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[bookmark: _Ref100246227]Introduction
In Rel-17 “Study on XR Evaluation for NR” [1], the video stream in eXtended Reality (XR) and Cloud Gaming (CG) application, such as VR/AR and CG, are periodically generated based on the source codec frame generation rate, e.g. 60 FPS. For DL traffic in VR/CG, the packet inter-arrival time at the gNB would be varied caused by the delay jitter of network transport, while the packet arrival of the UL XR traffic would be periodic from the UE application layer to MAC/physical layer for scheduled UL transmission also with non-negligible delay jitter. The pose/control information as the classical UL XR traffic is usually generated with the 4ms periodicity with a small packet size, e.g. 100 bytes. Both DL and UL traffic are also characterized by relatively strict packet delay budget (PDB).
[bookmark: OLE_LINK42][bookmark: OLE_LINK43]A UE can transmit UL data using CG resources after configuration (of a CG Type 1) or activation (of a CG Type 2), without the need of receiving UL grant from the gNB. The UL configured grant also has a fixed amount of resource allocation at each periodicity. The reserved resource allocation could be based on average packet size or minimum packet size of XR service with consideration of the system resource utilization. The larger the resource is allocated for CG, the less number of CG users is supported. According to the TR 38.835[2], the enhanced CG transmission for XR-specific traffic could improve the UL system capacity. In the CG enhancement, multiple PUSCH occasions per CG period are pre-configured with the semi-statically configured periodicity not relying on the SR.
The study results of “Study on XR Enhancements for NR” [3] has the conclusion that the XR-specific capacity enhancements would mainly focus on the enhancements of CG PUSCH transmission, including multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration and dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE. 
The core feature design had been completed in RAN1#114 meeting [4], and the corresponding CRs are running from RAN1#114, however, some remaining issues in FGs for multi-PUSCHs CG need to be further discussed.
In this contribution, the remaining issues of the FGs for multi-PUSCHs CG are discussed in Section 2.
[bookmark: _Ref127277262]The remaining issues of the FGs for multiple CG PUSCHs 
The additional UE feature FG50-1a: “Multiple active multi-PUSCHs configured grant configurations for a BWP of a serving cell” had been agreed to be introduced to set the value range of maximum number of active/configured CG in a BWP of a serving cell and cross all cells in RAN1#114bis [5]. However, there are still some remaining issues needed to be further discussed under UE features session as Table 1.
[bookmark: _Ref149749349]Table 1: The FG 50-1a for NR_XR_Enh in RAN1#114bis [6]
	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

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	50. NR_XR_Enh 
	50-1a
	Multiple active multi-PUSCHs configured grant configurations for a BWP of a serving cell
	1. Supported maximum number of configured/active configured grant configurations in a BWP of a serving cell
Candidate values for component 1: {[2, 4, 8, 12]}

2. Supported maximum number of configured/active configured grant configurations across all serving cells, and across MCG and SCG in case of NR-DC
Candidate values for component 2: {2, …, 32}
	50-1, [11-9]
	Yes
	N/A
	
	
	
	
	
	[when UE supports both FG 11-9 and 50-1a the maximum number configured for legacy CG and multi-PUSCH CG should not exceed a maximum number, FFS maximum number]

[For all the reported bands in FR1, a same X1 value is reported for component 2. For all the reported bands in FR2, a same X2 value is reported for component 2.]

[The total number of configured/active configured grant configurations across all serving cells in FR1 is no greater than X1.]

[The total number of configured/active configured grant configurations across all serving cells in FR2 is no greater than X2.]

[If there are some serving cell(s) in FR1 and some serving cell(s) in FR2, the total number of configured/active configured grant configurations across all serving cells is no greater than max(X1, X2).]

[Regarding the interpretation of UE capabilities in case of cross-carrier operation, support of FG50-1 is based on the support of this capability for the band of the scheduled/triggered/indicated cell only]
	Optional with capability signaling 



