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1. Introduction
At the RAN1#114bis meeting, UE features for Rel-18 NR NW energy savings were discussed [1], and the updated UE features list in [2] was endorsed. 
In this contribution, we discuss a remaining issue on UE features for NR NW energy savings.

2. FG42-1/1a: Spatial domain adaptation with CSI feedback based on CSI report sub-configuration(s)
In [2], FG42-1/1a are defined as UE capabilities for spatial domain adaptation with CSI feedback based on CSI report sub-configuration(s), where FG42-1 is “[for periodic and aperiodic CSI reporting]” while FG42-1a is for semi-persistent CSI reporting. As Rel-15 FG2-32 (Basic CSI framework) is mandatory and for periodic and aperiodic CSI reporting while FG2-32a/32b are optional and for semi-persistent CSI reporting on PUCCH/PUSCH respectively, FG42-1 is a kind of basic FG for spatial domain adaptation with CSI feedback based on CSI report sub-configuration(s) and covers both periodic and aperiodic CSI reporting as FG2-32. It was agreed at the RAN1#114bis meeting that FG42-1 is the prerequisite FG of FG42-1a. 
Proposal 1: FG42-1 is updated as below.
· FG name of FG42-1 is “Spatial domain adaptation with CSI feedback based on CSI report sub-configuration(s) [for periodic and aperiodic CSI reporting]”.
· The consequence if FG42-1 is not supported by the UE is “UE does not support spatial domain adaptation [for periodic and aperiodic CSI reporting]”

Regarding the component 1 of FG42-1/1a for “the max number of sub-configurations L in one CSI report configuration”, it would be necessary to have different value of L for periodic, aperiodic, and semi-persistent CSI reporting respectively. For periodic CSI reporting, L=N value should not be so large in Rel-18 as there may not be sufficient techniques for overhead reduction in Rel-18. Similarly, although L values for aperiodic and semi-persistent reporting can be larger than that for periodic reporting as L>=N for aperiodic and semi-persistent reporting, the L values for aperiodic and semi-persistent reporting should not be so large in Rel-18 as well. At the RAN1#114bis meeting, it was agreed that the maximum value of Lmax is no larger than 8 for semi-persistent CSI reporting on PUCCH. At least the maximum value of Lmax for periodic CSI reporting should be smaller than that for semi-persistent and aperiodic reporting. 
Proposal 2: Component 1 of FG42-1 is divided into component 1-a “The max number of sub-configurations Lmax in one CSI report configuration for periodic CSI reporting, which equals to the maximum number of CSIs in one P-CSI report where each CSI corresponds to one sub-configuration” and component 1-b “The max number of sub-configurations Lmax in one CSI report configuration for aperiodic CSI reporting”.
· Candidate value of component 1-a is {2, [3, 4]}
· Candidate value of component 1-b is {2, 3, 4, [5, 6, 7, 8]}
Proposal 3: Candidate values of component 1 of FG42-1a “The max number of sub-configurations Lmax in one CSI report configuration for SP-CSI reporting” is {2, 3, 4, [5, 6, 7, 8]}.

Regarding the component 2 of FG42-1/1a for “Report of N CSI(s) in one CSI report where each CSI corresponds to one sub-configuration”, there is no need to report the value of N for periodic CSI reporting as L=N is assumed, while different values of N for aperiodic and semi-persistent CSI reporting can be reported. Similar to the values for L, values for N should not be so large in Rel-18. At the RAN1#114bis meeting, it was agreed that the maximum value of N is no larger than 4 for semi-persistent CSI reporting on PUCCH. This agreement can be extended to the maximum value of N for A-CSI reporting and SP-CSI reporting on PUSCH.
Proposal 4: Component 2 of FG42-1 is “Report of N CSI(s) in one A-CSI report where each CSI corresponds to one sub-configuration”.
· Candidate value of component 2 is {2, [3, 4]}
Proposal 5: Component 2 of FG42-1a is “Report of N CSI(s) in one SP-CSI report where each CSI corresponds to one sub-configuration”.
· Candidate value of component 2 is {2, [3, 4]}

