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1. Introduction
This contribution provides our views on UE features for NR network energy savings. 


2. [bookmark: OLE_LINK937]On UE features for NR network energy savings
2.1 UE features for spatial and power domain NES

For spatial domain and power domain adaptation, the candidate values of multiple components in the UE feature table are under discussion.

Observation 1: For spatial domain and power domain adaptation, the candidate values of the following components in the UE feature table are under discussion:
[1. The max number of sub-configurations Lmax in one CSI report configuration across all CCs]
[2. Report of N CSI(s) in one CSI report where each CSI corresponds to one sub-configuration across all CCs where (1 <=N<=L) for AP CSI reporting, and N= L for P CSI reporting]
[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]]
7. Supported CSI codebook type
8. Supported CSI report type
9. Supported type of spatial domain adaptation

The additional components 3 to 6 are analogous to their counter components under legacy feature 2-33. However,  introducing separate UE capability parameters for simultaneous CSI-RS ports and resources per component carrier specifically for NES is beneficial. This lets the UE budget additional complexity exclusively for NES operation, instead of needing to increase generic CSI processing complexity. With dynamic spatial adaptation, NES requires flexibility in active ports and resources that dedicated NES capabilities can provide.

[bookmark: _Ref149967952]Observation 2: Separate NES capabilities for ports/resources per CC allow UE to budget extra complexity just for NES.

At the same time, maintaining the same total resources and ports across all component carriers as legacy UEs is reasonable. The work item definition targets reusing legacy capabilities, so the total limits should remain the same. Defining total resources/ports across multiple potential NES carriers would be complex. Dedicated per CC capabilities for NES sufficiently handle the flexibility needs.

[bookmark: _Ref149967957]Observation 3: Apply total resources/ports across CCs same as legacy aligning with WID 

Finally, enabling per band reporting of the per CC NES capabilities is logical since antenna characteristics differ across frequency bands. This allows the UE to accurately indicate its capabilities in different operating bands.

[bookmark: _Ref149967961]Observation 4: Per band NES capabilities enable accurate indication across bands.

 Given the potential increment in configured resources and the port number with multiple sub-configurations, there should also include analogous components for FG 42-1, FG 42-1a, FG 42-2 and FG 42-2a. By assuming the same candidate values as legacy of sufficiently wide range, the following updates are thus suggested:

Proposal 1: For spatial domain and power domain adaptation (FG 42-1, FG 42-1a, FG 42-2 and FG 42-2a), adopt the following candidate values in the UE feature table:
[1. The max number of sub-configurations Lmax in one CSI report configuration across all CCs]
· Candidate values: {2, 3}
[2. Report of N CSI(s) in one CSI report where each CSI corresponds to one sub-configuration across all CCs where (1 <=N<=L) for AP CSI reporting, and N= L for P CSI reporting]
· Candidate values: {2, 3}
[3. Supported maximum number of simultaneous NZP-CSI-RS resources per CC]
· Candidate values: {1, 2, 3 … 32}
[4. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources per CC]
· Candidate values: {8, 16, 24, … 128}
[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]]
7. Supported CSI codebook type
8. Supported CSI report type
9. Supported type of spatial domain adaptation


2.2 UE features for cell DTX/DRX

In the RAN1 UE feature list after RAN1 #114bis [1], FG 42-4 is formulated as below:
42-4 Support of cell DTX/DRX operation [with one DTX/DRX configuration per cell] triggered by RRC configuration

As cell DTX, and joint cell DTX/DRX may be the two main use cases for NW energy saving and they impose different UE implementation complexities, UE should be able to report the support of these two use cases separately.

Observation 5: In the RAN1 UE feature list after RAN1 #114bis [1], FG 42-4 is formulated as below:
· 42-4 Support of cell DTX/DRX operation [with one DTX/DRX configuration per cell] triggered by RRC configuration
As cell DTX, and joint cell DTX/DRX may be the two main use cases for NW energy saving and they impose different UE implementation complexities, UE should be able to report the support of these two use cases separately.

