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1	Introduction
In previous RAN2 meetings, the following agreement for BSR enhancements is achieved [1]:
· 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 is the expected quantization error.
According to the above agreement, the remaining issues will be discussed in this document:
1. How the new BSR table(s) look like?
2. [bookmark: _Hlk134451243]Whether the delay information report is adhered to BSR? 
2 Discussion
2.1 How the new BSR table(s) look like?
[bookmark: _Hlk134794963]To find out the number of new BSR tables, the critical elements for introducing BSR tables should be discussed in advance. As we all know, XR applications create application-layer information such as video frames or slices encapsulated in IP packets. Therefore, the XR traffic model follows the traffic model of video frames. In TR 38.838-h00, UL traffic model including packet size/packet arrival rate etc. for single-stream and multi-streams are provided. BSR is used to provide the information about UL data volume in the MAC entity and reflects the packet size of at least one video frame. Therefore, the packet size of a video frame should be considered when determining the number of BSR tables and the value range of BSR tables.
Proposal 1: RAN2 to consider the packet size of a video frame when determining the number and the value range of new BSR tables.
In TR 38.838-h00, the packet size of a video frame for single-stream is formulized as following:
	Parameter
	unit
	Baseline values for evaluation
	Optional values for evaluation for single eye buffer

	Mean: M
	byte
	[bookmark: OLE_LINK15]R×1e6 / F / 8
	R×1e6 / F / 8

	STD
	byte
	10.5% of M
	3 % of M

	Max
	byte
	150% of M
	109% of M

	Min
	byte
	50% of M
	91% of M

	R: data rate of the flow in Mbps.
F: frame generation rate of the flow in fps.
Note that the mean and STD apply before truncation applies.
Note that the value of R, F depend on application.


According to above table, packet size of a video frame is determined by frame rate (F) and data rate (R). For frame rate, typical values of 24, 25, 30, 50, 60, 90, and 120 fps can be considered as baseline. 
Observation 1: Packet size of a video frame is determined by frame rate and data rate. Values 24, 25, 30, 50, 60, 90, and 120 fps can be considered as baseline for frame rate.
For the data rate, some reference values in bit rate have been collected in TR 26.928 [2], some values of different cases and scenarios are still FFS (e.g. for 3D mesh, the detail information of UL bitrate for XR in section 6.3).
The bitrates of 2D and 3D in TR 26.928 can be used for calculating UL packet size of a video frame.
1) For 2D Compression Technologies
The following table is provided in TR 26.928:
	Codec
	Coding performance
(Random-Access)
	Targeted bitrate
(Random Access)

	
	Objective
	Subjective
	

	AVC
	
	
	4k:
· Statmux: 20-25 Mbps
· CBR: 35 - 50 Mbps
8k: 
· CBR: 80 - 100 Mbps
· High quality: 100 - 150 Mbps
[33][34][35]

	HEVC
	-40% vs AVC [33][34][35]
	-60% vs AVC [33][34][35]
	4k:
· Statmux: 10-13 Mbps
· CBR: 18-25 Mbps
8k: 
· CBR: 40-56 Mbps
· High quality: 80-90 Mbps
[33][34][35]


According to the table, regardless the type of codec and resolution, the value range of bit rate is [10, 150] Mbps. Thus, according to formula 150% of (R×1e6 / F / 8), the maximum packet size can be calculated as 1171875 bytes by using maximum data rate R=150Mbps and the minimum frame rate F=24fps. 
For simplifying the value range, the zero can be use as the minimum value of a new table. Therefore, a simple value range, [0, 1171875] bytes, of a new BSR table can be obtained. Assuming 8-bits size BSR table is reused, there would be 256 indices in the table. Thus, the maximum quantization error of new table is 4578 (1171875/256) bytes if a linear distribution is used for generating code points. Here, the MQE (maximum quantization error) of the new table is the size range of BS value for an index.
Following similar method, assuming 8-bits size BSR is used, MPE for 2D model considering codec and resolution classification can be summarized as following table:
Table 1
	solution
	Range of bit rate (Mbps)
	Frame rate (fps)
	Packet size (bytes)
	MQE (bytes)