Regarding other potential components of FG42-1 for number of NZP-CSI-RS resources and number of total CSI-RS ports, further discussion on how to count CSI-RS resources/ports would be necessary. Following discussions was made at RAN1#114bis meeting, but companies have different preference on the definition of X sub-configurations. Based on the further discussion, if a kind of new capability for the number of CSI-RS resources/ports is necessary for SD adaptation for NES, we should consider the components for them.
	For RAN1#115
For a CSI report configuration containing sub-configuration(s), if a CSI-RS resource is referred by M sub-configurations among X sub-configurations, the CSI-RS resource is counted M times and CSI-RS ports within the CSI-RS resource are counted by agreed in previous meeting, and 
· X=N for AP-CSI-RS resources
· [X=L for P-CSI-RS resources]
· FFS: X= N or L for SP-CSI-RS resources
· FFS: X= N or L for SP-CSI report
· Support following UE capability parameters for NES:
· simultaneous ports at least for per CC
· simultaneous resources at least for per CC 



Regarding the FFS on separation between type 1 SD and type 2 SD, our preference is to keep both type 1 and type 2 SD support in FG42-1/1a to avoid fragmentation of UE support on type 1 and type 2 SD.
Proposal 6: “FFS: whether to have separate rows for type 1 or 2” is removed, and no separate FG between type 1 and type 2 SD is introduced.

Regarding the reporting type, per band may be reasonable as different value of L/N may be supported/tested for different bands.
Proposal 7: The reporting type of FG42-1/1a is per band.


3. FG42-2/2a: Power domain adaptation with CSI feedback based on CSI report sub-configuration(s)
For FG42-2/2a, similar set of proposals as those for FG42-1/1a can be made as below.
Proposal 8: FG42-2 is updated as below.
· FG name of FG42-2 is “Power domain adaptation with CSI feedback based on CSI report sub-configuration(s) [for periodic and aperiodic CSI reporting]”.
· The consequence if FG42-2 is not supported by the UE is “UE does not support power domain adaptation [for periodic and aperiodic CSI reporting]”
Proposal 9: Component 1 of FG42-2 is divided into component 1-a “The max number of sub-configurations Lmax in one CSI report configuration for periodic CSI reporting, which equals to the maximum number of CSIs in one P-CSI report where each CSI corresponds to one sub-configuration” and component 1-b “The max number of sub-configurations Lmax in one CSI report configuration for aperiodic CSI reporting”.
· Candidate value of component 1-a is {2, [3, 4]}
· Candidate value of component 1-b is {2, 3, 4, [5, 6, 7, 8]}
Proposal 10: Candidate values of component 1 of FG42-2a “The max number of sub-configurations Lmax in one CSI report configuration for SP-CSI reporting” is {2, 3, 4, [5, 6, 7, 8]}.
Proposal 11: Component 2 of FG42-2 is “Report of N CSI(s) in one A-CSI report where each CSI corresponds to one sub-configuration”.
· Candidate value of component 2 is {2, [3, 4]}
Proposal 12: Component 2 of FG42-2a is “Report of N CSI(s) in one SP-CSI report where each CSI corresponds to one sub-configuration”.
· Candidate value of component 2 is {2, [3, 4]}
Proposal 12: The reporting type of FG42-2/2a is per band.

Regarding the joint operation between spatial and power domain adaptation, at the RAN1#114 meeting actually many companies proposed to have a FG for the support of the joint operation separated from FGs for spatial domain adaptation support (FG42-1/1a) and power domain adaptation support (FG42-2/2a). However, there are some other companies argued that the support of the joint operation can be reported by FG42-1/1a and FG42-2/2a, i.e., when UE supports both FG42-1/1a and FG42-2/2a, the UE shall support the joint operation. We think that support of each of spatial and power domain adaptation and the support of the joint operation could be independent, and it may be preferable to define a separate FG for the support of the joint operation.
Proposal 13: A FG for the support of the joint operation between spatial and power domain adaptation is introduced.


