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Introduction
[bookmark: _Hlk525462591]Based on the outcome of RAN1#110bis-e meeting, the following agreements have been made in terms of network energy saving techniques from time, frequency, spatial, power domains, as well as assistance information from UE to aid the gNB to perform 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 finalize 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


[bookmark: _Hlk102054762]And in our companion contribution, we discuss the agenda item on network energy saving performance evaluation [1].
Discussion
Based on the outcome of RAN1#110bis-e meeting, in the following of this contribution, we will provide our further views on the proposals in each technique.
1.1 [bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]Time-Domain NW Energy Saving Techniques
[bookmark: _Hlk111102666]During the email discussions in RAN1#110bis-e, the following has been captured with respect to the time-domain NW energy saving technique:
	[bookmark: _Hlk115445012]Time Domain Techniques:
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 configurations for the listed UE-specific signals/channels are BWP-specific, and BWP adaptation framework can be utilized for dynamic 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:
· FFS

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 retrieves system information and synchronization 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




We see the need to streamline the proposals description to ensure clarity, and suggestions for rewording are provided below. For example, RAN1 has not defined what a gNB ‘inactive’ state is, and therefore we should refrain from using such terminology to avoid ambiguities. Also, per our understanding of the description tables, the ‘background’ part should provide information about the status quo only, and should not discuss about a proposed technique or its benefits.
Proposal-1: Adopt the following changes (in red) to Proposal #2-2J describing Technique #A-2:
	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 the gNB to perform 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 configurations for the listed UE-specific signals/channels are BWP-specific, and BWP adaptation framework can be utilized for dynamic 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: Adopt the following changes (in red) to Proposal #2-3H describing Technique #A-3:
	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 out of a sleep 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-3: Adopt the following changes (in red) to Proposal #2-4H describing Technique #A-4:
	Proposal #2-4H
· Technique #A-4: Adaptation of network DTX/DRX
· With During network DTX/DRX, the gNB may have no transmission/reception or only keep limited transmission/reception. has the opportunity to be inactive. During the inactive duration, For example, the 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.
· Indication of network DTX/DRX (pattern) to UE. 
· Enhancement of UE C-DRX configuration (where e.g. to align DRX cycles or offsets) configured for UEs in connected mode or idle/inactive mode can be aligned, potentially provide providing longer inactivity network DTX/DRX 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:
· Currently, the gNB can use In case of network DTX/DRX, the BS can go to inactive state with different time granularities. with restriction due to UE DRX configurations and any configured transmission/reception (e.g. common channels/signals). 
· 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 different 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:
· FFS



Proposal-4: Adopt the following changes (in red) to Proposal #2-6J describing Technique #A-6:
	Proposal #2-6J
· Technique #A-6 Adaptation of SSB/SIB1 transmissions
· On-demand SSBs/SIB1 transmissions may also to enable longer periods of network DTX inactivity at the gNB to achieve gNB energy saving. 
· SSB/SIB1 transmission on at the serving cell can be triggered by on-demand e.g. by UE SSB/SIB1 request.
· The UE may obtain system information from other carriers/cells for such carrier/cell(s), and synchronize either from based on 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 retrieves system information and synchronization 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




[bookmark: Pro_LINK3]Note that in our companion contribution on network energy saving performance evaluation [1], we detail the techniques for adaptation / reduction of SSB/SIB1 and present the performance evaluation for those for both single-carrier and multi-carrier scenarios.

