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1. [bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866][bookmark: _Hlk161308639]In Rel-19 XR WID [1], the detailed objectives on enhancement for Scheduling are captured 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].
· Note: LCP implementation complexity need to be taken into account when evaluating solutions.
· Note: Check in RAN#105


This contribution would like to provide our considerations on the enhancement for scheduling, including Delay-aware LCP enhancement, and Delay-aware enhancement for BSR/DSR.

2. Discussion 
[bookmark: _Hlk161603396][bookmark: _Hlk163203070]As stated in the justification of Rel-19 XR WID [1], scheduling enhancement for XR aims to facilitate efficient and effective support of scheduling to enable high system capacity, e.g., by relaxing time constraints for resource allocation as far as possible, while meeting delay requirements/avoiding too late PDUs. For scheduling enhancement for XR, from our perspective, delay-aware enhancements on MAC layer, i.e., LCP and BSR/DSR, could be considered.
Delay-aware LCP enhancement
Whenever an uplink grant is allocated to UE for a new transmission, LCP procedure is applied by the MAC entity to multiplex the available data belonging to one or more LCHs into this uplink grant. UE needs to determine which LCHs of data to multiplex and how much data to multiplex for each LCH, based on the given configuration (LogicalChannelConfig) via the RRC signaling and the rules specified. 
Considering that the uplink resource allocated by the uplink grant is limited and multiple LCHs have to compete the uplink resource, a priority is assigned to each LCH via LogicalChannelConfig. For each uplink grant, the uplink resource is allocated for selected LCHs in a decreasing LCH priority order. 
Meanwhile, in order to avoid the LCHs with higher priority always occupying the uplink resources resulting in the LCHs with lower priority being “starved”, PBR/BSD-based token bucket algorithm is used in LCP procedures, which is a commonly used rate limiting method. The basic idea is to ensure the PBR for all selected LCHs fairly in a decreasing priority order based on whether there are tokens in the token bucket and the number of tokens (i.e., Bj), and when all selected LCHs meet the PBR, if any resource remains, all selected LCHs would be served in a strict decreasing priority order regardless of the number of tokens (i.e., Bj). 
[bookmark: _Hlk162909961][bookmark: _Hlk162909972][bookmark: _Hlk162910146]Legacy priority and PBR/BSD-based LCP procedure worked well in the past, which is mainly to achieve PBR-based fairness. The processing order of LCHs is mainly based on priority configured for each LCH via RRC signalling, but does not consider to meet the transmission requirement of delay critical data. 
Observation 1 Legacy priority and PBR/BSD-based LCP procedure is designed to achieve PBR-based fairness, but does not consider to ensure the in-time transmission of delay-critical data.
[bookmark: _Hlk162913890][bookmark: _Hlk162911150]In the context of the demanding scenarios and traffic characteristics requirements of XR, in some cases the priority of LCH1 is higher than the priority of LCH2, but the data in LCH1 is not delay-critical data and the data in LCH2 is delay-critical. If using the legacy LCP procedure, the UL resources scheduled by NW may be used to transmit the data of LCH1, which will cause the delay-critical data of LCH2 not to be fully transmitted in time. Thus, we suggest RAN2 to study and support the delay-aware LCP enhancement mechanism using delay/deadline information to ensure the in-time transmission of delay-critical data.
Proposal 1 Delay-aware LCP enhancement using delay/deadline information is supported in Rel-19 XR.
[bookmark: _Hlk162911419]Regarding how to achieve delay-aware LCP enhancement using delay/deadline information, one candidate option is to override/adjust priority of LCH based on delay/deadline information, e.g., for LCH carrying the data which is going to reach PDB deadline, its LCP priority could be adjusted to be higher so that it could be transmitted immediately based on LCP procedure. 
[bookmark: _Hlk162952759]Alternatively, we can also consider to introduce new ranking criterion based on delay/deadline information for the processing order of different LCHs on top of priority, i.e., the processing order of selected LCHs is determined by both priority and delay/deadline information. The detailed ranking manner could be discussed later, e.g., how to combine new delay/deadline-based criterion and legacy priority, and which one is the first ranking criterion.
Proposal 2 RAN2 discusses the following options for delay-aware LCP procedure enhancement using delay/deadline information:
- Option 1: override/adjust the priority of LCH based on delay/deadline information
[bookmark: _Hlk162911271]- Option 2: the processing order of multiple LCHs is determined by both priority and delay/deadline information

