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Introduction
[bookmark: _Hlk54103511]During the Rel-17 SI phase, RAN1 has evaluated the capacity for AR, VR and CG applications and the results are summarized in [1]. Based on the evaluation results, the following was observed:
· The NR system capacity in support of AR, VR and CG applications is smaller for applications requiring higher data rate.
· The NR system capacity in support of AR,VR and CG applications is higher with larger PDB value and/or relaxed PER requirement (i.e., higher PER values).
· The AR, VR and CG capacity is higher with larger system bandwidth.
Many of the XR and CG use cases are characterised by high data rate in DL (i.e., video steam) combined with the frequent UL (i.e., pose/control update) and/or UL video stream. Both DL and UL traffic are also characterized by relatively strict packet delay budget (PDB). Hence, there is a need to study and potentially specify possible solutions to better support such challenging services.
According to Rel-18 XR SID [2], one of the objectives of this SI is:
· Study mechanisms that provide more efficient resource allocation and scheduling for XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc…). Focus is on the following mechanisms:
· SPS and CG enhancements;
· Dynamic scheduling/grant enhancements.
In this contribution, we address some enhancements to SPS, CG and DG.
Discussion
Enhancements to dynamic scheduling/grant
In Rel-16, the feature “scheduling multiple PUSCHs via a single DCI” was introduced for NR-U. In Rel-17, 
“scheduling multiple PUSCHs via a single DCI” was further enhanced and “scheduling multiple PDSCHs via a single DCI” was introduced for NR-U in agenda item “Supporting NR from 52.6 GHz to 71 GHz” (or 60 GHz). If a UE is provided a TDRA table containing multiple rows for PDSCH/PUSCH, where each row provides multiple SLIV values, the NW can indicate the UE to receive multiple PDSCHs/transmit multiple PUSCHs in multiple consecutive or non-consecutive slots. Obviously, with this feature, the NW can save signaling overhead when scheduling a large amount of data. Due to relatively strict time budget and high capacity requirements for XR services and high data rate low latency (HDRLL) services, it may be efficient to schedule mutitple PDSCHs/PUSCHs via a single DCI. Although the features were not designed for XR originally, they can still be reused in XR.
Due to relatively strict time budget and high capacity requirements for XR services, it is efficient to schedule multiple PDSCHs/PUSCHs via a single DCI.
The mechanism for scheduling multiple PDSCHs/PUSCHs via a single DCI developed for Rel-17 NR-U (60 GHz) can be the baseline for NW to schedule data from XR traffic by DGs.
However, some aspects of the mechanism for scheduling multiple PDSCHs/PUSCHs via a single DCI designed in the Rel-17 60 GHz is not flexible when it comes to XR traffic. For example, FDRA was not enhanced and some fields in DCI shall be applied to all scheduled PDSCHs/PUSCHs, which may restrict the flexibility of scheduling. We think RAN1 should study how to enhance the mechanism for scheduling multiple PDSCHs/PUSCHs via a single DCI. The possibility of having multiple PDSCHs/PUSCHs on multiple cells can also be considered.
RAN1 should study how to enhance the mechanism for scheduling multiple PDSCHs/PUSCHs via a single DCI originally designed for Rel-17 NR-U (60 GHz) for XR.
Enhancements to SPS and CG
Due to the periodic nature of XR traffic (at least for DL), SPS (and CG) is favorable to be used to schedule XR traffic. In current specifications, a UE can be configured one or more SPS/CG configurations. For SPS and Type-2 CG, the UE can be indicated by a DCI to activate a single configured SPS or a single Type-2 CG configuration. Once an SPS/CG configuration is activated, the UE should receive SPS PDSCH/transmit CG PUSCH periodically with the periodicity configured in the corresponding SPS/CG configuration until the SPS or CG configuration is deactivated. In addition, Type-1 CG configuration is initialized once configured by RRC and cannot be dynamically activated or deactivated.
