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Introduction
In this contribution, our views on R18 NWES UE features are provided based on the agreements in RAN1#114b [1].
Discussion
Spatial and power domain
· Joint spatial and power domain adaptation 
In RAN1#113 meeting, the following was agreed:
	Agreement
Joint operation of SD and PD adaptation is supported.


In previous RAN1 meeting, the descriptions of component in 42-1 and 42-2 are as follows:
	Component in 42-1
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]
...

	Component in 42-2
Support of CSI feedback based on CSI report sub-configuration(s), each containing one power offset [for each of periodic and aperiodic CSI reporting]
...


According to current wording, it can be seen that it doesn’t support one sub-configuration contains both SD information and PD information for a joint CSI report even if both 42-1 and 42-2 are supported. For example, the following sub-configuration #1 is not supported.
CSI report configuration: {
sub-configuration#1: type 1 SD, PD
sub-configuration#2: PD
...}
[bookmark: _Toc14024][bookmark: _Toc1407]Current description of FG 42-1 and 42-2 doesn’t support one sub-configuration contains both PD information and SD information for joint spatial and power domain adaptation if implicit way is used. 
To enable that a joint spatial and power domain adaptation can be supported by UE. New UE features for joint spatial and power domain adaptation are needed.
[bookmark: _Toc8251][bookmark: _Toc8773][bookmark: _Toc11168][bookmark: _Toc13920]Add two joint spatial and power adaptation UE feature groups, i.e., one for P and AP CSI reporting and the other one for SP CSI reporting.
	Index
	Feature group
	Components
	Prerequisite feature groups
	...

	42-3
	Joint spatial and 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 [port subset configuration/list of CSI-RS IDs] or power offset [for each of periodic and aperiodic CSI reporting]
[1. The max number of sub-configurations Lmax in one CSI report configuration]
[2. Report of N CSI(s) in one CSI report where each CSI corresponds to one sub-configuration.]

	42-1 and 42-2
	

	42-3a
	Joint spatial and 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 [port subset configuration/list of CSI-RS IDs] or power offset [for each of 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 CSI report where each CSI corresponds to one sub-configuration.]

	42-1a and 42-2a
	



· Maximum number of CSI-RS resources and ports
In RAN1#114 meeting, the following UE components are added 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]


However, FG 42-1 and 42-2 are used only for periodic or aperiodic CSI reporting. The components shown above are not restricted to P and AP CSI reporting, but also applied to SP CSI reporting which corresponds to FG  42-1a and 42-2a. Hence, it is suggested to introduce a separate FG to capture the components of the maximum number of CSI resources/ports. 
[bookmark: _Toc22620][bookmark: _Toc12838][bookmark: _Toc6783][bookmark: _Toc18238]Remove the components of maximum number of CSI-RS resource and ports from feature 42-1 and 42-2. 
[bookmark: _Toc31663][bookmark: _Toc12222][bookmark: _Toc4847][bookmark: _Toc22545]Add a new separate FG for the maximum number of CSI-RS resources and ports.
For a CSI report configured with multiple sub-configurations, the candidate values need to be extended for these capabilities. However, there are some other capabilities (as shown below in cyan highlight), which also need to be updated accordingly.
	38.822
	2-33
	CSI-RS and CSI-IM reception for CSI feedback
	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
	2-32
	csi-RS-IM-ReceptionForFeedback {
1. maxConfigNumberNZP-CSI-RS-PerCC
2. maxConfigNumberPortsAcrossNZP-CSI-RS-PerCC
3. maxConfigNumberCSI-IM-PerCC
5. maxNumberSimultaneousNZP-CSI-RS-PerCC
7. totalNumberPortsSimultaneousNZP-CSI-RS-PerCC
}

	
	
	
	
	csi-RS-IM-ReceptionForFeedbackPerBandComb {
4. maxNumberSimultaneousNZP-CSI-RS-ActBWP-AllCC
6. totalNumberPortsSimultaneousNZP-CSI-RS-ActBWP-AllCC
}




