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Introduction
The Rel-18 WID network energy saving for NR [1] had been discussed based on the following objectives,   
1. Specify SSB-less SCell operation for inter-band CA for FR1 and co-located cells, if found feasible by RAN4 study, where a UE measures SSB transmitted on PCell or another SCell for an SCell’s time/frequency synchronization (including downlink AGC), and L1/L3 measurements, including potential enhancement on SCell activation procedures if necessary [RAN4, RAN2]

2. Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3]
· Note: No change for SSB transmission due to cell DTX/DRX.
· Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.
3. Specify the following techniques in spatial and power domains
· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains) [RAN1, RAN2]
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, RAN2]
· Note: Above objectives are only for UE specific channels/signals
· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements

4. Specify mechanism(s) to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, if necessary [RAN2] 

5. Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2]

6. Specify inter-node beam activation and enhancements on restricting paging in a limited area [RAN3].

7. Specify the corresponding RRM/RF core requirements, if necessary, for the above features [RAN4]

For RAN1, the network energy saving focuses on cell DTX/DRX mechanism and the spatial and power domain adaptation.   

This paper further discusses the remain aspects of FG29 of UE power saving enhancements for NR.  

UE Features of Network Energy Saving for NR
The focus of network energy saving technique in RAN1 are the spatial and power domain adaptation and time domain adaptation through cell DTX/DRX.   The UE features of the spatial and power domain adaption network energy saving techniques required the UE feedback on the radio channel conditions of antenna adaptation for link adaptation.   The focus of the time domain adaptation through cell DTX/DRX is the physical channel/signals impact and L1 signaling triggering of activation/deactivation when the cell DTX/DRX is configured at each cell.   

Spatial and Power Domain Adaptation

 The spatial and power domain adaptation is to turn off some of the TxRUs for network energy saving with the power adjustment.   The spatial adaptation by turning OFF/ON of some TxRUs would change the number of antenna ports for Type-1 antenna configuration, which each antenna port is connected to some TxRUs, and the beam pattern for Type-2 antenna configuration, which each antenna port is connected to all TxRUs.  The change of the number of antenna ports or the beam pattern in the spatial adaptation would have impact to the coverage, in particular to the DL common channels, and link adaptation gain.  Thus, the Tx power would need to be adjusted along with the spatial domain adaptation in order to provide seamless coverage and the adequate link adaptation gain.  The power domain adaptation alone would barely provide any network energy saving since all components are turned on with large base power consumption for the power amplifier regardless the setting of the transmit power.   Thus, the spatial and power domain adaptation should be one single UE feature. 
[bookmark: _Hlk83559437]
[bookmark: _Hlk142476957][bookmark: _Hlk86320495]Proposal 1:  The spatial and power domain adaptation should be one UE feature for network energy saving without individual UE feature for each of spatial domain and power domain adaptation 
The support of the spatial and power domain adaptation requires additional UE CSI measurements and reports when some TxRUs are turned off.   A number of TxRUs turning off and generating a new number of antenna ports or beam pattern is indicated as a antenna sub-configuration of the full antenna configuration.  The additional CSI reports of sub-configurations with each CSI report associated with one sub-configuration will be fed back to the gNB for dynamic link adaptation.  Multiple CSI reports associated with full antenna configuration and sub-configurations are included in all CSI report type; they are aperiodic CSI report, semi-persistent CSI report, and periodic CSI report.   The UL resources needs to be configured for multiple CSI reports associated with the full antenna configuration and sub-configuration.   The triggering of multiple CSI reports by DCI needs to be supported to indicate the PDSCH transmission associated with the full antenna configuration or the specific sub-configuration in order to provide the UE information for the channel compensation.   The proposed UE feature for the spatial and power domain adaptation for the network energy saving is as follows,
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	[bookmark: _Hlk142476848]NR_NES
	X-1
	Spatial and power domain adaptation	
	
	1. Support spatial and power domain adaptation 
2. Support multiple CSI measurements of L antenna sub-configuration
· Support multiple CSI measurements of multiple sub-configurations from one CSI-RS resource
3. Support N CSI reports out L sub-configurations, where N <=L
· Aperiodic CSI report
· Semi-Persistent CSI report
· Periodic CSI report 
4. Support of DCI trigger of N A-CSI reports on PUSCH 
5. Support of DCI indication of PDSCH associated with a configured antenna sub-configuration  

