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1	Introduction
The following agreement was made in RAN2 #122:
	BSR enhancements – New BS table
Support one static BSR table with 8 bits BS field for Rel-18 XR (for all cases) 
We do not support additional piecewise linear BSR table in Rel-18​
· Can consider piecewise linearity when discussing how the BSR table values are defined

BSR enhancements – Delay report
UE calculates the remaining time based on the PDCP discard timer value​
· FFS if UE reports one or multiple values. FFS how this is modelled in PDCP specification​
· FFS which UEs support this​
When/if UE reports remaining time, the reference time for the remaining time is determined from the point of the first transmission of the information​
· FFS if intra-UE prioritization can impact this​



This contribution gives more details on the BSR tables and delay information report for XR.
2	Discussion
2.1	Code points for a new fixed 8-bit BS table
Based on the above agreements, RAN2 should define the values to fulfill the new 8-bit BS table (i.e., 28 = 256 code points). This table should provide a quantization error significantly lower than the provided by legacy 8-bit table (6.5% across all code points). The table’s range should cover all possible combinations of bit rate and frame rate for XR video traffic. For example, considering an XR application applies either AVC or HEVC codecs, with 4K or 8K resolution, the bit rate will be in the range of 10~150 Mbps as shown in Table 4.5-1 [1]. 
Table 4.5-1: Expected Video coding standards performance and bitrate target
	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]



By looking at the frame rate values, the most common are 24, 25, 30, 50 ,60, 90, 120, 144 and 240. 
In TS 38.838 [2], it is defined that the XR video traffic follows a truncated gaussian distribution. Figure 1 shows the truncated gaussian distribution of all possible combinations of bit rate and frame rate.
[image: ]
Figure 1: Video size truncated Gaussian distribution for each combination of bit rate and frame rate
Based on the previous analysis, the minimum value Bmin corresponds to minimum value of the truncated Gaussian distribution of the combination of bit rate and frame rate values of 10 Mbps and 240 fps, respectively. It is obtained as follows:

On the contrary, the maximum value Bmax corresponds to maximum value of the truncated Gaussian distribution of the combination of bit rate and frame rate values of 150 Mbps and 24 fps, respectively. It is obtained as follows:

Within the options to determine the 256 code points, we analyzed the quantization error with linear and exponential distributions:
a) Linear function
b) Exponential function (same as legacy)
To evaluate how the different options perform, we determined the maximum quantization error (), as in [3], for each of the 255 code points, as follows:

Within the options to determine the 256 code points, we have the following:

a) Linear function
It consists of having equidistant code points between Bmin and Bmax as follows:

For this option, the  across all code points fluctuates between 0.39~173%. The high values are experienced at the first code points since the distance between Bmin and Bmax is considerably big, making the granularity at the small BS values insufficient.
Observation 1: the quantization error is very large for the lower end code points with linear distribution if with full range Bmin and Bmax.
b) Exponential function (same as legacy)
It consists of following the exponential function used in current specification [4] as follows:

This function provides a reduction of the  until 2.42% across all code points.
Observation 2:  across all code points is achieved when filling the range with the legacy exponential formula. The main reason for the better performance is, of course, the narrower range than legacy, but still not close to 1%.
Observation 3: with a single BS table covering the full range of XR traffic, it is impossible to achieve 1% quantization error as analyzed in [4] with either linear or exponential distribution. 
Possible options to achieve low quantization error:
· Option 1: Limit the range of Bmin and Bmax to cover only certain typical traffic types.
· Option 2: introduce multiple tables covering different ranges.
· Predefined tables or UE generated tables based on NW configurations
Option 1 is the obviously the simplest. When considering the range, Bmin does not necessarily need to cover full range of the XR traffic. It could be enough to start with the value that legacy table does not provide enough granularity; and Bmax does not necessarily need to go up to maximum value since there is a limit for TBS and available resources. However, it would be optinal for only very limited traffic type and might be difficult to find a reasonable range limitation as the XR traffic characteristics are rather diverged and it is not forward compatible for future traffic types. 
Option 2 kind of reverts the agreement from last meeting on single table. Considering that the agreement was made based on the over-optimal assumption of the quantization error, one could argue it could worth reconsideration.
If we are going to introduce multiple tables, two main issues to be decided: 
Issue 1: predefined tables or UE generation based on configured parameters
1.a: multiple predefined tables
1.b: UE generation the tables based on configured Bmin/Bmax
1.c: NW configures offset for the UE to shift the range of the predefined table
Issue 2: NW or UE decides the table to be used
2.a: NW configures which table to be used or the parameters to generate the table
2.b: multiple new tables in addition to the legacy one can be used by the UE for a LCG; UE decides and indicates to gNB which one is used based on current buffer status
For issue 1, it depends on the number of tables required. If with rather small number (e.g. with 2 or 4 tables), predefined tables could be acceptable compromise. While if to provide enough gain and allow full flexibility, 1.b or 1.c could be preferable to allow more tables with finer granularities.
For issue 2, with 2.a that the new table is based on RRC configuration then there is no need to have separate indication in the MAC CE which could simplify the MAC CE design with the possibility to just reuse the legacy one with only different LCID for the new MAC CE. While 2.b requires more complex new design for the MAC CE. 
Proposal 1: one possible compromise could be to introduce multiple predefined tables and NW configures which table is used for an LCG, which does not deviate too much from the agreement from the last meeting on one predefined table.
2.2	Co-existence of the legacy BSR tables and the new table
For the LCH/LCG configured to use new BSR table, only Long BSR is supported when new BS table is used for the LCG since only 8 bits new table is supported. Thus, even if there is only one LCG with data available for transmission, it should report Long BSR if the new table is used. 
It is also to be noted that even though 8-bit BS also supported for short BSR for IAB, it makes more sense to use Long BSR since the UE anyway supports Long BSR but not necessarily 8-bit BS Short BSR.
Proposal 2: for regular BSR, it uses 8-bit table if new BS table is configured for the LCG with Long BSR even if there is only one LCG with data available for transmission.
Since there could also be other traffic other than the video traffic, e.g., voice, pose, RRC signaling etc., legacy tables are still to be used for those LCGs. Besides, when the remaining data of the video traffic becomes out of range of the new table, it makes sense to fallback to legacy table to provide enough information for lower range BS values.
Two possible ways to design the BSR to report LCGs with both new table and the legacy table:
· Option 1: Define new MAC CE which could be used to report LCGs using new table as well as the legacy table (for both fallback case and the LCGs not configured to use new table) and explicitly indicate in the MAC CE which table is used.
· Option 2: the new MAC CE is only used to report LCGs using the new table, while the legacy MAC CE is used to report the LCGs using the legacy table (for both fallback case and the LCGs not configured to use new table).
With option 1, there would always be the overhead of table indication in the MAC CE even if there is only one LCG or only LCGs using either new or legacy table. While with option 2, the LCID for new MAC CE or legacy MAC CE could indicate which table is used which is more efficient for only one LCGs to be reported but on the other hand less efficient when there are LCGs using both new and legacy table. Considering typical cases there might be only one LCG to be reported, option 2 could be more efficient from overhead point of view.
Proposal 3: when the remaining data for the LCG configured with new table falls out of the range of the new table, it falls back to use legacy 8-bits BSR table, i.e., a LCG configured to use new table can be reported in legacy MAC CE as well.
Proposal 4: the MAC CE using new BSR table and the MAC CE using legacy BSR table for different LCGs are identified with different LCIDs, thus the NW knows those reported LCGs used legacy table or the new table without other explicit indication.
[bookmark: _Hlk142043868]When there are BSR MAC CEs with both legacy BS table and new BS table for different LCGs to be reported, the priority between the two MAC CEs should be defined in case there are not enough space to include both in the MAC PDU.
Proposal 5: priority of the BSR MAC CEs is according to the highest priority of the LCH with data available for transmission.
It could also be possible to have exception for padding BSR since it is best effort basis, e.g. to always use the legacy BS table for all the LCG to be reported if there is at least one LCG using the legacy table since the legacy table covers the full range. Or it could also be separate reported according to the priority of the BSR MAC CE. Also in case there is only one byte left, it makes sense to use legacy 5 bits BS table for the LCG configured with new table.
Proposal 6: legacy 5 bits BS table can be used for the LCG configured with new table for padding BSR in case there is only one byte left for BS payload.

2.3	Delay Information
The following were agreed on delay information: 
	BSR enhancements – Delay report
UE calculates the remaining time based on the PDCP discard timer value​
· FFS if UE reports one or multiple values. FFS how this is modelled in PDCP specification​
· FFS which UEs support this​
When/if UE reports remaining time, the reference time for the remaining time is determined from the point of the first transmission of the information​
FFS if intra-UE prioritization can impact this​



Note that the following has been agreed in the SI phase and captured in TR38.835:
	[bookmark: _Toc131415139]5.3.2	Layer 2 Enhancements
In order to enhance the scheduling of uplink resources for XR, the following improvements are envisioned:
-	One or more additional BS table(s) to reduce the quantisation errors in BSR reporting (e.g. for high bit rates);
-	Delay knowledge of buffered data, consisting of e.g. remaining time, and distinguishing how much data is buffered for which delay. It is to be determined whether the delay information is reported as part of BSR or as a new MAC CE. Also, how the delay information can be up to date considering e.g. scheduling and transmission delays needs to be investigated further.


