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1. Introduction
In XR NR Phase 3 WID [1], scheduling enhancement is regarded as an objective for Rel-19 XR Phase 3:
	-	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].


This contribution will primarily discuss the potential scheduling enhancement for delay-critical data and haptic data.
2. Discussion
2.1 Scheduling enhancement for delay-critical data
In Rel18 XR WI, RAN2 introduces DSR (Delay Status Report) to provide the serving gNB with delay status of LCGs, i.e., the smallest remaining value of the PDCP discard Timers among SDUs buffered for the LCG.
However, even if the UE is capable of reporting delay information, current specification limitations prevent the gNB scheduler from fully utilizing the delay status in the DSR. This outcome is due to the fact that the current MAC layer's LCP function only considers the priority of LCHs without taking the delay status of PDUs into account.
If not consider the delay status, it can result in the transmission of delay-critical data being blocked by higher-priority data (which may be non-delay-critical) and ultimately discarded due to the depletion of the delay budget. as illustrated below:


This kind of issue is generally referred to as the "starvation problem" in other domains. It is more common in Fixed Priority Scheduling, where tasks queued for utilizing a system resource are each assigned a priority. A task with a higher priority is permitted to access a specific system resource before a task with a lower priority is granted the same opportunity. One disadvantage of this approach is that tasks with lower priorities may experience starvation when a significant number of higher priority tasks are queued.
For instance, a process in a multi-tasking operating system may be perpetually denied the necessary resources to process its workload, a situation that is more prevalent if the scheduling algorithm is overly simplistic and/or poorly designed.
Observation 1: Current MAC specification can cause starvation problem when the priority of non-delay-critical data is higher than that of delay-critical data.
The emergence of multi-modal services exacerbates this problem because the data flows of multi-modal service have a possibility of being mapped to different DRBs or LCHs. Due to the strong dependency among multi-modal data flows, if a certain data flow occurs starvation, the user's multi-modal service experience will be significantly deteriorated.
Observation 2: With the introduction of multi-modality, starvation problem can be more severe for user experience due to the strong dependency of multi-modality.
Hence, in Rel-19 XR enhancement, it is proposed to investigate scheduling enhancements for delay-critical data.
Proposal 1: RAN2 agrees to study scheduling enhancement on delay critical data with delay status to avoid unnecessary starvation and discarding.
Certainly, the complexity of scheduling enhancements for delay-critical data should be manageable, both in terms of standardization and implementation. It is crucial to minimize the impact on non-delay-critical data as much as possible, since it is undesirable for such data to experience starvation as well.
Fortunately, solutions to the starvation problem have been well-developed in other domains. For example, aging is a commonly used and effective approach for starvation. The basic idea of aging is to gradually increase the priority of a task based on its waiting time in the ready queue. There are various ways to implement aging, but they all share the principle that the priority of a process should increase the longer it waits in the ready queue. The increase in priority may or may not be directly proportional to the waiting time of the process.
In more detail, aging can be implemented in NR using the Logical Channel Prioritization (LCP), as the essence of aging is to elevate priority based on queuing time. For the NR MAC specification that has already introduced delay status reporting, the MAC scheduler can solely rely on LCP and DSR to implement aging. This means that the scheduler would raise the priority of delay-critical data based on their delay status or remaining time.
Proposal 2: RAN2 regards aging as a potential solution for starvation, i.e., prioritize delay-critical data based on its delay status，FSS it's dynamic or semi-static.
Undoubtedly, this approach will have some impact on non-delay critical data. Although non-delay-critical data will not be discarded, delivering it late still carries potential risks. For instance, if the volume of delay-critical data is significant and the physical resources are limited, prioritizing the transmission of delay-critical data may result in higher-priority but non-delay-critical data not getting a chance to be sent. This situation should be avoided.
Proposal 3: The impact for non-delay-critical data caused by scheduling enhancement for delay critical data should be limited, i.e., there should be no starvation triggered by scheduling enhancement.
In addressing this issue, certain QoS parameters related to data rate control (e.g., AMBR) might potentially resolve the problem. However, it is still recommended that RAN2 investigate whether there are any underlying issues that need to be addressed.

2.2 Scheduling enhancement for haptic data
The other issue might be scheduling enhancement for haptic data, which has stringent requirements for both latency and reliability.
 The periodicity of haptic data can be less than 1 millisecond, making it literally impossible for dynamic grants to indicate uplink transmissions for UE. This is because sending Scheduling Requests (SR), Buffer Status Reports (BSR), and waiting uplink grants requires more time. Additionally, this may also impact k2.
As for configured grants, the periodicity of the CG can accommodate haptic data since the shortest periodicity of CG can be sym2. However, there are still some issues to be addressed. One problem is that although the sampling rate of the haptic device is generally static and stable, the reporting rate is not static since the haptic data may be compressed and thus appears aperiodicity from the RAN’s perspective.
An easy solution for the CG is to configure the CG occasion regardless of whether there is compressed haptic data or not, but this would undoubtedly be a waste of radio resources. Furthermore, it is very difficult to determine the proper size of the transmission block since the size of the compressed haptic data is random.
Observation 3: Haptic data has high requirements on both reliability and delay, unstable reporting rate, minimum ≤1ms reporting interval, and random packet size, making it a challenge for both dynamic and configured grants.
The other challenge caused by haptic data is power saving, with such high and random reporting rate, UE as haptic device may not have much chance for DRX. Whether it is possible for haptic device to enhance power saving might need to be justified.
Proposal 4: RAN2 agrees to study scheduling enhancements for haptic data, and although not captured, justify whether power-saving enhancements can be studied for haptic data.

3. Conclusion
It is suggested to study scheduling enhancement for the starvation of delay-critical data with low priority and haptic data.
Delay aware scheduling aspect:
Observation 1: Current MAC specification can cause starvation problem when the priority of non-delay-critical data is higher than that of delay-critical data.
Observation 2: With the introduction of multi-modality, starvation problem can be more severe for user experience due to the strong dependency of multi-modality.
Proposal 1: RAN2 agrees to study scheduling enhancement on delay critical data with delay status to avoid unnecessary starvation and discarding.
Proposal 2: RAN2 regards aging as a potential solution for starvation, i.e., prioritize delay-critical data based on its delay status，FSS it's dynamic or semi-static.
Proposal 3: The impact for non-delay-critical data caused by scheduling enhancement for delay critical data should be limited, i.e., there should be no starvation triggered by scheduling enhancement.
Haptic data scheduling aspect:
Observation 3: Haptic data has high requirements on both reliability and delay, unstable reporting rate, minimum ≤1ms reporting interval, and random packet size, making it a challenge for both dynamic and configured grants.
Proposal 4: RAN2 agrees to study scheduling enhancements for haptic data, and although not captured, justify whether power-saving enhancements can be studied for haptic data.
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