1.2 Frequency-Domain NW Energy Saving Techniques
During the email discussions in RAN1#110bis-e, the following has been captured with respect to the frequency-domain NW energy saving technique:
	Frequency Domain Techniques:
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:



Regarding the Proposal #3-1I, the RAN4 impact is left as FFS due to currently there is no TU allocation in RAN4 WG of the study. However, to our view, this should not prevent us with including RAN4 impact in Proposal #3-1I and inform the corresponding RAN4 impact information to RAN4 WG. To the best our knowledge, the similar Inter-band SSB-less Scell proposal has been raised by companies in RAN4 under the discussion on Scell activation delay reduction in FR2. And to let the RAN4 WG realize the RAN1 discussion on Proposal #3-1I, it can be beneficial for RAN4 to arrange related discussion on Inter-band SSB-less Scell issues jointly. And we expected that, the corresponding TU allocation in RAN4 WG for NW ES study can be there when WI is being kicked-off.
Based on the above understanding, we have the following proposal regarding RAN4 impact to Proposal #3-1I:
	· Potential impact to other WGS
· RAN4:
· Identify Inter-band scenario to be applied, i.e. collocated vs non-collocated
· Identify necessary requirements, i.e. sync. requirement between carriers, frequency distance requirement between carriers, Rx power difference between carriers, QCL assumption requirement across carriers



Proposal-5: Include the RAN4 impact in Proposal #3-1I with the following for Technique #B-1:
	· Potential impact to other WGS
· RAN4:
· Identify Inter-band scenario to be applied, i.e. collocated vs non-collocated
· Identify necessary requirements, i.e. sync. requirement between carriers, frequency distance requirement between carriers, Rx power difference between carriers, QCL assumption requirement across carriers




1.3 Spatial/Antenna-Domain NW Energy Saving Techniques
During the email discussions in RAN1#110bis-e, the following has been captured with respect to the spatial/antenna-domain NW energy saving techniques (see FL summary R1-2210620):


	Spatial Domain Techniques:
Proposal #4-1J
· [bookmark: _Hlk118317743]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 framework 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:



On Proposal #4-1J, we have the following comments:
· In the second bullet-point, we prefer to remove “for SSB” from “signaling for the spatial element adaptation for SSB”, in order to make the high-level description more general, i.e., not limited only to SSB. 
· The current description under the Background bullet-point is not really providing background information. We thus suggest another description below for the first sub-bullet point. In addition, in the second sub-bullet, the second part of the sentence, i.e., “BWP adaptation framework can be utilized for the adaptation for a UE capable of multiple BWPs and dynamic BWP switching”, is a bit ambiguous as it’s not fully clear to which adaptation the term “the adaptation” (in “can be utilized for the adaptation”) exactly refers to. We thus suggest removing this second part of the sentence, which anyhow does not really provide any additional information.   
· Considering that there is one practical issue that needs to be clarified by RAN4 RF, on how fast or in what time scale the hardware components be able of operating with dynamic logical antenna port adaptation, we suggest adding the following potential RAN4 aspect: impact of hardware limitations on the time required for gNB to perform dynamic spatial element adaptation.

Based on the above, we propose:
Proposal-6: Adopt the following changes (in red) to Proposal #4-1J describing Technique #C-1:
	· 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:
· According to legacy MIMO procedures, the adaptation of spatial elements can be achieved by RRC (re-)configurations updating, such as CSI-RS (re-)configurations, in a semi-static manner.
· Moreover, the current framework allows UE to be configured with multiple CSI-RS resources, where these CSI-RS configurations may be with respect to different numbers of spatial antenna ports.
· 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.
· The CSI-RS and CSI reporting configurations are BWP-specific, and BWP adaptation framework can be utilized for the adaptation for a UE capable of multiple BWPs and dynamic BWP switching.
· Potential impact to other WG
· RAN2: FFS, such as:
· 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, such as impact of hardware limitations on the time required for gNB to perform dynamic spatial elements adaptation.



On Proposal #4-2G, we provide the contents to add in the Background description to align with the descriptions of other techniques. Regarding the potential impacts on RAN2 and RAN4, we suggest at least adding “FFS” there. 

