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[bookmark: _Ref513464071]Introduction
RAN approved a study item on Network Energy Saving [1]. The aim and justification of the study item is to reduce operational cost and greenhouse emissions associated with operating 5G base stations, while balancing the impact on network and user performance and limiting impact to legacy UEs. 
In RAN1#109-e, RAN1 approved a TR skeleton for network energy savings [2] and made agreements to further study techniques and enhancements for increasing time domain energy saving opportunities, for frequency resource usage adaptation, for adaptation of number of spatial elements and for adaptation of transmission power/processing by the gNB [3]. According to the work plan, RAN1 is to determine a description of each categorized network energy saving technique in RAN1#110 and agree on TPs capturing the analysis on specification impact by RAN1#110bis.
This contribution analyzes specification impacts for some of the network energy saving techniques and proposes TPs to TR38.864. Additional aspects are covered in companion RAN2 contributions [5][6].
Techniques for time domain energy saving
RAN1 agreed to study a set of techniques and enhancements for increasing time domain energy saving opportunities in RAN1#109-e. 
Dynamic adaptation of resources used in connected mode
The agreement identifies the potential benefit of adapting transmission/reception of periodic and semi-persistent resources that may be configured for UE’s in connected mode. When the level of activity is low, the network can potentially save energy by turning on its transmitter or receiver only for a subset of occasions of these resources. However, this in practice difficult with R17 UEs for several reasons. 
One problem is that modifying the periodicity requires RRC reconfiguration for most of the resources, which may incur unacceptable latency for some UEs. It could in principle be possible to e.g. configure multiple configured grants (CGs) with different periodicities for a UE and activate/release CGs based on need, but when a CG with long periodicity is activated and the UE needs to resume activity due uplink data arrival this UE would still incur significant latency.
Another problem is that signaling reconfigurations to all UEs in the cell every time the network wants to transition between an energy-efficient state and a full-performance state is slow and not efficient. By the time the network has completed all the required RRC reconfigurations, it is likely that one of the UEs requires resources which may greatly reduce or eliminate energy saving possibilities in practice.
To overcome the above limitations, one possible UE enhancement is to support the possibility of dynamically switching between different configurations according to a “NES state” signaled by the network. This could be realized by e.g. configuring resources with different periodicities depending on the NES state or configuring a time pattern for each availability state. The network could efficiently and quickly signal a NES state to a group of UEs using UE-group common signaling.
To ensure that a UE can access resources with minimum latency when urgent uplink data needs to be transmitted, another possible enhancement is to support transmission of a wake-up request signal that could be detected by the network using a low-complexity receiver. The UE would trigger transmission of such wake-up request when e.g. an SR or CG needed for the transmission from a logical channel is not available in current NES state. 
C-DRX Adaptation
One objective of the study item is to enable energy savings without affecting the UE power consumption. When the serving cell is not active, sleeping, or in a NES state, the UE can also benefit from such sleep duration and save UE power. The C-DRX cycle configured in connected mode will be over dimensioned when the serving cell is asleep. Consequently, all UEs served by a cell that is in NES can use a different C-DRX cycle. Such NES alternative C-DRX cycle can be common for all UEs served by the same cell, as the serving cell will wake up at the same time to serve all UEs in coverage. The UE can therefore switch to the NES DRX configuration upon reception of a dynamic indication of a network energy saving state. Supporting such alternate DRX can also help with adaptation of uplink and downlink resources when the serving cell is in sleep mode.
Dynamic adaptation of downlink common signals and resources in idle and inactive states
To leverage greater energy savings at lower cell loads, downlink common and broadcast signals including SSBs, RS, and SI. SSBs can be transmitted with larger periods between SSB occasions compared to the legacy periodicities. Cells operating in a sleep mode can thus broadcast SSBs less frequently and possibly with a reduced number of SSBs compared to the legacy cycle. For example, a simplified SSB signal can be transmitted with larger period between SSB occasions when the serving cell is in a NES state.
In order not to affect operation for legacy UEs, the periodicity of other SI or SIBs not part of the min SI set can be broadcast at a different periodicity than the default one used without NES. The UE can determine the alternate NES periodicity of the other SI from the reception of min SI or from the reception of NES SSBs. In general, greater energy savings can be achieved by coupling the transmissions occasion of SI and SSBs for NES.
Proposal 1: Capture the following in TR 38.864:
	[bookmark: _Toc104496583][bookmark: _Toc104497312]6	Techniques to improve network energy savings
<<< Start changes >>>
[bookmark: _Toc56844456][bookmark: _Toc56891240][bookmark: _Toc57028497][bookmark: _Toc57028562][bookmark: _Toc57028684][bookmark: _Toc58340383]6.x	Time domain based solutions
The following techniques are studied for increasing network energy saving opportunities in time domain.
[bookmark: _Toc3240768][bookmark: _Toc56844457][bookmark: _Toc56891241][bookmark: _Toc57028498][bookmark: _Toc57028563][bookmark: _Toc57028685][bookmark: _Toc58340384]6.x.x	Dynamic adaptation of resources in connected mode
Network energy saving opportunities may be restricted by resources that are semi-statically assigned to UEs in Connected mode such as periodic CSI-RS, PRS, periodic SRS, PDCCH, PUCCH carrying SR, CSI or SPS HARQ_ACK, configured grants or semi-persistently scheduled PDSCH. Benefits from reducing the number of time occasions for these resources during periods of low activity are envisioned. Accordingly, the following enhancements enabling dynamic adaptation of periodic and semi-persistent resources in connected mode are considered.
· Configuration of resources available in each network energy saving state;
· Downlink dynamic indication of a network energy saving state;
· Uplink request for activation of configured resources (wake-up request).

