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During RAN1#119bis-e, the following agreement was made on the potential energy saving techniques:
	Agreement
The following are description of a potential energy saving techniques being discussed in RAN1. The benefits and performance impact of the candidate techniques are subject to further RAN1 evaluations, while RAN1 is discussing the following techniques may have potential impact to other WGs (FFS: RAN4 impact). The impact is not an exhaustive list nor represent definitive list of impacts to WGs and is subject to further changes as RAN1 progress work for the SI.

The description of the technique does not imply the technique will be automatically captured to the TR, but assumed to be the basis for the description in the TR if agreed. Note that this is only to be used as a starting point to finalized the TR in November.
· Note: further merging of techniques (e.g. #A-6 and #A-1) is not precluded.
· Time domain technique description available in: 
· Proposal #2-1H of R1-2210620 Section 3
· Proposal #2-2J of R1-2210620 Section 3
· Proposal #2-3H of R1-2210620 Section 3
· Proposal #2-4H of R1-2210620 Section 3
· Proposal #2-6J of R1-2210620 Section 3
· Frequency domain technique description available in: 
· Proposal #3-1I of R1-2210620 Section 3
· Proposal #3-2F of R1-2210620 Section 3
· Proposal #3-3F of R1-2210620 Section 3
· Spatial domain technique description available in: 
· Proposal #4-1J of R1-2210620 Section 3
· Proposal #4-2G of R1-2210620 Section 3
· Power domain technique description available in: 
· Proposal #5-1I of R1-2210620 Section 3
· Proposal #5-2H of R1-2210620 Section 3
· Proposal #5-3H of R1-2210620 Section 3
· Proposal #5-4H of R1-2210620 Section 3
· Proposal #5-5D of R1-2210620 Section 3


This contribution proposes some updates to the description of the techniques based on the summary in R1-2210744.
Techniques for time domain energy saving
For each technique, we suggest adding some bullets on potential specification impacts and impacts to legacy UEs, in addition to further clarification of the techniques (when applicable).  
In the following, the suggested changes are provided for techniques #A-1 to #A-4. The changes are based on the descriptions captured in Section 4 (Additional information for each Technique) of the FL’s summary in R1-2210744. 
Proposal 1: Capture the following in TR38.864 (changes from R1-2210744 indicated in red):

	Time Domain Techniques
· Technique #A-1 Adaptation of common signals and channels
· Adapting the transmission pattern (when applicable) of downlink common and broadcast signals, such as SSB/SI/paging/cell common PDCCH, and/or the transmission pattern/availability of uplink random access opportunities. 
· Background:
· In Rel-15 NR, time-domain positions of transmitted SSBs within a half frame are semi-statically configured. Further, UE assumes a single periodicity for the transmitted SSBs. Transmission of common signal and channels or reception of random-access signals may make it difficult for gNBs (with very low or no traffic) to better utilize the increased inactivity periods for entering deeper sleep modes to save energy.
· Currently, SI update mechanism can adapt the parameters in the cell, such as those associated with downlink common and broadcast signals, such as SSB/SI/paging/cell common PDCCH, and/or the periodicity/availability of uplink random access resources. 
· Potential impact to other WG
· RAN2:
· Signaling and procedure impacts for transmission of system information blocks if longer periodicities of SSB or SIB1 are to be supported
· Signaling and procedure impacts for paging occasion and paging frame definition if enhancements to paging are to be supported.
· RAN3:
· RAN4:
· FFS
· The following options are some of the methods for supporting the adaptation of common signals and channels
· Configuration of longer periodicity (than what is currently supported) of common signals and/or uplink random access opportunities
· Different repetition periods for different common channels, e.g. SSB, SIB1 PDCCH/PDSCH
· The varying periodicity and/or dynamically changing a transmission pattern is indicated by DL signaling, or triggered by WUS sent from UE, or conditionally triggered.
· Adaptation mechanisms include semi-static such as by SIBx or DCI-based indication to switch between different configurations.
· Simplified DL signals in lieu of SSBs or prior to SSBs (e.g. only PSS or only PSS and SSS without PBCH, or PSS and SSS with partial PBCH). Such simplified DL signals may improve the initial access performance while letting the periodicity of transmission be large enough for NES, e.g., simplified DL signals that indicate the presence of gNBs transmitting SSBs within a limited block of frequency positions.
· Potential specification impact:
· UE behavior for network access, such as initial access, measurements, RRM, and mobility, when informed about adaptation of common signals and channels. 
· Provisioning of adaptable RACH opportunities for Rel-18 UEs and associated RACH procedure.
· Mechanisms to indicate/trigger the adaptation of the periodicity and/or a transmission pattern of downlink common and broadcast signals, including DL indication from network, and UL WUS sent from UE 
· Additional considerations/aspects (including any impact to legacy UEs, if any):
· Legacy UE behavior may be impacted when SSBs and SI are not broadcast as expected during initial access, RLM, and RRM for mobility. 

· Technique #A-2: Dynamic adaptation of UE specific signals and channels 
· Reducing/omitting time occasions for the UE specific resources during periods of low activity.
· Potential list of UE specific resources are CSI-RS, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, positioning RS (PRS).
· Background:
· The semi-static configured UE specific channels/signals may require gNB for periodic transmission or reception if they are activated. Dynamic adaptation of transmission or reception of signals/channels may provide more opportunities for gNB to enter inactive state.
· Except for positioning RS (PRS), the configu-rations for the listed UE-specific sig-nals/chennels are BWP-specific, and BWP adaptation framework can be utilized for dy-namic adaptation for a UE capable of multiple BWPs and dynamic BWP switching
· Potential impact to other WG
· RAN2:
· UE measurement procedure based on periodic CSI-RS
· Configuration and procedures related to enhanced dynamic adaptation of one or more UE-specific signals/channels
· RAN3:
· RAN4:
· FFS
· Potential specification impact:
· Configuration of resources available in each network energy saving state
· gNB may enter into sleep mode for a period of time along with the indication of network energy saving or non-energy saving state, e.g., in terms of start time and duration. 
· UE specific, and group common signaling for indicating to UEs to temporarily stop the transmission/reception of semi-statically configured channels/signals
· Additional considerations/aspects (including any impact to legacy UEs, if any):
· Legacy UEs are not able to use resources in all network energy saving states.