Based on the above, we propose:
Proposal-7: Adopt the following changes (in red) to Proposal #4-2G describing Technique #C-2:
	· 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:
· Multi-TRP scenarios and operations have been considered and specified in NR Rel-16 and Rel-17, such as multi-TRP enhancements for DL/UL physical channels, multi-TRP beam management enhancements (including per-TRP beam failure detection and recovery enhancement), etc. And additional multi-TRP enhancements are in the scope of Rel-18 MIMO. For all these multi-TRP operations and enhancements, the main objectives are to improve reliability/robustness, latency, and capacity. It can be noticed that such operations would be power hungry as they would require at least two active TRPs at a time. 
· Potential impact to other WG
· RAN2: FFS
· RAN3:
· RAN4: FFS




In the following, we essentially focus on the two techniques captured above and discuss their enablers and impact on UE behavior and legacy operations. Specifically, we consider:
· Dynamic antenna port adaptation
· Dynamic TRP adaptation
Dynamic antenna port (and antenna elements) adaptation (related to Technique#C-1): 
First, it’s worth noting that port adaptation can be interrelated with turning on/off antenna elements or TRXs, however here we will be more focusing on port adaptation. Dynamic port adaptation can be achieved by dynamically enabling/disabling at least one port subset, for one or more CSI-RS resources. It can be also discussed whether to put restrictions on the ports that could be dynamically disabled/enabled, such as ports belonging to a same CDM group.
When dynamically disabling/enabling a port subset, the implications of such adaptation on some CSI-RS configuration parameters also needs to be discussed. For instance, CBSR (codebook-subset restriction), which is configured in CSI-ReportConfig, may be different between the case where a port subset is enabled and the case where this subset is disabled.
[bookmark: Obs_LINK8]Observation-1: Dynamic port adaptation would have implications on some CSI-RS configuration parameters. For instance, CBSR (codebook-subset restriction) may be different between the case where a port subset is enabled and the case where this subset is disabled.
[bookmark: _Hlk115282091]Another aspect to enable the dynamic port adaptation is the signaling, using DCI or MAC CE, and whether to also introduce a UE-group signaling, such as group-common DCI, so that the adaptation is done for a group of UEs at a time. In our view, group-common signaling for port adaptation should be considered as it could be particularly beneficial for cell-specific or group-specific CSI-RS resources (used to reduce the CSI-RS overhead). 
Further, other ways that do not lead to high signaling overhead due to a dynamic (and frequent) port adaptation should be discussed. One aspect to discuss in that regard is if we could leverage some existing operation(s) in such a way to also carry the indication of disabling/enabling antenna ports. For instance, one could consider ZP-CSI-RS related operation as the network may anyhow potentially need to trigger ZP-CSI-RSs for the UE in case of dynamic port disabling (or enabling).
[bookmark: Pro_LINK10]Proposal-8: For dynamic port adaptation, consider group-common signaling for CSI-RS port disabling/enabling indication.
[bookmark: Pro_LINK11]Proposal-9: For enabling dynamic port adaptation, consider low-overhead ways by leveraging existing operations such as ZP-CSI-RS related operation.
An additional aspect to consider is the impact of dynamic port adaptation on UE measurements and reporting. In our view, when a port subset is dynamically disabled using indication sent to the UE, it’s required to explicitly define the impact of this disabling (and corresponding indicated/determined CBSR). For instance, UE should not carry measurements and/or reporting corresponding to this port subset. On the other side, when the port subset is re-enabled, the UE would need to reintegrate or reconsider those ports in the measurements and/or reporting. 
From another perspective, UE measurements and reporting may be based on periodic CSI-RS resources. However, these measurements may be “interrupted” by the applied NW energy saving schemes in terms of spatial element or antenna port adaptation. Hence, for assisting the corresponding UE measurements (and reporting) adaptation, the gNB may consider triggering an aperiodic CSI-RS. And the UE measurements would need to be carried based on the aperiodic CSI-RS instead of the periodic CSI-RS in this case.
[bookmark: Pro_LINK12]Proposal-10: Under dynamic port adaptation, consider defining UE behaviour regarding measurements and reporting.
[bookmark: Pro_LINK13]Proposal-11: For dynamic port adaptation, consider the impact of the transmission of aperiodic CSI-RS and periodic CSI-RS with different number of ports.
Further, it should be discussed whether the case where the gNB is equipped with multi-panel should be considered. Overall, in this case, dynamically enabling/disabling a panel could be simply achieved by treating the panel as a port subset/group. Hence, no special considerations seem needed in that regard.
· Hardware limitations on dynamic port (and antenna elements) adaptation:  

