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In RAN2 meeting #119bis-e, RAN2 has drawn the following conclusions with respect to Feedback enhancements for XR [1]:
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 issues on BSR enhancements.
Discussions 
On supporting finer granularity for the Buffer Size field in the BSR
The need for supporting finer granularity in reporting the buffer size is agreed. The following approaches to support finer granularity are investigated. 
Option 1A. Introducing new Buffer Size table(s)
A simple approach to support finer granularity is to introduce new Buffer Size table(s). In order to ensure the quantization errors are relatively uniform throughout the value range, a linear quantization scheme is recommended.
However, a drawback of standardizing new Buffer Size table(s) is that a particular new Buffer Size table may only fit for a limited range of buffer size. Therefore, multiple new tables may be needed. In addition, when another unique range of buffer size is needed in the future, additional Buffer Size table(s) need to be introduced. By then, the already-deployed devices may need an upgrade (e.g., a software upgrade), or otherwise be incapable of using the additional tables.
Option 1B. Introducing standardized formula with configurable parameters
An alternative to standardized tables is to use a standardized formula (such as a linear function y=Ax+B), where parameters A (as a step size) and B (as a starting size) are configurable. For example, RRC signaling may be used for configuring the step size (step_size) and the starting size (starting_size). Then, for a given value N of the Buffer Size field, the corresponding data volume being reported by the field is greater than or equal to (starting_size + N x step_size) and less than (starting_size + (N+1) x step_size), possibly with value 0 and/or the highest value of N being an exception. For value 0 and the highest value of N, the corresponding data volume being reported may be open-ended. For example, value 0 may correspond to any data volume that is less than (starting_size + step_size), the highest value of N may correspond to any data volume that is greater than or equal to (starting_size + N x step_size).
An advantage of standardized formula is that it is more adaptive and future-proof.
Proposal 1. RAN2 consider introducing new Buffer Size table(s) to support finer granularity for the Buffer Size field in the BSR.
Proposal 2. If new Buffer Size table(s) are to be introduced, a linear quantization scheme should be used.
Proposal 3. RAN2 consider standardizing a linear formula with configurable parameters to support finer granularity for the Buffer Size field in the BSR.
Proposal 4. If the standardized linear formula is to be introduced, a step size and a starting size can be the configurable parameters used in the formula. FFS: whether value 0 and/or the highest value of the Buffer Size field are interpreted in an open-ended way or not.
On the need to distinguish how much data is buffered for which delay value
A delay information associated with data being buffered at the UE is useful for XR. If the delay information is to be introduced, it needs to distinguish how much data is buffered for which delay value.
Data from the pose/control stream are usually generated as a single packet at a time, due to small data size. However, data from the video stream are usually generated as a burst of packets at a time, where each data burst corresponds to a video frame or more than one video slices or layers generated from a same video frame. Due to small jitters on the UL, it is assumed that all packets belonging to a same data burst from a same UL video stream arrives at the UE at a same time. And because they are all needed at the application layer of the recipient, e.g., for video decoding and decompression, it is also assumed that they have a same deadline for delivery. Hence, they share a same delay information, including a same delay budget referred to as the PDU Set delay budget (PSDB) and a same remaining time. Therefore, delay information associated with data buffered can be considered on a per data burst basis.
In order to distinguish how much data is buffered for which delay value, the data volume of data buffered can be calculated and reported on a per data burst basis. One way for reporting the data volume on a per data burst basis is to include one or more Burst Size fields in the BSR. 
Proposal 5. Data volume calculation and reporting can be performed for an XR traffic stream on a per data burst basis.
On indicating 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.
Information about the PDB or PSDB are provided to the UE and the gNB by the SMF during a PDU session setup or modification procedure.
For remaining time information, the following approaches are investigated:
	Option 2A: explicit indicating
A simple way for indicating remaining time information is to include a remaining time field in the 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 consecutively arrived data bursts of a same XR traffic are normally separated by one traffic period in time when they arrive at the same logical channel, if remaining time information is to be explicit indicated, at most one remaining time is explicitly indicated. For example, only the remaining time of the earliest data burst, which is referred to as the first remaining time, is reported in the 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 the earliest data burst and the other data bursts being reported. 
	Option 2B: implicit indicating 
For each periodic XR traffic stream, if information about a nominal data burst arrival time offset at the UE is known to the gNB (e.g., provided by the UE in the UAI), the gNB can determine a time duration elapsed since a first data burst arrived at the UE, based on a time that the gNB receives the BSR and the nominal data burst arrival time offset of the UE. Then, the gNB can obtain the remaining time of the first data burst by subtracting the time duration elapsed from the PDB or PSDB. Then, the gNB can derive the remaining time of the other data bursts being reported based on the temporal relationship between the first data burst and the other data bursts being reported. Therefore, no remaining time is explicitly indicated in the BSR.
Proposal 6. RAN2 decide whether remaining time information is explicitly indicated or not.
Proposal 7. If remaining time information is to be explicitly indicated, only one remaining time is explicitly indicated, and based thereon, the other remaining time can be derived by the gNB.
Proposal 8. RAN2 adopt the text proposed in Annex 1 into TR 38.835, under Capacity Improvements Techniques, Layer  2.
