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1. Introduction
In RAN2#119bis-e the following agreements were made [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”.

· 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 BSR enhancements for XR capacity improvements. 
2. Discussion
2.1. Enhancements for triggering BSR for PDU sets
In the legacy approach, BSR is triggered in two instances; firstly, when new data arrives in any of the LCHs associated with an LCG provided that all the other LCHs are empty, and secondly when new data arrives in an LCH of higher priority than any LCH that may still have data buffered. In these two instances, the UE is configured to trigger a BSR to indicate the data payload size closest to a value in a configured BSR table. As such, the one instance where the existing BSR triggering mechanism is not sufficient is when a PDU set with lower priority arrives at an LCH buffer closely after a PDU set of higher priority such that the higher priority PDU set has not yet cleared its LCH buffer (e.g., some PDUs remain in the higher priority LCH buffer). In such a case, the lower priority PDU set runs the risk of remaining in the LCH buffer until the expiry of the PSDB. One way to address this issue would be to add another condition for triggering BSR when a PDU set arrives in an LCH buffer, irrespective of the priority. This, however, may result in high signalling overhead due to the possibility for triggering high number of BSRs. 

Another approach would be for triggering the BSR for a PDU set only when the remaining time for delivering the PDU set approaches a deadline associated with the PSDB. For high priority PDU set, the BSR may be triggered immediately after the arrival into the LCH buffer, as per legacy triggering conditions. In the case of lower priority PDU set, the UE can keep track of the remaining time with respect to the deadline and not send any explicit indication to the gNB unless the deadline is approaching. This approach involves less signalling overhead while allowing the scheduler to allocate resources on a timely basis for meeting the PSDB.
Proposal 1:
BSR is triggered based on conditions associated with PDU set attributes (e.g., priority, remaining time with respect to PSDB).   
During RAN2#119bis-e [1] it was agreed to introduce new BSR table(s) to reduce the quantisation errors for XR traffic which typically consists of large frames. Some enhancements to the BSR format need to be introduced to align with the additional levels in the BSR table. As per legacy procedure, the UE is configured to trigger short BSR when it has data buffered in only one LCG and long BSR when it has data buffered in more than one LCG (up to 8 LCGs). Short BSR only consists of 8 bits, with 3 bits used to identify the LCG with buffered data, leaving the UE with only 5 bits to indicate the amount of data in its buffer. With more granularity added to the BSR table, the UE needs to be able to indicate more than 32 indices. Usage of long BSR while the UE may only have data in one LCG would involve unnecessary overhead. As such, enhancements to the short BSR format are needed to align with a more granular BSR table.
Proposal 2:
Enhance BSR format to align with enhancements to BS table(s) for XR traffic.
In SA2 TR23.700-60 [2], it is indicated that the first PDU in a PDU Set can carry information on the PDU Set, e.g., PDU set size, number of PDUs in PDU set. For minimizing latency due to scheduling and for receiving resources in time, the UE may use the information in the first PDU of the PDU set to trigger the BSR ahead of time, without having to wait for all the PDUs in the PDU Set to be received from higher layers. The BSR can include information on all PDUs in the PDU set, including the total payload size, and priority. This can provide the scheduler adequate time to allocate the resources to the UE for meeting the PSDB during UL transmission.  
Proposal 3:
BSR is triggered based on the arrival of the first PDU of PDU set.  
2.2. Delay information relevant to PDU sets 
In the legacy approach, delay info for transmitting PDUs is not explicitly conveyed by the UE to the gNB in BSR. Instead, the delay info can be estimated at scheduler when allocating resources based on the priority of the constituent LCHs in the LCG indicated by the UE in BSR. 

RAN2#119bis-e [1] concluded that a delay information is useful for XR and that delay information consists of at least “remaining time”. It has been captured in TR 38.835 [3] that PSDB will be provided to the RAN semi-statically from the CN. If the BSR is triggered closely after the arrival of the PDU set, the PSDB together with information on the PDU set payload size in BSR can already provide sufficient information to the scheduler to estimate the remaining time at any intermediary point where some PDUs in the PDU set may have been transmitted while others may not have. Providing PSDB dynamically will result in extra signalling overhead and, in most cases, may not be needed.
Observation 1:
Semi-static timing info (e.g., PSDB) and dynamic information on PDU set size are enough for gNB to estimate “remaining time” if the BSR is triggered closely after the arrival of a PDU set.

However, as discussed previously, there may be scenarios where the BSR may not be triggered when the PDU set arrives. In this case, the PDU set may end up in its LCH buffer for long duration and the gNB may not be aware of the time of arrival or the time spent by the PDU set in the buffer. To ensure that the PDU set can be scheduled and delivered within its PSDB, the remaining time can be determined by the UE as the difference between the PSDB over Uu link and the time spent in the buffer, and dynamically report the remaining time info to the gNB. Additionally, if the UE decides to drop some of the remaining PDUs after it has already sent a few PDUs from one PDU set, the UE is able to adjust the remaining time and report the info to the gNB accordingly. 
Observation 2:
Dynamic reporting of the remaining time to gNB can be useful in scenarios when the BSR may not be triggered immediately after the PDU set arrives.
Proposal 4:
UE sends dynamic report of the remaining time for PDU set (e.g., difference between the PSDB over Uu link and the time spent by the PDU set in LCH buffer).
3. Conclusion
In this contribution, the following observations and conclusions are made:
Enhancements for triggering BSR for PDU sets

Proposal 1:
BSR is triggered based on conditions associated with PDU set attributes (e.g., priority, remaining time with respect to PSDB).   

Proposal 2:
Enhance BSR format to align with enhancements to BS table(s) for XR traffic.
Proposal 3:
BSR is triggered based on the arrival of the first PDU of PDU set.

Delay information relevant to PDU sets

Observation 1:
Semi-static timing info (e.g., PSDB) and dynamic information on PDU set size are enough for gNB to estimate “remaining time” if the BSR is triggered closely after the arrival of a PDU set.

Observation 2:
Dynamic reporting of the remaining time to gNB can be useful in scenarios when the BSR may not be triggered immediately after the PDU set arrives.

Proposal 4:
UE sends dynamic report of the remaining time for PDU set (e.g., difference between the PSDB over Uu link and the time spent by the PDU set in LCH buffer).
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