For the state-of-art MIMO operation in 5G NR, the adaptation of spatial elements operates at rather large time scale, due to the reason of relatively large spatial elements activation delays in hardware. For Rel.16 UE power saving, the maximum number of DL MIMO layers can be configured per BWP via semi-static RRC signaling.
[bookmark: Obs_LINK9]Observation-2: For the state-of-art MIMO operation in 5G NR, the adaptation of spatial elements, i.e., adaptation of logical antenna port, is operated at a rather large time scale, due to the hardware limitations with large spatial element activation delays. 
The “dynamic” way of logical port adaptation and efficient port reconfigurations has been discussed. For instance, to maintain the cell coverage, the gNB may choose to use the full logical antenna port configuration for broadcast signal/channel transmissions in a given slot#0. while with data channel transmission for a certain UE locates at cell-centre, the gNB may choose to use the reduced logical antenna port configuration for UE-specific data transmissions in the coming slot#(n+1) for better NW power saving purpose. However, there is one practical issue that needs to be clarified, on how fast or in what time scale the hardware components be able of operating with dynamic logical antenna port adaptation.
Typically, how fast the gNB can adjust (i.e., activate/deactivate) the number of the active TRXs/antenna elements (and Tx power level) would be up to gNB’s implementation and HW capability. Such limitations related to HW and architecture capability may have some impact on, e.g., how often CSI-RS transmissions can be made with different number of TRXs/ antenna ports. To better understand this aspect, we provide an example in Figure 1. In this example, it’s assumed that gNB serves UE #1 with 16 TRXs (corresponding to 16 ports) in slot #1 and #2, and there is a periodic 32-port CSI-RS configured for UE #2 in slot #3. It should thus be discussed whether the hardware components of gNB has the ability/capability to adjust the number of active TRXs/ antenna ports within such a short duration (i.e., less than 1 slot) or longer time is needed.


Figure 1: TRX adjustments in consecutive slots 

[bookmark: Pro_LINK14]Proposal-12: Discuss hardware limitations about the time required for gNB to perform spatial elements adaptation.

Dynamic TRP adaptation (related to Technique#C-2): 
Dynamic TRP adaptation can be essentially achieved by dynamically muting/unmuting a TRP(s). Such adaption should be discussed for the general case considering carrier aggregation (CA) where a cell may be configured with two TRPs (i.e., configured with multi-TRP) or one TRP. To enable dynamic TRP adaptation, in our view cell activation/deactivation like approaches could be adopted. In legacy, there are two approaches for enabling cell deactivation/activation: (i) one approach is based on the network sending an indication of activation/deactivation (via MAC CE) for the UE, (ii) the other approach is based on configuring the UE with a timer per configured SCell (sCellDeactivationTimer), where basically if, on an SCell, the UE doesn’t receive or transmit before the corresponding timer expires, the UE considers this serving cell as deactivated. Similar approaches could then be used for enabling dynamic TRP adaptation. Further, for CA cases, the dynamic muting/unmuting of a TRP(s) could be considered on a per cell level or cell-group level.

[bookmark: Obs_LINK10]Observation-3: For enabling dynamic TRP muting/unmuting (including for CA cases), similar approaches as for enabling legacy SCell deactivation/activation seem workable, i.e., approaches based on explicit indication and ‘activity-aware’ timer.