6.x.y	Adaptation of DRX
The C-DRX cycle configured in connected mode can over dimensioned when the serving cell is in sleep mode. To enable network energy savings without affecting the UE power consumption, the UE can switch to an NES C-DRX cycle when the serving cell is in a NES state in order to also save UE power. Accordingly, the following enhancements are considered:
- Configuration of UE-group common NES alternative C-DRX cycle;
- Switching to NES C-DRX cycle upon reception of dynamic indication of a network energy saving state;
6.x.z	Adaptation of DL common signals in idle and inactive modes
Network energy saving can be relaized by varying the periodicity of downlink common and broadcast signals in Idle and Inactive states, including SSBs and SI. SSBs can be transmitted with larger periods between SSB occasions compared to the legacy periodicities. Cells operating in a sleep mode can thus broadcast SSBs less frequently and possibly with a reduced number of SSBs compared to the legacy cycle. For example, simplified wider beam SSBs or PSS-only SSB can be transmitted with larger period between SSB occasions when the serving cell is in a NES state. Larger energy savings can be achieved by coupling the transmissions occasion of SI and SSBs for NES. The UE can assume that SSBs are transmitted at the NES periodicity upon reception of an indication of network energy saving state or reception of a simplified SSB for NES.
<<< End changes >>>



Techniques for spatial domain energy saving
RAN1 agreed to study a set of techniques and enhancements for increasing spatial-domain energy saving opportunities in RAN1#109-e. 
Dynamic adaptation of spatial elements
The network could save energy by turning off a subset of transceiver chains of the gNB when using the full set is not warranted given load and/or link quality conditions. However, in R17 a UE receives semi-static configuration of reference signals such as NZP CSI-RS for CSI reporting and other functions, and does not expect that some antenna ports are turned on or off dynamically. If the network turns off some antenna ports unexpectedly, this could result in inaccurate CSI reporting and radio link problems. Enhancements to dynamically indicate a subset (or the number ) of antenna ports for a reference signal could therefore be useful to enable this behaviour. This could be realized in an efficient manner by e.g. assigning each NZP CSI-RS resource to a group and indicating applicable number of subset of antenna ports for a group using UE-group common DCI.
The network could also save energy by turning off a subset of TRPs when using the full set is not necessary. Since a UE monitoring PDCCH from a TRP that is turned off may lose connectivity, turning off a TRP currently entails reconfiguring all UEs that are using resources from this TRP to an alternate TRP, which may be inefficient. Enhancements to dynamically indicate a change of TCI state to a group of UEs could improve the ability of the network to turn on or off TRPs depending on needs.
Proposal 2: Capture the following in TR 38.864:
	6	Techniques to improve network energy savings
<<< Start changes >>>
6.y	Spatial domain based solutions
The following techniques are studied for increasing network energy saving opportunities in spatial domain.
6.y.x	Dynamic adaptation of spatial elements
Network energy savings could be obtained by reducing the number of active transceiver chains or spatial elements of the gNB during periods of low activity. Such change requires adaptation of corresponding semi-statically configured reference signals assigned to UEs for CSI reporting and other functionalities. The following enhancements enabling dynamic adaptation of reference signals are considered: 
· Indication of a group identity for each configured reference signal;
· Indication of a subset of antenna ports for each configured reference signal and each possible energy saving state; 
· Dynamic indication of a group identity and applicable energy saving state.

