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1. [bookmark: _Toc18413600][bookmark: _Toc18403966][bookmark: _Toc18404533]Introduction
At RAN2#121-bis, it was agreed to investigate new BSR table formats at least considering the linear distribution for the code points. It was left for further discussion whether to use a static BSR table or to use a dynamic (i.e. RRC configured) BSR table. Further, some analysis is needed on the residual quantization errors with the new BSR tables and in this contribution, we discuss these options and propose a way forward.    
2. BSR reporting for XR
2.1. BSR format and inclusion of the remaining time
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 1: 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 2: 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 at which the time budget for an UL packet expires (e.g. the SFN) rather than the time left for the UL traffic. 
Proposal 3: 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. [bookmark: _Hlk134539258]BSR table design 
In order to design the new BSR table, we need to have an understanding of the range of the BSR code points to target for the new BSR table. 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 sparser. 
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	Figure 1: Max Quantization error Values (i.e., amount of over reported buffer data) with existing BSR tables


Based on the above, 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). 
Thus, for the minimum value, we can assume the code point corresponding to the existing long BSR code point 150 (beyond which the quantization error seems to increase steeply). Then, the SA4 LS (R2-2304659) indicates that the maximum PDU Set size is encoded using a 24 bit value. This translates to a maximum value of 16777216 bytes. If we assume that all the PDUs belonging to a PDU Set arrive at the same time, the buffer size will likely be around this value (as a maximum). Assuming that the PDU set is the cleared before arrival of the next PDU Set, the proposal then is to focus between the following code points: 

Minimum Buffer size value: 117409 bytes
Maximum Buffer size value: 16777216 bytes
 
Proposal 4: The new BSR table design should target the BSR code points between 117409 bytes (around this code point the quantization error starts to ramp-up sharply) and 16777216 bytes (maximum PDU Set size)
Once we have the above values, we can compare the linear and exponential distributions. Whilst the linear distribution will provide a uniform residual error, the exponential distribution is biased towards lower buffer size values. Given the target to optimise the quantization error, especially towards the higher buffer size values, we propose to use a linear distribution for the new table. 
Proposal 5: A linear distribution is used for BSR table generation. 
Then, one question is whether a static table is sufficient or if a dynamic (RRC generated) table is needed. The idea of an RRC generated BSR table is that it can be tailored to a specific XR application generated data packet size. However, the buffer sizes reported are not just a function of the application data but they are also dependent on how much data has been scheduled so far by the gNB. This dependency on the UL scheduling, basically decouples the buffer size values from the application generated data and hence the general goal should be to minimise the quantization errors by increasing the number of code points rather than targeting any specific application as such. Hence, we think a table specifically targeting the BSR code point range with the largest quantization errors is sufficient and hence can be configured statically in the MAC spec. Further, a static table is much simpler (and is aligned with the existing principle we have in MAC). Once such table is compiled, we can study the residual quantization errors combining all the existing BSR tables and a low quantization error (e.g. in the range of a kB or less) should be targeted for the new BSR reporting mechanism for XR. Once multiple BSR tables are defined, the UE shall pick the BSR index from a given table to minimise the quantization error and indicate the BSR index along with the table to the gNB. 
So, we propose the following: 
Proposal 6: A static BSR table targeting the buffer size values where the quantization errors are the largest is defined for XR
Proposal 7: UE shall pick the BSR index that minimises the quantization error from the BSR tables configured for a given LCG 
Proposal 8: Both the BSR index and BSR table from which the BSR index is picked should be reported in the BSR
Proposal 9: Further mechanisms to reduce the quantization errors should be investigated if large residual quantization errors remain (e.g. larger than a threshold – e.g. 1%/1kB etc) 
4. Conclusion
[bookmark: _Toc18404543][bookmark: _Toc18403976][bookmark: _Toc18413612]- BSR format and remaining-time reporting
Proposal 1: The remaining-time for buffered data in UL is reported per LCG by the UE
Proposal 2: 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 3: 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 table design
Proposal 4: The new BSR table design should target the BSR code points between 117409 bytes (around this code point the quantization error starts to ramp-up sharply) and 16777216 bytes (maximum PDU Set size)
Proposal 5: a linear distribution is used for BSR table generation. 

Proposal 6: A static BSR table targeting the buffer size values where the quantization errors are the largest is defined for XR
Proposal 7: UE shall pick the BSR index that minimises the quantization error from all the BSR tables configured for a given LCG 
Proposal 8: Both the BSR index and BSR table from which the BSR index is picked should be reported in the BSR
Proposal 9: Further mechanisms to reduce the quantization errors should be investigated if large residual quantization errors remain (e.g. larger than 1%/ 1 kB etc)  
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