In addition, impact of dynamic TRP muting/unmuting on the UE measurement and reporting, considering e.g. the Rel-17 enhancements for multi-TRP CSI, should be discussed. Under this Rel-17 enhancements, the UE is configured with two CMR (channel measurement resource) groups and UE determines and measures CMR resources and resource pairs corresponding, respectively, to single-TRP hypotheses and multi-TRP (NCJT) hypotheses. Hence, with TRP adaption, when a TRP is muted, a UE would need to discard measurements (and thus reporting) for resources and resource pairs that include CMRs corresponding to the muted TRP.
[bookmark: Pro_LINK15]Proposal-13: For dynamic TRP muting/unmuting, impact on UE measurement and reporting should be considered.
Another important aspect is the impact of dynamic TRP muting/unmuting on the beam-failure detection procedure, e.g., considering the Rel-17 per-TRP beam failure detection and recovery operations. Otherwise, if this impact is not explicitly defined, UE may for instance declare beam failure and initiate recovery for a TRP while this TRP has been simply muted by the network.
[bookmark: Pro_LINK16]Proposal-14: For dynamic TRP muting/unmuting, impact on the Rel-17 per-TRP beam failure and recovery operations should be considered.
Further, as can be noticed from the above discussions, it’s essential that each TRP has a sort of identifier. To identify/represent a TRP, at least one of the following identifiers could be used: explicit TRP ID, CORESETPoolIndex. So far, the use of CORESETPoolIndex has been used for multi-DCI mode, as an implicit way to ‘identify’/’represent’ a TRP, however the usage of CORESETPoolIndex doesn’t necessarily need to be tied to multi-DCI mode, i.e., could be used in general as one way to identify/represent a TRP.
[bookmark: Pro_LINK17]Proposal-15: For dynamic TRP muting/unmuting, consider how to identify/represent a TRP.

1.4 Power-Domain NW Energy Saving Techniques
During the email discussions in RAN1#110b-e, the following has been captured with respect to the power-domain NW energy saving technique:



	Power Domain Techniques:
Proposal #5-1I
· Technique #D-1: Adaptation of transmission power of signals and channels
· The technique aims at adapting 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



In legacy NR, the transmit power of SSB is semi-statically configured via ss-PBCH-BlockPower in SIB1. And a transmit power offset (powercontrolOffsetSS) is semi-statically configured to indicate the transmission power of CSI-RS relatively to the transmit power of SSB. Based on the received power of CSI-RS, the UE derives the CSI feedback for PDSCH transmission, which accounts also for the semi-statically configured power offset (powerControlOffset) between PDSCH and CSI-RS transmissions. Thus, in the legacy NR operation the adaptation of DL transmission power of signals and channels is rather semi-static than dynamic. Note also that the power offset configurations for PDSCH and CSI-RS are BWP-specific. We suggest extending the background description of Technique #D-1 accordingly. Therefore, we have the following re-wording proposal below. 
Furthermore, we have the following power domain technique proposals, where we discussed their enablers and impact on UE behavior and legacy operations.

