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1 [bookmark: _Ref4817]Introduction
During RAN1#114 and RAN1#114b meetings, UE features for network energy saving were discussed and basic UE features components were agreed in [1], while there are some components needing more discussion. In this contribution, we will discuss the remaining issues for network energy saving UE features and make proposals.

2.Discussion on spatial and power domain adaptation related UE features  
In the last meeting, the following were agreed for UE capabilities. 
Agreement: Introduce the following new FG/row
	[bookmark: _Hlk146789968]42. Netw_Energy_NR
	42-1
	Spatial domain adaptation with multi-CSI feedback based on CSI report sub-configuration(s) in one CSI report [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 network energy savings [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]
	FFS 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 value(s) 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



Agreement: Introduce the following new FG/row
	42. Netw_Energy_NR
	42-2
	Power domain adaptation with multi-CSI feedback based on CSI report sub-configuration(s) in one CSI report [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 network energy savings [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 value(s) 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: merge FG 42-2a with FG 42-1a
	Optional with capability signaling



Currently the UE feature of power domain and spatial domain adaption are separately defined. And for each feature group, the maximum number of the sub-configuration L is defined separately subject to either the power domain adaptation or the spatial adaptation. If one UE support both SD adaptation and PD adaptation, one contradictory case would happen that the maximum supported sub-configuration of SD and PD are different. It is hard to determine which maximum sub-configuration number should be followed. 

In the previous meeting, the joint operation of SD and PD adaptation is supported. Then a corresponding UE feature should be supported. And a separate maximum supported sub-config number should be reported and configured for the UE.

	
Agreement (113)
Joint operation of SD and PD adaptation is supported.
Agreement
For joint operation of SD and PD, each subConfig contains corresponding parameters for an SD adaptation and/or parameters for a PD adaptation





Proposal 1: Support to introduce a UE feature supporting joint SD and PD adaptation with maximum sub-configuration number of L. The feature group of SD adaptation and PD adaptation should be a prerequisite FGs. 
If a UE feature of joint support of SD and PD adaptation is supported, then the FG of SD adaptation and PD adaptation should be further updated with supporting each adaptation only. 
According to the agreements about the maximum value of sub-configurations, separate maximum value can be configured for A-CSI, SP-CSI, and P-CSI. 
	Agreement (113)
Alt 2: For P-CSI reporting from L configured sub-configurations, support:
· All L configured sub-configurations are reported in every periodic occasion.
· The maximum value of L can be different for A-CSI, SP-CSI, and P-CSI. 
· , where  is the total number of CSI-RS resources corresponding to i-th sub-configuration in the CSI-RS resource set for channel measurement. (N=L in the equation)
· FFS: Details on active CSI-RS resource / port counting




For periodic CSI feedback, the maximum value of L sub-configuration should be at least 2 and beyond. And for the SP and AP CSI feedback, the maximum value of L can be 2, 3 and beyond, which would provide enough flexibility. And value N for AP and SP CSI feedback could be a lower value than the maximum L. The proposals are as below and applied to the component 1 and 2 in both FG 42-1 and 42-2.

Proposal 2: For periodic CSI feedback (FG 42-1 and 42-2), the maximum value of L sub-configuration should be at least 2 and beyond. And for the SP and AP CSI feedback, the maximum value of L can be 2, 3 and beyond.

Proposal 3:
Value N for AP and SP CSI feedback could be a lower value than the maximum L.

As discussed during the meeting, the supported NZP CSI-RS resources and port numbers have strong impact to the performance of spatial domain adaptation. We support to introduce components 3-6 in the NES UE features. 

Proposal 4: Support to introduce components 3-6 in the NES UE features
· 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

3.Discussion on cell DTX/DRX related UE features  
During RAN1#114b meetings, FG42-4 and 42-5 were modified compared to RAN1#114 meeting, the main difference for FG42-4 is deleting the detail impacted channels/signals, and for FG42-5 is adding the exact DCI format. For both FGs, there are still remaining issues highlighted as following.
Agreement: Adopt the following changes highlighted in chromatic fonts, while keeping the yellow highlighting, if any, as shown
	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}

Note: RAN2 may add additional details 

FFS: supported number of cell DTX/DRX patterns per cell group
	Optional with capability signaling



Agreement: Adopt the following changes highlighted in chromatic fonts, while keeping the yellow highlighting, if any, as shown
	42. Netw_Energy_NR 
	42-5
	Cell DTX/DRX operation triggered by DCI format [2_9x]
	1) Support of Cell DTX/DRX configuration activation and deactivation via DCI [2_9x] 
	42-4
	Yes
	
