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[bookmark: _Ref129681862][bookmark: _Ref124589705][bookmark: OLE_LINK20][bookmark: OLE_LINK32][bookmark: _Ref129681832]Introduction
The UE feature discussion for Rel-18 NES WI has made progress as enclosed in [1] and [2]. In this contribution, we further provide our views on this topic.
Discussions on Rel-18 UE features for NES
[bookmark: _Toc83034622][bookmark: _Toc79484731][bookmark: _Toc148465286][bookmark: _Toc146203223]Techniques in spatial and power domains
· FG 42-1/42-1a/42-2/42-2a
	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

	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



Comments:
1) For Component 1 and 2, the candidate values for configured number of sub-configurations and reported CSIs are to be determined. It should be noted that the value represents the maximum number of CSI sub-configurations/sub-reports that a UE can report, which does not preclude gNB to configure/trigger a smaller value in practice. Therefore, from NES perspective, it is meaningful to enable at least a value larger than 1 for L, such that gNB has the flexibility of acquiring different CSI(s). Otherwise, for P-CSI, it may be easier not to use the NES framework for only one CSI reporting. Current CSI report framework support maximum 4 CSI reports per BWP. This would also need to be included. Furthermore, for SP-CSI report, it was agreed that “Maximum value of Lmax is no larger than 8 for semi-persistent CSI reporting on PUCCH”, which can be also used for AP-CSI report.
· [bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK9]For Component 1 and 2 for P-CSI report,
· The candidate values for L and N: 2, 3 and 4.
· For Component 1 and 2 for SP/A-CSI report,
· The candidate values for L: 2, 3, 4, 5, 6, 7 and 8.
· The candidate values for N: 1, 2, 3 and 4.
2) For Component 3 to 6 for FG 42-1/42-2, the candidate values for maximum total number of NZP-CSI-RS resources and CSI-RS ports are to be determined. According to current spec, the candidate values for maximum total number of NZP-CSI-RS resources and CSI-RS ports per CC are (1...64) and (2...256) respectively. For a UE supporting only 1 NZP-CSI-RS resource and 2 CSI-RS ports, no sub-configuration can be configured for type 1 and only one sub-configuration can be configured for type 2 SD and PD. Therefore, from NES perspective, it is proposed to use larger values.
	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)
}



In Table 1 some possible practical examples to show the possible number for active resources per CC and active ports where L=N is assumed for simplicity. 2 active resources and 16 active ports per CC can enable the configuration/triggering of 2 sub-configurations and 8 CSI-RS ports for each CSI-RS resource. 4 active resources and 32 active ports can enable the configuration/triggering of  4 sub-configurations and 8 CSI-RS ports for each CSI-RS resource. To ensure the flexibility of acquiring different CSI(s) on gNB side, we suggest using 4 and 32 as the minimum candidate value for component 3/6 and 4/5 respectively.
[bookmark: _Ref149653877]Table 1: Examples of possible practical number for active resources and active ports for different values of L
	Configured Sub-configurations (L)
	Triggered Sub-Configurations (N)
	Active Resources
	Type-1 SD
	Type-2 SD
	PD

	
	
	
	Sub-config
	Active Ports
	Sub-config
	Active Ports
	Sub-config
	Active Ports

	2
	2
	2
	Resource 1, 8 Ports

Sub-config 1: 8 Ports
Sub-config 2: 4 Ports
	12
	Resource 1, 8 Ports
Resource 2, 8 Ports

Sub-config 1: Resource 1
Sub-config 2: Resource 2
	16
	Resource 1, 8 Ports

Sub-config 1: PO 1
Sub-config 2: PO 2
	16

	2
	2
	4
	Resource 1, 4 Ports
Resource 2, 4 Ports

Sub-config 1: 4 Ports
Sub-config 2: 2 Ports
	12
	Resource 1, 4 Ports
Resource 2, 4 Ports
Resource 3, 4 Ports
Resource 4, 4 Ports

Sub-config 1: Resource 1 + 2
Sub-config 2: Resource 3 + 4
	16
	Resource 1, 4 Ports
Resource 2, 4 Ports

