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1. Introduction
In this contribution, we discuss scheduling enhancements to improve capacity according to the WI objective as follows [1]:
	Objective: For the UL, Study and if justified, Specify enhancements using delay/deadline information, for support of UL scheduling to enable high XR capacity while meeting delay requirements/avoiding too late PDUs.
Including aspects such as: 
· whether/how to resolve the issue of data with low remaining time being delayed due to other data from LCHs with higher LCH priority
· enhancing DSR with additional information, e.g. what is additional information, can it refer to non-delay critical data etc.



RAN2#125bis [2] made the following agreements:
	RAN2 will study whether/how to resolve the issue of data with low remaining time being delayed due to other data from LCHs with higher LCH priority when using the existing LCP procedure. At least the following alternatives will be studied:
· Alternative 1: Enhance LCP restrictions/LCH selection.
· Alternative 2: Enhance LCH prioritization.
RAN2 should consider potential impact on traffic from SRBs.
RAN2 will study enhancing existing DSR with additional information, e.g. multiple pairs of remaining time/buffer information, importance. FFS whether this only includes more information on delay-critical data or also information about non-delay critical data.



2. [bookmark: _Hlk110844968][bookmark: _Hlk110945629]Scheduling enhancements for XR
DSR enhancements 
DSR (Delay Status Reporting) was introduced in Rel-18 XR to inform the scheduler of the remaining time of the PDU set if it falls below a remaining time threshold. There are limitations with the current DSR in that only one remaining time value can be reported at a time per LCG, even when such LCG contains data from multiple PDU sets. It is possible that more than one buffered PDU set may have a remaining time lower than the threshold, in which case the UE reports the smallest remaining time value in the DSR among PDUs with buffered data with remaining time below the threshold. Providing the scheduler with more than one remaining time value will help with better data and resource provisioning. The UE may report more than one remaining time in the DSR MAC CE when the remaining time for more than one PDU set is less than the remaining time threshold. The UE may report one remaining time per PDU set where the remaining time is computed w.r.t. the PSDB of the PDU set.
Proposal 1:	Enhance DSR to report one remaining time value per PDU set when more than one PDU set has data with remaining time less than the remaining time threshold.

Given the large range in terms of the size of PDU sets and their PSDB values, multiple remaining time thresholds may also be configured to allow the UE to provide more granular information to the scheduler. This may be especially relevant for multi-modal flows wherein PDU sets of one flow may have a small PSDB while PDU sets of another flow may have larger PSDB. As a result, the typical values for the remaining time may be different for the two flows. It would benefit both the UE and the scheduler if the network can configure multiple remaining time thresholds (e.g., one threshold per flow as a function of the corresponding PSDB) for the multiple flows. 
Addressing the FFS from the previous meeting, the DSR reports only needs to report on the delay for delay-critical data, as it was intended in Release 18. Otherwise, delay reporting may become too frequent and result in a lot of overhead.
Proposal 2:	Configure multiple remaining time thresholds to accommodate different PSDB values for multi-modal flows.
Proposal 3:	DSR only needs to report on the delay for delay-critical data.

LCP enhancements 
LCP enhancements were discussed at length during Rel-18, including enhancing LCH priority algorithm to be a function of PDU set attributes such as PDU set priority, PDU set importance, PSDB and the time spent in the UE buffer. However, no enhancements were specified since it was argued that the capacity gains from the proposed enhancements were not significant enough to warrant the increased complexity. Although there has not been any change to the XR traffic profile, e.g., no new more stringent delay budget defined, the new objective on multi-modality warrants considering enhancements to LCP.
Existing LCP algorithm is based on constant parameters for each logical channel. Distributing resources between the different logical channels having data to transmit and eligible for transmission is based on a set of priority-related parameters configured for each logical channel, i.e., priority, PBR and BSD. The product of the PBR and BSD represents a bucket of bits that at a minimum should be transmitted for a logical channel at a given time. At each transmission occasion, the minimum bucket of bits is served for each logical channel, in decreasing order of priority of the logical channel. This priority handling and logical channel prioritization mechanism prevents starvation of lower priority channels. However, it does not consider more dynamic parameters such as the remaining time of the data and does not allow prioritizing of data with low remaining time if the data belongs to a lower priority logical channel.
Observation 1:	Existing LCP mechanism does not allow prioritizing of data with low remaining time if the data belongs to a lower priority logical channel. 
Enhancements to LCP to also consider the remaining time of the buffered data w.r.t. their respective delay budgets will allow for urgent packets to be prioritized if they belong to low-priority logical channels. For example, if PDU set A is mapped to LCH 1 and PDU set B is mapped to LCH 2 where the priority of LCH 1 > priority of LCH 2; if the remaining time of PDU set B is 5ms while the remaining time of PDU set A is 15ms, the UE may exceptionally prioritize PDU set B even though it belongs to a lower priority logical channel. To prevent this dynamic prioritization from happening too often, a critical remaining time threshold may be defined (e.g. at a value lower than the Rel-18 remaining time threshold) wherein the UE is configured to only prioritize data from a lower priority logical channel at the expense of a higher priority logical channel if the remaining time of the data in the lower priority logical channel is below the critical remaining time threshold. 
For Alternative 1, when multiplexing into the MAC PDU, the UE can be configured to prioritize a logical channel carrying data whose remaining time falls below a certain remaining time threshold, over a logical channel of higher priority if the remaining time of the data from that channel is larger than the remaining time compared to the data in the lower priority logical channel. The remaining time threshold may be configured by the network to be very small to prevent the UE from overriding the priority of the logical channels in only a few cases when delay-critical data risks failing its delay budget. In our understanding, Alternative 2 involves updating the prioritization rules to also consider the remaining time which may be more complicated to implement while also respecting the priority of the logical channel.
Such an enhancement to LCP is especially important for XR traffic which has a stringent delay requirement which if not met, may impact the overall system capacity.  For multi-modal applications, the impact on the system capacity may be even greater since there exists a synchronization requirement between dependent flows, in addition to the absolute delay requirement for individual PDUs/PDU sets.
Proposal 4:	LCP is enhanced by considering the remaining time of the buffered data w.r.t. its respective delay budget when selecting between logical channels having data to transmit.
Proposal 5:	LCP is enhanced to also consider synchronization requirements between dependent multi-modal flows when multiplexing data in a MAC PDU.
3. Conclusion
In this contribution, the following observation is made:
Observation 1:	Existing LCP mechanism does not allow prioritizing of data with low remaining time if the data belongs to a lower priority logical channel.

In this contribution, the following proposals are made:
Proposal 1:	Enhance DSR to report one remaining time value per PDU set when more than one PDU set has data with remaining time less than the remaining time threshold.
Proposal 2:	Configure multiple remaining time thresholds to accommodate different PSDB values for multi-modal flows. 
Proposal 3:	DSR only needs to report on the delay for delay-critical data.
Proposal 4:	LCP is enhanced by considering the remaining time of the buffered data w.r.t. its respective delay budget when selecting between logical channels having data to transmit.
Proposal 5:	LCP is enhanced to also consider synchronization requirements between dependent multi-modal flows when multiplexing data in a MAC PDU.
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