· Technique #A-3: wake up signal (WUS) for gNB
· UE can send an uplink signal to request transitioning of a gNB inactive state to an active state for transmitting or receiving a channel/signal. The technique can be applicable to UEs in one or more RRC states. The UE WUS may be used to trigger the SSB/SIB transmission.
· Can be used in support of other techniques. Exact design may depend on the supported technique.
· Background:
· With the support of WUS, the gNB might go to an inactive state (where it does not transmit nor receive signal/channel or where it only transmits and receives limited signals) outside of the WUS monitoring occasions. A gNB in an inactive state can transition to an active state for transmitting or receiving a channel/signal upon reception of an uplink signal from the UE.
· Potential impact to other WG
· RAN2:
· Signaling details of wakeup configuration 
· Conditions to trigger WUS transmissions, and any WUS transmission related procedures and behaviors.
· RAN3:
· WUS configuration exchange across neighboring gNBs
· Coordination on determination of gNB state across neighbor gNB that receive WUS
· RAN4:
· FFS
· Additional aspects for waking up gNB
· Option 1: UE WUS is used to wake up a gNB in an energy saving state without DL transmission including SSB/SIB1 and UL reception including RACH monitoring (i.e., cell off/inactive period), or with sparse SSB/SIB1 transmission and RACH monitoring (e.g. 160ms)
· UE may send WUS when moving to the coverage of this energy saving cell or there is need for fast access/synchronization/measurement
· The WUS may trigger gNB’s normal operation, i.e. normal SSB/SIB1 transmission and RACH monitoring (e.g. 20ms)
· UE reads SSB/SIB1 and perform random access if applicable after transmitting WUS
· Option 2: UE WUS is used to wake up a gNB in an energy saving state without reception of semi-static UL transmissions
· Wake up signal (WUS) is triggerd by MAC layer.
· UE transmits semi-static configured UL channels X symbols after transmitting gNB wake up request or UE monitors PDCCH carrying an ACK after transmitting gNB wake up request
· Potential specification impact:
· WUS signal/channel design to ensure reasonable coverage while enabling low-complexity gNB reception, e.g. sequence-based design.
· Configuration of WUS signal/resource in UE
· UE behavior/assumption after sending WUS
· Conditions for triggering WUS transmisison, e.g., DL synchronization, PL measuremnets
· Additional considerations/aspects (including any impact to legacy UEs, if any):
· It is assumed that UE is synchronized with the gNB in the NES state or the gNB in the NES state is provided with timing information for detection of WUS.

· Technique #A-4: Adaptation of DTX/DRX
· With DTX/DRX, gNB has the opportunity to be inactive. During the inactive duration, gNB does not need to transmit or receive some periodic signals/channels, such as common channels/signals or UE specific signals/channels, and may have no transmission/reception or only keep limited transmission/reception.
· Enhancement of UE C-DRX where DRX cycles or offsets configured for UEs in connected mode or idle/inactive mode can be aligned, potentially provide longer inactivity periods at the gNB and reduce gNB’s activities (e.g. SSB, CG PUSCH, RO, etc.) outside UE DRX active time.
· gNB entering into inactive state for a period of time along with the possible indication of network adaptation of DTX/DRX. 
· Background:
· In case of DTX/DRX the BS can go to inactive state with different time granularities. Currently C-DRX is configured per UE, and the DTX period for one UE may be active time for the other UE, depending on scheduler. In this case, gNB has to schedule different UEs on different time periods, and the time left for its inactivity will be limited. The alignment of the DRX cycles or offsets for the UEs can be done only via RRC re-configuration. Potential DTX/DTX enhancements to increase inactive time for gNB can be studied.
· Since UE may monitor certain channels/signals from BS when outside DRX active time, there may be corresponding restriction to BS activity time. 
· Potential impact to other WGS
· RAN2/RAN3:
· gNB DTX/DRX patterns/parameters definition and potential gNB DTX/DRX patterns exchange across neighbor gNBs.
· RAN4:
· DTX/DRX cycle configuration/pattern at the gNB
· Joint or separate configuration of DTX and DRX mode at the gNB is considered.
· Cell-specific DTX/DRX operation may be different between Idle mode and connected mode
· Transmission and reception of some common/signals, e.g. PRACH can be adjusted to match the DTX/DRX pattern at the gNB.
· Association between WUS for gNB and the cell-specific DTX/DRX
· Potential specification impact:
· Design of DTX/DRX pattern for gNB
· Configuration and indication of gNB’s DTX/DRX cycle information to UE
· UE behavior/procedure when gNB’s DTX/DRX is in operation and/or when UE DRX is configured 
· Dynamic L1/L2 indication to UE on the DTX mode/configuration applied at gNB and/or for switching to a DRX cycle corresponding to network energy saving
· Mechanism to wake up gNB from DTX/DRX
· Group common signaling for the indication of adapted active/inactive state
· Additional considerations/aspects (including any impact to legacy UEs, if any):
· Legacy UEs may incur longer access delays or unable to access the cell in some gNB inactive states.

· Technique #A-6 Adaptation of SSB/SIB1
· On-demand SSBs/SIB1 transmissions may also enable long periods of inactivity at the gNB to achieve gNB energy saving. 
· SSB/SIB1 transmission on the serving cell can be triggered by on-demand SSB/SIB1 request.
· The UE may obtain system information from other carriers/cells for such carrier/cell(s) and synchronize either from other carriers/cells or from a simplified signals transmitted on the same carrier.
· Background:
· Current specification supports SSB/SIB1-less operation for intra-band CA, where UE re-trieves system information and synchroniza-tion from another intra-band cell with SSB and SIB1.
· Potential impact to other WGS
· RAN2:
· The event trigger and higher-layer UE procedure of on-demand SSBs/SIB1
· Handling of transmissions of SIB1 if SIB1 transmission cycle is changed.
· System information enhancement to provide other carriers’ information and carrier selection principles for UE.
· For on-demand SSB/SIB, the introduction of uplink trigger signal may impact the procedure in which UE access the cell with on-demand SSB/SIB.
· For SIB-less carrier/cell, SIB1 enhanced to carry necessary SIB information for other cell, UE cell (re)selection procedures, and SSB/SI acquisition from an anchor cell.
· RAN3:
· RAN4:
· FFS