Since the minimum value of FG 50-1 multiple CG PUSCHs is set to 2, UE needs to support single CG configuration for carrying the small XR packet, such as pose control packet might need only one CG PUSCH. If UE supports the legacy single CG configuration, such as FG 5-19 for Type 1 CG or FG 5-20 for Type 2 CG, small XR packet could be transmitted on the single Type 1 or Type 2 CG occasion. If UE supports FG 50-1 and FG 50-1a and does not support FG 5-19 or FG 5-20 legacy single CG configuration, small XR packet would be allocated at 2 CG occasions since the minimum value is set to 2. FG 11-9 is multiple CG PUSCH for URLLC. FG 50-1/FG 50-1a multiple CG PUSCH for XR can be standalone feature for UE to support without the support of multiple CG PUSCH for URLLC. FG 50-1 does not depend on the FG 19-1. Thus, FG 11-9 should not be the pre-requisite of the UE capability of multiple CG PUSCH for XR.
Proposal 1: UE capability for FG 50-1a multiple CG PUSCH configurations for XR should NOT have the pre-requisite of FG 11-9 the support of maximum number of CG configurations for URLLC.  
The value range of FG 50-1a should be determined based on the variation of packet size of different XR service types and the duty cycle of XR packet generation with the value up to 12 CG PUSCH configurations. The candidate values for component 1 can be more flexible with finer granularity, such as {2, 3, … , 12}, to support different types of XR traffic, such as AR, VR, cloud gaming, pose control etc. For example, the 3 CG configurations could be supported for the 50ms contains 3 CG periods at 60 FPS. So the granularity of candidate values should be further considered. The component 2: {2, …, 32} and corresponding notes in FG 11-9 can be reused for FG 50-1a.
Proposal 2: The candidate values for component 1 can be more flexible with fine granularity, such as {2, 3, … , 12}, the component 2: {2, …, 32}.
Thus, the UE feature FG 50-1a for XR enhancement in RAN1 is proposed as in Table 2.
[bookmark: _Ref149748758]Table 2: The proposed FG 50-1a for NR_XR_Enh
	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

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	50. NR_XR_Enh 
	50-1a
	Multiple active multi-PUSCHs configured grant configurations for a BWP of a serving cell
	1. Supported maximum number of configured/active configured grant configurations in a BWP of a serving cell
Candidate values for component 1: {2, 3,…, 12}{[2, 4, 8, 12]}

2. Supported maximum number of configured/active configured grant configurations across all serving cells, and across MCG and SCG in case of NR-DC
Candidate values for component 2: {2, …, 32}
	50-1, 
[11-9]
	Yes
	N/A
	
	
	
	
	
	[when UE supports both FG 11-9 and 50-1a the maximum number configured for legacy CG and multi-PUSCH CG should not exceed a maximum number, FFS maximum number]

[For all the reported bands in FR1, a same X1 value is reported for component 2. For all the reported bands in FR2, a same X2 value is reported for component 2.]

[The total number of configured/active configured grant configurations across all serving cells in FR1 is no greater than X1.]

[The total number of configured/active configured grant configurations across all serving cells in FR2 is no greater than X2.]

[If there are some serving cell(s) in FR1 and some serving cell(s) in FR2, the total number of configured/active configured grant configurations across all serving cells is no greater than max(X1, X2).]

[Regarding the interpretation of UE capabilities in case of cross-carrier operation, support of FG50-1 is based on the support of this capability for the band of the scheduled/triggered/indicated cell only]
	Optional with capability signaling 



Proposal 3: The UE feature FG 50-1a for XR enhancement in RAN1 should be supported as Table 2.
Conclusion
In this contribution, we discuss the FG 50-1a and give the following proposals.
[bookmark: _GoBack]Proposal 1: UE capability for FG 50-1a multiple CG PUSCH configurations for XR should NOT have the pre-requisite of FG 11-9 the support of maximum number of CG configurations for URLLC. 
Proposal 2: The candidate values for component 1 can be more flexible with fine granularity, such as {2, 3, … , 12}, the component 2: {2, …, 32}.
Proposal 3: The UE feature FG 50-1a for XR enhancement in RAN1 should be supported as Table 2.
Table 2: The proposed FG 50-1a for NR_XR_Enh
	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

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	50. NR_XR_Enh 
	50-1a
	Multiple active multi-PUSCHs configured grant configurations for a BWP of a serving cell
	1. Supported maximum number of configured/active configured grant configurations in a BWP of a serving cell
Candidate values for component 1: {2, 3,…, 12}{[2, 4, 8, 12]}

2. Supported maximum number of configured/active configured grant configurations across all serving cells, and across MCG and SCG in case of NR-DC
Candidate values for component 2: {2, …, 32}
	50-1, 
[11-9]
	Yes
	N/A
	
	
	
	
	
	[when UE supports both FG 11-9 and 50-1a the maximum number configured for legacy CG and multi-PUSCH CG should not exceed a maximum number, FFS maximum number]

[For all the reported bands in FR1, a same X1 value is reported for component 2. For all the reported bands in FR2, a same X2 value is reported for component 2.]

[The total number of configured/active configured grant configurations across all serving cells in FR1 is no greater than X1.]

[The total number of configured/active configured grant configurations across all serving cells in FR2 is no greater than X2.]

[If there are some serving cell(s) in FR1 and some serving cell(s) in FR2, the total number of configured/active configured grant configurations across all serving cells is no greater than max(X1, X2).]

[Regarding the interpretation of UE capabilities in case of cross-carrier operation, support of FG50-1 is based on the support of this capability for the band of the scheduled/triggered/indicated cell only]
	Optional with capability signaling 
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