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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
BSR enhancements is among one of the objectives for XR WI [1]. More specifically, in RAN2 meeting #119bis-e, RAN2 has drawn the following conclusions with respect to BSR enhancements for XR [2]:
1: introduce new BS table(s) to reduce the quantisation errors (e.g. for high bit rates). FFS how new BSR tables are created and how they impact BSR formats (can be discussed in WI phase). 
Delay information consists of at least “remaining time”.
2: RAN2 considers a delay information is useful for XR. FFS if dynamic reporting from UE to network (e.g. via BSR) is needed, or whether PSDB is sufficient. If we have delay information, it needs to distinguish how much data is buffered for which delay value. Stage-3 details (e.g. what’s contained, how the triggering is done) can be discussed in the WI phase.
If we have delay information reporting, RAN2 aims to define how the UE determines the “remaining time” in the delay information

In this contribution, we discuss various detailed design issues on BSR enhancements for XR.
Discussions 
On Buffer Size Table
One issue with the existing Buffer Size table is that the quantization step (and hence the potential quantization error) grows exponentially as the expressed buffer size increases. To ensure that the quantization errors remain relatively uniform throughout the size range expressed, we recommend that new Buffer Size table uses linear quantization.
Proposal 1. Introduce new Buffer Size table with linear quantization scheme.
As we previously discussed [3], we have the options of introducing one or more fixed Buffer Size tables or introducing a configurable table, where the Buffer Size values in the table are computed, e.g., at the time of RRC configuration, based on a linear equation with a starting Buffer Size value and a quantization step size, which are configurable on a per-LCG basis via RRC signaling.
The main drawback of standardizing new fixed Buffer Size table(s) is that a particular new Buffer Size table may only fit for a limited range of buffer sizes to keep the quantization errors small. Hence, multiple new fixed Buffer Size tables may be needed. In addition, when new range of buffer sizes are needed in the future, e.g., when future XR systems demand higher video resolutions, additional Buffer Size table(s) need to be introduced.
The main advantage of standardizing a configurable table is that it is more flexible and future-proof.
Proposal 2. Introduce a configurable Buffer Size table for the Buffer Size field in BSR for XR.
Proposal 3. The Buffer Size values in the configurable table is computed based on a linear equation with two configurable parameters: the starting Buffer Size value and the quantization step size.
Proposal 4. The starting Buffer Size value and the quantization step size, and hence the Buffer Size table, can be configured on a per-LCG basis via RRC signaling.
On distinguishing how much data is buffered for which delay value
In the existing BSR MAC CEs, the value in a Buffer Size field indicates the total amount of data being buffered for the associated LCG without itemizing the data volume or the associated remaining time for data received during different data bursts.
[bookmark: _Hlk131258820]Based on previous RAN2 agreement, to “distinguish how much data is buffered for which delay value”, the enhanced BSR for XR should be able to distinguish the data volumes of different data bursts buffered for the same LCG, e.g., by including multiple Buffer Size fields for the same LCG, each Buffer Size field reporting the data volume of a corresponding data burst, in the order of the data bursts. The number of Buffer Size field is determined based on the PDB/PSDB and the traffic (data burst) periodicity.
[bookmark: _Hlk131265932]For example, an UL AR video stream may have a PDB/PSDB of up to 30 msec [4]. In this case, the maximal number of contiguous data bursts that may be buffered at the associated LCG is 2, 3, or 4 data bursts for a video frame refresh rate of 60, 90, or 120 frames per second (FPS), respectively, if any older data bursts are considered as being obsolete (e.g., already subject to discarding) and hence are no longer to be reported. When configuring an LCH for a DRB supporting the transfer of PDU Sets, the gNB has known the PSDB (for UE-to-gNB portion) and the traffic periodicity. Therefore, the gNB can configure the UE to send the enhanced BSRs for an LCG that includes the LCH and possibly other similarly configured LCHs, each enhanced BSR including N Buffer Size fields for the LCG. The number N may be configured explicitly by RRC signaling or be configured implicitly, e.g., N = ceil(PSDB/Traffic periodicity), where the ceil(x) function produces the smallest integer that is greater than or equal to x.
Proposal 5. The enhanced BSR may include multiple Buffer Size fields for an LCG to separately report the data volumes of contiguous data bursts arrived at the LCG.
Proposal 6. RAN2 further consider whether the number of Buffer Size fields for one LCG in the enhanced BSR be configured explicitly by RRC signaling or be configured implicitly, e.g., equal to ceil(PSDB/Traffic periodicity).
Reporting the data volume on a per data burst basis requires that the UE supports calculating the data volume on a per data burst basis for DRB(s) configured to support the transfer of PDU Sets. 
Proposal 7. XR UEs support data volume calculation on a per data burst basis.
On delay information
Delay information includes static delay information, such as the PDB or PSDB, and dynamic delay information, such as a remaining time until a deadline for delivery. The PDB/PSDB is known to the gNB. What the UE can report, for the benefit of the gNB’s scheduling, is the remaining time of the reported data volume until the deadline for delivery, where the deadline for delivery may be defined as the nominal burst arrival time plus the PSDB. 