Techniques for frequency domain energy saving
In the following, the suggested changes are provided for techniques #B-1 and #B-2. The changes are based on the descriptions captured in Section 4 (Additional information for each Technique) of the FL’s summary in R1-2210744. 
Proposal 2: Capture the following in TR38.864 (changes from R1-2210744 indicated in red):
	Frequency Domain Techniques
· Technique #B-1: Multi-carrier energy savings enhancements
· Background: 
· Intra-band SSB-less Scell operation has already been supported by the current specification
· For supporting of Inter-band SSB-less Scell operation, in case of the cross-carrier synchronization and/or measurement via another serving cell, procedures similar to legacy Intra-band SSB-less Scell operation may be investigated.
· Inter-band CA with SSB-less carriers/Scell 
· No SSB transmission in some inter-band SCell. The sync is acquired from other cell with SSB transmission or same cell with simplified signal transmission, also in order for fast activation and deactivation of SCell.
· Enabling of Inter-band SSB-less Scell operation that may include mechanism for UE to trigger normal SSB transmission on a SCell for fast access, where the on-demand uplink triggering signal can be received either at inter-band SSB-less cell or another carrier/cell, and supporting RACH transmission opportunity in SSB -less Scell.
· Dynamic UE-group Pcell switching
· To reduce network power consumption, a common primary cell may be dynamically indicated for a group of UEs. 
· Potential impact to other WGS
· RAN2:
· For inter-band CA with SSB-less Scell:
· RACH procedures in SSB-less Scell
· Impact on procedure for dynamic Pcell switching
· Impact on paging procedure when SSBs or SI are not transmitted on non-anchor cell
· RAN3:
· RAN4:
· FFS
· Potential specification impact:
· For supporting of Inter-band SSB-less Scell operation, in case of the cross-carrier synchronization and/or measurement via another serving cell cannot be performed, there may include mechanism for UE to trigger normal SSB transmission on a SCell, where the on-demand or WUS type of uplink triggering signal can be transmitted at another serving cell.
· Mechanism to trigger SSB transmission or simplified SSB transmission in the SSB-less Scell (e.g., by using some uplink signal)
· Impact on RRM/CSI measurement and how UE can be informed about resource for on-demand or WUS type of uplink signal
· Dynamic L1/L2 signalling to indicate primary cell change to a group of UEs
· UE specific or group-common signaling to (de)activate SCell(s), and/or Pcell change
· Additional considerations/aspects (including any impact to legacy UEs, if any):
· Legacy UEs are not expected to be able to access a cell with reduced transmission and reception of common periodic signals and channels

· Technique #B-2: Dynamic adaptation of bandwidth part of UE(s) within a carrier
· Enhancements to enable UE group-common or cell-specific BWP configuration and/or switching.
· Enhancements to support SPS PDSCH reception/Type-2 CG PUSCH transmission/SP-CSI reporting on PUSCH without reactivation after the BWP switching.
· Background:
· In Rel-17, UE-specific BWP configuration and switching is supported.
· For SPS PDSCH reception, type-2 CG PUSCH transmission, and SP-CSI reporting on PUSCH, once BWP is switched, they should be reactivated by activation DCI.
· Potential impact to other WGS
· RAN2:
· Impact on BWP switching procedure and configuration for UE group-common or cell-specific BWP.
· RAN3:
· RAN4:
· Potential specification impact:
· Signalling to support UE group-common or cell-specific BWP configuration and/or switching of BWP for network energy saving state

· Technique #B-3: Dynamic adaptation of bandwidth of UE(s) within a BWP [and dynamic adaptation of a resource grid in a carrier] 
· Enhancements to enable group-common signaling to adapt the bandwidth of active BWP and continue operating in same BWP. Some frequency resources within the active BWP may be deactivated.
· Background: 
· Currently, a bandwidth of a BWP is semi-statically configured, and the bandwidth of the given BWP cannot be dynamically changed. Thus, dynamic adaptation of bandwidth of UE(s) within a BWP is not supported by the existing spec.
· Potential impact to other WGS
· RAN2:
· RAN3:
· RAN4:



Techniques for spatial domain energy saving
In the following, the suggested changes are provided for techniques #C-1 and #C-2. The changes are based on the descriptions captured in Section 4 (Additional information for each Technique) of the FL’s summary in R1-2210744. 
Proposal 3: Capture the following in TR38.864 (changes from R1-2210744 indicated in red):

	Spatial Domain Techniques
· Technique #C-1: Dynamic adaptation of spatial elements
· The techniques aims to dynamically adapt spatial elements such as the number of active transceiver chains or the number of active antenna panels at gNB in transmitting and/or receiving channels and signals.
· Potential enhancements include the mechanisms to indicate spatial element adaptation to the UEs and the mechanisms to trigger gNB to switch between different spatial domain configurations, including e.g., enhanced CSI-RS configuration, CSI measurement and feedback, signaling for the spatial element adaptation for SSB.
· Background:
· Indication for potential enhancements related to spatial element adaptation may help the UEs to adapt the already configured CSI-RS configuration such as dynamic/semi-persistent ON-OFF of CSI-RS or to reconfigure the CSI-RS configuration, with respect to adapted number of spatial elements/ports.
· CSI-RS and CSI reporting configurations are BWP-specific, and BWP adaptation frame-work can be utilized for the adaptation for a UE capable of multiple BWPs and dynamic BWP switching.
· Potential impact to other WG
· RAN2:
· Signaling to trigger the change of spatial element configuration to UEs. 
· Impact to mobility due to dynamic spatial adaptation of CSI-RS/SSB.
· RAN3:
· RAN4:
· FFS
· Potential specification impact:
· Enhancements to UE behaviors due to dynamic port adaptation, e.g., measurements, CSI feedback, power control, PUSCH/PDSCH repetition, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc.
· Conditions/criteria for UE measurements and feedback to gNB for (de)activation and/or adaptation of antenna ports.
· Enhancements to CSI-RS measurements/reporting to contain multiple configurations for different gNB/cell operation/NES states and dynamic triggering of one of such configurations. 
· Dynamic L1/L2 signalling to inform UE on parameter configurations (e.g., downlink power allocation, TCI state, RS for path loss measurement etc.) to be used with respect to the spatial parameter change.
· UE-specific/group common signaling for indicating adaptation of subset/number of ports for CSI-RS resources. 
· Additional consideration/aspects (including any impact to legacy UEs, if any)
· The change in spatial elements may significantly impact the coverage of the cell due to possible reduction in beamforming gain and total downlink transmission power, which impact coverage and network access of the UEs (both legacy and R18 UEs). Therefore, if the technique is applied to the broadcast channels and signals, approaches such as power boosting may be considered to guarantee cell coverage.

· Technique #C-2: Dynamic adaptation of TRPs in mTRP 
· For a UE configured with multiple TRPs, TRP activation/deactivation can be informed to the UE. The technique aims to dynamically adapt the number of TRPs transmitting and/or receiving signals and channels. 
· Background:
· Potential impact to other WG
· RAN2:
· RAN3:
· RAN4:
· Potential specification impact:
· UE-specific/group-level/cell common signaling for indicating adaptation of TRPs and TRP-related parameters (e.g. TRP index or CORESET pool index) in mTRP
· Enhancements to UE behaviors due to dynamic adaptation of TRPs, e.g., measurements, CSI feedback, power control, PDCCH/PUCCH/PUSCH/PDSCH repetition, single-DCI based scheduling, multi-DCI based scheduling, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc





