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[bookmark: _Ref429645891]Introduction
In RAN2#97bis meeting [1], following agreement was made regarding BSR enhancement.
RAN2 Agreements on SR/BRS
-	The existing LTE BSR framework is used as baseline for NR BSR framework.  Further enhancements at least related to numerologies and granularity and can be further discussed,
  
In the RAN2#98 meeting [2], following agreements were made.
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 document, we discuss the need for a new BSR MAC CE format and a new BSR triggering mechanism for a LCH serving delay sensitive services such as URLLC.
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In LTE, there are four LCGs supported in BSR. There are two types of BSR formats short (or truncated) BSR and long BSR format. In short/truncated BSR format, there is buffer size field for only one LCG where as in long BSR format there are buffer size fields for all LCGs. Based on the 6 bits of buffer size field and 2 bits for LCG ID field, short BSR MAC CE occupies 1 byte where as long BSR MAC CE occupies 4 bytes. Note that there is no BSR format to report buffer status only from two or three LCGs.
In NR, it is agreed that eight LCGs are defined to report the finer granularity of the data priorities depending on the number of logical channels or types of services to be supported. Note that BSR may not need to carry explicit information specific to numerology/TTI length as this can be implied by the LCG. And it is up to the network to map a logical channel to a particular numerology/TTI length.
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BSR format
In NR, as the number of LCGs is increased to 8, the LCG ID requires 3 bits of field in the BSR format. This would require a change in BSR format. If we consider the LTE BSR format i.e. short and long BSR format, short BSR MAC CE would require 2 bytes due to byte alignment as given in table 1. The long BSR MAC CE would require 6 bytes considering 6 bits of buffer size field. Therefore, another dimension in enhancing the BSR format in NR is a variable size BSR format. Since, it is already agreed that all MAC CEs in uplink are placed at the end of the MAC PDU, a variable size BSR format can be used.
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With increased number of LCGs in order to be able to handle more services and feature such as PDCP duplication, the current approach of only short/truncated and long would imply extra overhead. For example, eMBB only service is still likely to be a very common case for which 3 or 4 LCGs may be sufficient. Variable BSR can report the buffer status of selective LCGs and it also reduces overhead when doing so. Therefore, following BSR formats can be considered in NR.
1. Short/truncated BSR (report buffer status of a single LCG)
2. Variable BSR (report buffer status of selective LCGs)
3. Long BSR (report buffer status of all LCGs)
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Table 1 BSR MAC CE size for different BSR format
	BSR format
	BSR MAC CE size
(Assuming with 3 bits of LCG ID and 6 bits of buffer size field)
	No of LCGs to report

	Short /truncated 

	2 byte (9 bits)
	1

	Variable  (based on format shown in figure 1)
	2 bytes to 5 bytes
	Any 1, 2, 3, 4 or 5 of 8 LCGs

	Long BSR
	6 bytes
	8 (including 6 and 7)



As shown in table 1, the size of variable BSR MAC CE can be as small as 2 bytes. The procedure for generating BSR MAC CE can be based on LTE. 


