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1. Introduction
At RAN#94e meeting, SID on network energy savings was approved with the objective as follows [1]:
	1. Definition of a base station energy consumption model [RAN1]
· Adapt the framework of the power consumption modelling and evaluation methodology of TR38.840 to the base station side, including relative energy consumption for DL and UL (considering factors like PA efficiency, number of TxRU, base station load, etc), sleep states and the associated transition times, and one or more reference parameters/configurations.

2. Definition of an evaluation methodology and KPIs [RAN1]
· The evaluation methodology should target for evaluating system-level network energy consumption and energy savings gains, as well as assessing/balancing impact to network and user performance (e.g. spectral efficiency, capacity, UPT, latency, handover performance, call drop rate, initial access performance, SLA assurance related KPIs), energy efficiency, and UE power consumption, complexity. The evaluation methodology should not focus on a single KPI, and should reuse existing KPIs whenever applicable; where existing KPIs are found to be insufficient new KPIs may be developed as needed.
Note: WGs will decide KPIs to evaluate and how.

3. Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception, which may include:
· How to achieve more efficient operation dynamically and/or semi-statically and finer granularity adaptation of transmissions and/or receptions in one or more of network energy saving techniques in time, frequency, spatial, and power domains, with potential support/feedback from UE, and potential UE assistance information [RAN1, RAN2]
· Information exchange/coordination over network interfaces [RAN3]
Note: Other techniques are not precluded



In this contribution, we share our views on the network energy saving techniques.

2. Discussion
Network energy saving techniques in time, frequency, spatial, and power domains are introduced in the SID as examples of potential enhancement areas [1]. In the following, we present our views for potential network energy saving techniques in each domain.
2.1. Time domain
The following has been agreed as the basis for description in the TR with respect to the time-domain NW energy saving technique [2]:

	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/chennels 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:
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




2.1.1 Technique #A-4: Adaptation of DTX/DRX
CDRX has been introduced since Rel-15 for UE power saving techniques. The motivation of CDRX is to reduce PDCCH monitoring, which contributes to UE power consumption. Similarly, DTX and/or DRX for gNB can be considered to reduce gNB power consumption. gNB deactivates DL RF path and UL RF path per symbol-level or slot-level during DTX and DRX, respectively. To achieve DTX and DRX for gNB, two alternatives can be considered. The first is similar mechanism to UE CDRX configuration (e.g., DTX/DRX cycle, on-duration, and etc.)  and the second is DRX and/or DRX pattern similar to TDD pattern configuration. With the first alternative, UE is configured with DTX/DRX on-duration and DTX/DRX cycle by gNB, and gNB keeps its TX/RX unit active to transmit DL channels/signals and receive UL channels/signals, respectively, only during the on-duration. For the second alternative, DTX/DRX pattern per symbol-level or slot-level is defined and semi-statically or dynamically indicated to UE by gNB.
If gNB DTX and/or DRX is applied, UE would expect to receive DL channels/signals or transmit UL channels/signals although gNB does not transmit DL channels/signals or receive UL channels/signals during DTX and DRX, respectively. For example, if CSI-RS transmission is configured and expected during gNB DTX, UE expects to receive CSI-RS but there is no CSI-RS transmission. Consequently, UE may trigger additional measurements, which will lead to unnecessary UE power consumption. Therefore, indication of DTX and/or DRX pattern/configuration to UE is beneficial to avoid the issue.

Proposal 1:
· Adaptation of DTX/DRX (Technique #A-4) can be captured in TR. Furthermore, DTX and/or DRX status indication to UE can be considered to avoid unnecessary UE power consumption.

2.1.2 Technique #A-3: Wake up of gNB triggered by UE wake up signal (WUS)
Technique #A-4 above could result in much gNB energy saving gain by deactivating its TX/RX path. However, such a cell in inactive state should transit to active state in time when there is need to serve UE. The potential method is that UE transmits a UL channel/signal to wake up gNB from inactive state. The WUS can be SR carrying on PUCCH.

Proposal 2:
· Wake up of gNB triggered by UE wake up signal (WUS) (Technique #A-3) can be captured in TR.

2.1.3 Technique #A-1: Adaptation of common signals and channels
SSB is one of the DL signals constantly transmitted by gNB for the initial cell search and other purposes such as RRM measurement. Thus, it is possible to reduce gNB power consumption by adopting SSB periodicity (e.g., extending SSB periodicity). However, longer SSB periodicity would impact on legacy UE. For example, legacy UE in CONNECTED mode may be out of sync in time and frequency with gNB. Besides, UE in IDLE/INACTIVE mode may not be able to select the serving cell in the initial cell selection. As the legacy UE assumes periodicity of SSB is 20 ms, the SSB reception performance may be degraded since the UE might use noise for the SSB reception. Thus, it needs to be studied by taking the trade-off between power saving gain and initial access and handover performance into account.

