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Introduction
The UE feature for the XR enhancement was discussed in RAN1#114 with the following agreements,  
· 
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups

	50. NR_XR_Enh
	50-1
	Multi-PUSCHs for Configured Grant
	1. Determination of time-domain resource allocation for CG-PUSCHs associated to a multi-PUSCHs CG
FFS whether to separate this FG for type-1 and type-2 CG
FFS whether to separate this FG for multiple CG configurations
FFS whether to separate this FG for shared spectrum
FFS whether to report maximum supported number of configured CG-PUSCH TOs in one CG period
	
	Yes
	N/A
	UE is not able to support Multi-PUSCHs per one period in Configured grant in licensed band
	
	
	
	
	
	Optional with capability signaling

	50. NR_XR_Enh
	50-2
	UCI indication of unused CG-PUSCH transmission occasions
	1. Multiplexing of the Unused transmission occasions UCI (UTO-UCI) on a CG-PUSCH
FFS whether to merge this FG into FG 50-1
FFS whether to separate this FG for UTO-UCI multiplexing with HARQ-ACK
	
	Yes
	N/A
	UE is not able to indicate the unused resources in CG
	
	
	
	
	
	Optional with capability signaling



RAN1 work on XR enhancement would focus on the enhancement of NR system capacity for XR with multiple CG PUSCH occasions with dynamic indication of unused CG PUSCH on UCI.   
This paper discusses the RAN1 aspect of UE features for XR enhancement for NR.  
UE Features for NR XR in RAN1
RAN1 discussion of XR enhancement for NR focuses on the UL NR capacity enhancement through multiple configured CG PUSCH occasions with UE feedback of unused CG PUSCH occasions on UCI.  The UE capability of multiple CG PUSCH should not have any differentiation in the support of Type 1 or Type 2 CG since the only difference between Type 1 and Type CG is the L1 signaling of activation of CG for Type 2 CG.  The multiple CG configurations should be part of multiple CG PUSCH configuration for XR service.   
[bookmark: _Hlk146498489]Proposal 1:  The UE capability of multiple CG PUSCH should not have any differentiation in the support of Type 1 or Type 2 CG.  The multiple CG configurations should be part of multiple CG PUSCH configuration for XR service.   

It was agreed in RAN1#114 that the range  of multiple CG PUSCH configuration is with minimum of 2 and maximum of 16 or 32 as follows,
Agreement
For a multi-PUSCH CG configuration, the range value of the higher layer parameter indicating number of consecutive slots (N in previous agreements) is:
· Max value=16 or 32
· Up to UE capability
· Min value=2

In RAN1#114, three options were agreed on the UE capability of multiple CG PUSCH for XR for each BWP per serving cell and whether is has the pre-requisite of FG 11-9 CG configuration as follows,    

Agreement
Select one of the following options:
· Option 1: Introduce a new capability to indicated maximum number of multi-PUSCH CG configurations (at least 2) per BWP of a serving cell and across all serving cells
· FG 50-1 as pre-requisite.
· FG 11-9 NOT as pre-requisite
· Option 2: Introduce a new capability to indicated maximum number of multi-PUSCH CG configurations (at least 2) per BWP of a serving cell and across all serving cells. The maximum number should not exceed the corresponding maximum number of CG configurations indicated by FG 11-9.
· FG 50-1 as pre-requisite.
· FG 11-9 as pre-requisite
· Option 3: Maximum number of multi-PUSCH CG configuration per BWP of a serving cell is one.

Since the minimum value of multiple CG PUSCH is 2, UE needs to support single CG configuration of FG 11-9 when small XR packet, such as pose control packet, might need only one CG PUSCH.  Multitple CG PUSCH could be configured for a UE when more than one XR services are configured for a UE.   Thus, option 2 should be the required UE capability for XR.

Proposal 2:  UE capability for multiple CG PUSCH configuration should indicate the support of maximum number of CG configurations indicated by FG 11-9 with FG 11-9 as pre-requisite.  
Multiple CG occasions are configured by RRC and only valid CG occasions are used for UL XR traffic transmission.   The TDRA determination of multiple CG occasion would follow the NR-U framework for type 1 and type 2 CGs. Even though the multiple PUSCHs CG is based on the framework of NR-U, the UE capability of multiple CG PUSCH is quite different from that of NR-U as following.
· The repetition is not supported for multiple PUSCHs CG, while the NR-U supports.
· The determination of HARQ process ID is different. The HPID is reported by UE in unlicensed band, while the multiple CG PUSCH for XR is calculated based on the formula.
· The consecutive slots N is configured separately from the parameters in NR-U, such as cg-nrofSlots-r16, cg-nrofPUSCH-InSlot-r16 and cgRetransmissionTimer while there is no RRC parameters for multiple CG PUSCHs for XR.  

