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Introduction
[bookmark: _Hlk525462591]Based on the outcome of RAN1#110 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:
	For future meetings:
· Companies are encouraged to review the summary of description of potential techniques of the moderator summary in Section 3 of R1-2208185. It should be noted that the description of the techniques are a draft and additional updates and modification of the description are expected.
· Based on the summary, companies are encouraged to work further to formulate description of potential network energy techniques to be eventually captured into the SI TR.


[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#110 meeting, the techniques summarized in Section 3 of R1-2208185 are assumed to be basis for techniques to be evaluated in the SI. It was also noted that the description of the techniques are a draft and additional updates and modification of the description are expected. Thus, in the following of this contribution, we will provide our further views on the techniques.
1.1 [bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]Time-Domain NW Energy Saving Techniques
[bookmark: _Hlk111102666]In Section 3 of R1-2208185, the following has been captured with respect to the time-domain NW energy saving technique:
	Time Domain Techniques:
· [bookmark: _Hlk115445012]Technique #A-1 Adaptation of common signals and channels
· Network energy saving can be realized by flexibly varying the periodicity and/or dynamically changing a transmission pattern (when applicable) of downlink common and broadcast signals, such as SSB/SI/paging/cell common PDCCH, and/or flexibly varying the periodicity of uplink random access opportunities.
· This also include introducing light version of downlink common and broadcast signals, where for some periodicity occasion one or more common signals/channels can be skipped.
· This is mainly for BS idle/inactive mode, e.g. cell deactivation without DL data transmission.
· Support of burst transmission and reception of common signals and channels with more than one periodicity and/or adaptation of a burst pattern, including periodicity, are expected to potentially provide longer inactivity periods for the gNB and potentially provide higher power saving gains.
· Support of [dynamic adaptation of SSB/SIB transmission or] on-demand SSBs/SIB1 transmissions or SSB/SIB1-less operations may also enable long periods of inactivity at the gNB and potentially provide energy savings.
· [This may include leveraging SSB-less cell operations and potential enhancements for SSB-less cells, e.g. support SSB-less cell operation for inter-band CA. and/or support offloading system information from one cell to another for inter-band CA.]
· This may include support of signals/channels to aid discovery of cells in lieu of SSBs.
· This may include support of mechanism for UE to trigger on-demand SSB/SIB1 transmission for fast access/fast cell activation.
· It should be noted that use of CA means the technique is only applicable to UEs in connected mode. 
· [Support of scheduling enhancements for SIB1 along with a long period (rather than the period as the same as the SSB period) adaptation of CORESET 0 (e.g. in a separately configured CORESET) are expected to avoid/reduce redundant DCI transmissions within the CORESET 0 for the gNB and potentially provide higher power saving gains.]
· This may include support of a long period (rather than the period as the same as the SSB period) of CORESET 0
· This may include support of scheduling of SIB1 by SSB to avoid transmissions of DCIs within CORESET 0, support of the mechanism to reduce impacts on SSB and overhead
· Dynamic adaptation of the periodicity of common channel/signals might have impact to the UE normal access to the network, such as initial access, and legacy UE network access.   
· Technique #A-2: Dynamic adaptation of UE specific signals and channels 
· Network energy saving opportunities may be restricted by UE specific signals and channels that are semi-statically configured such as periodic or semi-persistent 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).
· Reducing the number of time occasions for the following resources during periods of low activity may potentially provide energy saving benefits.
· 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).
· This may include report of UE assistance information, e.g., UE buffer status to help gNB make decisions.
· Support of enhancements to synchronize the UE specific signal and channel transmission reception such that they provide longer inactivity periods at the gNB can be considered.
· Support of configuration signaling of the UE specific signals and channel transmission and reception to be reduced, e.g. by utilizing UE/cell group-level or ccell common signaling to allow gNB to minimize configuration overhead and potentially minimize overall gNB activity.
· The impact to the UE performance by adaptation of UE specific signal/channels should be included along with the network energy saving performance results.
· Technique #A-3: wake up signal (WUS) for gNB
· Support of wake up of gNB that is in a dormant power state/energy saving state (e.g., SSB-less/SIB1-less/SSB relaxed state), support of wake up signal (WUS) transmitted by the UE/neighboring gNB including UEs to the gNB (e.g. the gNB/cell in dormant state or the anchor gNB/cell).
· Whether UE detection of a dormant power state/energy saving state is required before WUS transmission should be identified.
· Resource reserved for WUS and the assumption of the gNB receiver should be identified
· This may include support of assistance information from the UEs intended to aid wake up operations by the gNBs.
· This is mainly for connected mode UEs
· Can be used in support of techniques #A-1 techniques #A-2 and other techniques. Exact design may depend on the supported technique.
· The power model of receiving WUS is associated with the gNB receiver sensitivity of WUS decoding, which will reflect the results of UE WUS coverage area.  
· Technique #A-4: Adaptation of DTX/DRX
· DTX/DRX cycle configuration/pattern at the BS, which can be potentially aligned with the DRX cycle configured for UEs in connected mode or idle mode can potentially provide longer inactivity periods at the gNB.
· This may include potential enhancements to UE behavior when both cell-specific DTX/DRX cycle and UE DRX cycle are configured.
· An alternative BS DTX with UE C-DRX alignment would be the use of DTX/DRX patterns that are defined by the BS. 
· The two techniques/approaches of DTX/DRX alignment can be complementary to each other and they may be beneficial to energy savings both at the network and at the UE side.
· [Reducing gNB’s activities (e.g. SSB, CG PUSCH, etc.) outside UE DRX active time may potentially provide energy saving benefits, such as SSB or SIB.]
· Reduction of periodically transmitted/semi-static configured channels/signals(e.g. SSB, SIB, CG PUSCH etc.) during the longer inactivity periods (i.e. outside UE’s DRX active time).
· Controlling UE DRX on/off periods for multiple DRX cycles with a single indication can potentially provide longer inactivity periods at the gNB.
· This may include group level indication for, such as UE-group signaling or cell-specific signaling, UE DRX commend such as DRX enhanced command MAC CE and long DRX commend MAC CE.
· Technique #A-5: Adaptation of BS inactive state
· Support of gNB entering into sleep mode for a period of time along with the indication of active/inactive state, e.g., in terms of start time and duration are expected to potentially provide flexible adaptation at the gNB and can potentially provide higher power saving gains. 
· This may include support of semi-static and/or dynamic gNB active/inactive state adaptation. 
· This may include group common signaling for the indication of adapted active/inactive state



