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1. Introduction
In the last RAN2 meeting [1], some agreements have been reached on scheduling enhancement for XR:
	· 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.


Since the core of scheduling enhancement should be the scheduling algorithm, but the scheduling algorithm is largely determined by vendor implementation, this contribution will focus on discussing enhancements to LCP, as well as BSR and DSR.

2. Discussion
2.1 Delay aware scheduling enhancement
In our previous contribution, we thoroughly examined the issue where delay-critical data is impeded by higher-priority data (which may not be delay- critical), leading to its eventual discard due to the expiration of the PDCP discard timer.
In our analysis, we also concluded that this issue is commonly referred to as the "starvation problem" in other domains. It is a prevalent concern in Fixed Priority Scheduling (FPS) systems, where tasks waiting to utilize a system resource are assigned different priorities. Under this scheme, a task with a higher priority is given precedence over a task with a lower priority when accessing a specific system resource. One of the drawbacks of this approach is that tasks with lower priorities may suffer from starvation when an excessive number of higher priority tasks are in the queue, preventing them from accessing the resource.
For the gNB scheduler, each LCH can be likened to a task with a fixed priority. Fortunately, solutions to the starvation problem have been well-established in other domains. For instance, aging is a commonly employed and efficacious method to address starvation. The fundamental concept of aging involves incrementally raising or lowering the priority of a task based on the duration of its wait in the ready queue. There are several methods to implement aging, but they all adhere to the principle that the priority of a process should escalate the longer it remains in the ready queue. The escalation in priority may or may not be directly proportional to the waiting time of the process.
Hence, the 2 alternatives, LCH restriction and LCH prioritization, represent the lowering or raising of the priority of certain LCHs within the concept of aging, respectively. These two approaches are essentially similar, as they both involve modifying the priority of LCHs based on certain conditions. In TS 38.321, Logical Channel Prioritization (LCP) already encompasses two parts: Selection of logical channels (5.4.3.1.2) and Allocation of resources (5.4.3.1.3). Therefore, in our view, LCH restriction and LCH prioritization are fundamentally the same, both representing enhancements to LCP.
Observation 1: Both LCP restriction and LCH prioritization involve adjusting (increasing or decreasing) the priority of LCHs, based on other factors, at least the remaining time for delay-critical data.
Therefore, regardless of the alternative chosen by RAN, adjusting the priority of LCHs is imperative. Currently, the priority within the LogicalChannelConfig is an enumerated value that cannot be modified. To facilitate the implementation of related LCP enhancement operations, it is crucial to first consider whether to assign a variable priority to LCHs. Subsequent discussions can focus on whether this variable priority should be semi-static or dynamic. If it is semi-static, the priority could be selected based on different remaining times; if it is dynamic, the priority could be finely tuned according to the remaining time.
From an implementation standpoint, complexity must be considered, and thus a dynamic approach may not be entirely suitable, especially when considering UE implementation.
Anyway, all of the aforementioned alternatives necessitate that the priority of LCHs be adjustable. Consequently, RAN2 must first deliberate on the matter of whether to introduce variable priorities for LCHs.
Proposal 1: It is proposed to discuss how to introduce variable priority on LCH for both LCP restriction and LCH prioritization.
For LCP restrictions and LCH prioritization, while both methods can be considered to achieve delay-aware scheduling, there are indeed some differences in terms of implementation methods and complexity. Generally, only a small portion of the data is delay-critical. If, at certain times, the transmission of other majority data needs to be restricted to ensure the timeliness of the small portion of delay-critical data, there is no need to restrict the transmission of other non-delay-critical data. This would also lead to a larger overhead in priority operations.
In other words, since the number of LCHs carrying delay-critical data is relatively small in most cases, employing LCP restriction would affect all non-delay-critical LCHs, resulting in greater complexity and configuration overhead. Conversely, LCH prioritization only requires modifying the priority of the specific delay-critical LCHs, thus minimizing disruptions.
Proposal 2: RAN2 is kindly suggested to prioritize the study of LCH prioritization due to its less impact on non-delay-critical LCHs than LCP restriction.