Regarding dynamic adjustment of transmit power of SSB:
As mentioned in Technique #A-1, network energy saving can be realized by flexibly varying the periodicity and/or dynamically changing a transmission pattern. Another effective technique for BS energy savings is cell deactivation in low load scenarios. Typically, cell shutdown techniques are initiated by progressively reducing the cell transmitted power, which can then be gradually increased at cell reactivation. By reducing the SSB transmit power, the cell coverage shrinks while the area of neighbouring cells may be likewise expanded so that the UEs served by the cell can be offloaded to a neighbouring cell. However, the transmit power reduction requires SI modification because the SSB reference power level(ss-PBCH-BlockPower) is defined in SIB1. As a consequence, the speed at which the cell power reduction can be enforced is limited by the (relatively long) duration of the SI modification period. This slows down the speed at which active UEs served by the cell that is being switched off can be offloaded to neighboring cells. Enabling faster cell deactivation as well as faster offloading of the active UEs can be beneficial to allow a more dynamic usage of cell deactivation techniques. This can be achieved by informing the UEs about the future cell transmit power adjustments (decrease / increase) when initiating cell deactivation/activation (rather than by step-by-step SI changes), and thus with minimal need for SI modification.
Proposal-16: Study enhancements enabling faster cell deactivation / reactivation by informing the UEs about the future SSB transmit power adjustments with minimal need for SI modification.
Regarding dynamic adjustment of transmission power of other downlink signals and channels:
For energy saving, the gNB could dynamically reduce the PDSCH transmission power if the serving UEs are in good coverage so to reduce the NW energy consumption. We note that practically, the CSI-RS resources can be shared among multiple UEs, and thus the dynamic adaptation of CSI-RS transmission power may not be feasible. However, if only the transmission power of PDSCH is adapted while the transmission power of CSI-RS does not change accordingly, the actual transmission power offset between PDSCH and CSI-RS could be quite different from the configured power offset value, powercontrolOffset. In practice, the configured powercontrolOffset value is the ratio assumed by the UE for the UE derivation of the CSI feedback. And if the actual power offset between PDSCH EPRE and CSI-RS EPRE is quite different from the configured value of powercontrolOffset, this will impact the CSI feedback estimation at the UE. Thus, the legacy configuration of the power offset value between PDSCH and NZP CSI-RS can be enhanced to assist NW energy saving operation. 
For another aspect, the NW energy saving with reduced DL transmission power may have impact on the MIMO performance. Potential solution could be to configure multiple power offsets between PDSCH and CSI-RS. And allow the UE to derive CSI feedback using different power offsets and extend CSI report (including Rank indication) to assist the network for adjustment of the transmission power. The NW would benefit from determining the maximum Tx power reduction that can be applied for the UE without degrading the supported MIMO layers.
Proposal-17: Considering enhancing the configuration of the power offset between PDSCH and NZP CSI-RS, used by the UE for CSI report, to assist NW energy saving operation.
[bookmark: Pro_LINK19]Proposal-18: To minimize the impact on MIMO performance, the CSI report from UE can be extended to assist the network for adjustment of the transmission power and/or bandwidth assignment. 
Based on the above description, we have the following proposals:
Proposal-19: Adopt the following changes (in red) to Proposal #5-1I describing Technique #D-1:
	· Technique #D-1: Adaptation of transmission power of signals and channels
· The technique aims at adapting the transmission power or PSD of downlink signals and channels dynamically, by enhancing the related configuration to the UE (e.g. considering power offsets that account for potential power adaptation) and/or enhancing the UE feedback (e.g. CSI report) to assist NW energy saving operation.
· The technique may be applicable to PDSCH, CSI-RS, DMRS, broadcast channels/signals (e.g., SSB/SI/paging).  
· 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 SSB reference power, ss-PBCH-BlockPower is defined in SIB1. The powercontrolOffsetSS that is the power offset between (NZP)CSI-RS and SSB and the powerControlOffset that is the power offset of PDSCH and (NZP) CSI-RS are semi-statically configured via RRC signaling.
· 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
· CSI report extended to assist NW dynamic power adaptation
· RAN3:
· RAN4:
· FFS