Related to Technique #A-5:
	· Technique #A-5: Adaptation of BS inactive state
· Support of gNB entering into sleep mode for a period of time along with the indication of active/inactive state, e.g., in terms of start time and duration are expected to potentially provide flexible adaptation at the gNB and can potentially provide higher power saving gains. 
· This may include support of semi-static and/or dynamic gNB active/inactive state adaptation.
· This may include group common signaling for the indication of adapted active/inactive state


Certain base station (BS) hardware components can be turned dynamically ON and OFF, resulting in discontinuous transmission and/or reception periods during their deactivation, and in BS energy saving gains. For example, the activation and deactivation of the DL RF path (e.g. the power amplifier) is denoted as BS discontinuous transmission (DTX), and likewise BS discontinuous reception (DRX) for the UL RF path. Micro interruptions in the RF paths can also be made at symbol-level, with no performance penalties in symbols where no transmissions/receptions are to be made. These are referred to as micro DTX (µDTX) and micro DRX (µDRX), respectively. Although both UL and DL RF paths can be considered, practically, the circuits and hardware components related to the BS transmission may consume a much larger energy share compared to the BS reception. And so, techniques that extend the DTX opportunities may be prioritized as these have larger energy saving potential. 
[bookmark: Pro_LINK1]Proposal-1: For time-domain NW ES adaptations, enhancements for increasing BS (µ)DTX opportunities can be prioritized.
If the BS applies (µ)DTX during times when the UE expects to receive (periodic or semi-persistent) channel/signals, the lack of those channels/signals may affect some UE operations. For example, if a CSI-RS transmission should have taken place by the network during a BS (µ)DTX period, and therefore these are omitted, their omission may lead to unnecessary UE energy consumption and triggering additional measurements at the UE. To avoid this, a (µ)DTX indication to UE (or a network sleeping mode indication) may be studied. 
Proposal-2: Study enhancements for extending network sleeping modes opportunities including (µ)DTX indication to UE e.g. for UE power saving. 
Related to Technique #A-2:
	· Technique #A-2: Dynamic adaptation of UE specific signals and channels 
· Network energy saving opportunities may be restricted by UE specific signals and channels that are semi-statically configured such as periodic or semi-persistent 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).
· Reducing the number of time occasions for the following resources during periods of low activity may potentially provide energy saving benefits.
· 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).
· This may include report of UE assistance information, e.g., UE buffer status to help gNB make decisions.