2.2 Impact on non-delay-critical data
The implementation of scheduling enhancements for delay-critical data introduces a new set of considerations, which may have impact on non-delay-critical data with high priority.
While it is true that non-delay-critical data will not be discarded, the delayed delivery of such data still poses certain risks. For example, in scenarios where there is a substantial volume of delay-critical data with low delay critical data and physical resources are constrained, the prioritization of delay-critical data transmission could lead to higher-priority yet non-delay-critical data being superseded and not being transmitted. This outcome is undesirable and should be mitigated through appropriate scheduling strategies that balance the urgency of delay-critical data with the importance of other data types, ensuring that all data is eventually transmitted in a timely and efficient manner.
Observation 2: The impact for non-delay-critical data caused by scheduling enhancement for delay critical data should be mitigated.
Consequently, as a preliminary perspective, since the vast majority of XR data is born by DRBs, and the priority of DRB data typically does not exceed that of SRB, we contend that even when enhancing the priority of delay-critical data, it should not exceed the priority of the lowest-priority SRB.
Proposal 3: RAN2 is kindly asked to agree that the priority of DRB would not exceed any established SRB even with scheduling enhancement.
If there are delay-critical data within multi-modal data, we propose that the priority of these delay-critical data, even with scheduling enhancements, should not surpass the priority of the highest-priority LCH or DRB within the original multi-modal data. This consideration is based on the fact that UE or gNB may have multiple services active at the same time. Elevating the priority of data for one multi-modal service should not impede the delivery of data for other users, particularly when physical resources are scarce.
Proposal 4: RAN2 is kindly asked to agree that the priority of single modal data from a multi-modal data would not exceed the highest priority of that multi-modal data even with scheduling enhancement.
However, for non-multimodal data, determining the range of its priority for scheduling enhancements is more challenging. To facilitate discussion, the handling of this aspect can be left to UE or gNB implementation.
Proposal 5: RAN2 is kindly asked to agree that for non-multimodal data, its priority after scheduling enhancement is up to UE or gNB implementation and no higher than SRB.

2.3 BSR and DSR enhancement
For the enhancement of DSR and BSR, after thorough analysis, we identify two primary objectives: 
Objective 1:
To enhance scheduling for delay-critical data by providing more detailed information about its delay status and/or data volume, thereby facilitating the implementation of delay-aware scheduling enhancements. 
Objective 2:
To prevent delay-critical data from adversely affecting non-delay-critical data, such as blocking or causing more severe starvation issues due to the elevated priority of delay-critical data.
For Objective 1, it is believed that obtaining more information about delay-critical data could be beneficial, as the current signaling methods do not enable the gNB to accurately ascertain the amount of delay-critical data or the corresponding precise data volume. This is because the delay status refers to the shortest remaining value of the running PDCP discard timer among all PDCP SDUs that are buffered for an LCG but have not been transmitted in any MAC PDU. While the buffer size field indicates the total amount of delay-critical UL data for an LCG.
Therefore, we propose that the definition of the content in DSR may be revised. The reported remaining time in the DSR should be the maximum value among the PDCP discard timers of buffer size for corresponding LCG. Additionally, multiple pairs of remaining status and buffer size should be allowed to be reported in the DSR to facilitate the gNB in obtaining detailed information about the buffered data.
Observation 3: Since DSR reports only the shortest remaining time of all delay-critical data while the volume of all buffered delay critical data, current DSR cannot provide accurate remaining time and its corresponding buffer size.
Proposal 6: RAN2 is kindly asked to study DSR enhancement for reporting remaining time and the accurate amount of delay-critical data whose remaining time is less than the value reported in DSR.
For Object 2, since BSR already includes information about both delay-critical data and non-delay-critical data, when a new BSR is reported, gNB only needs to determine whether the data transmitted by UE is delay-critical or not. At this point, gNB can gather related information via DSR. Similarly, when a new DSR is reported, the gNB can also obtain information about both delay-critical data and non-delay-critical data through an upcoming BSR.
Proposal 7: RAN2 is kindly asked to study whether BSR can provide non-delay-critical data information, together with DSR, to reduce overhead.
Overall, DSR may be enhanced to report multiple pairs of different delay statuses and buffer sizes. And the overhead of DSR would become difficult to ignore. Therefore, we suggest reusing the information in BSR, which would also contribute to enhancing network capacity.

3. Conclusion
Since it is the second meeting of RAN2 on Rel-19 XR, it is suggested for RAN2 to study delay aware scheduling, we propose that,
Delay aware priority aspect:
Observation 1: Both LCP restriction and LCH prioritization involve adjusting (increasing or decreasing) the priority of LCHs, based on other factors, at least the remaining time for delay-critical data.
Proposal 1: It is proposed to discuss how to introduce variable priority on LCH for both LCP restriction and LCH prioritization.
Proposal 2: RAN2 is kindly suggested to prioritize the study of LCH prioritization due to its less impact on non-delay-critical LCHs than LCP restriction.
LCP enhancement aspect:
Observation 2: The impact for non-delay-critical data caused by scheduling enhancement for delay critical data should be mitigated.
Proposal 3: RAN2 is kindly asked to agree that the priority of DRB would not exceed any established SRB even with scheduling enhancement.
Proposal 4: RAN2 is kindly asked to agree that the priority of single modal data from a multi-modal data would not exceed the highest priority of that multi-modal data even with scheduling enhancement.
Proposal 5: RAN2 is kindly asked to agree that for non-multimodal data, its priority after scheduling enhancement is up to UE or gNB implementation and no higher than SRB.
DSR and BSR aspect
Observation 3: Since DSR reports only the shortest remaining time of all delay-critical data while the volume of all buffered delay critical data, current DSR cannot provide accurate remaining time and its corresponding buffer size.
Proposal 6: RAN2 is kindly asked to study DSR enhancement for reporting remaining time and the accurate amount of delay-critical data whose remaining time is less than the value reported in DSR.
Proposal 7: RAN2 is kindly asked to study whether BSR can provide non-delay-critical data information, together with DSR, to reduce overhead.
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