[bookmark: _Ref129681832]Conclusions
The followings are proposed:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1. RAN2 consider introducing new Buffer Size table(s) to support finer granularity for the Buffer Size field in the BSR.
Proposal 2. If new Buffer Size table(s) are to be introduced, a linear quantization scheme should be used.
Proposal 3. RAN2 consider standardizing a linear formula with configurable parameters to support finer granularity for the Buffer Size field in the BSR.
Proposal 4. If the standardized linear formula is to be introduced, a step size and a starting size can be the configurable parameters used in the formula. FFS: whether value 0 and/or the highest value of the Buffer Size field are interpreted in an open-ended way or not.
Proposal 5. Data volume calculation and reporting can be performed for an XR traffic stream on a per data burst basis.
Proposal 6. RAN2 decide whether remaining time information is explicitly indicated or not.
Proposal 7. If remaining time information is to be explicitly indicated, only one remaining time is explicitly indicated, and based thereon, the other remaining time can be derived by the gNB.
Proposal 8. RAN2 adopt the text proposed in the Annex into TR 38.835, under Capacity Improvements Techniques, Layer  2.
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Annex: Proposed Text for TR 38.835 (for Capacity Improvements Techniques, Layer 2)
Start of new text
5.3.2.x Feedback enhancements
5.3.2.x.1 On supporting finer granularity for the Buffer Size field in the BSR
The need for supporting finer granularity in reporting the buffer size is agreed. The following approaches to support finer granularity are investigated. 
Option 1A. Introducing new Buffer Size table(s)
A simple approach to support finer granularity is to introduce new Buffer Size table(s). In order to ensure the quantization errors are relatively uniform throughout the value range, a linear quantization scheme is recommended.
However, a drawback of standardizing new Buffer Size table(s) is that a particular new Buffer Size table may only fit for a limited range of buffer size. Therefore, multiple new tables may be needed. In addition, when another unique range of buffer size is needed in the future, additional Buffer Size table(s) need to be introduced. By then, the already-deployed devices may need an upgrade (e.g., a software upgrade), or otherwise be incapable of using the additional tables.
Option 1B. Introducing standardized formula with configurable parameters
An alternative to standardized tables is to use a standardized formula (such as a linear function y=Ax+B), where parameters A (as a step size) and B (as a starting size) are configurable. For example, RRC signaling may be used for configuring the step size (step_size) and the starting size (starting_size). Then, for a given value N of the Buffer Size field, the corresponding data volume being reported by the field is greater than or equal to (starting_size + N x step_size) and less than (starting_size + (N+1) x step_size), possibly with value 0 and/or the highest value of N being an exception. For value 0 and the highest value of N, the corresponding data volume being reported may be open-ended. For example, value 0 may correspond to any data volume that is less than (starting_size + step_size), the highest value of N may correspond to any data volume that is greater than or equal to (starting_size + N x step_size).
An advantage of standardized formula is that it is more adaptive and future-proof.
5.3.2.x.2 On the need to distinguish how much data is buffered for which delay value
A delay information associated with data being buffered at the UE is useful for XR. If the delay information is to be introduced, it needs to distinguish how much data is buffered for which delay value.
Data from the pose/control stream are usually generated as a single packet at a time, due to small data size. However, data from the video stream are usually generated as a burst of packets at a time, where each data burst corresponds to a video frame or more than one video slices or layers generated from a same video frame. Due to small jitters on the UL, it is assumed that all packets belonging to a same data burst from a same UL video stream arrives at the UE at a same time. And because they are all needed at the application layer of the recipient, e.g., for video decoding and decompression, it is also assumed that they have a same deadline for delivery. Hence, they share a same delay information, including a same delay budget referred to as the PDU Set delay budget (PSDB) and a same remaining time. Therefore, delay information associated with data buffered can be considered on a per data burst basis.
In order to distinguish how much data is buffered for which delay value, the data volume of data buffered can be calculated and reported on a per data burst basis. One way for reporting the data volume on a per data burst basis is to include one or more Burst Size fields in the BSR. 
5.3.2.x.3 On indicating 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.
Information about the PDB or PSDB are provided to the UE and the gNB by the SMF during a PDU session setup or modification procedure.
For remaining time information, the following approaches are investigated:
	Option 2A: explicit indicating
A simple way for indicating remaining time information is to include a remaining time field in the 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 consecutively arrived data bursts of a same XR traffic are normally separated by one traffic period in time when they arrive at the same logical channel, if remaining time information is to be explicit indicated, at most one remaining time is explicitly indicated. For example, only the remaining time of the earliest data burst, which is referred to as the first remaining time, is reported in the 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 the earliest data burst and the other data bursts being reported. 
	Option 2B: implicit indicating 
For each periodic XR traffic stream, if information about a nominal data burst arrival time offset at the UE is known to the gNB (e.g., provided by the UE in the UAI), the gNB can determine a time duration elapsed since a first data burst arrived at the UE, based on a time that the gNB receives the BSR and the nominal data burst arrival time offset of the UE. Then, the gNB can obtain the remaining time of the first data burst by subtracting the time duration elapsed from the PDB or PSDB. Then, the gNB can derive the remaining time of the other data bursts being reported based on the temporal relationship between the first data burst and the other data bursts being reported. Therefore, no remaining time is explicitly indicated in the BSR.
End of new text