Based on the agreed BS power model, BS (µ)DRX brings network energy savings, as the network active UL power is twice as higher than micro sleep power for Set1. Thereby, extension of (µ)DRX periods can be studied as well. For example, in the cases when the UE has been configured with periodic or semi-persistent channel/signals that may not be used by the UE, the network could omit monitoring for potential receptions unnecessarily, and benefit from (µ)DRX based on UE assistance or indication. For example, the UE could assist the network about which Configured Grant (CG)-PUSCH resources it needs to use based on its uplink data so that the network is able to identify timely unnecessary CG-PUSCH occasions for which reception can be omitted. 
[bookmark: Pro_LINK2]Proposal-3: Enhancements leveraging UE assistance / indication for (de)activation of unnecessarily CG-PUSCH resources can be studied to increase (µ)DRX / network sleeping opportunities. 
Related to Technique #A-1:
	· Technique #A-1 Adaptation of common signals and channels
· Network energy saving can be realized by flexibly varying the periodicity and/or dynamically changing a transmission pattern (when applicable) of downlink common and broadcast signals, such as SSB/SI/paging/cell common PDCCH, and/or flexibly varying the periodicity of uplink random access opportunities.



In R1-2208185, methods of reducing/adapting transmission/reception of both common and semi-persistent channels/signals are considered to extend DTX / DRX opportunities. Among other channels and signals, SSB/SIB1 reduction/adaptation and SSB/SIB1-less operations for inter-band scenarios are considered. SSB/SIB1 transmission reduction/adaptation in time domain can be achieved by increasing the SSB burst periodicity as well as SIB1 periodicity and/or repetition frequency so that the SSB and/or SIB1 are transmitted less often (e.g. during low load), thus saving energy. In fact, it is already possible for the gNB to relax the SSB / SIB1 transmission settings in the current system since, starting from the Rel.15 NR design, effort was made to minimize the “always-ON” common transmissions for signaling overhead reduction and BS energy saving. However, the existing adaptation mechanism is slow as it requires SI change and requires the UE to re-acquire the SIB1, which may take several tens of seconds. Similarly, SIB1 is transmitted with the configured periodicity (e.g. with a periodicity of 160ms), and can be repeated within that period based on NW implementation. For example, for SSB and CORESET multiplexing pattern 1, the SIB1 repetition transmission period is 20ms. The support of more dynamic means for the adaptation of the SSB/SIB1 transmission could be considered, to quickly adapt to the current traffic load, as this can increase the opportunities for the base station to apply (µ)DTX and in turn increase energy saving potentials. It is noted that increasing the SSB period may impact certain operations of legacy UEs, which for example as per TS38.213 assume that SSBs are transmitted with a periodicity of 20 ms for initial cell selection. Therefore, impact on legacy UEs should be taken into account in the study.
[bookmark: Pro_LINK3]Proposal-4: As part of study of time-domain NW ES techniques, further adaptation / reduction of SSB/SIB1 transmissions can be prioritized.
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.
Related to Technique #A-1:
	· Technique #A-1 Adaptation of common signals and channels
· Network energy saving can be realized by flexibly varying the periodicity and/or dynamically changing a transmission pattern (when applicable) of downlink common and broadcast signals, such as SSB/SI/paging/cell common PDCCH, and/or flexibly varying the periodicity of uplink random access opportunities.


