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Introduction
In this contribution, we provide discussion on UE features for Rel.18 network energy savings based on the latest proposal in [1].
Discussion
[bookmark: _Hlk146230840]UE features on Spatial and power domain adaptations 
Discussion on P/AP CSI reporting for FG 42-1 and 42-2
In legacy UE feature on CSI reports, P and AP CSI reports are merged into one UE feature group, and SP is an independent UE feature group. Hence, considering less specs impact, reusing similar framework is preferred. 
The first issue is about Lmax/Nmax in components. Based the current version, Lmax/Nmax is merged for both P and AP. However, since UE might not be able to report too many sub configurations for P CSI due to the feedback overhead, the capability on Lmax should be reported for P CSI and AP CSI separately. In addition, the capbability on Nmax triggered sub-configurations are only needed for AP CSI. Therefore, our suggestion is to keep the AP and P reporting together in one FG, but to define the separate components of Lmax/Nmax for AP and P CSI reporting.
Proposal 1. For FG 42-1/42-2 on SD adaptation, it is preferred to keep the AP and P reporting together in one FG, but to define the separate components for AP and P CSI reporting.
Secondly, for SD adaptation, it is questionable whether to have separate rows for type 1 or 2. In our opinion, no matter SD type 1 and type 2, L/N CSIs should be reported by UE. Hence, the feedback overhead and computational complexity for UE is not much difference between SD type 1 and type 2 for same time behavior CSI report. Therefore, SD type 1 and type 2 can be defined in the same FG, and separate component is not needed.
Proposal 2. For FG 42-1 on SD adaptation, SD type 1 and type 2 can be defined in the same FG, and separate component is not needed. 
The last issue is whether to merge to FG 42-2 for PD with FG 42-1 for SD. Based on name of FG 42-2, FG 42-2 should be focusing on only PD adaptation without SD Type 1 and Type 2. That’s because joint SD+PD is not a basic feature, which can increase feedback overhead and computational complexity for UE. Therefore, it’s better to define separate FGs about SD and PD. If UE supports both FGs, gNB can configure joint SD + PD implicitly by portsubset/resource list and poweroffset in report config. In that case, FG 42-2 should be focusing on PD without assuming SD adaptation as the premise, e.g., each sub-configuration contains one poweroffset.
Proposal 3. For FG 42-2, it should be focusing on PD without assuming SD adaptation as the premise, e.g., each sub-configuration can only contain one poweroffset without portsubset/resource list. In addition, it is not preferred to merge to FG 42-2 with FG 42-1. 

Discussion on SP CSI reporting for FG 42-1a and 42-2a
For SP CSI reporting, the first issue is about whether to report max number of L and/or N across all CCs additionally.  Regarding this issue, it was agreed in RAN1#114b that up to 4 SP CSI reports that with multiple sub-configurations can be configured, which is the legacy limit for the SP CSI reports per BWP. Besides, it has been updated in the note column that maximum value for Lmax is no larger than 8 and that for N is no larger than 4. Given these agreements and updates, adding a component about the maximum number of SP CSI reports per BWP is sufficient, while there is no necessity for a component for the maximum number of L and/or N across all CCs. 
	Agreement@RAN1#114b
From RAN1 perspective, up to 4 CSI report configurations can be configured in a BWP for SP CSI reporting on PUCCH where one or more report configurations can contain a list of sub-configuration(s).
· Send an LS to RAN2 including the relevant agreements made in UE feature discussions.


Proposal 4. For FG 42-1a/42-2a on SD adaptation, add a new component about the maximum number of SP CSI report setting per BWP, and the component about the max number of L and/or N across all CCs is not needed.
Secondly, similar as FG 42-2 with FG 42-1, SD type 1 and type 2 can be defined in the same FG, and a separate component is not needed. 
Proposal 5. For FG 42-1a/42-2a on SD adaptation, SD type 1 and type 2 can be defined in the same FG, and a separate component is not needed.
Finally, similar as FG 42-2 with FG 42-1, we prefer not to merge to SD with PD. 
Proposal 6. For FG 42-2a, it should be focusing on PD without assuming SD adaptation as the premise, e.g., each sub-configuration can only contain one poweroffset without portsubset/resource list. In addition, it is not preferred to merge to FG 42-2a with FG 42-1a. 

