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Introduction
In RAN#110bis-e meeting, the agreements attached in the appendix were achieved for network energy savings techniques for NR [1]. 
In this contribution, we further share our views on the potential network energy saving techniques. This contribution is updated from [2].
Discussion

On time domain adaptation
Table.1 Time domain adaptation techniques being discussed for network energy saving [3]
	· Technique #A-1 Adaptation of common signals and channels
· Technique #A-2: Dynamic adaptation of UE specific signals and channels
· Technique #A-3: Wake up of gNB triggered by UE wake up signal (WUS)
· Technique #A-4: Adaptation of DTX/DRX
· Technique #A-6 Adaptation of (On-demand) SSB/SIB1


Considering the study item prioritizes idle/empty and low/medium load scenarios, it is reasonable for gNB to look for more opportunities to reduce activities in certain time domain duration. This provides more direct energy saving gain. When gNB strives for longer sleep duration and it is assumed the DL Tx and UL Rx are temporally suspended/skipped, the operation due to time domain adaptation can impact in all RRC state i.e. RRC CONNECTED and RRC IDLE/INACTIVE mode UEs.
In a general level, when gNB reduces the transmission/reception in some time duration in a cell level, it may be possible to handle it by sophisticated implementation with least specification impact as possible. However, there is quite a few channel/signals/procedures need to be taken care of, which lead to even more complicated gNB implementation and potentially low efficiency to configure and schedule UEs individually. 
At this moment, although different time domain adaptation techniques impacting different channels/signals can be discussed respectively, it is more preferable to investigate a possible adaptation framework with more efficient and inclusive operation. As one of the most common impact to both RRC CONNECT and IDLE/INACTIVE UEs, the PDCCH monitoring controlled by DRX adaptation can be considered as starting point.
Proposal 1: Time domain adaptation should be considered with higher priority. The PDCCH monitoring controlled by DTX/DRX adaptation can be considered as starting point. It can be inclusive for other channel/signal related enhancement. When beam sweeping operation is utilized, beam on/off by adapting SSB/CSI-RS and other common signals/channels can also be considered.

On frequency domain adaptation
Table 2. Frequency domain adaptation techniques being discussed for network energy saving [3]
	· Technique #B-1: Multi-carrier energy savings enhancements
· Technique #B-2: Dynamic adaptation of bandwidth part of UE(s) within a carrier
· Technique #B-3: Dynamic adaptation of bandwidth of active BWP


When gNB wants to adapt the frequency resource for more energy saving, basically two levels of adaptation were identified in the last meeting agreements.
· For BWP level of adaptation within a cell, current BWP framework with L1-based switching indication provides good flexibility and dynamic operation for adapting the system traffic load. The only possible drawback is the control overhead from UE-specific DCI. When network adapts the frequency resource in system level, the impact would be for all the served UEs and DCI is needed to reach all the RRC CONNECTED UEs at least. Thus, in this sense, a cell-specific DCI for more efficient operation could be considered.
· For multi-carrier adaptation, our understanding is it includes at least two aspects:
· Dynamic cell on/off operation. If this refers to a ‘short term’ on/off, it is more like time domain adaptation as discussed in the previous section. If this refers to a ‘long term’ on/off, it may involve enhancement of SSB on/off or even new signal for cell discovery, and necessary RRM measurement for the mobility. This is similar discussion with LTE small cell on/off. We think the second option may have large specification impact but it can reduce all or almost of the periodic transmission, which may have large gain for very low load case. It may not be within the scope of this study item.
· L1-based SCell activation/deactivation. Depending on how dynamic adaptation is needed, this function may or may not have clear merit, as current mechanism can work with some tolerable although a bit more delay than L1 indication. L1-based PCell handover/switching is the discussion under MIMO agenda. 
Therefore,
Proposal 2: For frequency domain adaptation for network energy saving, cell common adaptation by enhancement of BWP framework should be further considered for better efficiency within the BWP adaptation framework, where the time domain adaptation and/or the beam adaptation can also be supported. For multi-carrier adaptation enhancement, more careful study is needed for clearer benefit due to possible larger specification impact. 

On spatial/antenna domain adaptation
Table 3. spatial/antenna domain adaptation techniques being discussed for network energy saving [3]
	· Technique #C-1: Dynamic adaptation of spatial elements
· Technique #C-2: TRP muting/adaptation in multi-TRP operation


In general, the network side spatial/antenna domain adaptation may refer to a number of possible operations. The most relevant, in our view, could be:
· SSB beams on/off. This may overlap with time domain adaptation, in which case some beam indices can be muted temporally or longer term. In our view, this can be discussed and supported together with time domain adaptation.
· SSB beam patterns / TCI states adaptation. This may apply to both single or multiple TRP cases. When some antenna elements/panels/TRPs are switched on/off, the consequence change of SSB beam patterns, CSI-RS configurations and TCI states also have to be adapted. Basically, this can also be supported by the current specification with the combination by L1/2/3 signaling. Some of the operation is just transparent to UE with the implementation techniques. We are open to investigate whether the additional benefit from further modification. 
· For massive MIMO scenario, the on/off of some antenna elements/panels may lead to the change of CSI-RS port numbers and/or the codebook used for CSI report. Similarly as above bullet, the combination of transparent/dynamic/semi-static adaptation also works and be free of any specification impact.
[bookmark: _Hlk111034208]Proposal 3: As of spatial/antenna domain adaptation for network energy saving, the SSB on/off can be discussed and potentially supported together with time domain adaptation. It may possibly be supported by using BWP framework. For the enhancement to the TCI frameworks and CSI feedback, it needs more investigation on whether additional mechanism is needed, especially considering the ongoing work on Rel.18 MIMO enhancement on unified TCI framework for single/multiple-TRP.