Techniques for power domain energy saving
In the following, the suggested changes are provided for techniques #D-1, #D-2 and #D-5. The changes are based on the descriptions captured in Section 4 (Additional information for each Technique) of the FL’s summary in R1-2210744. 
Proposal 4: Capture the following in TR38.864 (changes from R1-2210744 indicated in red):
	Power Domain Techniques
· Technique #D-1: Adaptation of transmission power of signals and channels
· The technique aims at adaptaing the transmission power or PSD of downlink signals and channels
· Background:
· Adaptation of transmission power of signals and channels is a technique that allows the gNB to dynamically adjust the transmit power of one or multiple downlink signals/channels. The technique may be applicable to PDSCH, CSI-RS, DMRS, broadcast channels/signals (e.g., SSB/SI/paging).
· The power offset configurations for PDSCH and CSI-RS are BWP-specific, and BWP adaptation framework can be utilized for the adaptation of the settings for a UE capable of multiple BWPs and dynamic BWP switching.
· Potential impact to other WGS
· RAN2:
· Possible impact on mobility due to dynamic power adaptation of CSI-RS/SSB 
· Configuration and signaling of indication of power related parameters to the UEs
· RAN3:
· RAN4:
· FFS
· Potential specification impacts are:
· Signaling of modified power ratio between CSI-RS and PDSCH/SSB or between SSB and CSI-RS to provide adaptation of power ratio values, e.g. by utilizing UE-specific, group-level or cell common signaling.
· Enhancements on CSI/RRM measurements, beam management, beam failure recovery, radio link monitoring, cell (re)selection and handover procedure

· Technique #D-2: enhancements to assist gNB digital pre-distortion
· Enhanced over the air digital pre-distortion at the gNB 
· Background:
· In gNB digital pre-distortion over the air, the UEs assist the gNB in reducing nonlinear impairments introduced by the PA, by processing (e.g., calculation of the cross correlation of received signal after applying non-linear kernels) and reporting the information needed for gNB digital pre-distortion, on training signals.
· Note that some companies pointed out gNB may be able to implement digital pre-distortion in a standard transparent manner.
· Potential impact to other WG
· RAN2:
· RAN3:
· RAN4:
· FFS
· Potential specification impacts are:
· Signaling/configuration for supporting gNB digital pre-distortion (e.g., UEs capability, list of non-linear kernels, enhanced CSI-RS)
· Introduction of training signals/CSI-RS enhancements (e.g., high power low PAPR transmission, rate matching around additional BW than the CSI-RS)
· Signaling for reporting assistance information for gNB digital pre-distortion, and indication to the UE of whether it needs to apply non-linear equalization for a transmission
· Additional considerations/aspects (including any impact to legacy UEs, if any):
· It is up to gNB to split any transmissions to legacy and enhanced UEs in accordance with transmitted signal quality

· Technique #D-3: adaptation of transceiver processing algorithm
· Tone reservation that decreases PAPR, potentially taking into account channel conditions and characteristics
· Background:
· Tone Reservation exploits the channel nulls to carry TR tones, potentially taking into account channel conditions and characteristics. The UE must be notified of the sub-carriers carrying the TR signal for rate matching purposes.
· gNB may opt to use different transceiver processing algorithms, e.g. different receive filtering, different transmitter digital pre-distortion methods, etc,, including some that may favor lower power consumption at the expense of degraded system performance. For example, disabling use of DPD that would potentially increase out of band emissions or tx EVM, but would potentially conserve transmitter power consumption. 
· Potential impact to other WGS
· RAN2:
· RAN3:
· RAN4:
· FFS

· Technique #D-4: PA backoff adaptation 
· Technique(s) allowing to modify/reduce the input bias backoff in cases of no or low load in the cell and in neighbor cells. 
· Background:
· In current networks, when the DL traffic is zero, the network goes to sleep. In case of very low or low load, the PA can adapt/reduce its backoff reducing thus the PA power consumption. It is widely known that adapting/reducing the PA backoff results in unwanted in-band and out-of-band emissions. Therefore, neighbor cells with UEs which could have been affected from an eventual PA backoff of a given neighbor BS PA are going to sleep mode, during the duration of BS PA backoff adaptation. Hence, BS PA backoff adaptation for few msecs, in the order of micro or light sleep, or deep sleep, are suggested. In this way, UEs in neighbor cells are protected from any eventual in-band and out-of-band unwanted emissions.
· The effect of BS PA backoff adaptation is less at FR 2 due to narrow beams 
· Potential impact to other WG
· RAN2:
· RAN3:
· coordination between BSs adapting their PA backoff and neighbor BSs whose UEs might be eventually affected
· RAN4:
· FFS

· Technique #D-5: UE post-distortion
· UE performing received signal post-distortion processing (e.g. non-linear equalization stage that will “invert” the non-linearity) to combat non-linear impairments from the transmitter.
· Transmission of reference signals or information to aid the UE to perform post-distortion processing.
· Background:
· Potential impact to other WG
· RAN2:
· RAN3:
· RAN4:
· FFS
· Potential specification impacts are:
· Signaling/configuration for supporting UE digital post-distortion (e.g., UEs capability, list of power amplifier models)
· Introduction of activation of UE post distortion and notification of selected power amplifier model, and possibly training reference signals.
· Signaling for indicating to the UE of whether it needs to apply non-linear equalization for a transmission
· Additional considerations/aspects (including any impact to legacy UEs, if any):
· It is up to gNB to split any transmissions to legacy and enhanced UEs in accordance with the transmitted signal quality




Conclusion.
This contribution following updates on the description of the techniques based on the summary in R1-2210744, for inclusion in TR38.864:
	Time Domain Techniques
· Technique #A-1 Adaptation of common signals and channels
· Adapting the transmission pattern (when applicable) of downlink common and broadcast signals, such as SSB/SI/paging/cell common PDCCH, and/or the transmission pattern/availability of uplink random access opportunities. 
· Background:
· In Rel-15 NR, time-domain positions of transmitted SSBs within a half frame are semi-statically configured. Further, UE assumes a single periodicity for the transmitted SSBs. Transmission of common signal and channels or reception of random-access signals may make it difficult for gNBs (with very low or no traffic) to better utilize the increased inactivity periods for entering deeper sleep modes to save energy.
· Currently, SI update mechanism can adapt the parameters in the cell, such as those associated with downlink common and broadcast signals, such as SSB/SI/paging/cell common PDCCH, and/or the periodicity/availability of uplink random access resources. 
· Potential impact to other WG
· RAN2:
· Signaling and procedure impacts for transmission of system information blocks if longer periodicities of SSB or SIB1 are to be supported
· Signaling and procedure impacts for paging occasion and paging frame definition if enhancements to paging are to be supported.
· RAN3:
· RAN4:
· FFS
· The following options are some of the methods for supporting the adaptation of common signals and channels
· Configuration of longer periodicity (than what is currently supported) of common signals and/or uplink random access opportunities
· Different repetition periods for different common channels, e.g. SSB, SIB1 PDCCH/PDSCH
· The varying periodicity and/or dynamically changing a transmission pattern is indicated by DL signaling, or triggered by WUS sent from UE, or conditionally triggered.
· Adaptation mechanisms include semi-static such as by SIBx or DCI-based indication to switch between different configurations.
· Simplified DL signals in lieu of SSBs or prior to SSBs (e.g. only PSS or only PSS and SSS without PBCH, or PSS and SSS with partial PBCH). Such simplified DL signals may improve the initial access performance while letting the periodicity of transmission be large enough for NES, e.g., simplified DL signals that indicate the presence of gNBs transmitting SSBs within a limited block of frequency positions.
· Potential specification impact:
· UE behavior for network access, such as initial access, measurements, RRM, and mobility, when informed about adaptation of common signals and channels. 
· Provisioning of adaptable RACH opportunities for Rel-18 UEs and associated RACH procedure.
· Mechanisms to indicate/trigger the adaptation of the periodicity and/or a transmission pattern of downlink common and broadcast signals, including DL indication from network, and UL WUS sent from UE 
· Additional considerations/aspects (including any impact to legacy UEs, if any):
· Legacy UE behavior may be impacted when SSBs and SI are not broadcast as expected during initial access, RLM, and RRM for mobility. 