	38.331
CSI-RS-IM-ReceptionForFeedback ::=              SEQUENCE {
    maxConfigNumberNZP-CSI-RS-PerCC                 INTEGER (1..64),
    maxConfigNumberPortsAcrossNZP-CSI-RS-PerCC      INTEGER (2..256),
    maxConfigNumberCSI-IM-PerCC                     ENUMERATED {n1, n2, n4, n8, n16, n32},
    maxNumberSimultaneousNZP-CSI-RS-PerCC           INTEGER (1..64),
    totalNumberPortsSimultaneousNZP-CSI-RS-PerCC    INTEGER (2..256)
}
...
CA-ParametersNR-v1540 ::=           SEQUENCE {
    simultaneousSRS-AssocCSI-RS-AllCC                       INTEGER (5..32)         OPTIONAL,
    csi-RS-IM-ReceptionForFeedbackPerBandComb               SEQUENCE {
        maxNumberSimultaneousNZP-CSI-RS-ActBWP-AllCC            INTEGER (1..64)     OPTIONAL,
        totalNumberPortsSimultaneousNZP-CSI-RS-ActBWP-AllCC     INTEGER (2..256)    OPTIONAL
    }                                                                               OPTIONAL,
    simultaneousCSI-ReportsAllCC                            INTEGER (5..32)         OPTIONAL,
    dualPA-Architecture                                     ENUMERATED {supported}  OPTIONAL
}



According to TS38.331, the candidate values of ‘maxConfigNumberNZP-CSI-RS-PerCC’ and ‘maxNumberSimultaneousNZP-CSI-RS-PerCC’ are same. Thus, the upper limit of the simultaneous NZP CSI-RS per CC is determined by the smaller one between these two parameters. In addition, parameters ‘maxConfigNumberPortsAcrossNZP-CSI-RS-PerCC’, ‘totalNumberPortsSimultaneousNZP-CSI-RS-PerCC’ also have this limitation. Thus, if the candidate values do not extend for the capabilities in cyan highlight, the extension for the capabilities in green highlight will be meaningless.
[bookmark: _Toc2988][bookmark: _Toc24975][bookmark: _Toc20465][bookmark: _Toc3587]The following components should be added in the FG:
[bookmark: _Toc29724][bookmark: _Toc6938][bookmark: _Toc631][bookmark: _Toc23264]	1) Supported max # of configured NZP-CSI-RS resources per CC,
[bookmark: _Toc28766][bookmark: _Toc22709][bookmark: _Toc23782][bookmark: _Toc5894]	2) Supported max # of ports across all configured NZP-CSI-RS resources per CC
[bookmark: _Toc23819][bookmark: _Toc31846][bookmark: _Toc8986][bookmark: _Toc22268]Add a new UE FG as follow.
	Index
	Feature group
	Components
	Prerequisite feature groups
	...

	42-X
	Maximum number of CSI-RS resources and ports for spatial and power adaptation
	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 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
	
	Component 1 candidate values: [4...128]
Component 2 candidate value: [8...512] 
Component 3 candidate value: [4...128]
Component 4 candidate value: [8...512]   
Component 5 candidate value: [8...512] 
Component 6 candidate value: [4...128] 




· Candidate values for Lmax and N
In RAN1#114bis meeting, the following was captured.
	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


The maximum value of Lmax or N for periodic CSI reporting on PUCCH can be same as the maximum value of Lmax or N for SP CSI reporting on PUCCH. And the maximum value of Lmax or N for CSI reporting on PUSCH should not be smaller than the corresponding values for SP CSI reporting on PUCCH.
[bookmark: _Toc7847][bookmark: _Toc14804]The following candidate values are proposed.
· [bookmark: _Toc5681][bookmark: _Toc26451]The candidate value of maximum number of sub-configurations Lmax in one CSI report configuration for periodic/aperiodic/semi-persistent CSI report: [2,3,4,5,6,7,8];
· [bookmark: _Toc10741][bookmark: _Toc22685]The candidate value of N for a periodic/aperiodic/semi-persistent CSI report: [1,2,3,4].

