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Introduction
[bookmark: _Hlk510705081]UE features have not yet been discussed in RAN1 for Rel-18 NR network energy savings. This contribution proposes a framework for discussing the new UE features to be introduced for NR network energy savings in Rel-18.
Discussion
Spatial Domain Adaptation for NES in NR
In RAN1#112 the following agreement was made regarding the spatial domain adaptations to be considered for Rel-18 NR NES:
Agreement
For the purpose of further discussions in RAN1 on NES spatial domain adaptations, consider the following cases
· Type 1: all antenna elements associated to a logical antenna port is disabled/enabled
· Type 2: part/subset of antenna elements associated to a logical antenna port is disabled/enabled

This agreement implies that if NES spatial domain adaptations are supported as a feature group, candidate component values should include Type-1 and Type-2 spatial domain adaptation.

Proposal 1:	Introduce a UE feature group for support of spatial domain adaptation including Type-1 and Type-2 SD as candidate component values.

Additionally, the following agreements were made regarding resource configuration and CSI reporting for spatial domain adaptation

In RAN1#112:

Agreement
For spatial element adaptation, further study the following
· A1-1) Each CSI-RS resource/resource set/resource setting can be associated with only one spatial adaptation pattern
· FFS: Details on how the association is done
· A1-2) Each CSI-RS resource/resource set/resource setting can be associated with one or more spatial adaptation patterns
· FFS: Details on how the association is done
· FFS: Details on the definition of “spatial adaptation patterns”

In RAN1#112bis-e:
Agreement
Support configurability of NZP CSI-RS resource(s) for channel measurement within one resource setting corresponding to more than one spatial adaptation patterns with at least one of the following
· A1-1-revised: a resource set with multiple resources is configured within a resource setting, where each resource is associated with only one spatial adaptation pattern
· A1-2-revised: For a resource configured in a resource set within a resource setting, the resource can be associated with more than one spatial adaptation patterns
· One or more resources can be configured in the resource set for channel measurement.

In RAN1#113:
Agreement
Confirm the working assumption with the following update (in blue)
· Al-1-revised and A1-2-revised are supported
· For Type 1 SD adaptation
· A1-2-revised is supported 
· For Type 2 SD adaptation
· A1-1-revised is supported.

Agreement
· For A1-1-revised for Type 2, one or more CSI-RS resources from a CSI-RS resource set for channel measurement can be associated with the same sub-configuration provided in a CSI report configuration
· Resources in the resource set for channel measurement have the same number of antenna ports
· For A1-2-revised for Type 1, all CSI-RS resource(s) (which can be one or more) in the CSI-RS resource set for channel measurement are associated with each sub-configuration provided in a CSI report configuration
· i.e. each CSI-RS resource is associated with all the sub-configurations
· Resources in the resource set for channel measurement have the same number of antenna ports
· FFS: restriction on total number of CSI-RS resources for channel measurement in a CSI-ReportConfig and/or sub-configuration.


Based on these agreements, a note should be added indicating that Type-1 SD adaptation is supported with A1-2 revised CSI-RS resource mapping, and Type-2 SD adaptation is supported with A1-1 revised CSI-RS resource mapping.

Proposal 2:	Include comment for UE feature group on SD adaption indicating that A1-2 revised CSI-RS resource mapping is supported for Type-1 SD and A1-1 revised CSI-RS resource mapping is supported for Type-2 SD.


The following agreements were made regarding CSI reporting configurations for Type-1/2 SD adaptation for NES in NR.

In RAN1#112:

Agreement
For spatial element adaptation, further study the following
· A2-1) Independent/separate CSI report configurations where each CSI report configuration corresponds to one spatial adaptation pattern
· A2-2) One CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern
FFS: Details of sub-configuration

In RAN1#112bis-e:

Agreement
At least support A2-2, i.e. one CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern.
FFS: impact on CSI processing requirement

Based on this agreement, an additional note must be added indicating that when spatial domain resource adaptation, one CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern.

Proposal 3:	Include comment for UE feature group on SD adaption indicating one CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern.

The following agreement was made in RAN1#113 configuration of CSI reporting for NES in NR:

Agreement
For N>=1 CSI reporting corresponding to N out of L sub-configurations in one reportConfig where each sub-configuration corresponding to an SD adaptation pattern or/[and] a powerControlOffset value, 
· For A-CSI and SP-CSI on PUSCH report, support DCI-based triggering
· For A-CSI-RS, CPU and CSI-RS resource/port counting depend on N indicated sub-configurations
· FFS: How to do the counting
· FFS: For P-CSI-RS/SP-CSI-RS, CPU and CSI-RS resource/port counting depend on L or N sub-configurations
· For SP-CSI on PUCCH report, support MAC-CE-based triggering
· FFS: For P-CSI-RS/SP-CSI-RS, CPU and CSI-RS resource/port counting depend on L or N sub-configurations
Note: UE complexity reduction is not precluded
· For DCI-based triggering, 
· Alt 1: A triggering state corresponding to N sub-configurations is indicated via the existing CSI request field in DCI. Different triggering states could represent different subsets of L sub-configurations.
· The DCI is UE specific (in this case, legacy DCI format applies) 
· For MAC-CE based triggering 
· Opt 2: An indication to select to N sub-configurations in a MAC-CE is supported
· It is up to RAN2 to decide the signaling designs of the MAC-CE (including whether it is a new MAC CE or an existing MAC CE)
· Only one MAC CE is used for this triggering

Based on this agreement, separate UE feature groups should be added for periodic, semi-persistent and aperiodic CSI reporting. Additionally, candidate values for components of SP-CSI reporting should include MAC-CE-based and DCI-based triggering.

