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1	Introduction
[bookmark: _Hlk127457765][bookmark: _Hlk127457838]In RAN2#123[1], consensus has been reached on BSR solution for XR, and leaving several FFS and future works for RAN2#123bis. Some of them we would like to discuss, which are shown in the following:
Network can configure the UE whether to trigger delay status reporting. FFS if we have some thresholds per LCG.
When UE triggers reporting delay information for a LCG, and UE also reports the buffer status associated with the remaining time.
RAN2 aims to define a single MAC CE for the DSR reporting (including the buffer status). FFS if this extends BSR MAC CE or is a new MAC CE.
Continue offline on MAC CE design options (modified BSR or new MAC CE)
Working assumption: Define a new separate MAC CE for DSR (remaining delay and associated data volume) reporting, e.g. DSR reporting is not coupled with BSR reporting. Detailed Definition of associated data volume is FFS. 
Support threshold based DSR reporting, e.g. DSR reporting is triggered when remaining delay of a PDU/PDU set is below a NW configured threshold. The threshold is configured per LCG. FFS whether configuring multiple thresholds for a LCG is supported. Definition of remaining time is FFS. 
RAN2 needs to discuss the BSR table definition in the next meeting based on company inputs. 

In this contribution, a discussion on BSR enhancement will be conducted for XR.
2	Discussion
[bookmark: _Hlk109915489]2.1 Remaining time reporting
In the discussion of RAN2#123, most companies have agreed to introduce a new MAC CE for reporting remaining delay and associated data volume. Meanwhile, another majority view point is to support NW to configure threshold based DSR reporting, and to discuss whether to support NW to configure multiple thresholds per LCG.
For the above issues, the characteristics of XR traffic flow should be considered . Uplink XR traffic flow consists of video, audio, and pose/control traffic flow. Among these types of flow, video flow has the largest generation interval (i.e., interval of Data Burst arrival). In 60FPS, video frame generation interval is about 16.67ms. Hence, the maximum value of PSDB and remaining time will not exceed 16.67ms. For frame rate less than 60FPS, the generation interval of video frame will become longer, and there will be more occasions for uplink transmission, resulting in a lower probability of triggering remaining time reporting compared to higher FPS. Therefore, the occasion for remaining time reporting for video frame rate is 60fps or higher should be prioritized.
Considering that Multi-Modality will not be considered in Rel-18, it can be roughly assumed that the data within a certain LCG has the same characteristics, such as PSDB or PDCP discard timer. Therefore, using a single threshold is sufficient. In Rel-19, multi-modal issues can be considered and investigated for the necessity of whether to introduce multiple thresholds per LCG, which may require input from other WG.
Proposal 1: In Rel-18, Single threshold per LCG is enough, can consider multiple thresholds for multi-modal flow in Rel-19.
If further consideration is taken on threshold triggering remaining time reporting, it can be found a trigger threshold that is too long or too short is neither appropriate. 
If the threshold for triggering remaining time reporting is too long, the reported data volume reported will be very close to the legacy BSR, making the uniqueness of DSR less prominent than the legacy BSR. Moreover, most current gNB MAC scheduler implementations do not consider resource allocation in the far futureu, i.e., gNB MAC scheduler only considers current buffer status for UEs when allocating resources. Hence, it is unnecessary to use a long threshold.
Moreover, PDU set discarding also has impact on remaining time reporting associated with buffer status. If a longer threshold is used, buffer status changes caused by PDU set discarding may trigger a new report, introducing overriding request for previous reporting.
And if the trigger threshold is too short, the gNB MAC scheduler may not have the opportunity to allocate sufficient resources, because according to the gNB implementation, if delay aware LCP or scheduling is not introduced, gNB MAC scheduler will always allocate resource for LCG with high priority regardless the remaining time.
Observation 1: Since MAC scheduler will only pre-assign dynamic UL grant for current transmission and PDU set discarding can also impact buffer status, long threshold for triggering remaining time reporting can cause redundancy or spamming.
On the other hand, slot configuration also needs to be considered when determining the trigger threshold.
Table 1: TDD UL-DL configuration for SCS 30 kHz[2]
	Parameter
	Unit
	UL-DL pattern

