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[bookmark: _Ref68628695]Introduction
In this paper, we discuss remaining issues for UE features including the multi-PUSCH CG and UTO-UCI indicating unused CG PUSCH TOs for Rel-18 XR WI. 
Discussion
[bookmark: _Ref146200074]Rel-18 Multi-PUSCH CG 
In RAN1 #114bis, the following agreement was made for the multi-PUSCH CG configuration feature ([1]).
Agreement
· FG 50-1 is updated and an additional FG 50-1a is introduced as follows
	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 consecutive slots configured for CG-PUSCH TOs in one CG period, candidate value set: {16, 32}
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
	One or both of {5-19, 5-20}
	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 
	50-1a
	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 FG50-9 is based on the support of this capability for the band of the scheduled/triggered/indicated cell only]
	Optional with capability signaling 



Two alternatives were identified for the interpretation on the applicability of FG 11-9 to the Rel-18 multi-PUSCH CG
· Alt1: number reported by 11-9 does not include Rel-18 multi PUSCH CG
· Alt2: number reported by 11-9 includes Rel-18 multi PUSCH CG
Alt 1 results in a hard split between UE processing capability for legacy CG configuration and Rel-18 multi-PUSCH CG configuration. Suppose UE processing capability is not required to increase after Rel-18 multi-PUSCH CG is introduced, then the UE may report a smaller value for FG 11-9 than that for Rel-16 if it supports FG 50-1/1a. For example, summation of FG 11-9 value and FG 50-1/1a value for the Rel-18 UE is same as that for FG 11-9 for the Rel-16 UE. The concern was that FG 11-9 candidate value set {[1, 2, 4, 8, 12]} does not have per CG granularity, and summation of FG 11-9 and FG 50-1/1a may end up higher if the UE cannot really report a smaller FG 11-9 value.
By Alt 2, the total number of active CG configurations including both legacy CG configuration and Rel-18 multi-PUSCH CG configuration is restricted by FG 11-9. Part of FG 11-9 can be configured as Rel-18 multi-PUSCH CG configurations which is subject to FG 50-1/1a. This allows the Rel-18 UE to at least report the same value in FG 11-9 as the Rel-16 UE after FG 50-1/1a is introduced. 
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Figure 1: Rel-18 multi-PUSCH CG is configured as subset of FG 11-9

[bookmark: p1]Proposal 1: FG 11-9 is used as pre-requisite for FG 50-1a. Number reported by 11-9 includes Rel-18 multi PUSCH CG.
Regarding the number of active Rel-18 CG configuration per BWP, the current agreement has tentative value set {[2, 4, 8, 12]}. However, to support the alignment between CG periods and XR video traffic, a minimum number of 3 CG configurations needs to be configured in the leap cycle pattern, e.g., with start offsets {0, 16ms, 33ms} and 50ms periodicity for fps=60, if the rational number CG periodicity is not adopted in RAN2. For this reason, we think candidate value 3 should be added to FG 50-1a. To make full use of the additional bit to the signaling field, we can add three more candidate values.
[bookmark: p2]Proposal 2: For FG 50-1a, candidate values for component 1 are {[2, 3, 4, 5, 6, 8, 10, 12]}.
[bookmark: p3]Proposal 3: Similar to FG 11-9, FG 50-1 and FG 50-1a are “per band”.
Based on these, we updated the FG 50-1 and FG 50-1a in the table in blue texts.
[bookmark: p4]Proposal 4: Adopt the proposed changes (in blue) in the following table for FG 50-1 and 50-1a.
	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 consecutive slots configured for CG-PUSCH TOs in one CG period, candidate value set: {16, 32}
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
	One or both of {5-19, 5-20}
	Yes
	N/A
	UE is not able to support Multi-PUSCHs per one period in Configured grant in licensed band
	Per band
	N/A
	N/A
	N/A
	Number reported by 11-9 includes one Rel-18 multi PUSCH CG configuration.

	Optional with capability signaling

	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, 4, 5, 6, 8, 10, 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
	
	Per band
	N/A
	N/A
	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]
Number reported by 11-9 includes Rel-18 multi PUSCH CG configurations reported by FG 50-1a.
[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 FG50-9 is based on the support of this capability for the band of the scheduled/triggered/indicated cell only]
	Optional with capability signaling 




UTO-UCI
In RAN1 #114bis, the following agreement was made for UE feature for the UTO-UCI indicating unused CG PUSCH transmission occasions [1].
Agreement
· FG 50-2 is updated as follows
	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
	One or both of {5-19, 5-20}
	Yes
	N/A
	UE is not able to indicate the unused resources in CG
	
	
	
	
	
	Optional with capability signaling



In Rel-18, RAN1 has used CG-UCI as reference to design the UTO-UCI. Hence, it is reasonable to follow the CG-UCI features in defining FG 50-2. In [2][3], “support CG-UCI in CG-PUSCH” is defined as a per band UE feature. We noticed all advanced CG features after Rel-16 have been defined as per band. Based on this, we propose FG 50-2 is defined as per band.
[bookmark: p5]Proposal 5: Similar to CG-UCI, FG 50-2 is defined as a “per band” UE feature.
In our companion paper [4], we propose to support UTO-UCI multiplexing in the CG PUSCH in unlicensed band if the CG PUSCH does not include CG-UCI. If adopted, this should be clarified in the note for FG 50-2.
Based on these, we updated FG 50-2 in the table in blue texts.
[bookmark: p6]Proposal 6: Adopt proposed changes (in blue) in the following table for FG 50-2.
	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
	One or both of {5-19, 5-20}
	Yes
	N/A
	UE is not able to indicate the unused resources in CG
	Per band
	N/A
	N/A
	N/A
	UTO-UCI is applicable to the unlicensed band if the CG-PUSCH does not include CG-UCI
	Optional with capability signaling



Conclusions
In this contribution, we have provided the following proposals:
Proposal 1: FG 11-9 is used as pre-requisite for FG 50-1a. Number reported by 11-9 includes Rel-18 multi PUSCH CG.
Proposal 2: For FG 50-1a, candidate values for component 1 are {[2, 3, 4, 5, 6, 8, 10, 12]}.
Proposal 3: Similar to FG 11-9, FG 50-1 and FG 50-1a are “per band”.
Proposal 4: Adopt the proposed changes (in blue) in the following table for FG 50-1 and 50-1a.
	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 consecutive slots configured for CG-PUSCH TOs in one CG period, candidate value set: {16, 32}
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
	One or both of {5-19, 5-20}
	Yes
	N/A
	UE is not able to support Multi-PUSCHs per one period in Configured grant in licensed band
	Per band
	N/A
	N/A
	N/A
	Number reported by 11-9 includes one Rel-18 multi PUSCH CG configuration.

	Optional with capability signaling

	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, 4, 5, 6, 8, 10, 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
	
	Per band
	N/A
	N/A
	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]
Number reported by 11-9 includes Rel-18 multi PUSCH CG configurations reported by FG 50-1a.
[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 FG50-9 is based on the support of this capability for the band of the scheduled/triggered/indicated cell only]
	Optional with capability signaling 



Proposal 5: Similar to CG-UCI, FG 50-2 is defined as a “per band” UE feature.
Proposal 6: Adopt proposed changes (in blue) in the following table for FG 50-2.
	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
	One or both of {5-19, 5-20}
	Yes
	N/A
	UE is not able to indicate the unused resources in CG
	Per band
	N/A
	N/A
	N/A
	UTO-UCI is applicable to the unlicensed band if the CG-PUSCH does not include CG-UCI
	Optional with capability signaling
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