· Technique #A-2: Dynamic adaptation of UE specific signals and channels 
· Reducing/omitting time occasions for the UE specific resources during periods of low activity.
· Potential list of UE specific resources are CSI-RS, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, positioning RS (PRS).
· Background:
· The semi-static configured UE specific channels/signals may require gNB for periodic transmission or reception if they are activated. Dynamic adaptation of transmission or reception of signals/channels may provide more opportunities for gNB to enter inactive state.
· Except for positioning RS (PRS), the configu-rations for the listed UE-specific sig-nals/chennels are BWP-specific, and BWP adaptation framework can be utilized for dy-namic adaptation for a UE capable of multiple BWPs and dynamic BWP switching
· Potential impact to other WG
· RAN2:
· UE measurement procedure based on periodic CSI-RS
· Configuration and procedures related to enhanced dynamic adaptation of one or more UE-specific signals/channels
· RAN3:
· RAN4:
· FFS
· Potential specification impact:
· Configuration of resources available in each network energy saving state
· gNB may enter into sleep mode for a period of time along with the indication of network energy saving or non-energy saving state, e.g., in terms of start time and duration. 
· UE specific, and group common signaling for indicating to UEs to temporarily stop the transmission/reception of semi-statically configured channels/signals
· Additional considerations/aspects (including any impact to legacy UEs, if any):
· Legacy UEs are not able to use resources in all network energy saving states.

· Technique #A-3: wake up signal (WUS) for gNB
· UE can send an uplink signal to request transitioning of a gNB inactive state to an active state for transmitting or receiving a channel/signal. The technique can be applicable to UEs in one or more RRC states. The UE WUS may be used to trigger the SSB/SIB transmission.
· Can be used in support of other techniques. Exact design may depend on the supported technique.
· Background:
· With the support of WUS, the gNB might go to an inactive state (where it does not transmit nor receive signal/channel or where it only transmits and receives limited signals) outside of the WUS monitoring occasions. A gNB in an inactive state can transition to an active state for transmitting or receiving a channel/signal upon reception of an uplink signal from the UE.
· Potential impact to other WG
· RAN2:
· Signaling details of wakeup configuration 
· Conditions to trigger WUS transmissions, and any WUS transmission related procedures and behaviors.
· RAN3:
· WUS configuration exchange across neighboring gNBs
· Coordination on determination of gNB state across neighbor gNB that receive WUS
· RAN4:
· FFS
· Additional aspects for waking up gNB
· Option 1: UE WUS is used to wake up a gNB in an energy saving state without DL transmission including SSB/SIB1 and UL reception including RACH monitoring (i.e., cell off/inactive period), or with sparse SSB/SIB1 transmission and RACH monitoring (e.g. 160ms)
· UE may send WUS when moving to the coverage of this energy saving cell or there is need for fast access/synchronization/measurement
· The WUS may trigger gNB’s normal operation, i.e. normal SSB/SIB1 transmission and RACH monitoring (e.g. 20ms)
· UE reads SSB/SIB1 and perform random access if applicable after transmitting WUS
· Option 2: UE WUS is used to wake up a gNB in an energy saving state without reception of semi-static UL transmissions
· Wake up signal (WUS) is triggerd by MAC layer.
· UE transmits semi-static configured UL channels X symbols after transmitting gNB wake up request or UE monitors PDCCH carrying an ACK after transmitting gNB wake up request
· Potential specification impact:
· WUS signal/channel design to ensure reasonable coverage while enabling low-complexity gNB reception, e.g. sequence-based design.
· Configuration of WUS signal/resource in UE
· UE behavior/assumption after sending WUS
· Conditions for triggering WUS transmisison, e.g., DL synchronization, PL measuremnets
· Additional considerations/aspects (including any impact to legacy UEs, if any):
· It is assumed that UE is synchronized with the gNB in the NES state or the gNB in the NES state is provided with timing information for detection of WUS.

· Technique #A-4: Adaptation of DTX/DRX
· With DTX/DRX, gNB has the opportunity to be inactive. During the inactive duration, gNB does not need to transmit or receive some periodic signals/channels, such as common channels/signals or UE specific signals/channels, and may have no transmission/reception or only keep limited transmission/reception.
· Enhancement of UE C-DRX where DRX cycles or offsets configured for UEs in connected mode or idle/inactive mode can be aligned, potentially provide longer inactivity periods at the gNB and reduce gNB’s activities (e.g. SSB, CG PUSCH, RO, etc.) outside UE DRX active time.
· gNB entering into inactive state for a period of time along with the possible indication of network adaptation of DTX/DRX. 
· Background:
· In case of DTX/DRX the BS can go to inactive state with different time granularities. Currently C-DRX is configured per UE, and the DTX period for one UE may be active time for the other UE, depending on scheduler. In this case, gNB has to schedule different UEs on different time periods, and the time left for its inactivity will be limited. The alignment of the DRX cycles or offsets for the UEs can be done only via RRC re-configuration. Potential DTX/DTX enhancements to increase inactive time for gNB can be studied.
· Since UE may monitor certain channels/signals from BS when outside DRX active time, there may be corresponding restriction to BS activity time. 
· Potential impact to other WGS
· RAN2/RAN3:
· gNB DTX/DRX patterns/parameters definition and potential gNB DTX/DRX patterns exchange across neighbor gNBs.
· RAN4:
· DTX/DRX cycle configuration/pattern at the gNB
· Joint or separate configuration of DTX and DRX mode at the gNB is considered.
· Cell-specific DTX/DRX operation may be different between Idle mode and connected mode
· Transmission and reception of some common/signals, e.g. PRACH can be adjusted to match the DTX/DRX pattern at the gNB.
· Association between WUS for gNB and the cell-specific DTX/DRX
· Potential specification impact:
· Design of DTX/DRX pattern for gNB
· Configuration and indication of gNB’s DTX/DRX cycle information to UE
· UE behavior/procedure when gNB’s DTX/DRX is in operation and/or when UE DRX is configured 
· Dynamic L1/L2 indication to UE on the DTX mode/configuration applied at gNB and/or for switching to a DRX cycle corresponding to network energy saving
· Mechanism to wake up gNB from DTX/DRX
· Group common signaling for the indication of adapted active/inactive state
· Additional considerations/aspects (including any impact to legacy UEs, if any):
· Legacy UEs may incur longer access delays or unable to access the cell in some gNB inactive states.