<<< End changes >>>



Techniques for power domain energy saving
RAN1 agreed to further study the necessity of enhancements for adaptation of transmission power of gNB.
The power amplifier is the most significant source of energy consumption when operating at typical maximal levels. Consequently, significant energy savings gains could be obtained by reducing the transmission power level of one or more TRPs when possible, for example when serving UE’s in good radio conditions. However, enabling dynamic variations of gNB transmission power may require enhancements to certain UE functionalities to prevent significant performance degradation.
CSI feedback enhancements for varying PDSCH power
The UE reports CSI feedback by measuring on NZP CSI-RS resources and assuming that the PDSCH (and/or interference) would be received with a certain power relative to a NZP CSI-RS resource. This ratio is configured as part of the NZP CSI-RS configuration (powerControlOffset). If the network utilizes a PDSCH power level different that the one assumed from the NZP CSI-RS resource configuration, link adaptation may be less accurate. This situation can occur if the network wishes to use the NZP CSI-RS for multiple UEs and therefore maintain its transmission power constant while PDSCH transmission power varies depending on the UE. Thus, one potentially useful enhancement would be to enable dynamic change of the power control offset parameters utilized for the NZP CSI-RS resources configured for channel and/or interference measurement. Similar to spatial-domain adaptation, this could be realized in an efficient manner by e.g. assigning each NZP CSI-RS resource to a group and indicating change of power control offset for a group using UE-group common DCI.
Support for DPD/DPoD
RAN1 also identified techniques aiming at improving power efficiency at the gNB by enabling use digital pre-distortion (DPD) at the transmitter and/or digital post-distortion (DPoD) at the receiver to compensate for the non-linear response of the power amplifier when operating in a more power-efficient regime. To assist DPD at the gNB, one possible enhancement could involve the UE measuring a metric from a signal that indicates a non-linearity characteristic of the transmitter. For example, if the probing signal before amplification consists of a pair of tones at f1 and f2, the UE could report an estimate of third-order intermodulation product by measuring the power ratio between the intermodulation product at (2f1 – f2) or (2f2 – f1) and the signal at f1 or f2. Enhancements could also be introduced to facilitate DPoD at the UE receiver, especially if the gNB varies the amount of power efficiency between different transmissions. In such case, it may be useful that the gNB indicates the linearity state (power efficiency setting) of a transmission to the UE such that after adapting DPoD from a reference signal transmitted using a given power efficiency setting, the UE knows to reuse the same DPoD setting for subsequent transmissions using same power efficiency setting.
Proposal 3: Capture the following in TR 38.864:
	6	Techniques to improve network energy savings
<<< Start changes >>>
6.z	Power domain based solutions
The following techniques are studied for increasing network energy saving opportunities in power domain.
6.z.x	Dynamic adaptation of transmission power
Network energy savings could be obtained by reducing the transmission power of the gNB for PDSCH during periods of low activity. Such change requires adaptation of corresponding semi-statically configured power offsets for NZP CSI-RS reference signals assigned to UEs for CSI reporting. The following enhancements enabling dynamic adaptation of power offset are considered: 
· Support for CSI reporting:
Indication of a group identity for each configured NZP CSI-RS reference signal;
Indication of a change of power offset for each configured NZP CSI-RS reference signal and each possible energy saving state; 
Dynamic indication of a group identity and applicable energy saving state.