Regarding adaptation of gNB transceiver algorithm and process to improve power efficiency, and tone reservation techniques:
Currently, the adaptation of gNB transceiver algorithm and related processes to improve its power efficiency is mainly left to the implementation. The reasoning behind this is the dependence of hardware components and transceiver architecture design on the power adaptation techniques that could be used in practice. The role of UE assistance in this operation, especially in terms of possible legacy or enhanced feedback is not clearly evident. Some of the examples that were discussed previously such as adaptation of digital pre-distortion by the gNB, use of digital post-distortion by the UE, and adaptation of transceiver filtering operation, require no explicit feedback from the UE to the gNB. The role of RAN1 in evaluating these aspects might require further clarification.
[bookmark: Obs_LINK11]Observation-4: The role of UE feedback and possible RAN1 relevance for the adaptation of digital pre-distortion by the gNB, use of digital post-distortion by the UE and adaptation of transceiver filtering operation requires further clarification.
On the topic of tone reservation techniques for the gNB in order to improve PAPR and power efficiency, currently it has been agreed that such techniques would be studied further as part of NR coverage enhancement WI from the UE perspective [2]. The main motivation behind considering the use of tone reservation for uplink is due to the fact that the discrete Fourier transform-spread- orthogonal frequency-division multiplexing (DFT-s-OFDM) while having lower peak-to-average power ratio (PAPR) performance at lower modulation orders, this advantage starts to diminish in comparison to cyclic-prefix-OFDM (CP-OFDM) with higher order modulation [3]. However, in downlink, the additional complexity of using tone reservation on top of CP-OFDM requires further study.
[bookmark: Obs_LINK12]Observation-5: The use of tone reservation together with DFT-s-OFDM in uplink might enable lower PAPR, however the complexity of using tone reservation on top of CP-OFDM in downlink requires further study.
Conclusions
In this contribution, we have discussed different aspects on network energy saving techniques, and we have the following observations and proposals:
Proposal-1: Adopt the following changes (in red) to Proposal #2-2J describing Technique #A-2:
	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 the gNB to perform 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 configurations for the listed UE-specific signals/channels are BWP-specific, and BWP adaptation framework can be utilized for dynamic 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: Adopt the following changes (in red) to Proposal #2-3H describing Technique #A-3:
	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 out of a sleep 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-3: Adopt the following changes (in red) to Proposal #2-4H describing Technique #A-4:
	Proposal #2-4H
· Technique #A-4: Adaptation of network DTX/DRX
· With During network DTX/DRX, the gNB may have no transmission/reception or only keep limited transmission/reception. has the opportunity to be inactive. During the inactive duration, For example, the 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.
· Indication of network DTX/DRX (pattern) to UE. 
· Enhancement of UE C-DRX configuration (where e.g. to align DRX cycles or offsets) configured for UEs in connected mode or idle/inactive mode can be aligned, potentially provide providing longer inactivity network DTX/DRX 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:
· Currently, the gNB can use In case of network DTX/DRX, the BS can go to inactive state with different time granularities. with restriction due to UE DRX configurations and any configured transmission/reception (e.g. common channels/signals). 
· 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 different 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:
· FFS



Proposal-4: Adopt the following changes (in red) to Proposal #2-6J describing Technique #A-6:
	Proposal #2-6J
· Technique #A-6 Adaptation of SSB/SIB1 transmissions
· On-demand SSBs/SIB1 transmissions may also to enable longer periods of network DTX inactivity at the gNB to achieve gNB energy saving. 
· SSB/SIB1 transmission on at the serving cell can be triggered by on-demand e.g. by UE SSB/SIB1 request.
· The UE may obtain system information from other carriers/cells for such carrier/cell(s), and synchronize either from based on 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 retrieves system information and synchronization 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-5: Include the RAN4 impact in Proposal #3-1I with the following for Technique #B-1:
	· Potential impact to other WGS
· RAN4:
· Identify Inter-band scenario to be applied, i.e. collocated vs non-collocated
· Identify necessary requirements, i.e. sync. requirement between carriers, frequency distance requirement between carriers, Rx power difference between carriers, QCL assumption requirement across carriers



Proposal-6: Adopt the following changes (in red) to Proposal #4-1J describing Technique #C-1:
	· 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:
· According to legacy MIMO procedures, the adaptation of spatial elements can be achieved by RRC (re-)configurations updating, such as CSI-RS (re-)configurations, in a semi-static manner.
· Moreover, the current framework allows UE to be configured with multiple CSI-RS resources, where these CSI-RS configurations may be with respect to different numbers of spatial antenna ports.
· 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.
· The CSI-RS and CSI reporting configurations are BWP-specific, and BWP adaptation framework can be utilized for the adaptation for a UE capable of multiple BWPs and dynamic BWP switching.
· Potential impact to other WG
· RAN2: FFS, such as:
· 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, such as impact of hardware limitations on the time required for gNB to perform dynamic spatial elements adaptation.



