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1. Introduction
In RAN2#122 meeting [1], the BSR enhancements for XR have been discussed, and the following agreements were achieved:

1.   As a working assumption, at most one BS index or BS value is reported by an LCG. This assumption can be revisited if new BSR table design cannot achieve a target level of quantization error. FFS what this target level should be. 

3.
Design/configuration for new BSR table(s) should include support for narrower ranges (i.e. finer granularity) than the legacy. Details can be discussed after an agreement on how UE obtains new BSR table(s) (e.g. pre-definition vs RRC configuration) is made. 

5.
At least linear distribution is used for generating code points in new BSR table(s).  FFS whether exponential distribution can be considered too.  FFS if piecewise linear distribution is supported.

8.
New BSR table(s) can be used by any UEs that support such a capability. However, design of the new BSR table(s) should be based on XR-specific use cases and requirements.
6. 
Network can configure which BSR table(s) an LCG is eligible to use. UE determines which BSR table (i.e. legacy or something else) the LCG should use. FFS details of this determination (e.g. based on buffer size) and how network knows which BSR table each LCG uses.

4. 
As working assumption (depending on how we create the new BSR table(s) and the MAC CE format), If more than one new BSR table are introduced, all of them have the same size BS field. FFS on the exact size. 

2a. 
Deprioritize Option 2c (static + dynamic BSR tables) and Option 2d (reference table + scaling factor).  

2b. 
Have more discussions on Option 2a (static BSR tables) vs Option 2b (RRC configured BSR tables). In next meeting, companies should explain how BSR table(s) are created and how many tables would be needed, and how the MAC CE structure will look like. Should also explain what the expected quantization error is.

In this contribution, we will discuss the further details about the BSR enhancements for XR.
2. Discussion
 In this section, we will discuss the issues about remaining time reporting, new BSR tables and BSR format for XR.
2.1 Remaining-time reporting
The remaining time of buffering data can be defined as the duration from the current time to the transmission deadline of the data which can be indicated by the PDB/PSDB. Whether the remaining time can be expressed by the remaining time of the PDCP discard timer will depend on the PDCP discard timer design discussion.

Proposal 1: The remaining time of buffering data can be defined as the duration from the current time to the transmission deadline of data.

We agreed that as a working assumption, at most one BS index or BS value is reported by an LCG. If we have multiple remaining time values for buffering data within one LCG, then we will use multiple BS values corresponding to the multiple remaining time values for one LCG which contradicts the assumption. Therefore, only one remaining time value can be used for one LCG. 
Proposal 2: The remaining time for XR data is reported per LCG.
If the buffering PDUs in one LCH have different remaining time values, the UE can report the smallest value as the remaining time for this buffering PDUs in order to meet the stick latency requirement.
Proposal 3: The remaining time of PDUs in one LCH is the smallest remaining time among the PDUs.

If there are multiple LCHs in one LCG, the remaining time of PDUs in one LCG can be the smallest remaining time value among LCHs for the same reason.

Proposal 4: The remaining time of PDUs in one LCG is the smallest remaining time among the LCHs.

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 also be triggered for the prompt scheduling.
Proposal 5: 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.
2.2 BSR tables for XR
For the RRC configured BSR tables, UE needs to calculate the BS values according to the pre-defined formula which will introduce more complexity and processing burden in UE. We think the static BSR tables for XR can cover most cases and over optimization should be avoided. Therefore, we think new static BSR tables can be introduced for XR.
Proposal 6:  Introduce static BSR tables for XR. 
In order to reduce the quantization error, multiple BSR tables need to be introduced. How to determine the suitable BSR table is a new problem. It is impossible to cover all XR applications with multiple BSR tables. If the BSR contains data from multiple LCHs or LCGs which correspond to different BSR tables. Then the UE will use multiple BSR tables in one BSR report message which will introduce more complexity on signaling design and BSR reporting. 
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 [3].

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

	…
	…


Observation1: More precise range of buffer size for pose/control and video can be provided in one BSR table.
Proposal 7: Only one BSR table for XR is defined.

2.3 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 8: A new time value table is introduced to indicate the remaining time value scope.
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. In NR, different BSR MAC CE formats are already introduced for the different BSR size. So we propose to introduce a new BSR MAC CE format for XR BSR. 

Proposal 9: New BSR MAC CE format is introduced for XR.
3. Conclusion

In this contribution, we discussed the BSR enhancements for XR. In particular, we have the following proposals:
Proposal 1: The remaining time of buffering data can be defined as the duration from the current time to the transmission deadline of data.
Proposal 2: The remaining time for XR data is reported per LCG.
Proposal 3: The remaining time of PDUs in one LCH is the smallest remaining time among the PDUs.

Proposal 4: The remaining time of PDUs in one LCG is the smallest remaining time among the LCHs.

Proposal 5: 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.
Proposal 6:  Introduce static BSR tables for XR. 
Observation1: More precise range of buffer size for pose/control and video can be provided in one BSR table.
Proposal 7: Only one BSR table for XR is defined.

Proposal 8: A new time value table is introduced to indicate the remaining time value scope.
Proposal 9: New BSR MAC CE format is introduced for XR.
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