Candidate values of CSI-RS resource and ports for FG 42-1 and 42-2
In RAN1#114 meeting, the following components are included in FG 42-1 and 42-2. 
	[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]


For Rel-15 UE, the candidate values for the maximum number of simultaneous CSI-RS resources/ports are as follows.
	Components
	Mandatory/Optional

	1) Supported max # of configured NZP-CSI-RS resources per CC,
2) Supported max # of ports across all configured NZP-CSI-RS resources per CC
3) Supported max # of configured CSI-IM resources per CC
4) Supported max # simultaneous NZP-CSI-RS resources in active BWPs across all CCs
5) Supported max # simultaneous NZP-CSI-RS resources per CC
6) Supported max total # of CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCs
7) Supported max total # of CSI-RS ports in simultaneous NZP-CSI-RS resources per CC
	Mandatory with capability signalling
Component-1 candidate values: {from 1 to 32}
Component-2 candidate values: {2, 4, 8, 12, 16, 24, 32, 40, 48 … ,256}
Component-3: candidate values: {1,2,4,8,16,32}
Component-4: candidate values {5, 6, 7, 8, 9, 10, 12, 14, 16, …, 62, 64} (includes all even numbers between 16 and 64)
Component-5: candidate values {1, 2, 3 … 32}
Component-6: candidate values {8, 16, 24, …, 248, 256}
Component-7: candidate values {8, 16, 24, … 128 }


However, for a CSI report with multiple sub-configurations, the counted simultaneous CSI-RS resource/ports increase with the number of sub-configurations. Hence, it is reasonable to consider a higher lower limit of candidate values, to make sure that at least 2 CSI report sub-configurations can be configured/triggered for Rel-18 UEs support spatial and/or power domain adaptations. 
Proposal 7. For FG 41-1 and 41-2, 
· The candidate values for component 3 (supported maximum number of simultaneous NZP-CSI-RS resources per CC) is [2, 3, …, 32]
· The candidate values for component 4 (supported maximum number of total NZP-CSI-RS ports in simultaneous NZP-CSI-RS resources per CC) is [16, 24, …, 128]
· The candidate values for component 6 (supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCs) is [16, 24, …, 256]

UE features on cell DTX/DRX mechanism 
Discussion on cell DTX/DRX based on RRC configuration FG 42-4
In the RAN2#123b meeting, the following agreements were reached w.r.t cell DTX/DRX configuration and pattern.
	[bookmark: _Hlk149126503]Agreement
1.	Cell DTX/DRX configuration is provided per Serving Cell with the following restrictions:
-	A maximum of two cell DTX/DRX patterns can be configured per MAC entity 
-	The two configured patterns are aligned, 
o	The start and slot offset are common for the two patterns.
o	one periodicity is an integer multiple of the other.
Agreements on CP open issues:
4.	Multiple configurations of Cell DTX/DRX are not pursued in Rel-18 for serving cell.  



Firstly, regarding the wording in bracket ([with one DTX/DRX configuration per cell]), as it aligns with the above agreements, the bracket can be removed.
The second issue is about the supported number of cell DTX/DRX patterns per cell group. Since RAN2 agreed that maximum two cell DTX/DRX patterns can be configured per MAC entity, the maximum number should be set as two.
Regarding the FG type, per UE is reasonable since currently there are no limitations on whether cell DTX/DRX should or should not be operated on a particular band or band combination, based on RAN1/RAN2 agreements. 
Proposal 8. For FG 42-4:
· The bracket is removed, i.e., the FG is Cell DTX or DRX operation based on RRC configuration [with one DTX/DRX configuration per cell]
· Add the following in the note column:
· Note: supported maximum number of cell DTX/DRX patterns per cell group is no larger than 2.
· FG type can be per UE.

Discussion on cell DTX/DRX triggered by DCI format 2_9 for FG 42-5
The first issue is that whether UE supports “both” for FG 42-5 when UE supports “both for FG42-4”. FG 42-4 is the UE capability for RRC based activation/deactivation cell DTX/DRX operation and FG 42-4 represent the UE capability for DCI based activation/deactivation cell DTX/DRX operation. If a UE supports “both for FG 42-4”, it means that both cell DTX and cell DRX can be activated/deactivated by RRC for this UE. In this case, it is reasonable for the UE to also support “both” for FG 42-5. If not, it would only complicate gNB and UE implementation without providing any benefit.
The second issue is about whether to merge FG 42-5 with FG 42-4. In our view, they should be separate FGs as cell DTX/DRX can also be activated/deactivated by RRC signaling.
In terms of FG type, similarly as FG 42-4, per UE is preferred. 
Proposal 9. For FG 42-5:
· Confirm the note ‘When UE supports “both for FG 42-4”, UE also supports “both for FG 42-5”.’.
· Remove the note “FFS: merge this FG with FG 42-4”.
· FG type can be per UE.