6.z.y	Support for digital pre-distortion and post-distortion
Network energy savings could be obtained by increasing power amplifier efficiency of gNB while utilizing digital pre-distortion at the transmitter. 
To assist the gNB in compensating for the increased non-linear response of the power amplifier as the power efficiency is improved, the following enhancements are considered:
· Definition of a measurement for assessing non-linearity characteristics of transmitter;
· Definition of reference signal or resource for non-linearity measurement; 
· Measurement configuration and reporting for non-linearity measurement.
To assist the UE in compensating for the increased distortion of the received signal, the following enhancements are considered:
· Definition of a reference signal for assisting UE in calculating post-distortion settings applicable to a certain power efficiency state of the transmitter;
· Indication of a power efficiency state associated to the transmission of the assisting reference signal;
· Indication of a power efficiency state associated to other transmissions, enabling UE to apply post-distortion setting calculated based on the assisting reference signal with same power efficiency state.

<<< End changes >>>



Techniques for frequency domain energy saving
RAN1 agreed to study a set of techniques and enhancements for increasing frequency domain energy saving opportunities in RAN1#109-e. 
BWP Adaptation
One considerable source of energy consumption within a single carrier comes from operating multiple bandwidth parts within a carrier, as each BWP can come with its own set of periodic and common signals (e.g. SSBs, CSI-RSs, PRS, etc). Although each UE can only have one BWP, the gNB can have multiple BWPs active simultaneously. At low cell load conditions, it can be beneficial to save energy by have all remaining connected UEs in the cell on the same active BWP. Such BWP can be a cell-specific BWP common to all UEs in the cell, e.g. the initial BWP or a separate BWP configured for NES.
One can rely on the bwp-inactivity timer, but this would result in having UEs fallback to their default BWP -which can be different for different UEs- and UEs can also end up switching at different times, i.e. potentially a thus delaying the time a BWP can be deactivated. Instead, UEs served by the same cell can switch BWPs simultaneously upon reception of a group common L1 signalling indicating a BWP switch or an indication of sleep. A group common RNTI can be used to decode such signalling.
SSB-less SCell operation
The gNB can achieve considerable energy savings from deactivating carriers (e.g. SCells, SUL or NUL) at low cell loads. SCells can also remain active but only used when needed for additional capacity, i.e. without transmitting periodic signals such as SSBs or CSI-RS. One enhancement agreed to be studied in RAN1#109e is SSB-less secondary cell operation for some CC in case of inter-band CA. This enables a lean Scell operation without having to wake such cells periodically, especially when the load in the cell group is low.
The UE can determine the downlink timing from another cell (e.g. a PCell or a PSCell) in certain conditions, e.g. depending on the geolocation of cells and whether the beam management can be inferred from another cell. In any case, SSBs must be transmitted on the PCell or PSCell for SSB-less SCell operation to work.
PCell designation switching
[bookmark: _Hlk111204544]Similar to BWPs, having UEs active on different primary carriers can result in additional energy consumption, as each PCell can come with its own set of periodic and common signals. Therefore, having a common PCell for all UEs in the cell allows the gNB to operate other carriers as SCells without SSB or to simply deactivate them when not needed. 
[bookmark: _Hlk111204612]It is therefore desirable to have the same PCell for all UEs in the cell. This can be achieved by signalling common indication to switch the PCell designation to a cell-group common carrier that can be preconfigured. Remaining active carriers can thus be SCells. 
Proposal 4: Capture the following in TR 38.864:
	6	Techniques to improve network energy savings
<<< Start changes >>>
6.n	Frequency domain based solutions
The following techniques are studied for increasing network energy saving opportunities in the frequency domain.
6.n.x	Dynamic adaptation of bandwidth part within a carrier
One considerable source of energy consumption within a single carrier comes from operating multiple bandwidth parts within a carrier, as each BWP can come with its own set of periodic and common signals (e.g. SSBs, CSI-RSs, PRS, etc). Although each UE can only have one BWP, the gNB can have multiple BWPs active simultaneously. At low cell load conditions, it can be beneficial to save energy by have all remaining connected UEs in the cell on the same active BWP. Such BWP can be a cell-specific BWP common to all UEs in the cell, e.g. the initial BWP or a separate BWP configured for NES. The following enhancements enabling dynamic adaptation of power offset are considered: 
· Configuration of a group common NES bandwidth part for a given carrier; 
· Bandwidth part switching upon reception of a group common L1 signalling indicating a BWP switch or an indication of a network energy savigns state.
6.n.y	Multi-carrier energy savings enhancements
The gNB can achieve considerable energy savings from operating SCells without transmitting periodic signals such as SSBs or CSI-RS for inter-band CA. This enables a lean Scell operation without having to wake such cells periodically, especially when the load in the cell group is low, while keeping SCells active enables offloading high throughput bursts when needed. The following enhancements enabling dynamic adaptation of power offset are considered:
· The UE can determine the downlink timing from another cell (e.g. a PCell or a PSCell) in certain conditions, including:
· whether the SCell is geolocated with the PCell or PSCell
· whether the beam management can be inferred from the PCell or PSCell.
Further network energy saving can be achieved by ensuring that remaining UEs have the same PCell, as it allows the gNB to operate other carriers as SCells without SSB or deactivate them when not needed. It is therefore desirable to have the same PCell for all UEs in the cell. This can be achieved by signalling common indication to switch the PCell designation to a cell-group common carrier that can be preconfigured.
<<< End changes >>>