Proposal 3:  The UE capability of supporting multiple CG PUSCH in FG 50-1 for licensed spectrum only but not for shared spectrum
If some of the multiple configured CG occasions are not used, the unused CG occasions are indicated by new UTO-UCI.    While minimum number of configured multiple CG PUSCH is 2, the UTO-UCI indication of unused CG occasions should be a separated feature group since it could be used to indicated the unused CG occasion for legacy Type 1 or Type 2 CG configuration.   
[bookmark: _Hlk146498537]Proposal 4: FG 50-2 UCI indication of unused CG-PUSCH transmission occasions should be a separated UE capability for the indication of unused CG occasions for multiple CG PUSCH and legacy Type 1/Type 2 CGs.  
Thus, the UE features for XR enhancement in RAN1 is proposed as follows,
[bookmark: _Hlk86320630][bookmark: _Hlk83578856]
	[bookmark: _Hlk146498600]Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups

	50. NR_XR_Enh
	50-1
	Multi-PUSCHs for Configured Grant
	1. Determination of time-domain resource allocation for CG-PUSCHs associated to a multi-PUSCHs CG
FFS whether to separate this FG for type-1 and type-2 CG
FFS whether to separate this FG for multiple CG configurations
FFS whether to separate this FG for shared spectrum
FFS whether to report maximum supported number of configured CG-PUSCH TOs in one CG period is 16 or 32
	11-9
	Yes
	N/A
	UE is not able to support Multi-PUSCHs per one period in Configured grant in licensed band
	Per UE
	N
	N
	N
	
	Optional with capability signaling

	50. NR_XR_Enh
	50-2
	[bookmark: _Hlk146498376]UCI indication of unused CG-PUSCH transmission occasions
	1. Multiplexing of the Unused transmission occasions UCI (UTO-UCI) on a CG-PUSCH
FFS whether to merge this FG into FG 50-1
FFS whether to separate this FG for UTO-UCI multiplexing with HARQ-ACK
	
	Yes
	N/A
	UE is not able to indicate the unused resources in CG
	Per UE
	N
	N
	N
	
	Optional with capability signaling






Conclusion 
In this contribution, we have discussed the UE features for XR enhancements for NR.   We have the following proposals,

· Proposal 1:  The UE capability of multiple CG PUSCH should not have any differentiation in the support of Type 1 or Type 2 CG.  The multiple CG configurations should be part of multiple CG PUSCH configuration for XR service.   
· Proposal 2:  UE capability for multiple CG PUSCH configuration should indicate the support of maximum number of CG configurations indicated by FG 11-9 with FG 11-9 as pre-requisite.  
· Proposal 3:  The UE capability of supporting multiple CG PUSCH in FG 50-1 for licensed spectrum only but not for shared spectrum
· Proposal 4: FG 50-2 UCI indication of unused CG-PUSCH transmission occasions should be a separated UE capability for the indication of unused CG occasions for multiple CG PUSCH and legacy Type 1/Type 2 CGs.  


We proposed to use Table 1for the UE feature for UE power saving enhancements for NR.  
Table 1:  UE capability for XR enhancement for NR

	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups

	50. NR_XR_Enh
	50-1
	Multi-PUSCHs for Configured Grant
	1. Determination of time-domain resource allocation for CG-PUSCHs associated to a multi-PUSCHs CG
2. maximum supported number of configured CG-PUSCH TOs in one CG period is 16 or 32
	11-9
	Yes
	N/A
	UE is not able to support Multi-PUSCHs per one period in Configured grant in licensed band
	Per UE
	N
	N
	N
	
	Optional with capability signaling

	50. NR_XR_Enh
	50-2
	UCI indication of unused CG-PUSCH transmission occasions
	1. Multiplexing of the Unused transmission occasions UCI (UTO-UCI) on a CG-PUSCH

	
	Yes
	N/A
	UE is not able to indicate the unused resources in CG
	Per UE
	N
	N
	N
	
	Optional with capability signaling
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