[bookmark: _Ref228947482]Conclusions 
[bookmark: _Ref520980791]In this contribution, we discuss the remaining open issues related to enhancement on spatial and power domain adaptations and cell DTX/DRX mechanism. We have following proposals for UE features:
Proposal 1. For FG 42-1/42-2 on SD adaptation, it is preferred to keep the AP and P reporting together in one FG, but to define the separate components for AP and P CSI reporting.
Proposal 2. For FG 42-1 on SD adaptation, SD type 1 and type 2 can be defined in the same FG, and separate component is not needed. 
Proposal 3. For FG 42-2, it should be focusing on PD without assuming SD adaptation as the premise, e.g., each sub-configuration can only contain one poweroffset without portsubset/resource list. In addition, it is not preferred to merge to FG 42-2 with FG 42-1. 
Proposal 4. For FG 42-1a/42-2a on SD adaptation, add a new component about the maximum number of SP CSI report setting per BWP, and the component about the max number of L and/or N across all CCs is not needed.
Proposal 5. For FG 42-1a/42-2a on SD adaptation, SD type 1 and type 2 can be defined in the same FG, and a separate component is not needed.
Proposal 6. For FG 42-2a, it should be focusing on PD without assuming SD adaptation as the premise, e.g., each sub-configuration can only contain one poweroffset without portsubset/resource list. In addition, it is not preferred to merge to FG 42-2a with FG 42-1a. 
Proposal 7. For FG 41-1 and 41-2, 
· The candidate values for component 3 (supported maximum number of simultaneous NZP-CSI-RS resources per CC) is [2, 3, …, 32]
· The candidate values for component 4 (supported maximum number of total NZP-CSI-RS ports in simultaneous NZP-CSI-RS resources per CC) is [16, 24, …, 128]
· The candidate values for component 6 (supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCs) is [16, 24, …, 256]
Proposal 8. For FG 42-4:
· The bracket is removed, i.e., the FG is Cell DTX or DRX operation based on RRC configuration [with one DTX/DRX configuration per cell]
· Add the following in the note column:
· Note: supported maximum number of cell DTX/DRX patterns per cell group is no larger than 2.
· FG type can be per UE.
Proposal 9. For FG 42-5:
· Confirm the note ‘When UE supports “both for FG 42-4”, UE also supports “both for FG 42-5”.’.
· Remove the note “FFS: merge this FG with FG 42-4”.
· FG type can be per UE.

Proposed changes to UE features for NES
For spatial and power domain adaptations, we propose to adopt the change as shown in Table 1 to the UE feature list.
Table 1 Proposed changes to UE features on spatial and power domain adaptations
	Features
	Index
	Feature group
	Components
	Note

	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/or aperiodic CSI reporting]
[1. The max number of sub-configurations L in one CSI report configuration for aperiodic CSI reporting]
2. The max number of sub-configurations L in one CSI report configuration for periodic CSI reporting
[3. Report of N CSI(s) in one CSI report where each CSI corresponds to one sub-configuration for aperiodic CSI reporting]
[4. Supported maximum number of simultaneous NZP-CSI-RS resources per CC
5. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources per CC
6. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCs
7. Supported maximum number of simultaneous NZP-CSI-RS resources in active BWPs across all CCs]
	[Component 1 candidate values for P-CSI report: FFS
Component 2 candidate values for A-CSI report: FFS
Component 3 candidate value(s): FFS[
Component 4 candidate value(s): [2, 3, …,32]
Component 5 candidate value(s): [16, 24, …, 128]
Component 6 candidate value(s): [16, 24, …, 256]
Component 7 candidate value: [5, 6, ..., 64] 
FFS: merge FG 42-2 with FG 42-1
FFS: whether to have separate rows for type 1 or 2

	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
[bookmark: _Hlk149740138]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.
3. Maximum number of semi-persistent CSI report setting per BWP for CSI report
[FFS: max number of L and/or N across all CCs]
	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 

	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 poweroffset [port subset configuration/list of CSI-RS IDs] [for each of periodic and/or aperiodic CSI reporting]
[1. The max number of sub-configurations L in one CSI report configuration for aperiodic CSI reporting]
2. The max number of sub-configurations L in one CSI report configuration for periodic CSI reporting
[3. Report of N CSI(s) in one CSI report where each CSI corresponds to one sub-configuration for aperiodic CSI reporting]
[4. Supported maximum number of simultaneous NZP-CSI-RS resources per CC
5. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources per CC
6. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCs
7. Supported maximum number of simultaneous NZP-CSI-RS resources in active BWPs across all CCs]
	[Component 1 candidate values for P-CSI report: FFS
Component 2 candidate values for A-CSI report: FFS
Component 3 candidate value(s): FFS[
Component 4 candidate value(s): [2, 3, …,32]
Component 5 candidate value(s): [16, 24, …, 128]
Component 6 candidate value(s): [16, 24, …, 256]
Component 7 candidate value: [5, 6, ..., 64] 
FFS: merge FG 42-2 with FG 42-1
FFS: whether to have separate rows for type 1 or 2

	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 poweroffset [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.
3. Maximum number of semi-persistent CSI report setting per BWP for CSI report[FFS: max number of L and/or N across all CCs]
	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 



For cell DTX/DRX mechanism, we propose to adopt the change as shown in Table 2 to the UE feature list.
[bookmark: _Ref146273923]Table 2 Proposed changes to UE features on cell DTX/DRX 
	Features
	Index
	Feature group
	Components
	Consequence if the feature is not supported by the UE
	FG type
	Note

	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
	UE does not support Cell DTX/DRX operation [with one DTX/DRX configuration per cell]
	FFS
Per UE
	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 

	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
	
	FFS
Per UE
	FFS: when UE supports “both” for FG42-4, whether UE supports “both” for FG42-5
FFS: merge this FG with FG 42-4
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