4. FG42-4/5: Cell DTX or DRX operation
In [2], FG42-4 is defined as UE capability for Cell DTX or DRX operation based on RRC configuration, while FG42-5 is defined as UE capability for Cell DTX/DRX configuration activation and deactivation via DCI. We think FG42-5 should be separated from the FG42-4. The dynamic activation/deactivation of cell DTX/DRX may not be used in a certain operation, and the support of new DCI format and its monitoring requires new/separate capability in general. Therefore, “FFS: merge this FG with FG 42-4” in the note for FG42-5 should be removed.
Proposal 14: “FFS: merge this FG with FG 42-4” in the note for FG42-5 is removed, and both FG42-4 and FG42-5 are kept.

Regarding the reporting type, per band may be reasonable as cell DTX/DRX operation may be applied only to some of the bands where it can provide sufficient network energy saving gain.
Proposal 15: The reporting type of FG42-4/5 is per band.

Regarding “FFS: when UE supports “both” for FG42-4, whether UE supports “both” for FG42-5”, we think it is natural that the UE supporting “both” for FG42-4 supports Cell DTX/DRX configuration activation and deactivation via DCI 2_9 for both as it is a common mechanism. So, we prefer to have FG42-5 without reporting {cell DTX only, cell DRX only, both}, i.e., when UE supports FG42-5 and “both” for FG42-4, UE supports “both” for FG42-5 as well.
Proposal 16: “FFS: when UE supports “both” for FG42-4, whether UE supports “both” for FG42-5” is updated to “Note: when UE supports FG42-5 and “both” for FG42-4, UE supports “both” for FG42-5 as well”.


