3GPP TSG-RAN2 Meeting #125bis	R2- 2403669
Changsha, China, April 15th – 19th, 2024

[bookmark: Source]Agenda item:		8.7.4 (NR_XR_Ph3)
Source:	LG Electronics Inc.
Title: 	Discussion on scheduling enhancement for XR
[bookmark: DocumentFor]Document for:	Discussion and Decision
1.	Introduction
According to WID of Rel-19 XR[1], it is aimed to support multi-modal traffic in XR with inter-dependencies, including capacity enhancements and power saving operation.
	-	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 document shows our views to support scheduling enhancement for XR
2.	Discussion
Aspects on scheduling enhancement for delay-critical data for XR
During the SI phase of XR, it is agreed to report delay information in order to allow the appropriate network scheduling considering remaining time of the buffered data:
	2: RAN2 considers a delay information is useful for XR. FFS if dynamic reporting from UE to network (e.g. via BSR) is needed, or whether PSDB is sufficient. If we have delay information, it needs to distinguish how much data is buffered for which delay value. Stage-3 details (e.g. what’s contained, how the triggering is done) can be discussed in the WI phase.




In order to report the delay information of XR data, it is agreed to report DSR when the remaining time until the PDCP discard timer expiry is less than the predetermined threshold. In DSR MAC CE format, the shortest remaining time and the amount of delay-critical data for each LCG is reported. 
In other words, when there is delay-critical data for XR service, DSR is triggered and reported in order to request the uplink grant to transmit the delay-critical data with short remaining time until the PDCP discard timer expiry, which is defined based on the PDB/PSDB.
Observation 1. In Rel-18 XR, DSR procedure is defined in order to request the uplink grant for delay-critical data.
On the other hand, according to the current specification, when the uplink grant is received, the UE transmits the buffered data based on the logical channel priority, as in the legacy procedure. In addition, the delay-aware LCP is not agreed due to the complexity of modifying the current LCP procedure. That is, even though the DSR is triggered and transmitted, the corresponding delay-critical data may not be transmitted, if there is another buffered data (with large remaining time) for higher priority logical channel. In this case, the transmission of DSR does not help the network scheduling to achieve the QoS requirement for XR. In other words, purpose the DSR MAC CE would not be achieved and the XR performance would be deteriorated if the non-delay critical data is prioritized after the DSR is transmitted.
Observation 2. The purpose of the DSR MAC CE would not be achieved and the XR performance would be deteriorated if the non-delay critical data is prioritized after the DSR is transmitted.
Note that the scheduling enhancement is not needed when the remaining time is large enough, since it is not urgent to transmit the data using the delay/deadline information. In this case, existing LCP procedure is enough. Rather, as discussed in Rel-18, if the additional procedure considering remaining time is defined in the current LCP procedure, it would be complicated from UE implementation point of view, which should be avoided. For example, if the additional round of LCP is defined in MAC layer based on the remaining time, UE may not have enough time to prepare the TB after receiving the uplink grant, due to the additional complexity of LCP procedure. 
Observation 3. Scheduling enhancement considering delay information is less beneficial when the remaining time of the buffered data is large enough, while the modification of existing LCP procedure considering delay information would increase UE complexity.
Therefore, the scheduling enhancement for delay critical data is needed only if there is delay-critical data, e.g., after DSR is transmitted. For example, given that the purpose of DSR is to request the uplink grant for delay-critical data, when the uplink grant is received after transmission of DSR, the transmission of delay-critical data should be prioritized over other data in order to ensure the transmission of delay-critical data. Alternatively, the network may allocate an uplink grant only for the delay-critical data, in which case UE needs to transmit delay-critical data prior to the other data.
Proposal 1. For enhancement for Scheduling in XR, RAN2 defines a mechanism to transmit delay-critical data prior to other data, e.g., after DSR is transmitted. 

Aspects on intra-UE prioritization on remaining time
In NR Rel-16, the intra-UE prioritization mechanism is introduced to support tighter latency and reliability. In the Rel-16 intra-UE prioritization, when the two UL grants are overlapped, the priority of each UL grant is determined by the highest priority among priorities of the logical channels that are multiplexed (i.e. the MAC PDU to transmit is already stored in the HARQ buffer) or have data available that can be multiplexed (i.e. the MAC PDU to transmit is not stored in the HARQ buffer) in the MAC PDU, i.e., logical channel priority is only considered to determine which UL grant is prioritized.
However, the Rel-16 intra-UE prioritization does not consider the remaining time of data, and it may have trouble to satisfy strict delay requirement for XR service because one UL grant which is used for data from the highest priority of logical channel may be always prioritized over any other UL grant. For example, when two UL grants are given for XR service and one of UL grants has the highest priority logical channel with the data having long remaining time till the PDCP discard timer expiry but another UL grant has the relatively lower priority with the data having short remaining time (i.e., delay-critical data), the Rel-16 intra-UE prioritization prioritizes the UL grant having data from the highest priority logical channel. However, from XR service perspective, another UL grant for delay-critical data should be prioritized in this condition because it is not urgent to transmit the data with long remaining time in the highest priority logical channel and it can be transmitted later due to sufficient remaining time. Thus, to support tight XR latency requirement, it may need to consider whether the uplink grant it to transmit the delay-critical data for intra-UE prioritization.
Proposal 2. RAN2 should consider enhancement on intra-UE prioritization in order to prioritize the uplink grant for delay-critical data. 


3.	Conclusion
In this contribution, it is discussed for the scheduling enhancement for XR. This document includes following observations.
Observation 1. In Rel-18 XR, DSR procedure is defined in order to request the uplink grant for delay-critical data.
Observation 2. The purpose of the DSR MAC CE would not be achieved and the XR performance would be deteriorated if the non-delay critical data is prioritized after the DSR is transmitted.
Observation 3. Scheduling enhancement considering delay information is less beneficial when the remaining time of the buffered data is large enough, while the modification of existing LCP procedure considering delay information would increase UE complexity.
Based on the above observations, followings are proposed
Proposal 1. For enhancement for Scheduling in XR, RAN2 defines a mechanism to transmit delay-critical data prior to other data, e.g., after DSR is transmitted. 
Proposal 2. RAN2 should consider enhancement on intra-UE prioritization in order to prioritize the uplink grant for delay-critical data. 
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