· Discussion on other issues
The FFS issues in RAN1#114bis meeting are discussed in this section.
1) relationship to legacy capability simultaneousCSI-ReportsPerCC
According to TS 38.306, the capability simultaneousCSI-ReportsPerCC is used to indicate the number of CSI report(s) that the UE can measure and process reference signals simultaneously in a CC. The CSI report comprises periodic, semi-persistent and aperiodic CSI and any latency classes and codebook types. The CSI report in simultaneousCSI-ReportsPerCC includes the beam report and CSI report. Thus, this capability defines the number of CSI reports which are independent of the type of CSI report.
[bookmark: _Toc19989][bookmark: _Toc19559]Legacy capability simultaneousCSI-ReportsPerCC is independent of the type of CSI report.
The CSI report configured with multiple sub-configurations is a type of CSI report for NES, and should also be restricted by the legacy capability simultaneousCSI-ReportsPerCC. No new UE capability is needed.
[bookmark: _Toc19277][bookmark: _Toc6203]No impact on capability simultaneousCSI-ReportsPerCC.
2) whether to have separate rows for type 1 or 2 SD adaptation
Spatial domain adaptation includes type 1 and type 2 adaptation, the difference between type 1 and type 2 SD adaptation includes the configuration of sub-configurations and the mapping between sub-configuration and CSI-RS resources. For UE CSI calculation, there is no big difference between two types. Thus, a common UE feature group for type 1 and type 2 is enough.
[bookmark: _Toc11773][bookmark: _Toc23659]A common UE feature group for type 1 and type 2 SD adaptation is enough.
3) max number of L and/or N across all CCs
In the one hand, the UE capability parameter of ‘max number of L and/or N across all CCs’ achieve the same purpose as the UE capability parameters in proposal 4. In the other hand, current discussion for multi-CSI report is about maximum number of Lmax and/or N in one CSI report configuration in one BWP. And there is no discussion about maximum number of Lmax and/or N across multiple BWPs in one CC or across multiple CCs. Therefore, the UE capability parameter of ‘max number of L and/or N across all CCs’ is not needed

Cell DTX/DRX
In previous meetings, UE FG 42-4 (i.e., Cell DTX or DRX operation based on RRC configuration) and 42-5 (i.e., Cell DTX/DRX operation triggered by DCI format 2_9) were discussed.
In RAN1 #114b meeting, the supported number of cell DTX/DRX patterns per cell group is not determined in FG 42-4. Based on the agreements in RAN2 #123b, i.e., “A maximum of two cell DTX/DRX patterns can be configured per MAC entity”, “Maximum 2 cell DTX/DRX patterns per cell group can be supported” should be captured in FG 42-4.
[bookmark: _Toc32687][bookmark: _Toc27258]“Maximum 2 cell DTX/DRX patterns per cell group can be supported” should be captured in FG 42-4.
What’s more, there is an FFS about whether to merge the FG 42-5 with FG 42-4. According to the agreements in RAN2 #123b meeting, Cell DTX/DRX can be activated/deactivated explicitly by RRC signaling. Therefore, whether the UE support dynamic Cell DTX/DRX operation triggered by L1 signaling should be an independent UE capability. So, there is no need to merge the FG 42-5 with FG 42-4.
[bookmark: _Toc7065][bookmark: _Toc7500][bookmark: _Toc27754]No need to merge the FG 42-5 with FG 42-4.
Additional, cell DTX and/or DRX operation can be configured as cell DTX only, cell DRX only or both based on RRC configuration.  The implementation of cell DTX and/or DRX configuration activation and deactivation via DCI format 2_9 is similar with the RRC based activation/deactivation as long as DCI format 2-9 is supported. There is no need to differentiate whether the activation/de-activation of cell DTX or, cell DRX. Therefore, the “FFS: when UE supports “both” for FG42-4, whether UE supports “both” for FG42-5” in FG 42-5 can be deleted.
[bookmark: _Toc30507][bookmark: _Toc18983]Delete the “FFS: when UE supports “both” for FG42-4, whether UE supports “both” for FG42-5” in FG 42-5.
[bookmark: _Toc14607][bookmark: _Toc21812]Update FG 42-4 and FG 42-5 as follows.
	42-4
	Cell DTX and/or DRX operation based on RRC configuration [with one DTX and/or DRX configuration per cell]
	Support of cell DTX and/or DRX operation [with one DTX and/or DRX configuration per cell] by RRC configuration
	
	Yes
	
	UE does not support Cell DTX and/or DRX operation [with one DTX and/or DRX configuration per cell] 
	...
	Candidate values: {cell DTX only, cell DRX only, both}

Note: RAN2 may add additional details 

FFS: supported number of  2 cell DTX/DRX patterns per cell group

	42-5
	Cell DTX and/or DRX operation triggered by DCI format [2_9x]
	1) Support of Cell DTX and/or DRX configuration activation and deactivation via DCI [2_9x] 
	42-4
	Yes
	
	UE does not support dynamic Cell DTX and/or DRX operation triggered by L1 signalling DCI format 2_9
	...
	FFS: when UE supports “both” for FG42-4, whether UE supports “both” for FG42-5

FFS: merge this FG with FG 42-4



Conclusions
Based on the analysis, we have the following proposal:
Observation 1: Current description of FG 42-1 and 42-2 doesn’t support one sub-configuration contains both PD information and SD information for joint spatial and power domain adaptation if implicit way is used.
Observation 2: Legacy capability simultaneousCSI-ReportsPerCC is independent of the type of CSI report.