Proposal-7: Adopt the following changes (in red) to Proposal #4-2G describing Technique #C-2:
	· 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:
· Multi-TRP scenarios and operations have been considered and specified in NR Rel-16 and Rel-17, such as multi-TRP enhancements for DL/UL physical channels, multi-TRP beam management enhancements (including per-TRP beam failure detection and recovery enhancement), etc. And additional multi-TRP enhancements are in the scope of Rel-18 MIMO. For all these multi-TRP operations and enhancements, the main objectives are to improve reliability/robustness, latency, and capacity. It can be noticed that such operations would be power hungry as they would require at least two active TRPs at a time. 
· Potential impact to other WG
· RAN2: FFS
· RAN3:
· RAN4: FFS




Observation-1: Dynamic port adaptation would have implications on some CSI-RS configuration parameters. For instance, CBSR (codebook-subset restriction) may be different between the case where a port subset is enabled and the case where this subset is disabled.
Proposal-8: For dynamic port adaptation, consider group-common signaling for CSI-RS port disabling/enabling indication.
Proposal-9: For enabling dynamic port adaptation, consider low-overhead ways by leveraging existing operations such as ZP-CSI-RS related operation.
Proposal-10: Under dynamic port adaptation, consider defining UE behaviour regarding measurements and reporting.
Proposal-11: For dynamic port adaptation, consider the impact of the transmission of aperiodic CSI-RS and periodic CSI-RS with different number of ports.
Observation-2: For the state-of-art MIMO operation in 5G NR, the adaptation of spatial elements, i.e., adaptation of logical antenna port, is operated at a rather large time scale, due to the hardware limitations with large spatial element activation delays. 
Proposal-12: Discuss hardware limitations about the time required for gNB to perform spatial elements adaptation.
Observation-3: For enabling dynamic TRP muting/unmuting (including for CA cases), similar approaches as for enabling legacy SCell deactivation/activation seem workable, i.e., approaches based on explicit indication and ‘activity-aware’ timer.

Proposal-13: For dynamic TRP muting/unmuting, impact on UE measurement and reporting should be considered.
Proposal-14: For dynamic TRP muting/unmuting, impact on the Rel-17 per-TRP beam failure and recovery operations should be considered.
Proposal-15: For dynamic TRP muting/unmuting, consider how to identify/represent a TRP.
Proposal-16: Study enhancements enabling faster cell deactivation / reactivation by informing the UEs about the future SSB transmit power adjustments with minimal need for SI modification.
Proposal-17: Considering enhancing the configuration of the power offset between PDSCH and NZP CSI-RS, used by the UE for CSI report, to assist NW energy saving operation.
Proposal-18: To minimize the impact on MIMO performance, the CSI report from UE can be extended to assist the network for adjustment of the transmission power and/or bandwidth assignment. 
Proposal-19: Adopt the following changes (in red) to Proposal #5-1I describing Technique #D-1:
	· Technique #D-1: Adaptation of transmission power of signals and channels
· The technique aims at adapting the transmission power or PSD of downlink signals and channels dynamically, by enhancing the related configuration to the UE (e.g. considering power offsets that account for potential power adaptation) and/or enhancing the UE feedback (e.g. CSI report) to assist NW energy saving operation.
· The technique may be applicable to PDSCH, CSI-RS, DMRS, broadcast channels/signals (e.g., SSB/SI/paging).  
· 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 SSB reference power, ss-PBCH-BlockPower is defined in SIB1. The powercontrolOffsetSS that is the power offset between (NZP)CSI-RS and SSB and the powerControlOffset that is the power offset of PDSCH and (NZP) CSI-RS are semi-statically configured via RRC signaling.
· 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
· CSI report extended to assist NW dynamic power adaptation
· RAN3:
· RAN4:
· FFS



Observation-4: The role of UE feedback and possible RAN1 relevance for the adaptation of digital pre-distortion by the gNB, use of digital post-distortion by the UE and adaptation of transceiver filtering operation requires further clarification.
Observation-5: The use of tone reservation together with DFT-s-OFDM in uplink might enable lower PAPR, however the complexity of using tone reservation on top of CP-OFDM in downlink requires further study.
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