Proposal 3:
· Adaptation of common signals and channels (Technique #A-1) can be captured in TR. Power saving effect and cell discovery performance should be considered for further investigation.

2.2. Frequency domain
The following has been agreed as the basis for description in the TR with respect to the frequency-domain NW energy saving technique [2]:
	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:



2.2.1 Technique #B-1: Multi-carrier energy savings enhancements

SSB-less SCell for inter-band CA can be studied in the network energy saving SI. SSB-less SCell has been supported for intra-band CA since Rel-15, while it is not supported for inter-band CA. In the Rel-18 CA enhancements WI, it has been discussed whether to include discussion on SSB-less SCell for inter-band CA during the workshop and plenary meetings but it is precluded from the WI due to the limited TUs [3]. Several companies commented that SSB-less SCell for inter-band CA could be discussed in the network energy saving SI as it would have benefit for gNB power saving during the discussion. As discussed in Section 2.1.3 of this paper, SSB is a contributor to gNB power consumption since it is periodically transmitted. Therefore, SSB-less SCell for inter-band CA would be beneficial for network energy saving.

Proposal 4:
· Multi-carrier energy savings enhancements (Technique #B-1) can be captured in TR.

2.2.2 Technique #B-3: Dynamic adaptation of bandwidth of active BWP
TX and RX bandwidth of base station contribute to base station power consumption. Dynamic TX and RX bandwidth adaptation could save base station power consumption by narrowing down the bandwidth. In our view, it can be achieved by the existing BWP switching mechanism. For example, when it is possible to narrow down TX and/or RX bandwidth, gNB indicates DL and/or UL BWP switching, respectively, for UEs camping on its cell(s). However, a lot of DL/UL BWP switching indications will be required in order to adopt BWPs of all the UEs because the BWP switching indication is supported only for UE-specific DCI formats such as DCI format 0_1/0_2/1_1/1_2. It will lead to DL overhead and power consumption. 

Observation 1:
· The existing BWP switching can be used for dynamic TX/RX bandwidth adaptation for network energy saving, while it will lead to DL overhead and power consumption due to DCI indications required for each UE in a cell.

To avoid the overhead and power consumption due to BWP switching indication per UE, BWP switching by group-common DCI is a promising technique. Besides, group-common BWP would be beneficial to configure aligned TX and RX bandwidth for UEs. Therefore, we propose to study group-common based BWP switching and group-common BWP for network energy saving techniques.

Proposal 5:
· Dynamic adaptation of bandwidth of active BWP (Technique #B-3) can be captured in TR.

2.3. Spatial domain
The following has been agreed as the basis for description in the TR with respect to the spatial-domain NW energy saving technique [2]:
	Proposal #4-1J
· Technique #C-1: Dynamic adaptation of spatial elements
· The techniques aims to dynamically adapt spatial elements such as the number of active transceiver chains or the number of active antenna panels at gNB in transmitting and/or receiving channels and signals.
· Potential enhancements include the mechanisms to indicate spatial element adaptation to the UEs and the mechanisms to trigger gNB to switch between different spatial domain configurations, including e.g., enhanced CSI-RS configuration, CSI measurement and feedback, signaling for the spatial element adaptation for SSB.
· Background:
· Indication for potential enhancements related to spatial element adaptation may help the UEs to adapt the already configured CSI-RS configuration such as dynamic/semi-persistent ON-OFF of CSI-RS or to reconfigure the CSI-RS configuration, with respect to adapted number of spatial elements/ports.
· CSI-RS and CSI reporting configurations are BWP-specific, and BWP adaptation frame-work can be utilized for the adaptation for a UE capable of multiple BWPs and dynamic BWP switching.
· Potential impact to other WG
· RAN2:
· Signaling to trigger the change of spatial element configuration to UEs. 
· Impact to mobility due to dynamic spatial adaptation of CSI-RS/SSB.
· RAN3:
· RAN4:
· FFS

Proposal #4-2G
· Technique #C-2: TRP muting/adaptation in multi-TRP operation 
· For a UE configured with multiple TRPs, TRP activation/deactivation can be informed to the UE. The technique aims to dynamically adapt the number of TRPs transmitting and/or receiving signals and channels. 
· Background:
· Potential impact to other WG
· RAN2:
· RAN3:
· RAN4:



2.3.1 Technique #C-1: Dynamic adaptation of spatial elements
Reducing the number of gNB antenna port thus reducing the RF chains in the 5G based station, is an effective way to save the network energy consumption. As discussed in previous meetings, there are three types as follow for dynamic gNB antenna port adaptation. 
· 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).  
· Type 3: Activate/deactivate all spatial elements of a RS configuration. 

