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1.	Introduction
According to WID of Rel-19 XR[1], it is agreed to study the scheduling enhancement with delay/deadline information, considering LCP complexity.
	-	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


In RAN2#125bis[2], followings are agreed on the scheduling enhancement for R19 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.


This document continues discussion on scheduling enhancement for XR.
2.	Discussion
Aspects on scheduling enhancement for delay-critical data for XR
In Rel-18 XR, DSR procedure is defined in order to report the amount of delay-critical data 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 before the PDCP discard timer expiry.
However, even though the DSR is transmitted and the network allocates the UL grant for the data with low remaining time, e.g., delay-critical data, the data with short remaining time may not be transmitted, since the LCP is performed based on the fixed logical channel priorities. That is, if there is another buffered data (with large remaining time) for higher priority logical channel, the uplink grant will be used by the data with large remaining time for LCH with higher priority logical channel. 
Then, the PDCP discard timer of XR data with short remaining time would expire, even though the DSR is transmitted and the network allocates the uplink grant for the data with short remaining time. In other words, 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.
Therefore, the scheduling enhancement is needed for data with low remaining time, e.g., delay-critical data, in order to ensure the transmission of data with low remaining time and to achieve the purpose of DSR. 
Proposal 1. For enhancement for Scheduling in XR, RAN2 defines a mechanism to ensure the transmission of data with short remaining time, e.g., after DSR is transmitted. 
However, data with the short remaining time should be prioritized only if it is needed. In general, current LCP procedure with PBR has enough efficiency for scheduling, since the data with stringent QoS requirement would have higher logical channel priority. Therefore, in normal situation (e.g., when the remaining time of data is large enough), existing LCP procedure is sufficient to meet the QoS requirement on average, so it is not needed to consider any enhancement on LCP procedure, e.g., considering the remaining time or importance. 
On the other hand, in some cases, the network may not be able to allocate the sufficient UL grant instantly, causing the delay-critical data and triggering DSR procedure. In this case, as mentioned above, prioritizing the data with short remaining time would avoid the unnecessary discard operation due to the transmission of data with large remaining time in the highest priority logical channel. Therefore, the prioritization of data with short remaining time should be performed only in specific cases, e.g., when it is indicated by the network or when DSR is transmitted.
Proposal 2. The data with short remaining time should be prioritized only if it is needed, e.g., when it is indicated by the network or when DSR is transmitted. 
During the RAN2#125bis meeting, some companies suggested to additionally consider the PDU set importance for scheduling enhancements for XR. It is true that low importance data should not be prioritized in congestion scenario, since the transmission of low importance data is not essential although it has less remaining time due to reduced PDCP discard timer value. However, since the main purpose of the scheduling enhancements is to avoid the unnecessary performance degradation due to discard operation of the data with short remaining time, the PDU set importance does not need to be carefully considered for scheduling enhancement in general (e.g., other than congestion scenario). Given that delay-critical data is already defined in Rel-18 XR and it does not include the low importance data in congestion scenario, it would be sufficient to prioritize delay-critical data for scheduling enhancement. Then, there is no need to additionally consider the PDU set importance. Note that the delay threshold to prioritize delay-critical data for scheduling may be different from the delay threshold to trigger DSR, if it is needed.
Proposal 3. In order to avoid the prioritization of low importance data in congestion scenario, the scheduling enhancement should aim to prioritize delay-critical data. 
Regarding the details to prioritize delay-critical data, there are two methods:
· Option 1: Enhance LCP restrictions/LCH selection, e.g., select only the logical channels with delay-critical data, when the delay-critical data needs to be prioritized.
· Option 2: Enhance LCH prioritization, e.g., applying different priorities and/or PBR of logical channels with delay-critical data, when the delay-critical data needs to be prioritized.
As noted in the WID of Rel-19 XR, for evaluation of each solution, LCP complexity should be considered. For Option 1, given that there are other LCH restriction defined in the current specifications, applying additional LCH restrictions based on the remaining time would not cause the huge complexity of existing LCP procedure. On the other hand, for Option 2, it would be complicated to apply different LCP parameters based on whether the delay-critical data is buffered or not in each logical channel. In Rel-18 discussion, modifying the existing LCP procedure considering the remaining time was not agreed, due to concerns on complexity of LCP implementation from UE point of view. Similarly, changing LCP parameters dynamically modifies the principle of existing LCP procedure, so it cannot be simply adopted in UE point of view. Therefore, it is enough to define additional LCP restrictions to ensure the transmission of delay-critical data, in order to minimize the additional complexity of current LCP procedure.
Proposal 4. Support the enhancement of LCP restrictions to prioritize delay-critical data, e.g., select only the logical channels with delay-critical data, when the delay-critical data needs to be prioritized.
In last RAN2 meeting, it was proposed to study whether there is an impact on transmission of SRB signalling or MAC CEs. Since the SRB signalling and MAC CEs are used to handle the radio condition or UE status in general, e.g., measurement report, handover, beam failure recovery, buffer status, etc., the transmission of SRB signalling and MAC CEs should be prioritized over the data, regardless of remaining time of the data. Therefore, there is no need to define a mechanism to prioritize delay-critical data over SRB signalling and MAC CEs.
Proposal 5. No need to define a mechanism to prioritize delay-critical data over SRB signalling and MAC CEs
Aspects on DSR enhancement
In RAN2#125bis meeting, it is agreed to study the DSR enhancement to include additional information.
	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.