In low load scenarios, further to the transmissions of common signals and channels, the network may have to perform also paging transmissions. The paging design is done in such a way that the UEs paging occasions are distributed evenly in time. This is an excellent approach to maximize the capacity of the system for paging but inherently this will cause also “maximum” energy consumption for paging for the network. 
For example, if there are 10 UEs monitoring for paging in a cell it would not be problematic for the base station to serve all 10 UEs simultaneously even if they are all paged. However, due to the UE ID based distribution of users within the paging cycle, it may happen that the network has to transmit 10 individual paging messages spread across the paging cycle. This prohibits effective base station sleep opportunity as the base station has to be active for 10 short periods during the paging cycle.
[bookmark: Obs_LINK2]Observation-1: The existing paging design distributes the paging occasions evenly in time, which minimizes the possibility for a base station to sleep between paging occasions.
Thus, it will be beneficial to study if the paging mechanism can be enhanced to provide better base station sleep opportunities, at least when the paging load is low. This may be achieved by clustering UEs to monitor paging in the same PF(s) (paging window(s)) to reduce network wake-up due to paging transmissions spread in time over distributed PFs. Of course, it would be even better if the paging occasions would be collocated in time with other downlink signals (e.g. MIB/SIBs/SSBs). Difficulties in doing this is the need for backward compatibility, i.e. solution should work for legacy UEs. 
[bookmark: Pro_LINK5]Proposal-5: Study possibilities to save base station energy via time domain enhancements of the paging mechanism.
Related to Other Techniques:
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 cell transmit power, the cell coverage shrinks while the area of neighboring cells may be likewise expanded so that the UEs served by the cell can be offloaded to a neighboring cell. However, the transmit power reduction requires SI modification because the SSB reference power level 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. For example, faster cell deactivation/reactivation may be achieved by enabling transmit power reduction/increase with minimal need for SI modification. 

[bookmark: Pro_LINK6]Proposal-6: Study enhancements enabling faster cell deactivation / reactivation and faster offloading of UEs to neighboring cells.

1.2 Frequency-Domain NW Energy Saving Techniques
In Section 3 of R1-2208185, the following has been captured with respect to the frequency-domain NW energy saving technique:
	Frequency Domain Techniques:
· Technique #B-1: Multi-carrier energy savings enhancements
· The gNB can achieve potential energy savings from operating SCells without or with reduced transmission and reception of periodic signals and channels such as SSB, SI, and CSI-RS for mobility measurements, PRACH, paging, etc.
· This may include support of mechanism for UE to trigger normal SSB/SIB1 transmission on a SCell for fast access if the SCell, it cannot share synchronization with PCell.
· This may include leveraging SSB-less cell operations and potential enhancements for SSB-less cells, e.g. support SSB-less cell operation for inter-band CA, and support offloading system information from one cell to another for inter-band CA.
· Currently both Intra-band CA and Inter-band CA scenarios are assumed. In case, the intra-band CA cases are already supported by current specification, then the inter-band CA cases are the focus. 
· Moreover, regarding cross carrier synchronization and measurement for inter-band CA cases, involvement of RAN4 WG is needed to identify necessary requirements and guide for future RAN1 work, i.e. about sync. requirement between carriers, frequency distance requirement between carriers, Rx power difference between carriers, QCL assumption requirement across carriers, etc.
· To facilitate leveraging of lean SCells, potential enhancements to provide time and frequency synchronization, and other measurement sources by another cell can be considered.
· Common signaling to a group of the UEs of PCell change
· Ability to quickly activation and deactivation of CC, for example, based on on-demand RS, aperiodic RS, UE request, and L1 response or dynamically switch PCell is expected to potentially provide energy savings at the network.
· Hardware architecture needs to be carefully considered. For shared hardware components among carriers, switching off or disable one of the carriers may not bring benefits to the network energy saving, since the shared hardware components are still utilized by other active carriers.
· 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 may lower signaling overhead and operational cost (e.g. signaling overhead) for adaptation of BWPs of UE(s) and potentially improve gNB power consumption.
· Reducing the BW adaptation delays for Rel18 UEs
· Technique #B-3: Dynamic adaptation of bandwidth of UE(s) within a BWP [and dynamic adaptation of a resource grid in a carrier] 
· Enhancements to enable group-common signaling to adapt the bandwidth of active BWP and continue operating in same BWP reduces the latency and lowers the signaling overhead.