5. Conclusion 
In this contribution, we made following proposals.
Proposal 1: FG42-1 is updated as below.
· FG name of FG42-1 is “Spatial domain adaptation with CSI feedback based on CSI report sub-configuration(s) [for periodic and aperiodic CSI reporting]”.
· The consequence if FG42-1 is not supported by the UE is “UE does not support spatial domain adaptation [for periodic and aperiodic CSI reporting]”
Proposal 2: Component 1 of FG42-1 is divided into component 1-a “The max number of sub-configurations Lmax in one CSI report configuration for periodic CSI reporting, which equals to the maximum number of CSIs in one P-CSI report where each CSI corresponds to one sub-configuration” and component 1-b “The max number of sub-configurations Lmax in one CSI report configuration for aperiodic CSI reporting”.
· Candidate value of component 1-a is {2, [3, 4]}
· Candidate value of component 1-b is {2, 3, 4, [5, 6, 7, 8]}
Proposal 3: Candidate values of component 1 of FG42-1a “The max number of sub-configurations Lmax in one CSI report configuration for SP-CSI reporting” is {2, 3, 4, [5, 6, 7, 8]}.
Proposal 4: Component 2 of FG42-1 is “Report of N CSI(s) in one A-CSI report where each CSI corresponds to one sub-configuration”.
· Candidate value of component 2 is {2, [3, 4]}
Proposal 5: Component 2 of FG42-1a is “Report of N CSI(s) in one SP-CSI report where each CSI corresponds to one sub-configuration”.
· Candidate value of component 2 is {2, [3, 4]}
Proposal 6: “FFS: whether to have separate rows for type 1 or 2” is removed, and no separate FG between type 1 and type 2 SD is introduced.
Proposal 7: The reporting type of FG42-1/1a is per band.
Proposal 8: FG42-2 is updated as below.
· FG name of FG42-2 is “Power domain adaptation with CSI feedback based on CSI report sub-configuration(s) [for periodic and aperiodic CSI reporting]”.
· The consequence if FG42-2 is not supported by the UE is “UE does not support power domain adaptation [for periodic and aperiodic CSI reporting]”
Proposal 9: Component 1 of FG42-2 is divided into component 1-a “The max number of sub-configurations Lmax in one CSI report configuration for periodic CSI reporting, which equals to the maximum number of CSIs in one P-CSI report where each CSI corresponds to one sub-configuration” and component 1-b “The max number of sub-configurations Lmax in one CSI report configuration for aperiodic CSI reporting”.
· Candidate value of component 1-a is {2, [3, 4]}
· Candidate value of component 1-b is {2, 3, 4, [5, 6, 7, 8]}
Proposal 10: Candidate values of component 1 of FG42-2a “The max number of sub-configurations Lmax in one CSI report configuration for SP-CSI reporting” is {2, 3, 4, [5, 6, 7, 8]}.
Proposal 11: Component 2 of FG42-2 is “Report of N CSI(s) in one A-CSI report where each CSI corresponds to one sub-configuration”.
· Candidate value of component 2 is {2, [3, 4]}
Proposal 12: Component 2 of FG42-2a is “Report of N CSI(s) in one SP-CSI report where each CSI corresponds to one sub-configuration”.
· Candidate value of component 2 is {2, [3, 4]}
Proposal 12: The reporting type of FG42-2/2a is per band.
Proposal 13: A FG for the support of the joint operation between spatial and power domain adaptation is introduced.
Proposal 14: “FFS: merge this FG with FG 42-4” in the note for FG42-5 is removed, and both FG42-4 and FG42-5 are kept.
Proposal 15: The reporting type of FG42-4/5 is per band.
Proposal 16: “FFS: when UE supports “both” for FG42-4, whether UE supports “both” for FG42-5” is updated to “Note: when UE supports FG42-5 and “both” for FG42-4, UE supports “both” for FG42-5 as well”.
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Appendix
	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
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	42. Netw_Energy_NR
	42-1
	Spatial domain adaptation with CSI feedback based on CSI report sub-configuration(s) [for periodic and aperiodic CSI reporting] 
	Support of CSI feedback based on CSI report sub-configuration(s), each containing one [port subset configuration/list of CSI-RS IDs] [for each of periodic and aperiodic CSI reporting]
[1. The max number of sub-configurations L in one CSI report configuration]
[2. Report of N CSI(s) in one CSI report where each CSI corresponds to one sub-configuration.]
[3. Supported maximum number of simultaneous NZP-CSI-RS resources per CC
4. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources per CC
5. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCs
6. Supported maximum number of simultaneous NZP-CSI-RS resources in active BWPs across all CCs]
	
	Yes
	
	UE does not support spatial domain adaptation [for periodic and aperiodic CSI reporting]
	[Per UE, Per band]
	No
	No
	N/A
	[Component 1 candidate value for P-CSI report: FFS
Component 1 candidate values for A-CSI report: FFS
Component 2 candidate value(s): FFS]
[Component 3 candidate value(s): FFS
Component 4 candidate value(s): FFS
Component 5 candidate value(s): FFS
Component 6 candidate value: FFS]
FFS: merge FG 42-2 with FG 42-1
FFS: whether to have separate rows for type 1 or 2
	Optional with capability signaling

	42. Netw_Energy_NR
	42-1a
	Spatial domain adaptation with CSI feedback based on CSI report sub-configuration(s) for semi-persistent CSI reporting 
	Support of CSI feedback based on CSI report sub-configuration(s), each containing one [port subset configuration/list of CSI-RS IDs] for semi-persistent CSI reporting
1. The max number of sub-configurations Lmax in one CSI report configuration
2. Report of N CSI(s) in one SP-CSI report where each CSI corresponds to one sub-configuration.
[FFS: max number of L and/or N across all CCs]
	42-1 
	Yes
	
	UE does not support spatial domain adaptation for semi-persistent CSI reporting
	[Per UE, Per band, Per FS]
	No
	No
	N/A
	Component 1 candidate values for SP-CSI report: FFS