	 N
	N
	
	 UE does not support spatial and power domain adaptation 
	Per UE
	N
	N
	N
	· UE capability indication of N number of CSI reports 
· The maximum number of CSI-RS resources sets supported by the UE remains the same

	Optional with capability signaling of 



[bookmark: _Hlk86320630][bookmark: _Hlk83578856]
Time Domain Adaptation through Cell DTX/DRX

[bookmark: _Hlk83573545][bookmark: _Hlk94784957][bookmark: _Hlk83578870][bookmark: _Hlk86398189]The time domain adaptation through cell DTX/DRX is the network indication of the active/inactive periods of DL Tx or UL Rx to achieve the network energy saving.    In order to achieve network energy saving, the network would minimize the number of physical channels/signals transmitted for CONNECTED mode UEs.   The CONNECTED mode UEs would expect some physical channels/signals not transmitted during the DTX inactive time and not received by the gNB during the DRX inactive time.    However, the physical signals/channels of initial access and system broadcast for IDLE/Inactive and legacy UEs remain the same to allow the UE normal access.  The RRC configuration of cell DTX/DRX would be UE specific.   The L1 signaling by new common DCI format 2_x would be used to activate/deactivate the cell DTX/DRX dynamically.    The UE features for time domain adaptation through cell DTX/DRX are as follows,
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	[bookmark: _Hlk142476910]NR_NES
	X-2
	Cell DTX/DRX	
	
	1. Support of RRC configuration of Cell DTX/DRX
2. Support of  L1 signaling in activation/deactivation of Cell DTX/DRX
· Support of DCI format 2_x group common DCI
· Support of SearchSpace configuration for DCI format 2_x
· Support of NES-RNTI
3. Support of physical channels/signals not Tx during cell DTX
· SPS PDSCH
· Periodic/Semi-persistent CSI-RS configured in CSI report configuration in CSI-ReportConfig with reportQuantity including RI
· PDCCH in USS/Type 3 CSS
· PRS
· CSI-RS
	 N
	N
	
	 UE does not support the network configuration of cell DTX/DRX
	Per UE
	N
	N
	N
	· UE capability indication of support L1 signaling and DCI format 2_x

	Optional with capability signaling of 




Conclusion 
In this contribution, we have discussed the UE features for network energy saving for NR.  We have the following proposal
· Proposal 1:  The spatial and power domain adaptation should be one UE feature for network energy saving without individual UE feature for each of spatial domain and power domain adaptation
We proposed to use Table 1for the UE feature for Network Energy Saving for NR.  
Table 1:  UE capability for NR Network Energy Saving

	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups

	NR_NES
	X-1
	Spatial and power domain adaptation	
	
	1. Support spatial and power domain adaptation 
2. Support multiple CSI measurements of L antenna sub-configuration
· Support multiple CSI measurements of multiple sub-configurations from one CSI-RS resource
3. Support N CSI reports out L sub-configurations, where N <=L
· Aperiodic CSI report
· Semi-Persistent CSI report
· Periodic CSI report 
4. Support of DCI trigger of N A-CSI reports on PUSCH 
5. Support of DCI indication of PDSCH associated with a configured antenna sub-configuration  
· 
	 N
	N
	
	 UE does not support spatial and power domain adaptation 
	Per UE
	N
	N
	N
	· UE capability indication of N number of CSI reports 
· The maximum number of CSI-RS resources sets supported by the UE remains the same

	Optional with capability signaling of 

	NR_NES
	X-2
	Cell DTX/DRX	
	
	1. Support of RRC configuration of Cell DTX/DRX
2. Support of  L1 signaling in activation/deactivation of Cell DTX/DRX
· Support of DCI format 2_x group common DCI
· Support of SearchSpace configuration for DCI format 2_x
· Support of NES-RNTI
3. Support of physical channels/signals not Tx during cell DTX
· SPS PDSCH
· Periodic/Semi-persistent CSI-RS configured in CSI report configuration in CSI-ReportConfig with reportQuantity including RI
· PDCCH in USS/Type 3 CSS
· PRS
· CSI-RS
	 N
	N
	
	 UE does not support the network configuration of cell DTX/DRX
	Per UE
	N
	N
	N
	· UE capability indication of support L1 signaling and DCI format 2_x

	Optional with capability signaling of 
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