However, once a first SPS/CG configuration is activated, the UE should apply the same parameters configured by RRC, e.g., mcs-Table and periodicity, to all SPS PDSCHs/CG PUSCHs in the corresponding SPS/CG configuration until the NW reconfigures the first SPS/CG configuration. Hence, if the service requirements suddenly change, the parameters configured by RRC cannot be updated until the NW reconfigures the SPS/CG configuration, let alone a single UE may have multiple SPS/CG configurations. Therefore, the resulted signaling overhead may be critical for XR services.
Of course, this issue can be handled by activating a second SPS/CG configuration with a different set of parameters, e.g., mcs-Table and  periodicity. Nevertheless, this will result in using more than one SPS/CG configuration to deliver the same service, which is not flexible enough for NW implementation in terms of allocating SPS/CG configurations for different services (note that according to the current specificiations, the maxmum number of SPS configurations per BWP is 8 and the maximum number of CG configurations per BWP is 12).
In the current specifications, once a SPS/Type-2 CG configuration is activated, the NW cannot update the parameters configured by RRC, e.g., mcs-Table and periodicity, of the SPS/Type-2 CG configuration until the NW reconfigures the SPS/Type- 2CG configuration. This may limit the flexibility to use SPS/CG to deliver XR services.
For a Type-2 CG, the parameters indicated by an activating DCI, e.g., TDRA, FDRA and K2, can be updated by another activating DCI. However, for a Type-1 CG, the parameters that are indicated by an activating DCI in case of Type-2 are semi-statically configured by RRC. Therefore, all parameters of a Type-1 CG configuration cannot be updated until the NW reconfigures the Type-1 CG configuration.
In the current specifications, once a Type-1 CG configuration is configured, the NW cannot update all parameters, e.g., mcs-Table, periodicity, TDRA, FDRA and K1, of the Type-1 CG configuration until the NW reconfigures the Type-1 CG configuration. This may limit the flexibility to use Type-1 CG to deliver XR services.
Therefore, we think RAN1 should study mechanisms for adaptively updating not only the parameters indicated by the activating DCI but also the parameters configured by RRC without reconfiguring or reinitializing the SPS/CG configuration.
RAN1 should study mechanisms for adaptively updating the parameters used for an activated SPS/Type-2 CG configuration without reconfiguring or reinitializing the SPS/Type-2 CG configuration.
RAN1 should study mechanisms for adaptively updating the parameters used for Type-1 CG configuration without reconfiguring the CG configuration.
Conclusion
For enhancements to dynamic scheduling/grants, the following observation and proposal are made in this contribution:
1. Due to relatively strict time budget and high capacity requirements for XR services, it is efficient to schedule multiple PDSCHs/PUSCHs via a single DCI.
1. The mechanism for scheduling multiple PDSCHs/PUSCHs via a single DCI developed for Rel-17 NR-U (60 GHz) can be the baseline for NW to schedule data from XR traffic by DGs.
RAN1 should study how to enhance the mechanism for scheduling multiple PDSCHs/PUSCHs via a single DCI originally designed for Rel-17 NR-U (60 GHz) for XR.
For enhancements to SPS and CG, the following observation and proposal are made in this contribution:
In the current specifications, once a SPS/Type-2 CG configuration is activated, the NW cannot update the parameters configured by RRC, e.g., mcs-Table and periodicity, of the SPS/Type-2 CG configuration until the NW reconfigures the SPS/Type- 2CG configuration. This may limit the flexibility to use SPS/CG to deliver XR services.
In the current specifications, once a Type-1 CG configuration is configured, the NW cannot update all parameters, e.g., mcs-Table, periodicity, TDRA, FDRA and K1, of the Type-1 CG configuration until the NW reconfigures the Type-1 CG configuration. This may limit the flexibility to use Type-1 CG to deliver XR services.
RAN1 should study mechanisms for adaptively updating the parameters used for an activated SPS/Type-2 CG configuration without reconfiguring or reinitializing the SPS/Type-2 CG configuration.
RAN1 should study mechanisms for adaptively updating the parameters used for Type-1 CG configuration without reconfiguring the CG configuration.
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