RAN2 already agreed one or two DRX/DRX patterns per cell group, where having one aligned pattern across CCs in the cell group is clearly a simple case to support. If there allow two patterns with the flexibility of per-CC configuration, all possible combination will be  and clearly a much more complex case to support. Therefore, support of one or two cell DTX/DRX patterns per cell group should be subject to separated capabilities.

Observation 6: RAN2 agreed to support one or two DRX/DTX patterns per cell group - One aligned pattern across CCs being simplest, two configurable per CC being more complex.

We hence have the following proposal:

Proposal 2: Revise FG 42-4 and add FG 42-4a, 42-4b, 42-4c as below:
· 42-4 Cell DTX or DRX operation based on RRC configuration [with one cell DTX/DRX configuration per cell] pattern across cell group
· 42-4a Cell DTX based on RRC configuration with two cell DTX patterns across cell group (with 42-4 as prerequisite)
· 42-4b Cell DTX or DRX operation based on RRC configuration with one cell DTX/DRX pattern across cell group
· 42-4c Cell DTX or DRX operation based on RRC configuration with two cell DTX/DRX patterns across cell group (with 42-4b as prerequisite)


3. [bookmark: OLE_LINK203]Conclusion
In this contribution, we focus on the discussions on UE features for Rel-18 NES and have the following observations and proposals:

Observation 1: For spatial domain and power domain adaptation, the candidate values of the following components in the UE feature table are under discussion:
[1. The max number of sub-configurations Lmax in one CSI report configuration across all CCs]
[2. Report of N CSI(s) in one CSI report where each CSI corresponds to one sub-configuration across all CCs where (1 <=N<=L) for AP CSI reporting, and N= L for P CSI reporting]
[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]]
7. Supported CSI codebook type
8. Supported CSI report type
9. Supported type of spatial domain adaptation

Observation 2: Separate NES capabilities for ports/resources per CC allow UE to budget extra complexity just for NES.

Observation 3: Apply total resources/ports across CCs same as legacy aligning with WID 

Observation 4: Per band NES capabilities enable accurate indication across bands.

Proposal 1: For spatial domain and power domain adaptation (FG 42-1, FG 42-1a, FG 42-2 and FG 42-2a), adopt the following candidate values in the UE feature table:
[1. The max number of sub-configurations Lmax in one CSI report configuration across all CCs]
· Candidate values: {2, 3}
[2. Report of N CSI(s) in one CSI report where each CSI corresponds to one sub-configuration across all CCs where (1 <=N<=L) for AP CSI reporting, and N= L for P CSI reporting]
· Candidate values: {2, 3}
[3. Supported maximum number of simultaneous NZP-CSI-RS resources per CC]
· Candidate values: {1, 2, 3 … 32}
[4. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources per CC]
· Candidate values: {8, 16, 24, … 128}
[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]]
7. Supported CSI codebook type
8. Supported CSI report type
9. Supported type of spatial domain adaptation


Observation 5: In the RAN1 UE feature list after RAN1 #114bis [1], FG 42-4 is formulated as below:
· 42-4 Support of cell DTX/DRX operation [with one DTX/DRX configuration per cell] triggered by RRC configuration
As cell DTX, and joint cell DTX/DRX may be the two main use cases for NW energy saving and they impose different UE implementation complexities, UE should be able to report the support of these two use cases separately.

Observation 6: RAN2 agreed to support one or two DRX/DTX patterns per cell group - One aligned pattern across CCs being simplest, two configurable per CC being more complex.

Proposal 2: Revise FG 42-4 and add FG 42-4a, 42-4b, 42-4c as below:
· 42-4 Cell DTX or DRX operation based on RRC configuration [with one cell DTX/DRX configuration per cell] pattern across cell group
· 42-4a Cell DTX based on RRC configuration with two cell DTX patterns across cell group (with 42-4 as prerequisite)
· 42-4b Cell DTX or DRX operation based on RRC configuration with one cell DTX/DRX pattern across cell group
· 42-4c Cell DTX or DRX operation based on RRC configuration with two cell DTX/DRX patterns across cell group (with 42-4b as prerequisite)
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