Regarding the Technique #B-2, on dynamic BWP adaptation of UE(s) with group-common signaling, in general the BWP terminology and corresponding BWP framework is a UE-side feature, where different UEs can be configured with different BWPs in a given NW operating bandwidth, e.g. for increasing the data rate or UE power saving purposes. Practically for a single UE, the UE can be configured with up-to 4 downlink/uplink dedicated BWPs per serving cell. And from the UE power saving perspective, the NW/gNB could practically configure a default (common) BWP by implementation with a narrow bandwidth catering for all serving UEs. However, from the NW perspective, we do not see the dynamic BWP adaptation of UE(s) brings much benefit to the NW side energy saving. 
[bookmark: Obs_LINK3]Observation-2: From the NW perspective, the dynamic BWP adaptation of UE(s) does not bring benefits to the NW side energy saving. 
Moreover, regarding the aspect of group-common signaling for BWP adaptation/switching, it is understood that the network energy saving can be achieved with limited NW transmissions via UE group-common or cell-specific signaling. However, by considering that the low-load scenario is the focus of Rel18 NW ES study as stated in the SID, if there is only a limited number of UEs in a cell, it is unclear how much network energy saving gain could be obtained with group-common or cell-specific signaling. In our view, the energy saving gain brought by group-common or cell-specific signaling for BWP operation could be minor if there is a limited number of UEs in the cell in a low-load scenario.
[bookmark: Obs_LINK4]Observation-3: From the NW saving perspective, the benefits of group-common or cell-specific signaling for BWP adaptation operation could be minor if there is a limited number of UEs in the cell in a low-load scenario, which is the target of the Rel18 NW ES study as stated in the SID.
Furthermore, the BWP switching delay requirements for UE are defined in TS38.133, where a delay for switching BWPs is defined to account for the time-consuming RF (re)tuning at UE, including the switching of BWP with changing of central frequency and/or SCS. In early releases, there have been discussions about developing ‘faster’ BWP switching requirements for the UE, i.e. with the assumption that only bandwidth would change at BWP switch, but to our knowledge, these discussions did not go forward. Moreover, from network saving perspective, it is unclear for us what is the benefit when reducing the BWP switching delay or if frequent BWP switching could bring NW side energy saving.
[bookmark: Obs_LINK5]Observation-4: From the NW perspective, it is unclear for us on what is the benefits to the NW side energy saving by reducing the UE-side BWP adaptation/switching delay.
Regarding the Technique #B-3, the original intention from the proponents is to provide the energy saving gain by dynamically changing the bandwidth of a given BWP of UEs while it does not to require the BWP adaptation/switching when comparing with the Technique #B-2. However, practically different UEs in a cell may have different BWP configuration in terms of operating central frequency and/or SCS, which requires the BWP switching delay for operating of BWP switching. Thus, we would like further details from the proponents about the proposed techniques, including potential list of specification impact.
Moreover, about the Techniques #3, adapting the number of allocated PRBs may correspond to the “adaptation of Tx/Rx BWP” at network side. However, to the best of our knowledge, the NW/gNB could be running with FFT/iFFT of fixed size, where majority of the NW hardware components may not be switched-off at all when smaller number of allocated PRBs is used. And the NW energy saving gain is quite minor in such case.
[bookmark: Obs_LINK6]Observation-5: The NW energy saving gain is quite minor with dynamic adaptation of a resource grid in a carrier, due to NW/gNB running with FFT/iFFT of fixed size. 
[bookmark: Pro_LINK7]Proposal-7: Proponents provide further details on Technique #B-3, regarding dynamic adaptation of bandwidth of UEs within a BWP.

1.3 Spatial/Antenna-Domain NW Energy Saving Techniques
In the following, we discuss aspects and considerations related to potential spatial domain techniques for achieving network energy savings. These techniques are in line with the main techniques captured in Sec. 3 of (FL summary) R1-2208185 which are also copied below:  