	Overall Range of bit rate
	[10, 150]
	24, 25, 30, 50, 60, 90, and 120
	[bookmark: OLE_LINK3][5208, 1171875]
	4557

	Codec type
	AVC : [20, 150]
	24, 25, 30, 50, 60, 90, and 120
	[bookmark: OLE_LINK2][10416, 1171875]
	4537

	
	HEV: [10, 90]
	
	[5208, 703125]
	2726

	Resolution type
	4k: [10, 50]
	24, 25, 30, 50, 60, 90, and 120
	[5208, 390625]
	1505

	
	8k: [40, 150]
	
	[20833, 1171875]
	4496


2) For 3D and XR Visual Formats
In TR 26.928:
“According to clause 4.2.1, 1k by 1k per eye is a minimum for the signal in the viewport, and for stereoscopic rendering this results in basically a signal for 2k by 1k, typically at a frame rate of 50 or 60fps.With current codecs according to clause 4.5.1, the pure viewport data can be represented with around 4-10 Mbit/s. However, a viewport typically only covers around 100 degree horizontal and 60 degree vertical. Hence, to present a full omnidirectional presentation, about 20 times more data may be necessary, leading to 80 – 200 Mbit/s. Viewport-dependent coding and delivery, in particular tiling, can support to reduce the required bitrates.”
The bitrate can be up to 200 Mbit/s, the value range of packet size can be obtained as [85000, 750000] bytes by using the above parameters. If an 8-bits size BSR table is used, the maximum quantization error of the new table is 2958 bytes if a linear distribution is used for generating code points. 
By considering 3D model, MPE for different cases can be summarized as following:
Table 2
	solution
	Range of bit rate (Mbps)
	Frame rate (fps)
	Packet size (bytes)
	MQE (bytes)

	overall Range of bit rate
	[10, 200]
	24, 25, 30, 50, 60, 90, and 120
	[5208(10Mbps,120 fps, 50% of M), 
[bookmark: OLE_LINK16]1562500(200Mbps,24fps, 150% of M)] 

	6083

	codec type
	AVC : [20, 150]
	24, 25, 30, 50, 60, 90, and 120
	[10416, 1171875]
	4537

	
	HEV: [10, 90]
	
	[5208, 703125]
	2726

	resolution type
	4k: [10, 50]
	24, 25, 30, 50, 60, 90, and 120
	[5208, 390625]
	1505

	
	8k: [40, 150]
	
	[20833, 1171875]
	[bookmark: OLE_LINK17]4496

	Omnidirectional Visual Formats
	[80, 200]
	24, 25, 30, 50, 60, 90, and 120
	[41666, 1562500]
	5941