On power domain adaptation
Table 4. Power domain adaptation techniques being discussed for network energy saving [3]
	· Technique #D-1: Adaptation of transmission power of signals and channels
· Technique #D-2: enhancements to assist gNB digital pre-distortion
· Technique #D-3: adaptation of transceiver processing algorithm
· Technique #D-4: PA backoff adaptation
· Technique #D-5: UE post-distortion


The power domain adaptation may refer to below aspects:
· gNB Tx power is adapted along with the bandwidth and the number of Tx chains for the transmission. This can be discussed and controlled by the frequency and antenna domain adaptation.
· gNB Tx PSD which is reflected by EPRE may be adapted by gNB. If network needs to change the SSB power, it needs to change the paremeter ss-PBCH-BlockPower in ServingCellConfigCommonSIB and ServingCellConfigCommon. But considering it is already low/medium case, we do not think changing the SSB power and the corresponding cell coverage by this way is reasonable. If network only changes the Tx power (EPRE) of other channels, e.g. PDCCH/PDSCH, it is always possible by implementation. Thus, we think clearer technical merit is needed to justify introducing L1-based adaptation.
· The controlling of gNB total Tx power and/or PAPR to achieve better PA efficiency. We believe this can be somehow controlled by implementation and may involve more expertise from RAN4 on whether any enhancement is needed. We support this could be important for gNB energy saving, no matter it has specification impact or not.
· On the gNB pre-distortion and UE post distortion, we think at this moment it is implementation-based techniques. Although some exchange between gNB and UE may help on the PA efficiency, the specification impact and benefit are still not clear.
Proposal 4: gNB power domain adaptation for energy saving can possible be controlled by the frequency and antenna domain adaptation. The adaptation of Tx power of different channels without impacting coverage may possibly work without specification impact so can be down prioritized. PA efficiency related discussion may involve RAN4 expertise, if necessary.

On backward compatibility
It is noted that the backward compatibility issue was not intensively discussed when the proposals were raised. Based on our observation on all the techniques listed for study in time/frequency/antenna/power domain, there is no clear clarification or categorization on each technique whether it is backward compatible and how to operate to guarantee the compatibility and coexistence with legacy UEs and network. Here the meaning of backward compatibility is Rel.15 NR UE can be supported by the cell operating specific network energy saving technique. One of such technique for not supporting legacy UEs would be legacy UEs are reselected or hand overed to backward compatible cell.
Proposal 5: Further clarification is needed on the backward compatibility of each adaptation technique. If coexistence with legacy UEs and network is not possible in the cell, the operation also needs to be clarified to ensure the backward compatibility.

Conclusion
Based on the discussion, the following proposals are highlighted: 
Proposal 1: Time domain adaptation should be considered with higher priority. The PDCCH monitoring controlled by DTX/DRX adaptation can be considered as starting point. It can be inclusive for other channel/signal related enhancement. When beam sweeping operation is utilized, beam on/off by adapting SSB/CSI-RS and other common signals/channels can also be considered.
Proposal 2: For frequency domain adaptation for network energy saving, cell common adaptation by enhancement of BWP framework should be further considered for better efficiency within the BWP adaptation framework, where the time domain adaptation and/or the beam adaptation can also be supported. For multi-carrier adaptation enhancement, more careful study is needed for clearer benefit due to possible larger specification impact. 
Proposal 3: As of spatial/antenna domain adaptation for network energy saving, the SSB on/off can be discussed and potentially supported together with time domain adaptation. It may possibly be supported by using BWP framework. For the enhancement to the TCI frameworks and CSI feedback, it needs more investigation on whether additional mechanism is needed, especially considering the ongoing work on Rel.18 MIMO enhancement on unified TCI framework for single/multiple-TRP.
Proposal 4: gNB power domain adaptation for energy saving can possible be controlled by the frequency and antenna domain adaptation. The adaptation of Tx power of different channels without impacting coverage may possibly work without specification impact so can be down prioritized. PA efficiency related discussion may involve RAN4 expertise, if necessary.
Proposal 5: Further clarification is needed on the backward compatibility of each adaptation technique. If coexistence with legacy UEs and network is not possible in the cell, the operation also needs to be clarified to ensure the backward compatibility.
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Appendix: 
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


Below are the
Proposal #2-1H
· 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:
· RAN3:
· RAN4:
· FFS

Proposal #2-2J
· 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


Proposal #2-3H
· Technique #A-3: Wake up of gNB triggered by UE wake up signal (WUS)
· 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

Proposal #2-4H
· 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:

Proposal #2-6J
· 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


Proposal #3-1I
· 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
· RAN3:
· RAN4:
· FFS

Proposal #3-2F
· 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:

Proposal #3-3F
· Technique #B-3: Dynamic adaptation of bandwidth of active BWP
· 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:
Proposal #4-1J
· 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

Proposal #4-2G
· Technique #C-2: TRP muting/adaptation in multi-TRP operation 
· 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:

Proposal #5-1I
· 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

Proposal #5-2H
· 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

Proposal #5-3H
· 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

Proposal #5-4H
· 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

Proposal #5-5D
· 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
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