	
	
	FR1.30-1
	FR1.30-2
	FR1.30-3
	FR1.30-4
	FR1.30-5
	FR1.30-6

	TDD Slot Configuration pattern (Note 1)
	
	7DS2U
	DDDSU
	DDDSUDDSUU
	DDDSUUDDDD
	DSUU
	DS1S2U

	Special Slot Configuration (Note 2)
	
	6D+4G+4U
	10D+2G+2U
	10D+2G+2U
	6D+4G+4U
	12D+2G
	S1: 10D+2G+2U
S2: 12D+2G+0U

	referenceSubcarrierSpacing
	kHz
	30
	30
	30
	30
	30
	30

	pattern1
	
	
	
	
	
	
	
	

	
	dl-UL-TransmissionPeriodicity
	ms
	5
	2.5
	2.5
	3
	2
	1

	
	nrofDownlinkSlots
	
	7
	3
	3
	3
	1
	1

	
	nrofDownlinkSymbols
	
	6
	10
	10
	6
	12
	10

	
	nrofUplinkSlot
	
	2
	1
	1
	2
	2
	0

	
	nrofUplinkSymbols
	
	4
	2
	2
	4
	0
	2

	pattern2
	
	
	
	
	
	
	
	

	
	dl-UL-TransmissionPeriodicity
	ms
	N/A
	N/A
	2.5
	2
	N/A
	1

	
	nrofDownlinkSlots
	
	N/A
	N/A
	2
	4
	N/A
	0

	
	nrofDownlinkSymbols
	
	N/A
	N/A
	10
	0
	N/A
	12

	
	nrofUplinkSlot
	
	N/A
	N/A
	2
	0
	N/A
	1



In TDD, the uplink transmission slot interval (or TTI) is not consistent, such as 7DS2U and DDDSUDDSUU (and other Slot configuration has the same issue). For 7DSUU, the UL TTI can be 1 or 9 slot(s); for DDDSUDDSUU, the UL TTI can be 1 or 4 slot(s). If the configured trigger threshold is smaller than the interval of the next UL slot, there should exists a situation where even if a DSR is reported, uplink data still cannot be transmitted within PSDB or before the discard timer has expired since there is no available UL transmission.
Although setting the threshold in milliseconds is more in line with human instinct. gNB scheduling is strictly restricted by slot configuration and LCG priority currently.
Observation 2: Remaining time triggering threshold should consider the interval of next potential UL TTI especially in TDD.
Therefore, the lower boundary of threshold should be long than the shorter one between Interval of next UL TTI, and remaining discard time. And its upper boundary should not be long than remaining discard time. 
Considering the efficiency of reporting and avoiding signaling overhead, we recommend only reporting data volume that would be discarded if UE did not occupy next UL transmission.
In addition, threshold should consider time interval from sending UL grant to actual UL transmission (k2), and the time for MAC scheduler processing.
Proposal 2: The single threshold can be set as sum of k2 and adjacent UL TTI and Δ, where Δ stands for MAC scheduler processing time.
Furthermore, if a single threshold is introduced, the remaining time or delay status can be omitted in the reporting MAC CE, because both the NW and the UE know that if the corresponding UL grant is not allocated to UE, the corresponding data will expire. This also helps reduce the overhead of MAC CE.
If single threshold were to be adopted, the remaining time could be omitted in MAC CE. Since the remaining time can be omitted in MAC CE, New MAC CE and BSR are very similar in format.
2.2 BSR Table for XR
Regarding the BSR Table, the consensus in RAN2 is to use one 8-bit static BSR Table only. Therefore, the main issue is the definition of new BSR table.
	Support one static BSR table with 8 bits BS field for Rel-18 XR (for all cases)