Once some of spatial elements are to be turned off at base station, UE should be aware of which spatial elements are affected. One of the approaches is to indicate the information of affected ports like Type 1 and Type 2. For example, a UE is indicated that all spatial elements of port#1-4 of an 8-port CSI-RS resource are disabled per Type 1 adaptation, or a UE is indicated that part of spatial elements of port#1-4 of an 8-port CSI-RS resource are disabled per Type 2 adaptation. 
The other approach is not to enable or disable the affected ports but to activate or deactivate the RS configuration. For example, if part of spatial elements of port#1-4 of an 8-port CSI-RS resource is disabled, the UE is indicated that the 8-port CSI-RS resource is deactivated and an alternative 4-port CSI-RS resource, which utilizes remaining effective spatial elements, is activated.  
     
Proposal 6: 
· Dynamic adaptation of spatial elements (Technique #C-1) for network energy saving techniques can be captured in TR. Furthermore, following types of adaptation could be considered. 
· 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).  
· Type 3: Activate/deactivate all spatial elements of a RS configuration. 

2.4. Power domain
The following has been agreed as the basis for description in the TR with respect to the power-domain NW energy saving technique [2]:
	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



2.4.1 Technique #D-1: Adaptation of transmission power of signals and channels
Power amplifier (PA) is the most power consuming module in the base station. The power consumption of PA is closely related to the output power level of gNB DL transmission. Therefore, reducing the DL transmission power of gNB is an effective way for network energy saving. 
Once the gNB DL transmission power is reduced, the SINR level of served UE is reduced. While in some hotspot scenario, UE enjoys very high level SINR which exceeds the required SINR of the highest MCS levels. For this kind of UEs, their SINRs may be reduced with the reduction of DL transmission power of gNB. But these UEs can still enjoy highest MCS levels. Their throughput performance is not reduced.                    
In R17 and before, gNB indicates the absolute EPRE (Energy per resource element) of SSB, and relative EPRE of CSI-RS to SSB and PDSCH to CSI-RS by high layer parameters. Considering dynamic power adaptation on RS or PDSCH, there are three options as showed in Fig. 1. Table 1 shows the comparison of three options on the perspective of specification impact, power saving effect and cell discovery performance. 
· Option 1 enables dynamic power adjustment of SSB, CSI-RS and PDSCH. As all the transmission power of SSB, RS and PDSCH is dynamically adapted, the power saving effect is high while the cell discovery performance is low as the SSB power is reduced. Furthermore, the enhancement on RRM measurement and CSI report should be considered for the power changing of SSB and CSI-RS.     
· Option 2 enables dynamic power adjustment of CSI-RS and PDSCH. Due to that the SSB power is not dynamically changed, the cell discovery performance can be ensured. Meanwhile the enhancement on RRM measurement related to CSI-RS and CSI reporting should be considered.      
· Option 3 enables dynamic power adjustment of only PDSCH. This option has the smallest specification impact. At least the enhancement of CSI measurement and report should be studied as the actual transmission power of PDSCH is different compared to that of CSI-RS.  
Considering the above dynamic power adaptation options, it is better to take down-selection for further investigation. KPIs, such as specification impact, power saving effect and cell discovery performance, could be considered for this down-selection work. 
[image: 图示

低可信度描述已自动生成]
Option 1                                                      Option 2                                                   Option 3
Fig. 1 Options of dynamic power adaptation of DL transmission 

Table 1 Comparison on options of dynamic power adaptation of DL transmission
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Proposal 7: 
· Dynamic adaptation of transmission power of signals and channels (Technique #D-1) can be captured in TR. The specification impact such as CSI/RRM measurement and reporting, power saving effect and cell discovery performance should be considered for further investigation.   

3. Conclusion
In this contribution, we present the following proposals and observations for the network energy saving techniques.
Proposal 1:
· Adaptation of DTX/DRX (Technique #A-4) can be captured in TR. Furthermore, DTX and/or DRX status indication to UE can be considered to avoid unnecessary UE power consumption.
Proposal 2:
· Wake up of gNB triggered by UE wake up signal (WUS) (Technique #A-3) can be captured in TR.
Proposal 3:
· Adaptation of common signals and channels (Technique #A-1) can be captured in TR. Power saving effect and cell discovery performance should be considered for further investigation.
Proposal 4:
· Multi-carrier energy savings enhancements (Technique #B-1) can be captured in TR.
Observation 1:
· The existing BWP switching can be used for dynamic TX/RX bandwidth adaptation for network energy saving, while it will lead to DL overhead and power consumption due to DCI indications required for each UE in a cell.
Proposal 5:
· Dynamic adaptation of bandwidth of active BWP (Technique #B-3) can be captured in TR.
Proposal 6: 
· Dynamic adaptation of spatial elements (Technique #C-1) for network energy saving techniques can be captured in TR. Furthermore, following types of adaptation could be considered. 
· 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).  
· Type 3: Activate/deactivate all spatial elements of a RS configuration. 
Proposal 7: 
· Dynamic adaptation of transmission power of signals and channels (Technique #D-1) can be captured in TR. The specification impact such as CSI/RRM measurement and reporting, power saving effect and cell discovery performance should be considered for further investigation.   
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