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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN#102, a new WI of XR (eXtended Reality) for NR has been agreed which contains the following bullet point [1]:
· 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
NOTE: 	Whether / to what extent network exposure / RAN awareness / e.g. RAN involved rate control, possibly additional info for DL scheduling, parallel with SA2 work, shall be covered in this WI is TBD.

In this contribution, we discuss some UL enhancements for XR, where we first identify the current scheme drawbacks/limitations and envisage the enhancement direction. 

2. UL Scheduling enhancements 
2.1 Enhancements for retransmission-less CG     
In Rel-18, few enhancements for configured grant (CG)-based scheduling were introduced for XR [2], for example:
· Multiple CG PUSCH transmission occasions in a period of a single configuration: Based on existing CG period, a number of intermediate occasions can be added in the same period in order to increase the capacity and reduce the transmission delay of the XR service.  
· Dynamic indication of unused CG PUSCH occasion(s) of a CG configuration via UTO-UCI multiplexed within PUSCH transmission of the CG configuration. In the previous point, the number of intermediate occasions in the same period are semi-statically added/configured, and in practise, some of them may not be used, consequently, dynamic indication of unused CG PUSCH occasion(s) to the gNB in advance is very beneficial so that gNB can assign these resources to other UEs, hence increasing the system capacity.
· Retransmission-less CG: where a UE does not monitor for HARQ retransmissions corresponding to some specific configured grants (CG). The retransmission-less attribute is semi-statically configured for a configured grant (CG) based on the service.    
Based on Rel-18 enhancements, the Retransmission-less attribute is configured per CG semi-statically (by RRC) where CG has one-to-one mapping with a logical channel, for example a logical channel that carries the UL pose/control information as shown on Figure 1. However, if data for retransmission-less CG is not available for a given occasion, the occasion cannot be used for other services that need HARQ retransmissions. As shown on Figure 1, logical channel 1 is configured to be mapped to CG index 0 where there is a retransmission-less for this service. If there is no data for the first occasion of CG index 0, that occasion cannot be used for data from logical channel 2, because logical channel 2 requires retransmissions. Hence, there is a lack of flexibility to transmit data from logical channel 2 to any occasion of CG index 0 when CG resource is available. In addition, if data from logical channel 2 could have been transmitted on the earlier occasion of CG index 0, it could help the packet delay budget (PDB) or to speed up the data delivery for XR service. Therefore, there is a need for enhancement in order to speed up the data delivery for XR service as well as improving the system capacity.
[image: ] 
Figure 1. One-to-one mapping between the logical channel and CG Resource
In our understanding, the data delivery time for XR service can be improved if data can be transmitted on the earliest available CG resource and UE can dynamically indicate whether the current CG-PUSCH is retransmission-less or requires HARQ retransmissions. This enables the UE to indicate per CG-PUSCH occasion whether that CG-PUSCH transmission requires HARQ retransmission or not. The benefit of this is that it provides full flexibility of allowing any CG occasion of any CG configuration to operate with or without HARQ retransmissions which results to speed up the data delivery for XR service as well as improving the system capacity.
Proposal 1: Support dynamic indication of HARQ retransmission-less for CG-PUSCH from UE. 
For the dynamic indication of retransmission-less CG-PUSCH from UE, obviously the reliability has to be taken into account. For example, as shown on Figure 1, if reliability parameters (e.g., MCS) for logical channels 1 and 2 are different, then data from logical channel 1 cannot be mapped to CG index 1 without taking into account the reliability parameters.
Proposal 2: Investigate the reliability parameters for CG-PUSCH from UE (e.g., MCS) when dynamic indication of HARQ retransmission-less is applied. 

2.2 HARQ Retransmission-less for data with low remaining time    
In Rel-18, Delay Status Report (DSR) of the critical buffered data was specified, where the network configures the DSR to the UE. After UE reports the DSR, the network/gNB will know the remaining time for the critical data in the UE buffer. Hence, the gNB can schedule to the UE by sending a large UL grant subsequently as shown on Figure 2.
After UE receives the large grant, it could transmit the data of one or more logical channels based on logical channel priorities. However, if UE sends data with first transmission where the remaining time is very short, it is not desirable to have HARQ retransmissions as data will be outdated soon after first transmission. Obviously, retransmitting an outdated data unnecessarily in the air interface will consume a lot of resources and will impact on the system capacity. In addition, in this case, the UE does not need to monitor possible UL retransmissions thus increasing the number of power saving opportunities for the UE.
In more detail, when a UE receives an UL grant (DCI + PUSCH), the UE can sort out the logical channels based on the remaining time, and then fills the PUSCH based on the priority of the logical channels (i.e., only logical channels under the low remaining time). Hence, the gNB can receive the first transmission of the critical data if decoded successfully. However, if data is not decoded successfully, if the remaining time was too low, there is no need to retransmit.
Therefore, it reasonable to support dynamic indication of HARQ retransmission-less for dynamic UL grant/PUSCH carrying data with low remaining time from UE.
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Figure 2. gNB scheduling critical data. 


Proposal 3: Support dynamic indication of HARQ retransmission-less for dynamic UL grant scheduling PUSCH carrying data with low remaining time from UE. 

2.3 RAN Awareness of rate control 
Application layer may change the frame rate depending on radio conditions or user experience and RAN may be informed about these rate changes. RAN may expose congestion via using L4S or ECN indications which was specified by SA2 in Rel-18. In addition, application may be aware of UE radio conditions via exposure function. SA2 is still discussing these details about dynamic rate control in Rel-19 and ow to inform RAN. This topic was discussed during the drafting session of WI during RANP_102 and there is TBD in the WID. 
	Note: 	Whether / to what extent network exposure / RAN awareness / e.g. RAN involved rate control, possibly additional info for DL scheduling, parallel with SA2 work, shall be covered in this WI is TBD.



We think SA2 work is on track, and it is better to wait for the progress in SA2. RAN2 changes may be straightforward i.e., remove the restriction from Recommended bit rate MAC-CE in order to inform rate changes.
Proposal 4: RAN2 to wait for the progress of application rate control and RAN exposure discussions in SA2.

3. Conclusions
In this contribution, we have discussed some UL enhancements for XR, where we first identified the current scheme drawbacks/limitations and envisaged the enhancement direction. We have the following proposals:

Proposal 1: Support dynamic indication of HARQ retransmission-less for CG-PUSCH from UE. 
Proposal 2: Investigate the reliability parameters for CG-PUSCH from UE (e.g., MCS) when dynamic indication of HARQ retransmission-less is applied. 
Proposal 3: Support dynamic indication of HARQ retransmission-less for dynamic UL grant scheduling PUSCH carrying data with low remaining time from UE. 
Proposal 4: RAN2 to wait for the progress of application rate control and RAN exposure discussions in SA2.
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