Due to there is no more detailed information for UL bit rate in TR 26.928, the maximum of UL bit rate for XR is assumed as 200Mbps. Using the frame rate of 24 fps, the maximum value of packet size can be 1562500 bytes, this value can be used as the maximum value of new BSR tables.
Proposal 2: Taking 1562500 bytes (bitrate = 200Mbps, frame rate = 24 fps) as baseline of the maximum value for the new BSR table(s). The value can be updated when larger bitrate is provided in TR26.928. 
According to above Tables 1 and 2, assuming 8-bits size BSR table is used, MQE for different cases are from 1000 bytes to 6000bytes. If such MQE is acceptable for XR service, only one 8-bits BSR table is enough. Otherwise, to cover all packet size for XR service, there may be the following solutions to design the new BSR table(s):
Solution 1: Introducing more than one new BSR tables, the number of BSR tables depends on the number of packet size ranges.
[bookmark: _Hlk134190265]Solution 2: Introducing only one BSR table with size larger than 8-bits to achieve acceptable MQE, the size of the new BSR table dependeds on the acceptable MQE.
For the solution 1, if multiple BSR tables are introduced, it is better not to introduce a new BSR format as the BSR table is fixed in 8-bits. Generally, UE can only process one XR traffic type in a period of time, the advantage of solution 1 is that it can flexibly configure or fix the table applicable to XR traffic type (based on codec, resolution or frame rate). However, how to configure or fix BSR tables and how to determine the maximum value and minimum value of per BSR table are complicate work. It is complicated to implement this method both for the network or the UE. A compromise and acceptable solution is required.
For the solution 2, a new BSR format should be introduced to contain an index larger than 8-bits, but it is simpler than solution 1. Just a maximum value and a minimum value should be considered for new BSR table as well as an acceptable maximum quantization error. 
Observation 2: Whether to introduce multiple new BSR tables or whether the new BSR table is larger than 8-bits is depended on acceptable MQE.
Proposal 3a: If acceptable MQE for XR service is larger than 6000 bytes, only one 8-bit BSR table is introduced.
Proposal 3b: If acceptable MQE for XR service is smaller than 6000bytes, RAN2 to discuss the following solutions to guarantee the new table(s) to cover all packet size for XR services:
· Solution 1: Introduce multiple new 8-bits size BSR tables, the number of BSR tables depends on the number of packet size range.
· Solution 2: Introduce only one BSR table with size larger than 8-bits to achieve acceptable MQE, the size of the new BSR table depends on acceptable MQE.
2.2 Whether the delay status report is adhered to BSR?
In RAN2#120, RAN2 has agreed to report delay information associated with data volume [3].
· 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.
Tracking back to the reason of introducing delay status report, it is because that with knowing the remaining time of packet the network can achieve more suitable UL scheduling by avoiding discard some packets nearly reaching transmission delay budget. To be sure, these packets are buffered in the UE. 
If a new format containing delay information and data volume information is introduced, many problems should be discussed, such as: 1) the data volume information in BSR and new format may be redundant, 2) the conditions for triggering BSR and new format, 3) the relationship between DSR procedure and BSR procedure etc. 
It is a straightforward and simply way to extending BSR to contain delay information, the current protocol architecture of BSR can be reused. 
Proposal 5:  Extending BSR format which may be a new one for XR to contain delay information. 
Since the delay information reflects the transmission urgency of packet, a delay information threshold should be introduced to trigger delay status reporting. When the remaining time is smaller than such threshold, the delay status reporting is triggered. As the BSR for XR contains delay information, when the delay status reporting is triggered, the BSR is also triggered.
Proposal 6:  A high delay status threshold can be introduced for triggering delay status report (i.e., the BSR for XR). 
3	Conclusions
In this contribution, we discussed the issues related to BSR for XR-specific capacity improvement. Based on the  discussion, the following observation and proposals are concluded:
Proposal 1: RAN2 to consider the packet size of a video frame when determining the number and the value range of new BSR tables.
Observation 1: Packet size of a video frame is determined by frame rate and data rate. Values 24, 25, 30, 50, 60, 90, and 120 fps can be considered as baseline for frame rate.
Proposal 2: Taking 1562500 bytes (bitrate = 200Mbps, frame rate = 24 fps) as baseline of the maximum value for the new BSR table(s). The value can be updated when larger bitrate is provided in TR26.928. 
Observation 2: Whether to introduce multiple new BSR tables or whether the new BSR table is larger than 8-bits is depended on acceptable MQE.
Proposal 3a: If acceptable MQE for XR service is larger than 6000 bytes, only one 8-bit BSR table is introduced.
Proposal 3b: If acceptable MQE for XR service is smaller than 6000bytes, RAN2 to discuss the following solutions to guarantee the new table(s) to cover all packet size for XR services:
· Solution 1: Introduce multiple new 8-bits size BSR tables, the number of BSR tables depends on the number of packet size range.
· Solution 2: Introduce only one BSR table with size larger than 8-bits to achieve acceptable MQE, the size of the new BSR table depends on acceptable MQE.
Proposal 5: Extending BSR format which may be a new one for XR to contain delay information. 
Proposal 6: A high delay status threshold can be introduced for triggering delay status report (i.e., the BSR for XR). 
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