Wrt. the FFS on whether the UE reports one or multiple values for remaining time, to simplify the design, we think it could be enough to report the shortest remaining time or the data volume below a threshold. It could be separate from the BSR reporting which indicates the full picture of the data available for transmission. Reporting all the delay information for all the buffered data including those still with long remaining time does not make much sense and would increase the overhead.The value can be reported by sending an integer or index pointing to a predefined table. The table includes different threshold ranges such that the UE selects the one fitting its remaining time.
Proposal 7: the shortest remaining time and the corresponding buffered data is reported for the LCG.
Proposal 8: both independent PDUs or PDUs conforming a PDU set are supported.
Proposal 9: The remaining time can be reported as an integer or an index pointing out the threshold fitting its remaining time from a predefined table.
If the reported remaining time is lower than a predefined threshold, a delay information report is triggered to give the NW enough time to schedule the required resources such that the PDB or PSDB could be fulfilled. It could be reported separately from the BSR MAC CE, since there is no need to report remaining time when only BSR is triggered and no data with remaining time below threshold.
Proposal 10: The remaining time report is triggered when the remaining time of data buffered for a LCG becomes below threshold.
Proposal 11: Define a delay report MAC CE separately from the BSR MAC CE to report remaining time information for LCG(s) with remaining time is below threshold.
Proposal 12: BSR can be reported together with delay report if delay report is triggered to provide total buffered data.
How would the UE handle the delay report multiplexed in a MAC PDU that is not being able to be transmitted in PHY due to Intra-UE prioritization was briefly discussed in the previous meeting. In our view, it could be left to UE implementation similar to the NOTE in MAC which captured the case for NR-U when the built MAC PDU cannot be sent.
	NOTE 5:	If a HARQ process is configured with cg-RetransmissionTimer and if the BSR is already included in a MAC PDU for transmission on configured grant by this HARQ process, but not yet transmitted by lower layers, it is up to UE implementation how to handle the BSR content.


Proposal 13: similar to BSR, up to UE implementation to update the delay information content in case the TB with delay information multiplexed is deprioritized due to intra-UE prioritization.
3	Conclusion
This contribution has discussed BSR enhancements and delay information report for XR with the following proposals proposed: 
Proposal 1: one possible compromise could be to introduce multiple predefined tables and NW configures which table is used for an LCG, which does not deviate too much from the agreement from the last meeting on one predefined table.
Proposal 2: for regular BSR, it uses 8-bit table if new BS table is configured for the LCG with Long BSR even if there is only one LCG with data available for transmission.
Proposal 3: when the remaining data for the LCG configured with new table falls out of the range of the new table, it falls back to use legacy 8-bits BSR table, i.e., a LCG configured to use new table can be reported in legacy MAC CE as well.
Proposal 4: the MAC CE using new BSR table and the MAC CE using legacy BSR table for different LCGs are identified with different LCIDs, thus the NW knows those reported LCGs used legacy table or the new table without other explicit indication.
Proposal 5: priority of the BSR MAC CEs is according to the highest priority of the LCH with data available for transmission.
Proposal 6: legacy 5 bits BS table can be used for the LCG configured with new table for padding BSR in case there is only one byte left for BS payload.
Proposal 7: the shortest remaining time and the corresponding buffered data is reported for the LCG.
Proposal 8: both independent PDUs or PDUs conforming a PDU set are supported.
Proposal 9: The remaining time can be reported as an integer or an index pointing out the threshold fitting its remaining time from a predefined table.
Proposal 10: The remaining time report is triggered when the remaining time of data buffered for a LCG becomes below threshold.
Proposal 11: Define a delay report MAC CE separately from the BSR MAC CE to report remaining time information for LCG(s) with remaining time is below threshold.
Proposal 12: BSR can be reported together with delay report if delay report is triggered to provide total buffered data.
Proposal 13: similar to BSR, up to UE implementation to update the delay information content in case the TB with delay information multiplexed is deprioritized due to intra-UE prioritization.
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