A simple way for indicating the remaining time information is to include a Remaining Time field in the enhanced BSR for each data burst being reported, indicating the remaining time for the corresponding data burst. However, that will increase the signaling overhead. Considering that two contiguously arrived data bursts of the same XR QoS flow are nominally separated by one traffic period when they arrive at the same LCH, if the remaining time information is explicitly indicated, only one remaining time needs to be explicitly indicated. For example, only the remaining time of the earliest non-empty data burst, which is referred to as the first remaining time, is reported in the enhanced BSR. The remaining time of the other data bursts being reported can be derived by the gNB based on the first remaining time and the temporal relationship between the earliest data burst and the other data bursts being reported. 
Proposal 8. Only the first remaining time (i.e., the remaining time of the earliest non-empty data burst) is explicitly indicated in the enhanced BSR, and the remaining time of other data burst(s) being reported can be derived by the gNB based on the first remaining time, the traffic periodicity, and positions of those data bursts.
On the format of the enhanced BSR MAC CE
Figure 1 below illustrates an example format for the enhanced BSR MAC CE. The LCG ID field indicates the LCG being reported. The First (1st) Remaining Time field indicates the remaining time of the earliest data burst that has not been emptied yet. The Buffer Size 1 field corresponds to the earliest data burst that has not been emptied yet. The Buffer Size 2 field corresponds to the data burst after that. And so on and so forth. The number of Buffer Size fields are determined as previously discussed.
[image: ]
Figure 1. A format for the enhanced BSR MAC CE
When all Buffer Size fields are set to value zero, the BSR MAC CE indicates that the buffer of the reported LCG is completely empty. Otherwise, i.e., if the buffer of the LCG is not empty, at least the value of the Buffer Size 1 field shall be a non-zero value, indicating the (remaining) data volume of the earliest data burst. In this situation, the value in any of the other Buffer Size fields may be zero, if the corresponding subsequent data burst has not arrived yet, or a non-zero value, if the corresponding subsequent data burst has arrived.
The time unit of the First Remaining Time field may be configured by the gNB. Alternatively, the value of the First Remaining Time field may be interpreted as the multiple of a fraction of the PSDB. For example, if the First Remaining Time field is a 5-bit field (assuming the LCG ID field is still 3-bit long), then a value of 1 in the First Remaining Time field indicates that the remaining time is about 1/32 of the PSDB.
Proposal 9. RAN2 consider adopting the format of the enhanced BSR MAC CE, as illustrated in Figure 1, for XR.
On new triggering conditions for sending the enhanced BSR for XR
Based on the current NR MAC spec, when a data burst arrives at the buffer of an LCH while the buffer still contains data of a previous data burst, the newly arrived data burst will not trigger a BSR. Later when the data of the previous data burst are completely emptied from the buffer, there is no specification states that the previous data arrival should retrospectively trigger a BSR. Hence, the gNB may not know the arrival of new data bursts, unless padding- or timer- based trigger causes a BSR to be sent. However, neither padding-based trigger nor timer-based trigger can guarantee timely BSR reporting, which may be critical for meeting the stringent UL latency requirements for XR while maintaining scheduling efficiency. Hence, new triggering conditions for timely sending the enhanced BSR for XR are needed.
We propose that the new triggering conditions should include the arrival of new data burst, disregarding whether the buffer of the LCG is currently empty or not. In this way, the gNB can, at the earliest opportunity, obtain information about newly arrived data burst, not only the data volume of the newly arrived data burst but also the associated remaining time (based on the updated First Remaining Time and the nominal temporal relationship between the newly arrived data burst and the earliest non-empty data burst being reported).
Proposal 10. Include the arrival of new data burst as a new triggering condition for sending the enhanced BSR.

[bookmark: _Ref129681832]Conclusions
The followings are proposed:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1. Introduce new Buffer Size table with linear quantization scheme.
Proposal 2. Introduce a configurable Buffer Size table for the Buffer Size field in BSR for XR.
Proposal 3. The Buffer Size values in the configurable table is computed based on a linear equation with two configurable parameters: the starting Buffer Size value and the quantization step size.
Proposal 4. The starting Buffer Size value and the quantization step size, and hence the Buffer Size table, can be configured on a per-LCG basis using RRC signaling.
Proposal 5. The enhanced BSR may include multiple Buffer Size fields for an LCG to separately report the data volumes of contiguous data bursts arrived at the LCG.
Proposal 6. RAN2 further consider whether the number of Buffer Size fields for one LCG in the enhanced BSR be configured explicitly by RRC signaling or be configured implicitly, e.g., equal to ceil(PSDB/Traffic periodicity).
Proposal 7. XR UEs support data volume calculation on a per data burst basis.
Proposal 8. Only the first remaining time (i.e., the remaining time of the earliest non-empty data burst) is explicitly indicated in the enhanced BSR, and the remaining time of other data burst(s) being reported can be derived by the gNB based on the first remaining time, the traffic periodicity, and positions of those data bursts.
Proposal 9. RAN2 consider adopting the format of the enhanced BSR MAC CE, as illustrated in Figure 1, for XR.
Proposal 10. Include the arrival of new data burst as a new triggering condition for sending the enhanced BSR.
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