According to the current DSR format, shortest remaining time and the amount of delay-critical data are included for each LCG. However, since the shortest remaining time information is included for each LCG, the network cannot know the amount of data associated with the indicated remaining time information (i.e., shortest remaining time). For example, the DSR MAC CE would have same information in following cases, if the remaining time threshold for delay-critical data is defined as 30ms:
· Case 1: LCG1 = [data 1: 100 MB with remaining time 10ms]
· Case 2: LCG1 = [data 1: 50 MB with remaining time 10ms, data 2: 50 MB with remaining time 30ms]
· Case 3: LCG1 = [data 1: 10 MB with remaining time 10ms, data 2: 90 MB with remaining time 30ms]
Then, if the network can allocate an UL grant after 15ms, the network cannot determine the amount of UL grant based on the existing DSR MAC CE format, since the network does not have information on amount of delay-critical data after the shortest remaining time without receiving another DSR MAC CE from the UE. From latency and network scheduling perspective, it would be good to provide multiple remaining time fields in one DSR MAC CE rather than receiving another DSR MAC CE in this situation. Therefore, in order to provide the sufficient information on the amount of delay-critical data and the corresponding remaining time information, it would be beneficial to define multiple steps on remaining time and buffer status information for delay-critical data.
Proposal 6. Define multiple remaining time fields in enhanced DSR MAC CE format.
In RAN2#125bis meeting, it was suggested to include non-delay critical data in DSR, given that DSR also include the amount of buffered data. However, it should be noted that the same discussion was held in Rel-18 XR, when the DSR is defined. Specifically, there was long discussion on whether to associate the DSR procedure and existing BSR procedure. As a result, it was agreed to define DSR operation independently from the existing BSR operation, due to complexity on mixing DSR and BSR procedure, e.g., impact on trigger/cancel BSR based on DSR operation, handling the case for LCGs not configured with DSR, etc. Therefore, given that there is no additional requirement for Rel-19 XR on this aspect, there is no need to repeat the same discussion. 
Proposal 7. Do not consider the non-delay critical data in DSR MAC CE.

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, the uplink grant for the delay-critical data should be prioritized in intra-UE prioritization.
Proposal 8. 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.
Proposal 1. For enhancement for Scheduling in XR, RAN2 defines a mechanism to ensure the transmission of data with short remaining time, e.g., after DSR is transmitted. 
Proposal 2. The data with short remaining time should be prioritized only if it is needed, e.g., when it is indicated by the network or when DSR is transmitted. 
Proposal 3. In order to avoid the prioritization of low importance data in congestion scenario, the scheduling enhancement should aim to prioritize delay-critical data. 
Proposal 4. Support the enhancement of LCP restrictions to prioritize delay-critical data, e.g., select only the logical channels with delay-critical data, when the delay-critical data needs to be prioritized.
Proposal 5. No need to define a mechanism to prioritize delay-critical data over SRB signalling and MAC CEs
Proposal 6. Define multiple remaining time fields in enhanced DSR MAC CE format.
Proposal 7. Do not consider the non-delay critical data in DSR MAC CE.
Proposal 8. RAN2 should consider enhancement on intra-UE prioritization in order to prioritize the uplink grant for delay-critical data. 
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