[bookmark: _Hlk162824840]Delay-aware enhancement for BSR/DSR
In 5G NR, NW can configure the DSR mechanism for UE. When the UE meets the DSR reporting conditions, it will report delay status information of LCGs to serving gNB, which includes remaining time, i.e., the smallest remaining value of the PDCP discardTimers among SDUs buffered for the LCG, and the total amount of delay-critical UL data for the LCG. The reporting of the DSR information can help the NW understand the remaining time of the data to assist the serving gNB in scheduling. Whether to trigger DSR is determined based on whether the remaining value of the PDCP discard timer is less than the threshold. 
However, in the legacy DSR mechanism, the requirement of priority transmission for delay-critical data is not fully met. In detail, the existing DSR reporting is the total amount of delay-critical data for the LCG. In some cases, there may be data of LCH1 and LCH2 in an LCG. The priority of LCH1 is higher than the priority of LCH2, but the data in LCH1 is not delay-critical. In this way, If NW schedules the uplink resource based on DSR, UE would prioritize to transmit the data of LCH1 instead of the potential delay-critical data in LCH2, resulting in the delay-critical data in LCH2 not being transmitted in time. 
Besides, BSR is another mechanism for UE to provide the serving gNB with information about UL data volume in the MAC entity, to assist the serving gNB in scheduling. However, it does not differentiate between delay-critical data and non-delay-critical data.
Thus, we suggest RAN2 to study and discuss the delay-aware enhancement mechanism for BSR/DSR to ensure the in-time transmission of delay-critical data. Some candidate solutions could be further discussed. A general principle is to provide the serving gNB with more comprehensive information including both delay-critical data and non-delay-critical data at the same time, to assist the serving gNB in scheduling uplink resources for delay-critical data more efficiently and more effectively. Two options are worthy to discuss in RAN2, i.e., either BSR/DSR is triggered at the same time, or enhanced DSR to indicate the information of non-delay-critical data.
Observation 2 The principle of delay-aware enhancement for BSR/DSR is to provide the serving gNB with more comprehensive information including both delay-critical data and non-delay-critical data at the same time to schedule uplink resources for delay-critical data more efficiently and more effectively.
Proposal 3 [bookmark: _Hlk162953780][bookmark: _Hlk162953014]RAN2 discusses whether to support delay-aware enhancement for BSR/DSR. FFS on the detailed solution.

3. Conclusion
Based on the discussion above, we made the following observations and proposals:
Delay-aware LCP enhancement
Observation 1 Legacy priority and PBR/BSD-based LCP procedure is designed to achieve PBR-based fairness, but does not consider to ensure the in-time transmission of delay-critical data.
Proposal 1 Delay-aware LCP enhancement using delay/deadline information is supported in Rel-19 XR.
Proposal 2 RAN2 discusses the following options for delay-aware LCP procedure enhancement using delay/deadline information:
- Option 1: override/adjust the priority of LCH based on delay/deadline information
- Option 2: the processing order of multiple LCHs is determined by both priority and delay/deadline information
Delay-aware enhancement for BSR/DSR
Observation 2 The principle of delay-aware enhancement for BSR/DSR is to provide the serving gNB with more comprehensive information including both delay-critical data and non-delay-critical data at the same time to schedule uplink resources for delay-critical data more efficiently and more effectively.
Proposal 3 RAN2 discusses whether to support delay-aware enhancement for BSR/DSR. FFS on the detailed solution.
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