Proposal 1: Add two joint spatial and power adaptation UE feature groups, i.e., one for P and AP CSI reporting and the other one for SP CSI reporting.
	Index
	Feature group
	Components
	Prerequisite feature groups
	...

	42-3
	Joint spatial and 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 [port subset configuration/list of CSI-RS IDs] or power offset [for each of periodic and aperiodic CSI reporting]
[bookmark: _GoBack][1. The max number of sub-configurations Lmax in one CSI report configuration]
[2. Report of N CSI(s) in one CSI report where each CSI corresponds to one sub-configuration.]

	42-1 and 42-2
	

	42-3a
	Joint spatial and 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 [port subset configuration/list of CSI-RS IDs] or power offset [for each of 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 CSI report where each CSI corresponds to one sub-configuration.]

	42-1a and 42-2a
	



Proposal 2: Remove the components of maximum number of CSI-RS resource and ports from feature 42-1 and 42-2.
Proposal 3: Add a new separate FG for the maximum number of CSI-RS resources and ports.
Proposal 4: The following components should be added in the FG:
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
Proposal 5: Add a new UE FG as follow.
	Index
	Feature group
	Components
	Prerequisite feature groups
	...

	42-X
	Maximum number of CSI-RS resources and ports for spatial and power adaptation
	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 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
	
	Component 1 candidate values: [4...128]
Component 2 candidate value: [8...512] 
Component 3 candidate value: [4...128]
Component 4 candidate value: [8...512]   
Component 5 candidate value: [8...512] 
Component 6 candidate value: [4...128] 




Proposal 6: The following  candidate values are proposed.
• The candidate value of maximum number of sub-configurations Lmax in one CSI report configuration for periodic/aperiodic/semi-persistent CSI report: [2,3,4,5,6,7,8];
• The candidate value of N for a periodic/aperiodic/semi-persistent CSI report: [1,2,3,4].
Proposal 7: No impact on capability simultaneousCSI-ReportsPerCC.
Proposal 8: A common UE feature group for type 1 and type 2 SD adaptation is enough.
Proposal 9: “Maximum 2 cell DTX/DRX patterns per cell group can be supported” should be captured in FG 42-4.
Proposal 10: No need to merge the FG 42-5 with FG 42-4.
Proposal 11: Delete the “FFS: when UE supports “both” for FG42-4, whether UE supports “both” for FG42-5” in FG 42-5.
Proposal 12: Update FG 42-4 and FG 42-5 as follows.

	42-4
	Cell DTX and/or DRX operation based on RRC configuration [with one DTX and/or DRX configuration per cell]
	Support of cell DTX and/or DRX operation [with one DTX and/or DRX configuration per cell] by RRC configuration
	
	Yes
	
	UE does not support Cell DTX and/or DRX operation [with one DTX and/or DRX configuration per cell] 
	...
	Candidate values: {cell DTX only, cell DRX only, both}

Note: RAN2 may add additional details 

FFS: supported number of  2 cell DTX/DRX patterns per cell group

	42-5
	Cell DTX and/or DRX operation triggered by DCI format [2_9x]
	1) Support of Cell DTX and/or DRX configuration activation and deactivation via DCI [2_9x] 
	42-4
	Yes
	
	UE does not support dynamic Cell DTX and/or DRX operation triggered by L1 signalling DCI format 2_9
	...
	FFS: when UE supports “both” for FG42-4, whether UE supports “both” for FG42-5

FFS: merge this FG with FG 42-4



References
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Appendix

Agreement: Adopt the following changes highlighted in chromatic fonts, while keeping the yellow highlighting, if any, as shown
	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: Adopt the following changes highlighted in chromatic fonts, while keeping the yellow highlighting, if any, as shown
	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



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