	Spatial Domain Techniques:
· Technique #C-1: Dynamic adaptation of spatial elements
· gNB may conserve energy by reducing the number of active transceiver chains or antenna elements.
· CSI-RS/reporting re-configuration should be indicated to the UEs for spatial adaptation of gNB/cell power state 
· Adaptation can be further categorized into two types:
· Type 1: enable/disable all spatial elements associated to a logical antenna port, e.g. a subset of ports of a CSI-RS resource.
· Type 2: enable/disable of part of spatial elements associated to a logical antenna port(s). This may result in changes to the antenna pattern, gains, TCI states, and/or transmission power of the reference signal or channel that uses the antenna port(s). 
· Both Type 1 and Type 2 may have impact on measurement operation, so the potential enhancement may include CSI-RS and PL RS measurements, beam failure recovery, radio link monitoring, cell (re)selection and handover procedure. 
· CSI reporting enhancement on muted spatial elements patterns can be considered for assistance information feedback.
· Support enhancements to UE behaviors due to dynamic adaptation of spatial elements, e.g., measurements, CSI feedback, power control, PUSCH/PDSCH repetition, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc.
· The different set of ports such as 64/32/8/4 and their associated CSI-RS configurations may be determined from the hypothesis of TRX On/Off. Spatial configuration for the network energy saving may then be determined by mapping the selected TRX ports setting to an associated configuration index. The configuration index can also be used to select the best of directional beams, NZP-CSI-RS configuration and measurement reporting in reportConfig. Over a certain coherent period, whenever the network enters the energy saving mode, the corresponding spatial domain configuration can then be determined from the configuration index.
· Support of light-weight mechanisms such as DCI/MAC-CE-based, that allow fast CSI-RS reconfigurations.
· Techniques including conditions/criteria for UE measurements and feedback to gNB for (de)activation of antenna ports.
· UE feeding back antenna muting pattern recommendations to the gNB. 
· Technique #C-2: Dynamic adaptation of TRPs in mTRP 
· Adaptation is categorized as type 3:
· Type 3: activate/deactivate a set of spatial elements, e.g., TRP on/off, activating N1-port CSI-RS resource (set) and deactivating N2-port CSI-RS resource (set)
· Type 3 may have impact on redundant CSI measurement or reporting to a muted TRP, so enhancement may include dynamic signaling for TRP ID (CORESETPollIndex).
· Dynamic adaption of non-colocated antenna elements, such as different TRP.  
· gNB may conserve energy by reducing the number of active TRPs in the mTRP deployment.
· This may also include signaling of the adaptation of TRPs in mTRP, e.g. by utilizing group-level or cell common signaling.
· Support enhancements to UE behaviors due to dynamic adaptation of TRPs, e.g., measurements, CSI feedback, power control, PUSCH/PDSCH repetition, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc



Compared with 4G LTE, the 5G NR provides improved average user/cell throughput and service quality with one of the solutions being the usage of antenna arrays having a large number of antenna elements, called Massive MIMO. The power consumption of a massive MIMO base station (BS) is determined by the hardware that drive the high number of antenna ports and elements. Generally, the power consumption scales with the applied hardware, i.e., numbers of transceiver chains with PAs applied, as well as the baseband processing power scales with the number of active antennas. Practically, important/significant energy can be saved for the massive MIMO BS by using only a subset of the available BS antennas and/or transceiver modules, i.e., switching off certain transceiver chains.
From another perspective, 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, beam failure detection and recovery enhancements for multi-TRP 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. One can clearly see that such operations are power hungry as they would require two active TRPs at a time. To achieve network energy savings under these scenarios, enabling dynamic muting of a TRP(s) can be considered. Also here, important network energy savings are expected from using dynamic TRP muting. 

[bookmark: Obs_LINK7]Observation-6: At least intuitively, spatial domain techniques such dynamic port adaptation and dynamic TRP adaption are expected to provide important network energy saving gains. 
[bookmark: Pro_LINK8]Proposal-8: Support considering and evaluating dynamic port adaptation technique in terms of network energy saving gains.   
[bookmark: Pro_LINK9]Proposal-9: Support considering and evaluating dynamic TRP adaptation technique in terms of network energy saving gains. 

In the following, we essentially focus on the two techniques captured above (which can be also found in FL summary R1-2208185) and discuss their enablers and impact on UE behavior and legacy operations, namely:
· Dynamic 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-7: 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-10: For dynamic port adaptation, consider group-common signaling for CSI-RS port disabling/enabling indication.
[bookmark: Pro_LINK11]Proposal-11: 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-12: Under dynamic port adaptation, consider defining UE behaviour regarding measurements and reporting.
[bookmark: Pro_LINK13]Proposal-13: 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-8: 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 need 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-14: 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-9: 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-15: 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-16: 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-17: For dynamic TRP muting/unmuting, consider how to identify/represent a TRP.