Sub-config 1: PO 1
Sub-config 2: PO 2
	16

	4
	4
	4
	Resource 1, 8 Ports

Sub-config 1: 8 Ports
Sub-config 2: 4 Ports
Sub-config 3: 2 Ports
Sub-config 4: 1 Ports
	15
	Resource 1, 8 Ports
Resource 2, 8 Ports
Resource 3, 8 Ports
Resource 4, 8 Ports

Sub-config 1: Resource 1
Sub-config 2: Resource 2
Sub-config 3: Resource 3
Sub-config 4: Resource 4
	32
	Resource 1, 8 Ports

Sub-config 1: PO 1
Sub-config 2: PO 2
Sub-config 3: PO 3
Sub-config 4: PO 4
	32




3) Regarding the reporting granularity, we can go the same way as legacy UE capability 2-33. Component “5) Supported max # simultaneous NZP-CSI-RS resources per CC” and “7) Supported max total # of CSI-RS ports in simultaneous NZP-CSI-RS resources per CC” of FG 2-33 are defined for reporting per band. Component “4) Supported max # simultaneous NZP-CSI-RS resources in active BWPs across all CCs” and “6) Supported max total # of CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCs” of FG 2-33 are defined for reporting per band combination. To avoid implementation fragmentation and signalling incompatibility, it would be desirable to also have the R18 FG reported consistently with the legacy UE capability.
		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
	[bookmark: OLE_LINK14][bookmark: OLE_LINK15]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
}
	MIMO-ParametersPerBand

Phy-ParametersFRX-Diff (for FR1 + FR2 band combination)
	n/a
	n/a
	All the candidate values are the range of capability signalling which doesn't determine whether UE is mandatory to support all the signalling values.
	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 }

	
	
	
	
	csi-RS-IM-ReceptionForFeedbackPerBandComb {
4. maxNumberSimultaneousNZP-CSI-RS-ActBWP-AllCC
6. totalNumberPortsSimultaneousNZP-CSI-RS-ActBWP-AllCC
}
	CA-ParametersNR-v1540
	
	
	
	







4) For FG 42-1/42-1a, Regarding “FFS: whether to have separate rows for type 1 or 2”, from UE implementation perspective, the newly introduced FG is mainly related to UE capabilities about CSI measurement, CSI processing and CSI reporting, i.e. FG 2-33, 2-35 in Rel-15. The difference between Type 1 SD and Type 2 SD mainly lays on the implementation at gNB side (e.g. Type 2 SD could be mainly for virtualized precluding BS) and configurations (to UE), while differing factor, that lead a UE to only be able to support one of Type 1 and Type 2 SD (or even PD) at a time/development would be small, e.g. the supported maximum number of CSI reports per BWP, CPU counting or active resource/antenna ports counting are kept the same among different configurations for adaptation. Therefore, it is lack of justification to split Type 1 SD and Type 2 SD as separate UE capabilities.

Proposal 1: For FG 42-1/42-1a/42-2/42-2a, 
· the candidate values for component 1 and 2:
· for Component 1 for P-CSI report, the candidate values for L: 2, 3 and 4.
· for Component 1 for SP/A-CSI report, the candidate values for L: 2, 3, 4, 5, 6, 7 and 8.
· for Component 2 for P-CSI report, the candidate values for N: 2, 3 and 4.
· for Component 2 for SP/A-CSI report, the candidate values for N: 1, 2, 3, and 4.
Proposal 2: For FG 42-1/42-2, 
· the candidate values for component 3: {4, 5, 6 … 32}
· the candidate values for component 4: {32, 40, 48, … 128 }
· the candidate values for component 5: {32, 40, 48, … 256 }
· the candidate values for component 6: {4, 5, 6 … 64}
Proposal 3: For FG 42-1/42-2, 
· Component 1 to 4 are per band reported.
· [bookmark: _GoBack]Component 5 and 6 are per BC reported.
Proposal 4: For FG 42-1a/42-2a, 
· the Component 1 and 2 are per band reported.
Proposal 5: For FG 42-1/42-1a, further justification is needed on whether to support separate rows/capabilities for Type 1 SD and Type 2 SD respectively.

