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1. Introduction

In this contribution we discuss enhancements related to the uplink scheduling for XR traffic

2. [bookmark: Proposal_Beacon]Discussion

The Rel-19 Work Item on XR Phase 3 was agreed in RP-240791.
	The Rel-19 XR Phase 3 objectives are as follows:
Specify Enhancements for Scheduling, as follows: 
-	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. [RAN2].
LCP implementation complexity need to be taken into account when evaluating solutions



RAN2#125Bis Agreements
	Agreement : 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



2.1 Discussion on LCP Restrictions/LCH Selection vs Enhancing LCH Prioritization
We prefer LCH prioritization (Alternative 2) over enhancing LCP restrictions (Alternative 1) for managing uplink scheduling of delay-critical data. Prioritization based on LCH allows for more dynamic and responsive scheduling that can be adapted in real-time to the urgency of the data packets. This method can minimize the delay for critical data by adjusting the priority dynamically based on the SDU’s proximity to its deadline, which is crucial for applications requiring strict timing like XR services. In contrast, LCP restriction enhancements, while providing a structured approach to resource allocation, would be less flexible as they typically involve more static and predefined criteria for resource allocation.


Proposal 1: RAN2 agree to work on Enhancing LCH prioritization instead of enhancing LCP restrictions /LCH Selection.
2.2 Scheduling Feedback Mechanism.
Observation 1: The existing Delay Status Report (DSR) mechanism lacks a feedback component that informs the UE about the treatment of delay-critical data after its reporting. This absence of feedback can lead to uncertainty in the management of high-priority and delay-sensitive data, possibly causing suboptimal transmission strategies, heightened packet loss, or delays. If the gNB were able to provide feedback indicating which SDUs are scheduled for transmission and which are at risk of expiration, the UE could more effectively prioritize its transmissions and possibly forego attempts to resend SDUs that are unlikely to be delivered in time.
Proposal 2 : Introduce a feedback mechanism after DSR and scheduling that allows the network to send back information to the UE regarding the scheduling and expiration status of data reported in DSRs.
This feedback would specifically inform the UE which SDU’s have been prioritized for imminent transmission and which are likely to be expired due to inability to meet the delay requirements.

2.3 Limitation of Delay status report.

RAN2#125Bis Agreements
	Agreement : 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



Observation 2: The existing Delay Status Report (DSR) mechanism, fails to consider the varied urgency and priority of all data types within the buffer, potentially delaying the transmission of high-priority data, also it does not provide the granularity required to effectively differentiate between delay-critical and non-delay-critical data, this  may impact servicing critical SDU’s that needs to be served despite not having delay criticality information. it fails to consider the varied urgency and priority of all data types within the buffer, potentially delaying the transmission of high-priority data.
Multiple enhancements to DSR are required to solve the issue.
	Field name
	Existing MAC DSR (TS 38.321 rel-18)
	Proposed Enhancements

	LCGi
	Indicates the presence of delay information for each LCG.
	Expanded to include flags specifying whether the data is high-priority, low-priority, or both.

	Remaining Time
	Reports the shortest remaining discard time for an LCG.
	Split into two fields: Remaining Time F (for high-priority data) and Remaining Time S (for standard-priority data).

	Buffer Size
	Reports the total buffer size of delay-critical UL data for an LCG.
	Split into two fields: Buffer Size F (for high-priority data) and Buffer Size S (for standard-priority data).

	Priority Indicator
	None
	Introduces an I-bit to indicate the importance level of the reported data (F or S).



[bookmark: _Hlk166166041]Proposal 3: Revise the DSR MAC Control Element to introduce multi-tiered reporting for each LCG, which would detail the urgency (Delay criticality) and buffer sizes for different data priority levels, enhancing gNB’s decision-making capabilities regarding resource allocation.
Proposal 4: Priority Indicator Field: A new bit field to indicate the priority of the packet. This could be integrated into the existing DSR MAC CE structure, where a 'priority level' field specifies if the data is high or low priority.
Proposal 5: Augment the buffer size reporting to differentiate between high-priority and low-priority data within each LCG. This could be implemented by adding a second buffer size field exclusively for high-priority data.
Proposal 6: Modify the existing 'Remaining Time' field to include multiple entries per LCG, each corresponding to different priority levels or individual PDU sets, to provide more granular control over scheduling decisions based on urgency.
Proposal 7: Revise the LCGi field to reflect the complexity of the data reported, indicating whether the DSR includes high-priority, low-priority, or both types of data.


3. Conclusion
In this contribution, we discuss two enhancements for XR uplink and proposed following Proposals. 

Proposal 1: RAN2 agree to work on Enhancing LCH prioritization instead of enhancing LCP restrictions /LCH Selection.
Proposal 2 : Introduce a feedback mechanism after DSR and scheduling that allows the network to send back information to the UE regarding the scheduling and expiration status of data reported in DSRs.
This feedback would specifically inform the UE which LCGs or data within those LCGs have been prioritized for imminent transmission and which are likely to be expired due to inability to meet the delay requirements.
Proposal 3: Revise the DSR MAC Control Element to introduce multi-tiered reporting for each LCG, which would detail the urgency (Delay criticality) and buffer sizes for different data priority levels, enhancing gNB’s decision-making capabilities regarding resource allocation.
Proposal 4: Priority Indicator Field: A new bit field to indicate the priority of the packet. This could be integrated into the existing DSR MAC CE structure, where a 'priority level' field specifies if the data is high or low priority.
Proposal 5: Augment the buffer size reporting to differentiate between high-priority and low-priority data within each LCG. This could be implemented by adding a second buffer size field exclusively for high-priority data.
Proposal 6: Modify the existing 'Remaining Time' field to include multiple entries per LCG, each corresponding to different priority levels or individual PDU sets, to provide more granular control over scheduling decisions based on urgency.
Proposal 7: Revise the LCGi field to reflect the complexity of the data reported, indicating whether the DSR includes high-priority, low-priority, or both types of data.
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