Conclusion.
This contribution analyzed specification impacts of several network energy saving techniques and proposed TPs to TR38.864. The TPs are combined in the following:
	Techniques to improve network energy savings
<<< Start changes >>>
6.x	Time domain based solutions
The following techniques are studied for increasing network energy saving opportunities in time domain.
6.x.x	Dynamic adaptation of resources in connected mode
Network energy saving opportunities may be restricted by resources that are semi-statically assigned to UEs in Connected mode such as periodic CSI-RS, PRS, periodic SRS, PDCCH, PUCCH carrying SR, CSI or SPS HARQ_ACK, configured grants or semi-persistently scheduled PDSCH. Benefits from reducing the number of time occasions for these resources during periods of low activity are envisioned. Accordingly, the following enhancements enabling dynamic adaptation of periodic and semi-persistent resources in connected mode are considered.
· Configuration of resources available in each network energy saving state;
· Downlink dynamic indication of a network energy saving state;
· Uplink request for activation of configured resources (wake-up request).

6.x.y	Adaptation of DRX
The C-DRX cycle configured in connected mode can over dimensioned when the serving cell is in sleep mode. To enable network energy savings without affecting the UE power consumption, the UE can switch to an NES C-DRX cycle when the serving cell is in a NES state in order to also save UE power. Accordingly, the following enhancements are considered:
- Configuration of UE-group common NES alternative C-DRX cycle;
- Switching to NES C-DRX cycle upon reception of dynamic indication of a network energy saving state;
6.x.z	Adaptation of DL common signals in idle and inactive modes
Network energy saving can be relaized by varying the periodicity of downlink common and broadcast signals in Idle and Inactive states, including SSBs and SI. SSBs can be transmitted with larger periods between SSB occasions compared to the legacy periodicities. Cells operating in a sleep mode can thus broadcast SSBs less frequently and possibly with a reduced number of SSBs compared to the legacy cycle. For example, simplified wider beam SSBs or PSS-only SSB can be transmitted with larger period between SSB occasions when the serving cell is in a NES state. Larger energy savings can be achieved by coupling the transmissions occasion of SI and SSBs for NES. The UE can assume that SSBs are transmitted at the NES periodicity upon reception of an indication of network energy saving state or reception of a simplified SSB for NES.
<<< End changes >>>
<<< Start changes >>>
6.y	Spatial domain based solutions
The following techniques are studied for increasing network energy saving opportunities in spatial domain.
6.y.x	Dynamic adaptation of spatial elements
Network energy savings could be obtained by reducing the number of active transceiver chains or spatial elements of the gNB during periods of low activity. Such change requires adaptation of corresponding semi-statically configured reference signals assigned to UEs for CSI reporting and other functionalities. The following enhancements enabling dynamic adaptation of reference signals are considered: 
· Indication of a group identity for each configured reference signal;
· Indication of a subset of antenna ports for each configured reference signal and each possible energy saving state; 
· Dynamic indication of a group identity and applicable energy saving state.