Component 2 candidate values for SP-CSI report: FFS

Note: Maximum value of Lmax is no larger than 8 for semi-persistent CSI reporting on PUCCH

Note: Maximum value of N is no larger than 4 for semi-persistent CSI reporting on PUCCH

FFS: relationship to legacy capability simultaneousCSI-ReportsPerCC

FFS: whether to have separate rows for type 1 or 2 
	Optional with capability signaling

	42. Netw_Energy_NR 
	42-2
	Power domain adaptation with CSI feedback based on CSI report sub-configuration(s) [for periodic and aperiodic CSI reporting]
	Support of CSI feedback based on CSI report sub-configuration(s), each containing one power offset [for each of periodic and aperiodic CSI reporting]
[1. The max number of sub-configurations L in one CSI report configuration]
[2. Report of N CSI(s) in one CSI report where each CSI corresponds to one sub-configuration.]
[3. Supported maximum number of simultaneous NZP-CSI-RS resources per CC
4. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources per CC
5. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCs
6. Supported maximum number of simultaneous NZP-CSI-RS resources in active BWPs across all CCs]
	
	Yes
	
	UE does not support power domain adaptation [for periodic and aperiodic CSI reporting]
	[Per UE, Per band]
	No
	No
	N/A
	[Component 1 candidate value for P-CSI report: FFS
Component 1 candidate values for A-CSI report: FFS
Component 2 candidate value for L: FFS]
[Component 2 candidate value for N: FFS]]
[Component 3 candidate value: FFS
Component 4 candidate value: FFS
Component 5 candidate value: FFS
Component 6 candidate value: FFS]
FFS: merge FG 42-2 with FG 42-1
	Optional with capability signaling

	42. Netw_Energy_NR
	42-2a
	Power domain adaptation with CSI feedback based on CSI report sub-configuration(s) for semi-persistent CSI reporting
	Support of CSI feedback based on CSI report sub-configuration(s), each containing one power offset for semi-persistent CSI reporting
1. The max number of sub-configurations Lmax in one CSI report configuration
2. Report of N CSI(s) in one SP-CSI report where each CSI corresponds to one sub-configuration.
FFS: max number of L and/or N across all CCs
	42-2
	Yes
	
	UE does not support power domain adaptation for semi-persistent CSI reporting
	[Per UE, Per band, Per FS]
	No
	No
	N/A
	Component 1 candidate values for SP-CSI report: FFS

Component 2 candidate values for SP-CSI report: FFS

Note: Maximum value of Lmax is no larger than 8 for semi-persistent CSI reporting on PUCCH

Note: Maximum value of N is no larger than 4 for semi-persistent CSI reporting on PUCCH

FFS: relationship to legacy capability simultaneousCSI-ReportsPerCC
	Optional with capability signaling

	42. Netw_Energy_NR 
	42-4
	Cell DTX or DRX operation based on RRC configuration [with one DTX/DRX configuration per cell]
	Support of cell DTX/DRX operation [with one DTX/DRX configuration per cell] by RRC configuration
	
	Yes
	
	UE does not support Cell DTX/DRX operation [with one DTX/DRX configuration per cell] 
	FFS
	No
	No
	N/A
	Candidate values: {cell DTX only, cell DRX only, both}

FFS: supported number of cell DTX/DRX patterns per cell group

Note: RAN2 may add additional details 
	Optional with capability signaling

	42. Netw_Energy_NR 
	42-5
	Cell DTX/DRX operation triggered by DCI format 2_9
	1) Support of Cell DTX/DRX configuration activation and deactivation via DCI 2_9
	42-4
	Yes
	
	UE does not support dynamic Cell DTX/DRX operation triggered by DCI format 2_9 
	FFS
	No
	No
	N/A
	FFS: when UE supports “both” for FG42-4, whether UE supports “both” for FG42-5

FFS: merge this FG with FG 42-4
	Optional with capability signaling
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