Figure 1 An example of variable BSR MAC CE format
An example of variable size BSR format is shown in figure 1 where buffer status of LCG 0, 3, 4 and 7 are being reported. The first byte in the BSR MAC CE is used as bitmap indicator which indicates which LCG IDs are included in the BSR. The maximum size of the BSR MAC CE in this format is 7 bytes to report all 8 LCGs. It can also be possible that the use of variable size BSR format can be based on UE implementation. If there is enough space available after LCP, long BSR can still be used even not all LCGs have data to transmit. 
[bookmark: _Toc485111031][bookmark: _Toc485112624][bookmark: _Toc485407354][bookmark: _Toc485407360][bookmark: _Toc485410830][bookmark: _Toc489537781][bookmark: _Toc489540550][bookmark: _Toc489540570][bookmark: _Toc489542061][bookmark: _Toc489550758][bookmark: _Toc489604606][bookmark: _Toc489695308][bookmark: _Toc490133552][bookmark: _Toc490206785][bookmark: _Toc490247174][bookmark: _Toc485204490][bookmark: _Toc490250763][bookmark: _Toc490250864]Variable size BSR format is supported in NR.
[bookmark: _Toc485407355][bookmark: _Toc485407361][bookmark: _Toc485410831][bookmark: _Toc489537782][bookmark: _Toc489540551][bookmark: _Toc489540571][bookmark: _Toc489542062][bookmark: _Toc489550759][bookmark: _Toc489604607][bookmark: _Toc489695309][bookmark: _Toc490133553][bookmark: _Toc490206786][bookmark: _Toc490247175][bookmark: _Toc490250764][bookmark: _Toc490250865]A variable size BSR format includes 1 byte bitmap indicator at the beginning to indicate which LCGs are being reported.
BSR cancellation
In the LTE specification TS 36.321, following condition is specified for the BSR cancellation.
“All triggered BSRs shall be cancelled in case the UL grant(s) in this TTI can accommodate all pending data available for transmission but is not sufficient to additionally accommodate the BSR MAC control element plus its subheader. All triggered BSRs shall be cancelled when a BSR is included in a MAC PDU for transmission.”
In NR, same BSR cancellation condition can be considered. In case, MAC entity has multiple MAC PDUs to transmit in the same TTI, at most one regular/periodic BSR which reflects the buffer status after all the MAC PDUs have been built for this TTI needs to be transmitted. 
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BSR field size
In LTE, a BSR field size is set to 6 bits. There are two normal and extended BSR index tables defined to report the estimated BSR using 6 bits BSR size. The normal BSR index table can report the data volume of 150 Kbyte to achieve the peak UL data rate of 75Mbps [3, 4]. The extended BSR index table can report the data volume of 3 Mbyte to achieve 1.5 Gbps peak UL data rate. This calculation was done considering the TTI duration of 1 ms and maximum response time of 16ms (i.e., 2RTT).
In NR, the target UL peak data rate is 10 Gbps. However, NR supports multiple numerology/TTI, peak UL data rate that can be realized depends on the SCS and TTI duration. Although, RAN1 has not agreed on the maximum TBS size in NR, at SCS of 120 KHz and time slot duration of 0.125ms or TTI duration of 0.125ms, maximum data volume (Bmax) of 3 Mbyte from extended BSR index table is sufficient to achieve the 10 Gbps of UL peak data rate as given in the table below.
	Data Rate (Gbps)
	Max response time 2*RTT (ms)
	Bmax (Kbyte)

	10
	2 
	2500

	10
	4
	5000

	10
	8 
	10000
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However, to achieve the peak UL data rate of 10 Gbps at 30KHz SCS and slot duration of 0.5ms or TTI duration of 0.5ms, the maximum data volume a UE needs to report in BSR is 10000 Kbyte. This indicates that an additional BSR index table needs to be defined in NR.
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In the LTE baseline extended BSR index table with 6 bit of buffer size, the exponential distribution is used to achieve 64 different BSR values with a step size of 22.97%. If we use the buffer size of 8 bits and use the same exponential distribution, step size of the BSR index table becomes small which is 5.11%.
	Max data volume (Kbyte)
	Buffer field size (bit)
	BSR granularity levels
	Average step size of BSR index table

	3000
	6
	64 
	22.97 %

	3000
	7
	128
	10.62%

	3000
	8
	256
	5.11%



	Max data volume (Kbyte)
	Buffer field size (bit)
	BSR granularity levels
	Average step size of BSR index table

	10000
	6
	64 
	25.42%

	10000
	7
	128
	11.69%

	10000
	8
	256
	5.61%



As the number of BSR granularity levels is very high and BSR index table step size is small, BSR field size of 8 bits is not desirable. As has been accepted in LTE, the step size of 22.97% indicates that maximum possible grant over-allocation can be 22.97%. Furthermore, a new BSR index table for reporting maximum data volume (Bmax) of 10000Kbyte to achieve UL peak data rate of 10Gbps at TTI duration of 0.5ms has the step size of 25.42%. A LTE baseline BSR index table (normal or extended),  in addition to the new BSR index table to report the maximum data volume of 10000Kbyte can be used in NR without further increasing the size of BSR MAC CE, therefore buffer size field of 6 bit would be sufficient.
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Summary 
Based on the above discussion, we have following observations:
Observation 1 BSR does not need to carry explicit information specific to numerology/TTI length as this can be implied by the LCG. It is up to the network to map a logical channel to a particular numerology/TTI length and to a particular LCG.
Observation 2 Since all MAC CEs in uplink are placed at the end of the MAC PDU, a variable size BSR format is a viable option.
Observation 3 In NR, variable BSR may be helpful to reduce overhead in MAC PDU.
Observation 4 Current size of max data volume (Bmax of 3000 Kbyte) in the LTE extended buffer index table can achieve the UL peak data rate of 10Gbps.
[bookmark: _GoBack]Based on these observations and discussion, we propose:
Proposal 1.	BSR includes only LCG ID to imply the information of numerology/TTI.
Proposal 2.	Variable size BSR format is supported in NR.
Proposal 3.	A variable size BSR format includes 1 byte bitmap indicator at the beginning to indicate which LCGs are being reported.
Proposal 4.	BSR cancellation condition is LTE baseline.
Proposal 5.	An additional BSR index table is defined to support the request of 10000Kbyte of data volume in NR.
Proposal 6.	BSR field size of 6 bit is sufficient for NR.
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