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1. [bookmark: _Toc18413600][bookmark: _Toc18403966][bookmark: _Toc18404533]Introduction
During the study item it was agreed that BSR enhancements including new BS Table(s) will benefit the capacity enhancements for XR. In this contribution we discuss the information to be included in the BSR report for indicating the remaining-time and also discuss how to reduce the quantization error in reporting the buffer size value.   
2. BSR reporting for XR
2.1. Per-LCG vs Per-LC
One of the objectives for XR awareness includes the reporting of the delay/remaining time for data in uplink. Currently BSR mechanism is used to report the buffered data volume per LCG. In UL, logical channels are grouped into logical channel groups based on their common characteristics and requirements. Thus, logical channels of the same type and with similar Quality of Service (QoS) requirements are grouped together into a logical channel group. Similarly, when the PSDB and/or other PDU Set related requirements for  the UL traffic matches, these can all be mapped to a given LC/LCG. Further, if there is a PDU Set with a very unique QoS (e.g. PSDB) requirements in UL, the network can also map this exclusively to one LCG. Hence, the existing mechanism of providing BSR per LCG is has enough flexibility and seems to be sufficient for XR. 
Observation 1: The network can map uplink traffic with a similar characteristics to a given logical channel and further group the logical channels with similar characteristics into an LCG
Observation 2: An LCG can also have a single logical channel if XR traffic with unique characteristics (e.g. PSDB) is mapped to this LC (i.e. no other PDU Sets have similar QoS requirements)
Observation 3: Current mechanism to use per LCG based BSR reporting has enough flexibility to cater for XR traffic. 
Proposal 1: For XR, the existing BSR reporting mechanism using per LCG based buffer size is reused
2.2. Remaining time reporting
In addition to the buffer size, it was agreed to also report the “remaining-time” in UL for the buffered data. Since the buffer size is reported per LCG, it is also proposed to report the remaining-time also per LCG. The arguments for reporting remaining-time per LCG are similar to the arguments for reporting buffer size also per LCG (i.e. the grouping is done by the network based on QoS requirements). 
Proposal 2: The remaining-time for buffered data in UL is reported per LCG by the UE
When more than one LC is mapped to an LCG, the remaining-time reported by the UE corresponds to the LC that has the shortest remaining-time left for the buffered data. 
Proposal 3: When more than one LC is mapped to an LCG, then the remaining-time reported by the UE corresponds to the data from the LC that has the shortest remaining-time left for the buffered data in UL
One question is the format of the remaining-time reported in UL. In order for the remaining time to be useful, the report should be reliable and should eliminate any uncertainty at the network because of the scheduling delays for the BSR etc. In order to achieve this, the UE should report an absolute time (e.g. based on SFN) rather than the time left for the UL traffic. 
Proposal 4: In order to eliminate the uncertainty in the reported value of the remaining-time due to scheduling delays etc, the UE shall include an absolute time reference (e.g. SFN) as the remaining-time reference point
3. Reducing the quantization error for BSR
Currently BSR reporting uses either short BSR table or the long BSR table. The BSR values reported are quantized and the UE will have to report the code point representing the value just above the amount of buffered data in the UE buffer. Unfortunately, this results in over reporting of buffer status values (referred to as the quantization error below) and the issue is more critical at higher BSR values as shown below. This is mainly because the BSR code points at the higher BSR values are more sparse. 
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	Figure 1: Max Quantization error Values (i.e., amount of over reported buffer data) with existing BSR tables


Observation 4: The amount of over reported buffer data increases with the higher BSR indices (i.e., the error is larger when there is large amount of buffered data at the UE) because the BSR code points towards the higher BSR values are sparser. 
Even if multiple BSR tables are defined, the quantization error will continue to be higher towards the higher BSR values unless these values are covered with a very fine granularity and thus using a very high number of bits towards these values. Based on the above observation, we can conclude that the enhancement schemes should mainly target the higher BSR indices (e.g., the buffer status values that are above BSR Index 150 or so in case of Long BSR). 

Then, one simple solution to the above problem is for the UE to include more than one BSR to reduce the quantization error. Together with the first BSR value, the additional BSR value (pointing to the same logical channel) would indicate the total buffered data volume for the corresponding logical channel. With just two BSR MAC CEs included, the quantization error can be reduced quite significantly and this is depicted in the figure below. Note that this is showing the gains using the existing BSR tables. However, if new BSR tables are defined, the UE can include multiple BSRs potentially from different BSR tables to further reduce the quantization error. 
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Figure 2: Reduction in quantization error with two BSRs (using existing BSR tables)
Observation 5: With just one additional BSR included for the same logical channel, the quantization error for BSR reporting is significantly reduced (even with existing BSR tables)
Observation 6: The quantization error is fairly negligible at low values of BSR and hence the gains with the 2nd BSR being included for such small BSR values is also negligible. 
Based on the above, the following proposals are made: 
Proposal 5: UE can include up to 2 BSR indices for the same LCG to reduce the quantization errors for BSR (the first index indicating a coarse value for buffer size and the second index indicating a finer value on top of the value indicated by the first index)
Proposal 6: The UE should include the 2nd BSR index only if the quantization error is larger than a threshold that is configured by the network
Proposal 7: When two BSR indices per LCG are included (per P5 above), RAN2 should discuss if both the BSR indices should be from the same BSR table or not
4. Conclusion
[bookmark: _Toc18404543][bookmark: _Toc18403976][bookmark: _Toc18413612]- BSR format and remaining-time reporting
Observation 1: The network can map uplink traffic with a similar characteristics to a given logical channel and further group the logical channels with similar characteristics into an LCG
Observation 2: An LCG can also have a single logical channel if XR traffic with unique characteristics (e.g. PSDB) is mapped to this LC (i.e. no other PDU Sets have similar QoS requirements)
Observation 3: Current mechanism to use per LCG based BSR reporting has enough flexibility to cater for XR traffic. 
Proposal 1: For XR, the existing BSR reporting mechanism using per LCG based buffer size is reused
Proposal 2: The remaining-time for buffered data in UL is reported per LCG by the UE
Proposal 3: When more than one LC is mapped to an LCG, then the remaining-time reported by the UE corresponds to the data from the LC that has the shortest remaining-time left for the buffered data in UL
Proposal 4: In order to eliminate the uncertainty in the reported value of the remaining-time due to scheduling delays etc, the UE shall include an absolute time reference (e.g. SFN) as the remaining-time reference point
- BSR quantization error and multiple BSR tables
Observation 4: The amount of over reported buffer data increases with the higher BSR indices (i.e., the error is larger when there is large amount of buffered data at the UE) because the BSR code points towards the higher BSR values are sparser. 
Observation 5: With just one additional BSR included for the same logical channel, the quantization error for BSR reporting is significantly reduced (even with existing BSR tables)
Observation 6: The quantization error is fairly negligible at low values of BSR and hence the gains with the 2nd BSR being included for such small BSR values is also negligible. 
Proposal 5: UE can include up to 2 BSR indices for the same LCG to reduce the quantization errors for BSR (the first index indicating a coarse value for buffer size and the second index indicating a finer value on top of the value indicated by the first index)
Proposal 6: The UE should include the 2nd BSR index only if the quantization error is larger than a threshold that is configured by the network
Proposal 7: When two BSR indices per LCG are included (per P5 above), RAN2 should discuss if both the BSR indices should be from the same BSR table or not 
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