· Technique #A-6 Adaptation of SSB/SIB1
· On-demand SSBs/SIB1 transmissions may also enable long periods of inactivity at the gNB to achieve gNB energy saving. 
· SSB/SIB1 transmission on the serving cell can be triggered by on-demand SSB/SIB1 request.
· The UE may obtain system information from other carriers/cells for such carrier/cell(s) and synchronize either from other carriers/cells or from a simplified signals transmitted on the same carrier.
· Background:
· Current specification supports SSB/SIB1-less operation for intra-band CA, where UE re-trieves system information and synchroniza-tion from another intra-band cell with SSB and SIB1.
· Potential impact to other WGS
· RAN2:
· The event trigger and higher-layer UE procedure of on-demand SSBs/SIB1
· Handling of transmissions of SIB1 if SIB1 transmission cycle is changed.
· System information enhancement to provide other carriers’ information and carrier selection principles for UE.
· For on-demand SSB/SIB, the introduction of uplink trigger signal may impact the procedure in which UE access the cell with on-demand SSB/SIB.
· For SIB-less carrier/cell, SIB1 enhanced to carry necessary SIB information for other cell, UE cell (re)selection procedures, and SSB/SI acquisition from an anchor cell.
· RAN3:
· RAN4:
· FFS

Frequency Domain Techniques
· Technique #B-1: Multi-carrier energy savings enhancements
· Background: 
· Intra-band SSB-less Scell operation has already been supported by the current specification
· For supporting of Inter-band SSB-less Scell operation, in case of the cross-carrier synchronization and/or measurement via another serving cell, procedures similar to legacy Intra-band SSB-less Scell operation may be investigated.
· Inter-band CA with SSB-less carriers/Scell 
· No SSB transmission in some inter-band SCell. The sync is acquired from other cell with SSB transmission or same cell with simplified signal transmission, also in order for fast activation and deactivation of SCell.
· Enabling of Inter-band SSB-less Scell operation that may include mechanism for UE to trigger normal SSB transmission on a SCell for fast access, where the on-demand uplink triggering signal can be received either at inter-band SSB-less cell or another carrier/cell, and supporting RACH transmission opportunity in SSB -less Scell.
· Dynamic UE-group Pcell switching
· To reduce network power consumption, a common primary cell may be dynamically indicated for a group of UEs. 
· Potential impact to other WGS
· RAN2:
· For inter-band CA with SSB-less Scell:
· RACH procedures in SSB-less Scell
· Impact on procedure for dynamic Pcell switching
· Impact on paging procedure when SSBs or SI are not transmitted on non-anchor cell
· RAN3:
· RAN4:
· FFS
· Potential specification impact:
· For supporting of Inter-band SSB-less Scell operation, in case of the cross-carrier synchronization and/or measurement via another serving cell cannot be performed, there may include mechanism for UE to trigger normal SSB transmission on a SCell, where the on-demand or WUS type of uplink triggering signal can be transmitted at another serving cell.
· Mechanism to trigger SSB transmission or simplified SSB transmission in the SSB-less Scell (e.g., by using some uplink signal)
· Impact on RRM/CSI measurement and how UE can be informed about resource for on-demand or WUS type of uplink signal
· Dynamic L1/L2 signalling to indicate primary cell change to a group of UEs
· UE specific or group-common signaling to (de)activate SCell(s), and/or Pcell change
· Additional considerations/aspects (including any impact to legacy UEs, if any):
· Legacy UEs are not expected to be able to access a cell with reduced transmission and reception of common periodic signals and channels

· Technique #B-2: Dynamic adaptation of bandwidth part of UE(s) within a carrier
· Enhancements to enable UE group-common or cell-specific BWP configuration and/or switching.
· Enhancements to support SPS PDSCH reception/Type-2 CG PUSCH transmission/SP-CSI reporting on PUSCH without reactivation after the BWP switching.
· Background:
· In Rel-17, UE-specific BWP configuration and switching is supported.
· For SPS PDSCH reception, type-2 CG PUSCH transmission, and SP-CSI reporting on PUSCH, once BWP is switched, they should be reactivated by activation DCI.
· Potential impact to other WGS
· RAN2:
· Impact on BWP switching procedure and configuration for UE group-common or cell-specific BWP.
· RAN3:
· RAN4:
· Potential specification impact:
· Signalling to support UE group-common or cell-specific BWP configuration and/or switching of BWP for network energy saving state

· Technique #B-3: Dynamic adaptation of bandwidth of UE(s) within a BWP [and dynamic adaptation of a resource grid in a carrier] 
· Enhancements to enable group-common signaling to adapt the bandwidth of active BWP and continue operating in same BWP. Some frequency resources within the active BWP may be deactivated.
· Background: 
· Currently, a bandwidth of a BWP is semi-statically configured, and the bandwidth of the given BWP cannot be dynamically changed. Thus, dynamic adaptation of bandwidth of UE(s) within a BWP is not supported by the existing spec.
· Potential impact to other WGS
· RAN2:
· RAN3:
· RAN4:

Spatial Domain Techniques
· Technique #C-1: Dynamic adaptation of spatial elements
· The techniques aims to dynamically adapt spatial elements such as the number of active transceiver chains or the number of active antenna panels at gNB in transmitting and/or receiving channels and signals.
· Potential enhancements include the mechanisms to indicate spatial element adaptation to the UEs and the mechanisms to trigger gNB to switch between different spatial domain configurations, including e.g., enhanced CSI-RS configuration, CSI measurement and feedback, signaling for the spatial element adaptation for SSB.
· Background:
· Indication for potential enhancements related to spatial element adaptation may help the UEs to adapt the already configured CSI-RS configuration such as dynamic/semi-persistent ON-OFF of CSI-RS or to reconfigure the CSI-RS configuration, with respect to adapted number of spatial elements/ports.
· CSI-RS and CSI reporting configurations are BWP-specific, and BWP adaptation frame-work can be utilized for the adaptation for a UE capable of multiple BWPs and dynamic BWP switching.
· Potential impact to other WG
· RAN2:
· Signaling to trigger the change of spatial element configuration to UEs. 
· Impact to mobility due to dynamic spatial adaptation of CSI-RS/SSB.
· RAN3:
· RAN4:
· FFS
· Potential specification impact:
· Enhancements to UE behaviors due to dynamic port adaptation, e.g., measurements, CSI feedback, power control, PUSCH/PDSCH repetition, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc.
· Conditions/criteria for UE measurements and feedback to gNB for (de)activation and/or adaptation of antenna ports.
· Enhancements to CSI-RS measurements/reporting to contain multiple configurations for different gNB/cell operation/NES states and dynamic triggering of one of such configurations. 
· Dynamic L1/L2 signalling to inform UE on parameter configurations (e.g., downlink power allocation, TCI state, RS for path loss measurement etc.) to be used with respect to the spatial parameter change.
· UE-specific/group common signaling for indicating adaptation of subset/number of ports for CSI-RS resources. 
· Additional consideration/aspects (including any impact to legacy UEs, if any)
· The change in spatial elements may significantly impact the coverage of the cell due to possible reduction in beamforming gain and total downlink transmission power, which impact coverage and network access of the UEs (both legacy and R18 UEs). Therefore, if the technique is applied to the broadcast channels and signals, approaches such as power boosting may be considered to guarantee cell coverage.