1.4 Power-Domain NW Energy Saving Techniques
In Section 3 of R1-2208185, the following has been captured with respect to the power-domain NW energy saving technique:
	Power Domain Techniques:
· Technique #D-1: Adaptation of transmission power of signals and channels
· Network energy savings could be potentially obtained by reducing the transmission power or PSD of various signals and channels, e.g SSB, CSI-RS, PDSCH, during specific scenarios or situations. 
· Support of signaling of modified power ratio between CSI-RS and PDSCH/SSB or between SSB and CSI-RS are expected to provide adaptation of flexible power ratio values and potentially reduce overhead, e.g. by utilizing group-level or cell common signaling.
· This may include enhancements on CSI-RS based measurements, such as beam management, beam failure recovery, radio link monitoring, cell (re)selection and handover procedure
· The transmission bandwidth may be adapted jointly with transmission power to keep the similar reception performance.
· Network energy savings could be potentially obtained by transmission power adaptation with UE feedback information, e.g, CSI reporting, power adjustment indication, etc.
· Dynamic adaptation of power offset(s) between PDSCH and CSI-RS.
· The linear reduction of PAE (power added efficiency) when Tx power reduction should be included in the scaling of the power model.  
· Technique #D-2: enhancements to [gNB digital pre-distortion] and UE post-distortion
· Transmission energy efficiency at the network can be potentially improved with use of [enhanced over the air digital pre-distortion at the gNB and/or] post-distortion at the UE. 
· Whether and how much improvement of the PAE (power-added efficiency) should be disclosed.
· 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
· In UE post-distortion, the gNB assist the UE in reducing nonlinear impairments introduced by its PA (e.g., non-linear equalization stage that will “invert” the non-linearity), by sending RS signal at low periodically or some signaling to the UE.
· Technique #D-3: adaptation of transceiver processing algorithm
· Transmission energy efficiency at the network can be potentially improved with use of techniques such as channel aware tone reservation that decrease PAPR.
· The UE must be notified of the sub-carriers carrying the TR signal, as using existing patterns (e.g., CSI-RS) is not practical
· 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. Different transceiver processing algorithms at the gNB should be transparent to the UE.
· Power model for the scaling of different transceiver processing algorithm should be provided with justification.
· Technique #D-4: PA Input Power Bias ("input backoff”) Adaptation 
· Technique(s) allowing to modify/reduce the input power bias (“input power backoff”) in cases of no or very low load in the cell and in neighbor cells. 
· The PA energy consumption consists around ~70 % of the energy consumed at the BS. 
· The majority of this energy consumed at the PA is due to the input power bias (“backoff”).
· In some cases, especially when the cell and neighbor cells are almost empty, reducing this input power bias (“backoff”) results in significantly lower energy consumption. 
· This input power bias adaptation results in lower output PAPR, which is translated into some in band and out of band emissions being generated. 
· With appropriate signal processing techniques, it is possible to “steer” the unwanted emissions either to the in-band signal or out-of-band. 
· With suitable base station coordination and by steering the unwanted emissions onto carrier frequencies in which their impact can be traced, it is possible to avoid any eventual impact onto UEs in the cell or in neighbor cells. 
· In general, this technique is activated only in case of zero or very low load in the cells; hence, the expectation is that no UEs will be affected by the generated in-band or out-of-band emissions.
· The effect of PAE to the scheme should be disclosed.