Proposal 4:	Include UE feature groups for support of periodic, semi-persistent, and aperiodic CSI reporting associated with spatial domain adaptation, including MAC-CE-based and DCI-based as candidate component values for SP-CSI reporting.

Power domain adaptation for NES in NR
The following agreement was made in RAN1#112bis-e regarding support of power domain adaptations for NES in NR
Agreement
For power domain adaptation, support the following configuration(s) for CSI-RS resource configuration, 
· A1-2-power: one or more resources can be configured in a resource set within a resource setting and each resource can be associated with one or more power offset values
· FFS: A1-1-power: a resource set with multiple resources is configured within a resource setting, where resources can have different power offset values
· FFS: Details of how the different power offset values(s) are configured/indicated.

Based on this agreement, a feature group should be added for support of power domain adaptation for NES in NR with candidate component values including A1-2 power and FFS A1-1 power.
Proposal 5:	Include UE feature group should for power domain adaptation for NES in NR. Candidate values can include A1-2 power and FFS A1-1 power.

Additionally, the following agreement made in RAN1#113 regarding the joint support of spatial and power domain adaptation. 
Agreement
Joint operation of SD and PD adaptation is supported.
Based on this agreement a new feature group should be added indicating support for joint power and spatial domain adaptation.
Proposal 6:	Include UE feature group for support of joint power and spatial domain adaptation for NES in NR.

DTX/DRX Enhancement
The following agreement was made in RAN1#113 regarding support of group common DCI activation/deactivation of DTX/DRX cycle:
Agreement
For the group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation
· Alt 2) Based on new DCI format 2_X
· DCI size budget is not increased
· Number of required BDs is not increased
· FFS: PDCCH monitoring configuration for the new DCI format is identical to PDCCH monitoring configuration for DCI format 2_6 if the UE monitors both DCI formats
FFS: New RNTI is used
Based on this agreement, a feature group should be added indicating support of DTX/DRX activation/deactivation via group common DCI.
Proposal 7:	Add UE feature group for support of DTX/DRX activation/de-activation via group common DCI.

Proposed baseline for UE feature groups for NES in NR
A proposed table to be used as a baseline for UE feature groups discussion related to NES in NR in RAN1#114 is provided in Table 1. 
Proposal 8: Adopt Table 1 as baseline for discussion on UE feature groups related to Rel-18 NES in NR.





[bookmark: _Ref141655645]Table 1: Proposed baseline for UE feature groups for Rel-18 NES in 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 
(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 

	Netw_Energy_NR
	NES-1
	Support of Spatial-Domain adaptation

	{Type-1 SD adaptation, Type-2 SD adaptation}
	
	
	
	
	
	
	
	
	
	Optional w/ Capability Signaling

	Netw_Energy_NR
	NES-4
	Support of P-CSI report
	
	
	
	
	
	
	
	
	
	Reported on PUCCH
	Optional w/ Capability Signaling

	Netw_Energy_NR
	NES-5
	Support of SP-CSI report
	{MAC-CE-based triggering, DCI-based triggering, both}
	
	
	
	
	
	
	
	
	
	Optional w/ Capability Signaling

	Netw_Energy_NR
	NES-6
	Support of AP-CSI report
	
	
	
	
	
	
	
	
	
	DCI-based PUSCH report
	Optional w/ Capability Signaling

	Netw_Energy_NR
	NES-2
	Support of Power-Domain adaptation 
	
	
	
	
	
	
	
	
	
	
	Optional w/ Capability Signaling

	Netw_Energy_NR
	NES-3
	Support of joint operation of SD and PD adaptation
	
	
	
	
	
	
	
	
	
	
	Optional w/ Capability Signaling

	Netw_Energy_NR
	NES-7
	Support of cell DTX/DRX via group common DCI
	
	
	
	
	
	
	
	
	
	Note: group common DCI activation is the default mechanism
	Optional w/ Capability Signaling

	Netw_Energy_NR
	NES-8
	Support of cell DTX/DRX via RRC signaling
	
	NES-7
	
	
	
	
	
	
	
	
	Optional w/ Capability Signaling




Summary
The following are proposed for discussion on UE features related to Rel-18 NR network energy saving enhancements in RAN1#114:
Proposal 1:	Introduce a UE feature group for support of spatial domain adaptation including Type-1 and Type-2 SD as candidate component values.

Proposal 2:	Include comment for UE feature group on SD adaption indicating that A1-2 revised CSI-RS resource mapping is supported for Type-1 SD and A1-1 revised CSI-RS resource mapping is supported for Type-2 SD.

Proposal 3:	Include comment for UE feature group on SD adaption indicating one CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern.

Proposal 4:	Include UE feature groups for support of periodic, semi-persistent, and aperiodic CSI reporting associated with spatial domain adaptation, including MAC-CE-based and DCI-based as candidate component values for SP-CSI reporting.

Proposal 5:	Include UE feature group should for power domain adaptation for NES in NR. Candidate values can include A1-2 power and FFS A1-1 power.
.
Proposal 6:	Include UE feature group for support of joint power and spatial domain adaptation for NES in NR.

Proposal 7:	Add UE feature group for support of DTX/DRX activation/de-activation via group common DCI.

Proposal 8: Adopt Table 1 as baseline for discussion on UE feature groups related to Rel-18 NES in NR.
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