<<< End changes >>>
<<< Start changes >>>
6.z	Power domain based solutions
The following techniques are studied for increasing network energy saving opportunities in power domain.
6.z.x	Dynamic adaptation of transmission power
Network energy savings could be obtained by reducing the transmission power of the gNB for PDSCH during periods of low activity. Such change requires adaptation of corresponding semi-statically configured power offsets for NZP CSI-RS reference signals assigned to UEs for CSI reporting. The following enhancements enabling dynamic adaptation of power offset are considered: 
· Support for CSI reporting:
Indication of a group identity for each configured NZP CSI-RS reference signal;
Indication of a change of power offset for each configured NZP CSI-RS reference signal and each possible energy saving state; 
Dynamic indication of a group identity and applicable energy saving state.

6.z.y	Support for digital pre-distortion and post-distortion
Network energy savings could be obtained by increasing power amplifier efficiency of gNB while utilizing digital pre-distortion at the transmitter. 
To assist the gNB in compensating for the increased non-linear response of the power amplifier as the power efficiency is improved, the following enhancements are considered:
· Definition of a measurement for assessing non-linearity characteristics of transmitter;
· Definition of reference signal or resource for non-linearity measurement; 
· Measurement configuration and reporting for non-linearity measurement.
To assist the UE in compensating for the increased distortion of the received signal, the following enhancements are considered:
· Definition of a reference signal for assisting UE in calculating post-distortion settings applicable to a certain power efficiency state of the transmitter;
· Indication of a power efficiency state associated to the transmission of the assisting reference signal;
· Indication of a power efficiency state associated to other transmissions, enabling UE to apply post-distortion setting calculated based on the assisting reference signal with same power efficiency state.

<<< End changes >>>
<<< Start changes >>>
6.n	Frequency domain based solutions
The following techniques are studied for increasing network energy saving opportunities in the frequency domain.
6.n.x	Dynamic adaptation of bandwidth part within a carrier
One considerable source of energy consumption within a single carrier comes from operating multiple bandwidth parts within a carrier, as each BWP can come with its own set of periodic and common signals (e.g. SSBs, CSI-RSs, PRS, etc). Although each UE can only have one BWP, the gNB can have multiple BWPs active simultaneously. At low cell load conditions, it can be beneficial to save energy by have all remaining connected UEs in the cell on the same active BWP. Such BWP can be a cell-specific BWP common to all UEs in the cell, e.g. the initial BWP or a separate BWP configured for NES. The following enhancements enabling dynamic adaptation of power offset are considered: 
· Configuration of a group common NES bandwidth part for a given carrier; 
· Bandwidth part switching upon reception of a group common L1 signalling indicating a BWP switch or an indication of a network energy savigns state.
6.n.y	Multi-carrier energy savings enhancements
The gNB can achieve considerable energy savings from operating SCells without transmitting periodic signals such as SSBs or CSI-RS for inter-band CA. This enables a lean Scell operation without having to wake such cells periodically, especially when the load in the cell group is low, while keeping SCells active enables offloading high throughput bursts when needed. The following enhancements enabling dynamic adaptation of power offset are considered:
· The UE can determine the downlink timing from another cell (e.g. a PCell or a PSCell) in certain conditions, including:
· whether the SCell is geolocated with the PCell or PSCell
· whether the beam management can be inferred from the PCell or PSCell.
Further network energy saving can be achieved by ensuring that remaining UEs have the same PCell, as it allows the gNB to operate other carriers as SCells without SSB or deactivate them when not needed. It is therefore desirable to have the same PCell for all UEs in the cell. This can be achieved by signalling common indication to switch the PCell designation to a cell-group common carrier that can be preconfigured.
<<< End changes >>>
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Appendix
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.