While in RAN2#123, there merge the attempts to introduce multiple predefined BSR tables, and introduce exponential distribution to generate BSR table.
The introduction of multiple predefined BSR tables is obviously beneficial to reducing quantization error, but it will cause complexity for indicating.
According to our previous simulation, quantization error distribution of the exponential distribution is uneven, that is, for smaller data volume, the exponential distribution has smaller quantization error, while for larger data volume, the exponential distribution has a larger quantization error.
This characteristic of exponential distribution is beneficial for small packet transmission. However, BSR enhancement in XR traffic flow is mainly for video frame, and the size of video frame obeys Truncated Gaussian distribution. We believe that the exponential BSR Table is not a BSR Table with the lowest quantization error. 
In order to prove this conclusion, we performed simulation using the same Bmin and Bmax (for other simulation parameters, please refer to R2-2305604). The generation function of Exponential BSR Table is

The candidate BSR table is, please note that they all has the same narrowed range:
[image: ]
The simulation results of a single 1080@60p video flow are as follows. It can be seen that Piecewise Linear distribution still has the smallest quantization error:
[image: ]
As we inferred before, the quantization error of exponential BSR Table increases with the increase of data volume. The error distribution of the Linear distribution is relatively uniform, while the maximum error of the Piecewise BSR Table appears at the maximum or minimum value of the data volume, which is aligned with the characteristic of Truncated Gaussian distribution that the probability is the lowest at the maximum or minimum value.
[image: ]
Therefore, in order to minimize the quantization error from multiple angles, it is recommended to consider the Piecewise BSR Table.
Observation 3: For single video flow, Piecewise BSR Table has the least QE compared to exponential and linear.
In addition, Piecewise BSR Table has another potential benefit. In multi-UE scenario, if different bit rates and frame rates (video codec parameter sets) are considered, such as 1080p@60Hz, 1080p@120Hz, 4K@30Hz, 4K@60Hz and 8K@30Hz, etc., each one in the parameter sets corresponds to one segmentation in Piecewise BSR Table. In this way, multiple video flow with different parameters can be used when only one BSR Table is introduced. However, due to the lack of input from other WGs, it is difficult to simulate multiple video flows scenario.
So, we conducted preliminary simulations based on several common video coding parameters (4K@30Hz, 4K@60Hz, and 8K@30Hz). The simulation results verified our hypothesis that Piecewise BSR Table still has the lowest quantization error when dealing with video streams with different parameter sets, because it can use different segments to correspond to video flow with different codec and codec parameters.
[image: ]
Observation 4: For multiple video flows, a segment in Piecewise BSR Table can reflect a certain type of video flow with pre-defined bit rate and frame rate. A lower QE than linear and exponential table can still be guaranteed.
In addition, for data with a small volume such as pose/control or haptic, the legacy BSR table can be used, because the quantization error of the legacy BSR table is exponential, and has fewer quantization error when the data volume is small.
Proposal 4: Piecewise linear distribution should be used to generate new BSR table, considering the following,
· If single table were to introduced, a segment in Piecewise linear table should stand for a video flow with pre-defined bit rate and frame rate.
· If multiple tables were to introduced, there can be multiple Piecewise linear tables, one of which should stand for a video flow with pre-defined bit rate and frame rate.
If other WG provide related parameters or information on XR video flow, it would be more helpful in determining the specific BSR table.
3	Summary
This contribution discusses potential capacity enhancement for XR, the following are the observations and proposals that may be taken into consideration.
Delay reporting aspect:
Proposal 1: In Rel-18, Single threshold per LCG is enough, can consider multiple thresholds for multi-modal flow in Rel-19.
Observation 2: Remaining time triggering threshold should consider the interval of next potential UL TTI especially in TDD.
Proposal 2: The single threshold can be set as sum of k2 and adjacent UL TTI and Δ, where Δ stands for MAC scheduler processing time.
BS table definition aspect:
Observation 3: For single video flow, Piecewise BSR Table has the least QE compared to exponential and linear.
Observation 4: For multiple video flows, a segment in Piecewise BSR Table can reflect a certain type of video flow with pre-defined bit rate and frame rate. A lower QE than linear and exponential table can still be guaranteed.
Proposal 3: Piecewise linear distribution should be used to generate new BSR table, considering the following,
· If single table were to introduced, a segment in Piecewise linear table should stand for a video flow with pre-defined bit rate and frame rate.
· If multiple tables were to introduced, there could be multiple Piecewise linear tables, one of which should stand for a video flow with pre-defined bit rate and frame rate.
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