· Technique #C-2: Dynamic adaptation of TRPs in mTRP 
· For a UE configured with multiple TRPs, TRP activation/deactivation can be informed to the UE. The technique aims to dynamically adapt the number of TRPs transmitting and/or receiving signals and channels. 
· Background:
· Potential impact to other WG
· RAN2:
· RAN3:
· RAN4:
· Potential specification impact:
· UE-specific/group-level/cell common signaling for indicating adaptation of TRPs and TRP-related parameters (e.g. TRP index or CORESET pool index) in mTRP
· Enhancements to UE behaviors due to dynamic adaptation of TRPs, e.g., measurements, CSI feedback, power control, PDCCH/PUCCH/PUSCH/PDSCH repetition, single-DCI based scheduling, multi-DCI based scheduling, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc

Power Domain Techniques
· Technique #D-1: Adaptation of transmission power of signals and channels
· The technique aims at adaptaing the transmission power or PSD of downlink signals and channels
· Background:
· Adaptation of transmission power of signals and channels is a technique that allows the gNB to dynamically adjust the transmit power of one or multiple downlink signals/channels. The technique may be applicable to PDSCH, CSI-RS, DMRS, broadcast channels/signals (e.g., SSB/SI/paging).
· The power offset configurations for PDSCH and CSI-RS are BWP-specific, and BWP adaptation framework can be utilized for the adaptation of the settings for a UE capable of multiple BWPs and dynamic BWP switching.
· Potential impact to other WGS
· RAN2:
· Possible impact on mobility due to dynamic power adaptation of CSI-RS/SSB 
· Configuration and signaling of indication of power related parameters to the UEs
· RAN3:
· RAN4:
· FFS
· Potential specification impacts are:
· Signaling of modified power ratio between CSI-RS and PDSCH/SSB or between SSB and CSI-RS to provide adaptation of power ratio values, e.g. by utilizing UE-specific, group-level or cell common signaling.
· Enhancements on CSI/RRM measurements, beam management, beam failure recovery, radio link monitoring, cell (re)selection and handover procedure

· Technique #D-2: enhancements to assist gNB digital pre-distortion
· Enhanced over the air digital pre-distortion at the gNB 
· Background:
· In gNB digital pre-distortion over the air, the UEs assist the gNB in reducing nonlinear impairments introduced by the PA, by processing (e.g., calculation of the cross correlation of received signal after applying non-linear kernels) and reporting the information needed for gNB digital pre-distortion, on training signals.
· Note that some companies pointed out gNB may be able to implement digital pre-distortion in a standard transparent manner.
· Potential impact to other WG
· RAN2:
· RAN3:
· RAN4:
· FFS
· Potential specification impacts are:
· Signaling/configuration for supporting gNB digital pre-distortion (e.g., UEs capability, list of non-linear kernels, enhanced CSI-RS)
· Introduction of training signals/CSI-RS enhancements (e.g., high power low PAPR transmission, rate matching around additional BW than the CSI-RS)
· Signaling for reporting assistance information for gNB digital pre-distortion, and indication to the UE of whether it needs to apply non-linear equalization for a transmission
· Additional considerations/aspects (including any impact to legacy UEs, if any):
· It is up to gNB to split any transmissions to legacy and enhanced UEs in accordance with transmitted signal quality

· Technique #D-3: adaptation of transceiver processing algorithm
· Tone reservation that decreases PAPR, potentially taking into account channel conditions and characteristics
· Background:
· Tone Reservation exploits the channel nulls to carry TR tones, potentially taking into account channel conditions and characteristics. The UE must be notified of the sub-carriers carrying the TR signal for rate matching purposes.
· gNB may opt to use different transceiver processing algorithms, e.g. different receive filtering, different transmitter digital pre-distortion methods, etc,, including some that may favor lower power consumption at the expense of degraded system performance. For example, disabling use of DPD that would potentially increase out of band emissions or tx EVM, but would potentially conserve transmitter power consumption. 
· Potential impact to other WGS
· RAN2:
· RAN3:
· RAN4:
· FFS

· Technique #D-4: PA backoff adaptation 
· Technique(s) allowing to modify/reduce the input bias backoff in cases of no or low load in the cell and in neighbor cells. 
· Background:
· In current networks, when the DL traffic is zero, the network goes to sleep. In case of very low or low load, the PA can adapt/reduce its backoff reducing thus the PA power consumption. It is widely known that adapting/reducing the PA backoff results in unwanted in-band and out-of-band emissions. Therefore, neighbor cells with UEs which could have been affected from an eventual PA backoff of a given neighbor BS PA are going to sleep mode, during the duration of BS PA backoff adaptation. Hence, BS PA backoff adaptation for few msecs, in the order of micro or light sleep, or deep sleep, are suggested. In this way, UEs in neighbor cells are protected from any eventual in-band and out-of-band unwanted emissions.
· The effect of BS PA backoff adaptation is less at FR 2 due to narrow beams 
· Potential impact to other WG
· RAN2:
· RAN3:
· coordination between BSs adapting their PA backoff and neighbor BSs whose UEs might be eventually affected
· RAN4:
· FFS

· Technique #D-5: UE post-distortion
· UE performing received signal post-distortion processing (e.g. non-linear equalization stage that will “invert” the non-linearity) to combat non-linear impairments from the transmitter.
· Transmission of reference signals or information to aid the UE to perform post-distortion processing.
· Background:
· Potential impact to other WG
· RAN2:
· RAN3:
· RAN4:
· FFS
· Potential specification impacts are:
· Signaling/configuration for supporting UE digital post-distortion (e.g., UEs capability, list of power amplifier models)
· Introduction of activation of UE post distortion and notification of selected power amplifier model, and possibly training reference signals.
· Signaling for indicating to the UE of whether it needs to apply non-linear equalization for a transmission
· Additional considerations/aspects (including any impact to legacy UEs, if any):
· It is up to gNB to split any transmissions to legacy and enhanced UEs in accordance with the transmitted signal quality
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Appendix
Outcome from RAN1#110.
R1-2208185	Discussion Summary#2 for energy saving techniques of NW energy saving SI	Moderator (Intel Corporation)

For future meetings:
· Companies are encouraged to review the summary of description of potential techniques of the moderator summary in Section 3 of R1-2208185. It should be noted that the description of the techniques are a draft and additional updates and modification of the description are expected.
· Based on the summary, companies are encouraged to work further to formulate description of potential network energy techniques to be eventually captured into the SI TR.

