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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#125bis meeting, XR specific scheduling enhancement was discussed by RAN2 and the following agreements were made. 
	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.


In this contribution, we will further discuss the following aspects related to the scheduling enhancement:
· LCP enhancement with consideration of the data with low remaining time;
· DSR related enhancement.
Discussion
LCP enhancement with consideration of the data with low remaining time
According to the agreements, the LCP enhancement with consideration of the data with low remaining time includes the following two alternatives:
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Alternative 1: Enhance LCP restrictions/LCH selection.
· Alternative 2: Enhance LCH prioritization.
To identify the detailed solutions and impacts, we give a briefly analysis of these two alternatives. 
Enhance LCP restrictions/LCH selection
To prioritize the scheduling of the data with low remaining time, NW can configure or schedule grant which is dedicated for the data with low remaining time. And accordingly, only the transmission of the LCH that has data with low remaining time can use this grant. 
Proposal 1: For enhanced LCP restrictions/LCH selection, dedicated UL grant only for data with low remaining time can be considered.
For dynamic grant, upon NW indicate the corresponding grant via the DCI, NW can additionally indicate whether the dynamic grant is for data with low remaining time or not.
Proposal 2: An indication in DCI can be used to indicate the UL dynamic grant is dedicated for data with low remaining time. 
Currently, RRC can configure the LCP restrictions for each logical channel, and then for each grant, UE decides which logical channel can use the grant based on these configured LCP restrictions. And the following LCP restrictions are supported for now [1].
	RRC additionally controls the LCP procedure by configuring mapping restrictions for each logical channel:
-	allowedSCS-List which sets the allowed Subcarrier Spacing(s) for transmission;
-	maxPUSCH-Duration which sets the maximum PUSCH duration allowed for transmission;
-	configuredGrantType1Allowed which sets whether a configured grant Type 1 can be used for transmission;
-	allowedServingCells which sets the allowed cell(s) for transmission;
-	allowedCG-List which sets the allowed configured grant(s) for transmission;
-	allowedPHY-PriorityIndex which sets the allowed PHY priority index(es) of a dynamic grant for transmission;
-	allowedHARQ-mode which sets the allowed UL HARQ mode for transmission.


Similarly, to prioritize the transmission of data with low remaining time, NW can also configure the UE with new LCP restriction, e.g., an indication whether the logical channel is allowed to use the dedicated UL grant for data with low remaining time. 
Proposal 3: New LCP restriction can be introduced to indicate whether a logical channel is allowed to use the dedicated UL grant for data with low remaining time.
 Enhance LCH prioritization
Another aspect to prioritize the transmission of the data with low remaining time is to adjust the priority of the data with low remaining time, so that the data with low remaining time can be transmitted with higher priority. Based on current spec, the LCP procedure includes the LCH selection, detection of the priority of the logical channels, and resource allocation based on PBR and priority restriction. And in the whole procedure, to prioritize the transmission of the data with low remaining time, three options (in red color as shown in the figure 1) can be considered:
· Option 1: adjust the priority of data with low remaining time between MAC CE for C-RNTI (or data from UL-CCCH) and data from any Logical Channel (except data from UL-CCCH), e.g., the priority of data with low remaining time is lower than the C-RNTI MAC CE/data from UL-CCCH, but is higher than the BSR MAC CE;  
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Option 2: UE perform one additional resource allocation procedure which is dedicated for the data with low remaining time for each logical channel with decreasing priority order, and then if there is resource available, UE perform the resource allocation procedure based on current two-round LCP procedure;
· Option 3: Upon performing resource allocation for data from any logical channel (except data from UL-CCCH), UE adjust the priority of each logical channel based on whether there is data with low remaining time, and then perform the resource allocation procedure based on current spec.


Figure 1: Options on LCH prioritization
Proposal 4: For enhanced LCH prioritization, RAN2 to further discuss which options can be considered:
· Option 1: Adjust the priority of data with low remaining time between MAC CE for C-RNTI (or data from UL-CCCH) and data from any Logical Channel (except data from UL-CCCH);  
· Option 2: UE perform one addtional resource allocation procedure which is dedicated for the data with low remaining time for each logical channel with decreasing priority order, and then if there is resource available, UE perform the resource allocation procedure based on current specification;
· Option 3: Before performing resource allocation for data from any logical channel (except data from UL-CCCH), UE adjust the priority of each logical channel based on whether there is data with low remaining time.
DSR related enhancement
In last meeting, it was agreed that multiple remaining time and the corresponding data buffer volume can be included within the DSR MAC CE. Based on the remaining delay, NW can decide the size of the grant to be scheduled. However, it is FFS whether the non-delay critical data or other information should be included within the DSR MAC CE.
Currently, the trigger of the DSR MAC CE and the trigger of the BSR MAC CE is separate procedure. That is, even receive the DSR MAC CE, NW is still unclear the real buffer status of UE. NW can only schedule the grant based on the volume of the delay critical data. But in case there are available data which is not delay critical but is in high priority, it still cannot ensure the dealy critical data can be transmitted in the grant.
Observation 1: NW cannot schedule grant with proper size since only the data volume of the delay critical data is reported within the DSR MAC CE. 
To address the issue, one straightforward way is to also report the non-delay critical data’s volume in the DSR MAC CE. However, report all data volume is signaling overhead, and NW cannot decide the priority of the data, so NW may still cannot decide how much resource is scheduled in case of the congestion. Based on this, it is proposed that UE include the available data volume of data which is in higher priority in the DSR MAC CE. 
Proposal 5: The non-delay critical data volume which with higher priority can be reported in the DSR MAC CE. 
Conclusion
According to the analysis in section 2, it is proposed:
Observation 1: NW cannot schedule grant with proper size since only the data volume of the delay critical data is reported within the DSR MAC CE. 

Proposal 1: For enhanced LCP restrictions/LCH selection, dedicated UL grant only for data with low remaining time can be considered.
Proposal 2: An indication in DCI can be used to indicate the UL dynamic grant is dedicated for data with low remaining time. 
Proposal 3: New LCP restriction can be introduced to indicate whether a logical channel is allowed to use the dedicated UL grant for data with low remaining time.
Proposal 4: For enhanced LCH prioritization, RAN2 to further discuss which options can be considered:
· Option 1: Adjust the priority of data with low remaining time between MAC CE for C-RNTI (or data from UL-CCCH) and data from any Logical Channel (except data from UL-CCCH);  
· Option 2: UE perform one addtional resource allocation procedure which is dedicated for the data with low remaining time for each logical channel with decreasing priority order, and then if there is resource available, UE perform the resource allocation procedure based on current specification;
· Option 3: Before performing resource allocation for data from any logical channel (except data from UL-CCCH), UE adjust the priority of each logical channel based on whether there is data with low remaining time.
Proposal 5: The non-delay critical data volume which with higher priority can be reported in the DSR MAC CE.
Reference
[1] TS38.321 Medium Access Control (MAC) protocol specification
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