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1. Introduction
In RAN2#120 [1], the BSR enhancements for XR have been discussed, and the following agreements were achieved:

RAN2 thinks we need one or more additional BSR table(s) for XR. FFS whether these are static (=specified) or dynamic (e.g. generated, differs according to some RRC parameter), can be discussed in WI phase. 

RAN2 will introduce data volume information associated with delay information (e.g. remaining time) in a MAC CE. FFS if this is extension of BSR or new format. FFS how to do that (e.g. what exactly is reported) and how to ensure this information is up-to-date e.g. considering UL scheduling delay. 

RAN2 needs to discuss additional BSR triggering conditions to allow timely availability of buffer status information at gNB. This can be discussed in WI phase.

In this contribution, we will discuss the further details about the BSR enhancement for XR.
2. Discussion
 In this section, we will discuss the issues about BSR format, new BSR table and new BSR triggers for XR.
2.1 BSR format
We have agreed that the RAN2 will introduce data volume information associated with delay information.  The delay information can be the remaining time for the corresponding data. In order to reduce the size of MAC CE, a new time value table can be introduced to indicate the remaining time value scope similar as the BS value table in 38.321[2]. Only the time index is contained in the BSR MAC CE.
Proposal 1: A new time value table is introduced to indicate the remaining time value scope.
In legacy NR BSR, the Buffer size is reported per LCG which is configured for a set of LCHs. The maximum number of LCGs is eight except for IAB-MT. The LCHs within one LCG may have similar scheduling requirement. gNB can decide the scheduling policy based on the buffer information of LCGs. 
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Figure 6.1.3.1-2: Long BSR, Long Truncated BSR, and Pre-emptive BSR MAC CE( in 38.321)
In the LS from SA2 [3], SA2 agreed that all the PDU Sets within one QoS flow should apply the same PSER, PSDB and PSIHI. The PDU Set importance of the different PDU Sets within one QoS flow can be different.  One XR service may contain serval QoS flows with very different QoS parameters. And one or multiple QoS flows will be mapped to one DRB as the previous discussions in RAN2. Considering the different PDU Set importance of the packets in one DRB, one DRB can be mapped to multiple LCHs. 

In order to provide gNB the precise BSR information, the BSR per LCH can be considered because the LCP is performed per LCH.  The number of LCHs for one XR service will not be too big. Therefore, it is not necessary to report the BSR per LCG as in legacy NR BSR to reduce the size of MAC CE.  If the BSR is report per PDU Set, huge signaling overhead will be introduced. Multiple PDU Sets will be mapped to one LCH, it is unnecessary to distinguish the buffer for different PDU sets in one LCH considering the legacy LCP procedure.
As the comparison in table1, we prefer the BSR for XR is reported per LCH.
                                   Table 1 Comparison of different BSR formats

	BSR report format
	Granularity
	Message size

	Per LCG
	low
	low

	Per LCH
	medium
	medium

	Per PDU set
	high
	high


Proposal 2: The BSR for XR should be reported per LCH.

For XR, a new BSR table is needed which has a different mapping between BS value index and BS value from the legacy table. As the discussion above, a new time value table is needed and time index should be contained in BSR MAC CE, and Per LCH BSR report is also preferred. In NR, different BSR MAC CE formats are already introduced for the different BSR. So we propose to introduce a new BSR MAC CE format for XR. 
Proposal 3: New BSR MAC CE format is introduced for XR.

2.2 New BSR table design

There are two options for the New BSR table design. Option 1 is to introduce an additional static BSR table similar as the legacy BSR table with some possible enhancements. In this option, the mapping between the between BS value index and BS value is static and we can design the reasonable table for XR considering the traffic characteristics of XR services. Option 2 is to introduce standardized formula such as linear function y=Ax+B. The parameters such as the step_size and starting_size should be configured first via RRC signaling. Considering the diversity of XR service, multiple formulas are needed. When the BSR is reported, an indicator is needed to indicate the corresponding formula used. More complexity would be introduced compared with the static BSR table.
Proposal 4:  Introduce an additional static BSR table for XR. 

Considering the characteristic of XR services which may consist of data of different size (e.g. pose data and video data). The following statistical parameters for the UL pose/control traffic is quoted from XR TR [4].
Table 5.2-1: Statistical parameters for the UL pose/control traffic

	Parameters
	unit
	Baseline values for evaluation
	Optional value for evaluation

	Periodicity
	ms
	4
	Other values can be optionally evaluated.

	Jitter
	ms
	No jitter
	

	Packet size 
	byte
	100
	

	PDB
	ms
	10
	

	Packet Success Rate X
	%
	99
	90, 95


We can see the mean packet size of UL pose/control traffic will be 100 byte.

In legacy BSR table, the buffer size field is 5-bit or 8-bit, and the value scope is continuous. For the new BSR table for XR, in order to indicate the buffer size precisely without introducing larger size of Buffer size index, the value scope in new BSR table can be designed to fit these two type of services. E.g., the low value part is for pose data, the high value part is for video. 

As depicted in Table 2, the index X corresponds the maximum size of the pose/control (e.g.40000) and the index X+1 corresponds to the minimum size of the VR (e.g.1000000). Then more precise range of buffer size for pose/control and video can be provided in one BSR table.
                                                    Table 2 Buffer size levels for XR
	Index
	BS value

	0
	0

	1
	≤ 10

	2
	≤ 11

	3
	≤ 12

	4
	≤ 13

	5
	≤ 14

	6
	≤ 15

	7
	≤ 16

	8
	≤ 17

	9
	≤ 18

	10
	≤ 19

	11
	≤ 20

	12
	≤ 22

	…
	..

	                     X
	≤ 40000(max for pose)

	X+1
	           ≤ 1000000(min for VR)

	X+2
	           ≤ 2000000

	…
	…


Proposal 5: More precise range of buffer size for pose/control and video can be provided in one BSR table.

2.2 New BSR trigger
In order to report the BSR timely while avoid the frequent reporting, some new BSR triggers should be introduced. When remaining time information is needed for BSR report, the UE should report the BSR when the remaining time is below a threshold for the UL timely scheduling to meet the PDB. If new data arrives with smaller remaining time than the remaining time of the data in buffer, the BSR report should be triggered for the prompt scheduling.
Proposal 6: New BSR triggering conditions can include: 1) the remaining time of data in buffer is below a threshold and 2) new data with smaller remaining time arrives.
3. Conclusion

In this contribution, we discussed the BSR enhancements for XR. In particular, we have the following proposals:
Proposal 1: A new time value table is introduced to indicate the remaining time value scope.
Proposal 2: The BSR for XR should be reported per LCH.

Proposal 3: New BSR MAC CE format is introduced for XR.

Proposal 4:  Introduce an additional static BSR table for XR. 
Proposal 5: More precise range of buffer size for pose/control and video can be provided in one BSR table.
Proposal 6: New BSR triggering conditions can include: 1) the remaining time of data in buffer is below a threshold and 2) new data with smaller remaining time arrives.
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