Agreements from RAN1#109-e.
Agreement
Further study techniques and enhancements for increasing time domain energy saving opportunities by the gNB, including (but not limited to) the following aspects:
· potential methods of reducing/adapting transmission/reception of common channels/signals, e.g. SSB, SIB1, other SI, paging, PRACH, and its impact to initial access procedure, cell (re)selection, handover, synchronization and measurements performed by the idle/inactive/connected UE;
· potential methods of reducing transmission/reception of common channels/signals can include no- or reduced-transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common channels/signals, or offloading of common channels/signals to other carriers or use of light or relaxed versions of common channels /signals
· potential methods of reducing/adapting transmission/reception of periodic and semi-persistent signals and channels configuration such as CSI-RS, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, positioning RS (PRS), etc.
· semi-static and/or dynamic cell on/off in one or more granularity, e.g. /subframe/slot/symbol; some examples are:
· Cell/network node activation request by the UE, for example using signal/channel from UE for gNB’s wake-up request
· enhancements to L1/L2 based mobility to efficiently enable a network node (e.g. TRP, repeater) on/off operation within a cell (within network energy saving SI scope)
· signaling enhancements for indication of semi-static and/or dynamic cell/subframe/slot/symbol on/off duration
· support of periodic and/or on-demand reference signal(s) from the gNB to aid discovery of a cell;
· dynamic adaptation of UE C-DRX configurations in a UE-group or cell-specific manner
· Mechanism to utilize potential energy saving states or sleep modes and the transition between states from leveraging cell on/off opportunities
· including studies of waking up gNB due to user traffic, or user density, or gNB receiving wake up signal
· including technique to allow discovery and measurement of cells in sleep or dormant states
· UE assistant information facilitating BS time domain adaptation
Note: For all techniques above, study of time domain techniques is applicable for single component carrier and multi-component carrier cases. Use of UE grouping and its interaction with proposed techniques can be considered.

Agreement
Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:
· For operations with single-carrier or within a single CC
· Enhancements to dynamic bandwidth adaptation
· including adjustments to RBs and/or BWP used by (Rel-18) UEs for transmission and reception, reducing BWP switch delay, UE-group BWP switching, and joint adaptation of transmission bandwidth and power spectral density
· supporting UE group-common BWP or cell-specific BWP or dedicated BWP for network energy savings, and related BWP switching mechanism
· Enhancements for the case of frequent BWP switching such as resource configurations for SPS PDSCH and Type-2 CG PUSCH
· For operation with multi-carrier
· enablement of reducing/adapting common channels/signals for some CC in multi-carrier operations
· including enablement of SSB-less secondary cell operation for some CC in case of inter-band CA. For SSB-less cell operation enablement, study the conditions and restrictions required for the operation and the related procedures for idle/inactive/connected UEs including SCell activation procedure with potential RAN4 involvement
· including enablement of SIB-less operation for some CC in case of intra-band and inter-band CA.
· Reducing/adapting gNB’s transmission/reception of other common channels/signals (than SSB) and TRS for some CC in multi-carrier operations
· enhancements on Scell activation and deactivation, enhancements on Scell dormancy and dynamic Pcell switching
· including triggering conditions and methods for signaling activation/deactivation
· including UE group common dynamic Pcell switching

Agreement
Further study techniques and enhancements for the adaptation of number of spatial elements of the gNB, including (but not limited to) the following aspects:
· Note: spatial elements may include antenna element(s), TxRU(s) (with sub-array/full-connection), antenna panel(s), TRxP(s) (co-located or geographically separated from each other), logical antenna port(s) (corresponding to specific signals and channels)
· impact to UE operations from dynamic adaptation of spatial elements, e.g. measurements, CSI feedback, power control, PUSCH/PDSCH repetition, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc.,
· feedback/assistance information from the UE required for support dynamic spatial element adaptation
· for example, CSI measurement and reports, SR, etc
· signaling methods, including reduced signaling, for enabling dynamic spatial element adaptation
· for example, group-common L1 signaling, broadcast signaling, MAC CE, etc.
· dynamic TRxP adaptation;
· study of triggering on/off conditions for TRxP(s)
· note this may not have specification impact and could potentially be up to network implementation.
· study of SSB, PL-RS, TRS, and CSI-RS re-configuration and its impact to initial access procedure, synchronization and measurements performed by the idle/inactive/connected UE
· dynamic logical port adaptation and efficient port reconfigurations
· study details of signaling the port (e.g. NZP CSI-RS ports) (if required to be known by the UE)
· study dynamic adaptation (including activation/deactivation) of CSI measurement or report configuration for port adaptation  
· Joint adaptation of spatial-domain, frequency-domain and/or power-domain configurations to avoid coverage loss
· grouping of UEs to reduce transmission and reception footprint at the gNB; including but not limited to the following
· grouping of users in spatial domain

Agreement
Further study the necessity of RAN1 change for techniques and enhancements for adaptation of transmission power/processing and/or reception processing of signals/channels by the gNB, including (but not limited to) the following aspects:
· dynamic adjustment of transmission power
· including which signals/channels the adaptation of transmission power should be applicable for. For example, dynamic DL power control for specific channel / reference signal, such as CSI-RS, adjustment of maximum PSD assigned to PRBs of PDSCH, etc.
· studying potential UE feedback/assistance information for adjustment of transmission power
· studying PA efficiency improvements to maintain transmission quality (e.g., EVM) when operating at higher efficiency, potentially with RAN4 involvement
· studying geographical area/user density to adjust the transmission power
· adaptation of gNB transceiver algorithms and processes to improve power efficiency: 
· including techniques aided by UE, e.g., utilizing legacy or enhanced feedback mechanism;
· for example, adaptation of digital pre-distortion (DPD), use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation
· impact to UE implementation and power consumption should be considered
· tone reservation techniques (to improve PAPR and power efficiency);
· It is noted that tone reservation techniques for UE will be studied in Rel-18 further NR coverage enhancement WI, as indicated in RP-213579

Agreement
Further study techniques and enhancements on assistance information from the UE to aid the gNB to perform energy saving techniques
· Some examples of assistance information are, but not limited to:
· preferred SSB configurations,
· indication of semi-static UL channel transmissions,
· indication of UE’s buffer status for UL channel transmissions, 
· UE traffic information such as service priority, delay tolerance, data rate, data volume, traffic type, time criticality, and packet size(s), 
· coverage, mobility status, location.
· conditions for triggering the assistance information from the UE

Final summary in R1-2205554.