	UE does not support dynamic Cell DTX/DRX operation triggered by L1 signalling 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



We will discuss the following issues related to above UE feature groups.
· Issue 1: Number of DTX/DRX configuration per cell
· Issue 2: Whether FG42-4 and FG42-5 should be merged in one FG.
· Issue 3: When UE supports “both” for FG42-4, whether UE supports “both” for FG42-5.
For issue 1, RAN2 made the following agreements. According to the agreements, multiple configurations of Cell DTX/DRX are not pursued in Rel-18 for serving cell. So the description of “[one DTX/DRX configuration per cell]” in UE feature group 42-4 can be confirmed or removed.  
Agreements on CP open issues:
1. Introduce explicit activation/deactivation in RRC once DTX/DRX is configured (i.e. not for dynamic activation/deactivation).   This reverses previous agreement on implicit activation.
2. Start offset and slot offset configuration is also common between Cell DTX and Cell DRX when both are configured 
3. Standalone cell DRX configuration is possible to configure  
4. Multiple configurations of Cell DTX/DRX are not pursued in Rel-18 for serving cell.  

And for the FFS: supported number of cell DTX/DRX patterns per cell group, we think the following highlighted agreements can be added as one component of FG42-4.
	Agreements
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, 
· The start and slot offset are common for the two patterns.
· one periodicity is an integer multiple of the other.


Proposal 5: For FG42-4, remove the bracket of [with one DTX/DRX configuration per cell] or completely remove content in the bracket.
Proposal 6: Add the following component in FG42-4, and remove the FFS: supported number of cell DTX/DRX patterns per cell group,
· Support of configuration of maximum of two cell DTX/DRX patterns per MAC entity.

For issue 2, if separate FGs are introduced for RRC based activation/deactivation and DCI based activation/deactivation, gNB complexity will increase. For example, when there are some UEs only supporting RRC based activation/deactivation, while some other UEs supporting PDCCH based activation/deactivation, if gNB wants to enter cell DTX mode, 
· If the indication is transmitted during non active time of cell DTX when cell DTX is deactivated, as shown in figure.1, it is better to align the activation time cell DTX for all the UEs, which means gNB has to send the RRC activation indication for some UEs earlier than send PDCCH activation indication for the other UEs to make sure cell DTX is activated in the same slot or adjacent slots. Otherwise, gNB can not benefit from power saving when only one type of activation takes effect and the other type of activation does not take effect yet.  
[image: ]
Figure.1 Alignment of RRC based cell DTX activation and PDCCH based cell DTX alignment 
Based on above consideration, we think FG42-5 can be merged with FG42-4.
[bookmark: _Hlk146809284]Proposal 7: Merge FG 42-5 with FG 42-4.

For issue 3, we don’t think supporting PDCCH based activation/deactivation of only one of cell DTX and cell DRX will provide UE complexity reduction compared to supporting both. Since UE anyway will support configuration and monitoring of DCI format 2_9, and support the application delay mechanism. So it does not need such fine granularity UE capability. So we propose when UE supports “both”cell DTX and cell DRX for FG42-4, UE supports“both”cell DTX and DRX for FG42-5.   
Proposal 8: When UE supports “both” cell DTX and cell DRX for FG42-4, UE supports “both” cell DTX and DRX for FG42-5.


4.Conclusion 
In this contribution, we discuss the remaining UE feature issues related to network energy saving, and the following proposals are made:

Proposal 1: Support to introduce a UE feature supporting joint SD and PD adaptation with maximum sub-configuration number of L. The feature group of SD adaptation and PD adaptation should be a prerequisite FGs. 
Proposal 2: For periodic CSI feedback (FG 42-1 and 42-2), the maximum value of L sub-configuration should be at least 2 and beyond. And for the SP and AP CSI feedback, the maximum value of L can be 2, 3 and beyond.
Proposal 3: Value N for AP and SP CSI feedback could be a lower value than the maximum L.
Proposal 4: Support to introduce components 3-6 in the NES UE features
· 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

Proposal 5: For FG42-4, remove the bracket of [with one DTX/DRX configuration per cell] or completely remove content in the bracket.
Proposal 6: Add the following component in FG42-4, and remove the FFS: supported number of cell DTX/DRX patterns per cell group,
· Support of configuration of maximum of two cell DTX/DRX patterns per MAC entity.
Proposal 7: Merge FG 42-5 with FG 42-4.
[bookmark: _GoBack]Proposal 8: When UE supports “both” cell DTX and cell DRX for FG42-4, UE supports “both” cell DTX and DRX for FG42-5.
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