[bookmark: _Toc79484734][bookmark: _Toc83034625][bookmark: _Toc148465287][bookmark: _Toc146203224]Enhancements on cell DTX/DRX mechanism
· FG 42-4
	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



Comments:
1) Regarding “[with one DTX/DRX configuration per cell]”, as RAN2 has agreed “Multiple configurations of Cell DTX/DRX are not pursued in Rel-18 for serving cell”, the square bracket can be removed.
2) [bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]Regarding the reporting granularity, we are fine with “per UE”.
3) The feature is introduced from RAN2 with marginal RAN1 impact, therefore, any further details can be added in RAN2 per their progress, and RAN1 could stop here for the moment unless any further update is triggered from RAN2.

Proposal 6: FG 42-4 is per UE reported. 

· FG 42-5
	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



Comments:
1) [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Regarding the reporting granularity, the detection of DCI format 2_9 would enable cell DTX or DRX of one or multiple cells. This desirably includes the scenarios of DCI format 2_9 in FR1 triggers cell DTRX in FR2. A UE can report this FG per band combination.
2) Regarding “FFS: when UE supports “both” for FG42-4, whether UE supports “both” for FG42-5” in the note column, we are open to introduce this note if companies prefer that way.
3) Regarding “FFS: merge this FG with FG 42-4” in the note column, our view is not supportive, as the required UE implementation, spec impact and applicable scenario could be very different.

Proposal 7: For FG 42-5, 
· the FG is per BC reported.
· this is a separate FG from FG 42-4.

· New FG for NES-specific CHO triggering via DCI 2_9
In last meeting, RAN2 has reached the following agreement and sent an LS to RAN1:
	Agreements
Group common DCI format 2-X is reused to notify the UE that source cell is entering NES mode.
•	add one bit of DCI 2-X to trigger both use cases of Cell DTX/DRX activation and cell turning off. RAN2 send LS to RAN1 to request this signalling change.


According to current RAN2 agreement, the additional bit in DCI format 2_9 is used to indicate whether a NES-specific CHO is triggered. The intention of the additional one bit (instead of reusing Cell DTX/DRX activation indication in DCI 2-X) is to decouple CHO enhancement for NES from Cell DTX/DRX activation from gNB side. For UE capability, the DCI triggering for NES-specific CHO can also be a separate UE capability from FG 42-5, which gives UE the flexibility to only support Cell DTX/DRX and not support NES-specific CHO enhancement.
Regarding the reporting granularity, UE can report this FG per band combination based on the same reason as FG 42-5.

Proposal 8: Introduce a new FG for NES-specific CHO triggering via DCI 2_9
· the FG is per BC reported

Conclusion
Our view for NES UE feature can be summarized as below.
Proposal 1: For FG 42-1/42-1a/42-2/42-2a, 
· the candidate values for component 1 and 2:
· for Component 1 for P-CSI report, the candidate values for L: 2, 3 and 4.
· for Component 1 for SP/A-CSI report, the candidate values for L: 2, 3, 4, 5, 6, 7 and 8.
· for Component 2 for P-CSI report, the candidate values for N: 2, 3 and 4.
· for Component 2 for SP/A-CSI report, the candidate values for N: 1, 2, 3, and 4.
Proposal 2: For FG 42-1/42-2, 
· the candidate values for component 3: {4, 5, 6 … 32}
· the candidate values for component 4: {32, 40, 48, … 128 }
· the candidate values for component 5: {32, 40, 48, … 256 }
· the candidate values for component 6: {4, 5, 6 … 64}
Proposal 3: For FG 42-1/42-2, 
· Component 1 to 4 are per band reported.
· Component 5 and 6 are per BC reported.
Proposal 4: For FG 42-1a/42-2a, 
· Component 1 and 2 are per band reported.
Proposal 5: For FG 42-1/42-1a, further justification is needed on whether to support separate rows/capabilities for Type 1 SD and Type 2 SD respectively.
Proposal 6: FG 42-4 is per UE reported.
Proposal 7: For FG 42-5, 
· the FG is per BC reported.
· this is a separate FG from FG 42-4.
Proposal 8: Introduce a new FG for NES-specific CHO triggering via DCI 2_9
· the FG is per BC reported
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