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1. Introduction
RAN2#119e made the following agreements [1]: 
	· Enhancement to SPS/CG should be justified for XR scheduling and should be evaluated against dynamic grant (DG) scheduling which should be considered as baseline. Should justify why enhancements are needed.

· RAN2 considers SPS enhancements may not be needed in Rel-18 XR since PDCCH capacity is not assumed to be a problem for XR. FFS if SPS has some power consumption benefits.

· As starting point, RAN2 can further discuss the solutions in TR 38.838 that can impact on L2 operation (e.g., BSR, LCP, assistance information for scheduling, packet discarding, prioritization) for XR-specific capacity improvement.


In this contribution, we discuss UE feedback enhancements for XR capacity, e.g., BSR enhancements.
2. Discussion
2.1. Enhancements for BSR
In legacy approach, the UE is configured to trigger BSR when new data arrives in any of the LCHs associated with an LCG, where the BSR indicates the data payload size closest to a value in a configured BSR table. The configuration of LCHs to LCG is done semi-statically via RRC. 
For XR traffic, a PDU set can consist of several inter-dependent PDUs which are associated at the application layer (e.g., multiple PDUs associated with a video/media frame), creating the need to preserve the integrity of the PDU set during transmission. Furthermore, different PDUs in a PDU set may have been marked with different importance markings at higher layers. This can result in the PDUs within one PDU set being assigned to different LCHs which may not belong to the same LCG. As such, using the legacy approach can result in triggering multiple BSRs to the gNB, corresponding to more than one LCG where PDUs of one PDU set have been allocated, resulting in unnecessary signalling overhead. The legacy approach can also result in the failure to preserve the PDU set integrity and not meeting PDU set-level QoS due to additional scheduling related latency. 
Another approach is by assigning the PDUs belonging to one PDU set to one LCG such that the PDU set integrity is always maintained, without the need for the UE to send multiple BSRs corresponding to one PDU set. For this, the UE should be configured with LCGs associated with some LCHs that can handle all possible traffic variations of PDU sets, including variable frame size, different importance/priority values, etc. Since XR traffic corresponding to PDU sets can have wide variations and QoS, the number of LCGs and LCHs that may be needed to account for the different variations can be huge. On the other hand, other solutions like triggering BSR on LCH-basis (as opposed to LCG-basis) or having the gNB dynamically configure LCHs to LCG for PDU sets involves a lot of signalling overhead and introduces additional delay during transmission. 

An alternative approach that is suitable for XR traffic and involves minimal signalling overhead would be to dynamically assign the LCHs to LCG at the UE such that the LCG corresponds to a PDU set when triggering BSR. To support this approach, the gNB could configure multiple LCGs, where each can consist of a different number and combination of LCHs. The UE can then use a suitable LCG when triggering BSR based on the PDUs of PDU set that are mapped to the corresponding LCHs. By using a suitable LCG and indicating it in the BSR, the UE can efficiently convey information about the PDU set (e.g. total payload size of PDU set, priority of PDUs associated with PDU set mapped to the LCHs) to the scheduler in network. For example, if PDUs associated with a PDU set have been mapped to LCHs 1, 2, 4 and LCG1 groups these 3 LCHs, the UE would use LCG1 and indicate it when triggering the BSR. There may be more than one LCG that can be configured for handling the transmission of PDU sets, consisting of different number and combination of LCHs to accommodate the varying PDU set size and importance (both intra- and inter- frame importance), for example. 
Proposal 1:
Support mechanism for the UE to efficiently provide in an enhanced BSR the traffic pattern info (e.g., total payload size, importance/priority) associated with PDU sets when requesting for DG.
Proposal 2:
Support PDU set-specific LCG which can be associated with multiple LCHs that carry PDUs of a PDU set. 
Proposal 3:
Study configuring multiple PDU set-specific LCGs with different combinations of LCHs to accommodate different PDU set characteristics (e.g., different PDU set sizes and different PDU set importance/priority).
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 PDU set level QoS during UL transmission.  
Proposal 4:
Study triggering of enhanced BSR based on the reception of first PDU of PDU set. 
2.2. Timing information relevant to PDU sets in enhanced BSR
In the legacy approach, timing information (e.g. delay for transmitting PDUs) is not explicitly conveyed by the UE to the gNB in BSR. Instead, the timing info is estimated at scheduler when allocating resources based on the priority of the constituent LCHs in the LCG indicated by the UE in BSR. For XR traffic, since the PDUs of a PDU set may be mapped to different LCHs/LCGs, the timing information associated with the delay bound for transmitting all PDUs may not be properly conveyed when using legacy BSR.   In one approach, the UE can include information on the PSDB when sending the enhanced BSR. The PSDB together with information on the PDU set size 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. On the downside, providing PSDB info dynamically results in extra signalling overhead. If the PSDB is expected to be similar for different PDU sets, such info can be provided to the RAN semi-statically by the UE (e.g. as assistance info) or CN. 

Alternatively, the UE may keep track of the PSDB and not send any explicit timing information to the gNB unless the PSDB deadline is approaching. On approaching the deadline, the UE may dynamically send to the gNB information on the remaining delay to send the leftover PDUs in the PDU set. This approach involves less signalling overhead while allowing the scheduler to allocate resources to the remaining PDUs while meeting the PSDB. 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 to send the remaining PDUs and inform the gNB accordingly. 
Proposal 5:
Support UE providing to gNB the timing information associated with transmission of PDUs of a PDU set.
Proposal 6:
Support UE sending dynamic information to gNB on the remaining delay for transmitting the remaining PDUs in a PDU set.
3. Conclusion
In this contribution, the following conclusions are made:
Proposal 1:
Support mechanism for the UE to efficiently provide in an enhanced BSR the traffic pattern info (e.g., total payload size, importance/priority) associated with PDU sets when requesting for DG.
Proposal 2:
Support PDU set-specific LCG which can be associated with multiple LCHs that carry PDUs of a PDU set. 
Proposal 3:
Study configuring multiple PDU set-specific LCGs with different combinations of LCHs to accommodate different PDU set characteristics (e.g., different PDU set sizes and different PDU set importance/priority).

Proposal 4:
Study triggering of enhanced BSR based on the reception of first PDU of PDU set. 
Proposal 5:
Support UE providing to gNB the timing information associated with transmission of PDUs of a PDU set.

Proposal 6:
Support UE sending dynamic information to gNB on the remaining delay for transmitting the remaining PDUs in a PDU set.
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