Regarding dynamic adjustment of transmission power:
For 5G NR, the DL transmission power is defined in terms of energy per resource element (EPRE). The EPRE of non-zero power (NZP) CSI-RS can be semi-statically configured by the gNB with a power offset, powercontrolOffsetSS, on top of the configured SSB-PBCH-block power, ss-PBCH-BlockPower. And the transmission power offset between PDSCH and CSI-RS, which is so-called powercontrolOffset, is also notified to the serving UE via RRC signalling. Considering of the NW side energy saving, the gNB could dynamically reduce the PDSCH transmission power if the serving UEs are in good coverage so as to achieve better NW energy saving gain. Practically, the CSI-RS resource can be shared among multiple UEs, and the dynamic adaptation of CSI-RS transmission power may not be feasible. However, if only the transmission power of PDSCH changes 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, there will be an impact on the CSI feedback estimation from the UE. Thus, the legacy power offset value configuration between PDSCH and NZP CSI-RS can be improved to assist NW energy saving operation. 
[bookmark: Pro_LINK18]Proposal-18: Considering enhancing the configuration of the power offset between PDSCH and NZP CSI-RS to assist NW energy saving operation.
For another aspect, the NW energy saving with reduced transmission power may impact the MIMO performance, i.e. the number of selected MIMO layers can be impacted. One potential solution is to introduce an extended CSI report from UE to assist the network for adjustment of the transmission power and/or bandwidth assignment, including the information on how the Tx power reduction can affect the number of supported MIMO layers, i.e. Rank Indicator (RI). The NW would benefit from determining the maximum Tx power reduction that can be applied for the UE without degrading the supported MIMO layers.
[bookmark: Pro_LINK19]Proposal-19: 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.

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-10: 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-11: 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: For time-domain NW ES adaptations, enhancements for increasing BS (µ)DTX opportunities can be prioritized.
Proposal-2: Study enhancements for extending network sleeping modes opportunities including (µ)DTX indication to UE e.g. for UE power saving. 
Proposal-3: Enhancements leveraging UE assistance / indication for (de)activation of unnecessarily CG-PUSCH resources can be studied to increase (µ)DRX / network sleeping opportunities. 
Proposal-4: As part of study of time-domain NW ES techniques, further adaptation / reduction of SSB/SIB1 transmissions can be prioritized.
Observation-1: The existing paging design distributes the paging occasions evenly in time, which minimizes the possibility for a base station to sleep between paging occasions.
Proposal-5: Study possibilities to save base station energy via time domain enhancements of the paging mechanism.
Proposal-6: Study enhancements enabling faster cell deactivation / reactivation and faster offloading of UEs to neighboring cells.
Observation-2: From the NW perspective, the dynamic BWP adaptation of UE(s) does not bring benefits to the NW side energy saving. 
Observation-3: From the NW saving perspective, the benefits of group-common or cell-specific signaling for BWP adaptation operation could be minor if there is a limited number of UEs in the cell in a low-load scenario, which is the target of the Rel18 NW ES study as stated in the SID.
Observation-4: From the NW perspective, it is unclear for us on what is the benefits to the NW side energy saving by reducing the UE-side BWP adaptation/switching delay.
Observation-5: The NW energy saving gain is quite minor with dynamic adaptation of a resource grid in a carrier, due to NW/gNB running with FFT/iFFT of fixed size. 
Proposal-7: Proponents provide further details on Technique #B-3, regarding dynamic adaptation of bandwidth of UEs within a BWP.
Observation-6: At least intuitively, spatial domain techniques such dynamic port adaptation and dynamic TRP adaption are expected to provide important network energy saving gains. 
Proposal-8: Support considering and evaluating dynamic port adaptation technique in terms of network energy saving gains.   
Proposal-9: Support considering and evaluating dynamic TRP adaptation technique in terms of network energy saving gains. 
Observation-7: 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-10: For dynamic port adaptation, consider group-common signaling for CSI-RS port disabling/enabling indication.
Proposal-11: For enabling dynamic port adaptation, consider low-overhead ways by leveraging existing operations such as ZP-CSI-RS related operation.
Proposal-12: Under dynamic port adaptation, consider defining UE behaviour regarding measurements and reporting.
Proposal-13: For dynamic port adaptation, consider the impact of the transmission of aperiodic CSI-RS and periodic CSI-RS with different number of ports.
Observation-8: 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-14: Discuss hardware limitations about the time required for gNB to perform spatial elements adaptation.
Observation-9: 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-15: For dynamic TRP muting/unmuting, impact on UE measurement and reporting should be considered.
Proposal-16: For dynamic TRP muting/unmuting, impact on the Rel-17 per-TRP beam failure and recovery operations should be considered.
Proposal-17: For dynamic TRP muting/unmuting, consider how to identify/represent a TRP.
Proposal-18: Considering enhancing the configuration of the power offset between PDSCH and NZP CSI-RS to assist NW energy saving operation.
Proposal-19: 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.
Observation-10: 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-11: 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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