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1. Introduction
The issue of BSR for XR was discussed in RAN2-121 and the following was agreed [1]:

· New BSR tables are fixed (=specified) or semi-static (RRC-based).

· FFS how many BSR tables are defined.

In this contribution we discuss further aspects of BSR reporting for XR.
2. Discussion
2.1. Fixed vs Semi-static BSR tables
The UE includes the LCG index and buffer level index in the BSR, where the buffer level index corresponds to the BS level tables defined in the MAC specs, which indicate the range of the amount of data. Thus, there is always a quantization error. The larger the amount of data in the UE buffer, the larger the quantization error. For XR traffic, the UE is transmitting video frames which can correspond to large PDU sets/data bursts, hence resulting in the possibility of that quantization error getting very large on several instances with the transmission of video traffic. XR traffic data is not only large, but also expected to be of variable nature (e.g., variable PDU set size within a given XR application). On top of that, different XR application will have different PDU set sizes and variability. 

These aspects were discussed in RAN2-121, and it has been agreed that enhancements are required to BSR tables for XR. However, it is still open whether this is realized by defining several BSR tables in the MAC specs or making it possible to configure a UE/XR-application specific BSR table in a semi-static fashion.

Defining new BSR tables in the MAC specifications is easier from specification impact point of view, but it is not scalable since only the needs of a handful XR applications can be captured in a fixed number of BSR tables. In the future, as more and more XR applications become available, there will be a need to introduce more tables in the specifications. 
Observation 1:
Defining multiple BSR tables in the MAC spec for XR applications is inefficient/unscalable due to the varying nature of PDU set sizes. 

Thus, a more flexible and future-proof solution is to make it possible for the UE to be configured with a BSR table that fits the needs of the active XR application(s).

Proposal 1:
UE can be configured with BSR tables in a semi-static fashion by the network. FFS on how the BSR table configuration is provided to the UE (e.g., what parameters are needed to define a BSR table).   

2.2. BSR formats

With the need to enhance BS tables comes the need to introduce enhancements to BSR format to align with the BS table enhancements. 
If multiple BSR tables are to be introduced (even in a fixed manner), there is a need for the UE to indicate in the BSR which BSR table the buffer level indices are referring to.

Proposal 2:
Enhance BSR format to include the BSR table index.

Legacy 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. Since more granularity will be available with the introduction of a semi-static BSR table configuration, it may be desirable to enable the UE to indicate more than 32 indices that is currently allowed with 5 bits. Usage of long BSR while the UE may only have data in one LCG may lead to unnecessary overhead. As such, enhancements to the short BSR format are needed to align with a more granular BSR table.

Proposal 3:
Short BSR format to be enhanced to align with enhancements to BS tables.
Another aspect to consider is whether the BSR reporting per LCG as in legacy is sufficient or not. Our understanding is this will be sub-optimal for XR traffic, where even within a certain bearer/LCID, the traffic characteristics and data arrival rate can vary drastically. This will be even more pronounced when different QoS flows with PDU sets of different PSDB are mapped to one DRB. Along with the introduction of precise semi-static BSR tables that are aligned with the current active XR application, it will be beneficial to also report the buffer size at LCID level, including PDU set level information.

TR38.835 recommends the delay reporting of buffered data in uplink [2]. In line with that, it is natural to include delay related information of the PDU set when sending a BSR. Specifically, what is more relevant from scheduling point of view for the network is the remaining delay or Time To Live (TTL) for the PDU set, which is the PSDB minus the time elapsed since the arrival of the first PDU of the PDU set at the UE radio level buffers. It could further be discussed on how the TTL information is included in the BSR (e.g., usage of time duration range indices akin to buffer level indices).

Proposal 4:
BSR can be performed at LCID level instead of LCG.
Proposal 5:
BSR can include PDU set level information, at least the time to live (TTL) for the PDU set (i.e., PSDB – time elapsed since arrival of the first PDU). FFS on how the TTL is encoded (e.g., time duration range indices akin to buffer level indices). 

2.3. BSR triggering 
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 other LCHs are empty, and secondly when new data arrives in an LCH of higher priority than any LCH that might 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 right 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 might have remained 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 the addition of another condition for triggering BSR when a PDU set arrives in an LCH buffer, irrespective of the priority of the LCH. This, however, may result in high signalling overhead due to frequent triggering of BSR. 

Another approach would be triggering BSR for a PDU set only when the remaining time for delivering the PDU set approaches a deadline associated with the PSDB (e.g., when the TTL is below a threshold). For high priority PDU sets, the BSR can be triggered immediately after the arrival of the first PDU of the PDU set, as per legacy triggering conditions. In the case of lower priority PDU sets, 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. Also, in addition to the TTL, the amount of remaining data to be transmitted for the PDU set can be considered. For example, it may not be desirable to trigger the BSR for a PDU set even if the TTL is small, if only a handful of PDUs of the PDU set remain to be transmitted, while triggering the BSR even when the TTL is large may be desirable if the amount of data yet to be sent for the PDU set is large. 
Proposal 6:
BSR can be triggered based on conditions associated with PDU set attributes (e.g., PSDB, PDU set size, etc.,) and current buffering conditions at the UE (e.g., time to live for the PDU set, amount of PDU set data yet to be transmitted, etc.,). Details are FFS.   
3. Conclusion
In this contribution, BSR enhancements for XR are discussed and the following observations and conclusions are made:
Observation 1:
Defining multiple BSR tables in the MAC spec for XR applications is inefficient/unscalable due to the varying nature of PDU set sizes for different XR applications and even within a given XR application. 

Proposal 1:
UE can be configured with BSR tables in a semi-static fashion by the network. FFS on how the BSR table configuration is provided to the UE (e.g., what parameters are needed to define a BSR table).   

Proposal 2:
Enhance BSR format to include the BSR table index.

Proposal 3:
Short BSR format to be enhanced to align with enhancements to BS tables.
Proposal 4:
BSR can be performed at LCID level instead of LCG.

Proposal 5:
BSR can include PDU set level information, at least the time to live (TTL) for the PDU set (i.e., PSDB – time elapsed since arrival of the first PDU). FFS on how the TTL is encoded (e.g., time duration range indexes akin to buffer level indexes). 

Proposal 6:
BSR can be triggered based on conditions associated with PDU set attributes (e.g., PSDB, PDU set size, etc.,) and current buffering conditions at the UE (e.g., time to live for the PDU set, amount of PDU set data yet to be transmitted, etc.,). Details are FFS.   
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