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Introduction
Network energy savings is key to 5G/NR success to reduce environmental impact (greenhouse gas emissions), and for operational cost savings.  An initial study was conducted in RAN WGs where various techniques from time, frequency, spatial and power domain were investigated based on a network energy consumption model for base station, with the outcome captured in [1]. Following that, the Rel-18 work item introduced the following new features: 
· CSI enhancements for adaptations in spatial and power domains
· Cell DTX/DRX mechanism in time domain
· SSB-less SCell operation for inter-band CA 
· Mechanism to prevent legacy UEs camping and enhancements on CHO procedure 
· Inter-node beam activation and enhancements on paging
2
Description
CSI enhancements for adaptations in spatial and power domains
In order to perform dynamic adaptation in spatial and/or power domain for energy saving at gNB, precise CSI are critical. A new CSI reporting framework is introduced, which enables the UE to report N>=1 CSI sub-report(s) in one reporting instance. This is achieved by network configuring L>=N sub-configurations in a CSI report setting, and each sub-configuration contains parameters for either spatial domain (SD) adaptation or power domain (PD) adaptation. SD adaptation can be further characterized into Type 1 SD adaptation and Type 2 SD adaptation, where Type 1 SD can reduce the number of antenna ports based on a common CSI-RS resource and Type 2 SD can reduce the number of antenna elements associated to the antenna ports without reducing the number of the latter. Joint operation of SD and PD adaptation is also supported. A UE can then derive the CSIs according to the sub-configurations in CSI report setting and map them into respective CSI sub-report in a same CSI report. Periodic, semi-persistent or aperiodic CSI reporting are supported. The occupied CPU concerns the CSI-RS resources per each sub-configuration that is to be used for deriving a CSI. The counting for active CSI-RS resource and CSI-RS ports concerns the CSI-RS resources and CSI-RS ports per each referred sub-configuration and CSI-RS resource type.
Cell DTX/DRX mechanism in time domain, for UEs in RRC_CONNECTED mode
To facilitate reducing gNB transmission/reception activity time, functionality for aid of gNB Discontinuous Transmission (DTX) and Discontinuous Reception (DRX), i.e. cell DTX and cell DRX operation is introduced. A UE can be configured with a periodic cell DTX/DRX pattern (i.e. active and non-active periods of the gNB). The cell DTX and cell DRX pattern can be configured and activated separately or together, with a maximum of two cell DTX/DRX patterns per MAC entity for different serving cells. The feature was designed with a focus on the case where cell DTX in RRC can only be configured when UE C-DRX is configured. During non-active periods of cell DTX/DRX, certain channels/signals are not received/transmitted on the corresponding cell by the UE. Cell DTX/DRX can be activated/deactivated by RRC signalling or L1 group common signalling of DCI format 2_9. DCI format 2_9 can also be used for dynamic enabling/disabling NES-specific CHO execution condition. This feature is only applicable to UEs in RRC_CONNECTED state and does not impact Random Access procedure, SSB transmission, paging, and system information broadcasting.  
SSB-less SCell operation for inter-band CA for FR1 and co-located cells for frequency domain
To further save network energy consumption by reducing the SSB from SCell (SSB-less), SSB-less operation is extended from intra-band contiguous FR1 co-located scenario (supported in Rel-15) to inter-band FR1 co-located scenario. The SSB-less SCell can be activated relying on a reference inter-band cell. The inter-band SSB-less SCell activation requirements are defined based on periodic TRS/Aperiodic TRS on the SSB-less SCell, when the corresponding conditions are fulfilled, which include the receive timing difference/EPRE difference/QCL relation between the SSB-less cell and the reference cell.
Mechanism to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques
UEs incapable of cell DTX/DRX operation may attempt to access a cell configuring cell DTX/DRX. A new barring bit, optionally present in SIB1, was introduced to allow only UEs capable of cell DTX/DRX to access a cell that has enabled this technique. If this bit is not present, the legacy barring mechanisms are used. 

Enhancements on CHO procedure for NES cell(s)
To handover a UE to other cells as fast as possible if the source cell enters NES mode, NES-specific CHO event(s) can be configured to the UE, and the event is only considered fulfilled if the UE is notified via DCI that the NES-specific CHO execution condition is enabled and entry condition(s) is met.
Inter-node beam activation and enhancements on paging

For inter-node beam activation, a NG-RAN node owning a coverage cell can request neighbouring NG-RAN node(s) owning a capacity booster cell to switch on some SSB beams within the cell. The receiving NG-RAN node should act accordingly, and respond with the activated SSB beams. A network energy saving cause is defined to indicate that the SSB beams are deactivated for energy saving. Optional assistance information of allowed cell list is defined for CU/DU split case. A NG-RAN node can page certain UEs (e.g., stationary UEs) in RRC_INACTIVE state on a limited set of beams. Recommended SSB list can be included in paging message for CU/DU split case.
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