.
Option 1: Different LCIDs for complete and truncated BSR MAC CE separately.


[bookmark: _Ref485032565]Figure 3 MAC sub-header format (option 1)

Option 2: Considering the suggestion on the LCID usage in [4], there is another MAC sub-header option as shown in Figure 4, where the LCID is generic for all BSR MAC CEs and the additional CE type field distinguishes amongst the two flavors of BSR MAC CEs: complete or truncated.


[bookmark: _Ref485047808]Figure 4 MAC sub-header format (option 2)

The MAC sub-header design is discussed in detail in [4]. If the proposal in [4] can be agreed, the option 2 should be used. Otherwise, the option 1 should be used.
Proposal 6: The MAC sub-header format options in Figure 3 and Figure 4 should be considered for the BSR MAC CEs based on the discussion on the design of MAC sub-header.
Conclusion
In this contribution, we discuss the BSR MAC CE format in detail and provide below proposals accordingly:
Proposal 1: 8 bit Buffer Size field is suggested.
Proposal 2: RAN2 adopts the variable-size BSR MAC CE in Figure 2:
· One byte bitmap for LCGs indication;
· Buffer Size of only indicated LCG (s) in increasing LCG order.
Proposal 3: There are two types of BSR MAC CEs: complete BSR MAC CE and truncated BSR MAC CE. They have the same BSR MAC CE format and are distinguished by their MAC sub-header.
Proposal 4: The variable size truncated BSR MAC CE can fit buffer status of more than one LCG, in which case, the subset of LCGs are selected in decreasing order of LCG priorities.
Proposal 5: The L field in MAC sub-header is not needed for the variable-size BSR MAC CE.
Proposal 6: The MAC sub-header format options in Figure 3 and Figure 4 should be considered for the BSR MAC CEs based on the discussion on the design of MAC sub-header.
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