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Introduction
In RAN#109-e meeting, the agreements attached in the appendix were achieved for network energy savings techniques for NR [1].
In this contribution, we further share our views on the potential network energy saving techniques.
Discussion

On time domain adaptation
Considering the study item prioritizes idle/empty and low/medium load scenarios, it is reasonable for gNB to look for more opportunities to reduce activities in certain time domain duration. This provides more direct energy saving gain. When gNB strives for longer sleep duration and it is assumed the DL Tx and UL Rx are temporally suspended/skipped, the operation due to time domain adaptation can impact in all RRC state i.e. RRC CONNECTED and RRC IDLE/INACTIVE mode UEs.
To facilitate the discussion, Table.1 briefly summarizes the possible impact to different RRC state when network performs time domain adaptation.
Table.1 Possible impact to CONNECTED mode UEs and RRC IDLE/INACTIVE mode UEs
	Impact to RRC CONNECTED mode UEs
	· UE behaviour as per C-DRX configuration
· PDCCH monitoring in USS and CSS
· CSI-RS and PRS reception
· SRS transmission
· SPS reception and corresponding HARQ-ACK feedback
· CG transmission
· Periodic/semi-persistent CSI report
· SR transmission
· Possible adaptation/handover of PCell/PSCell, PUCCH group activation/deactivation of SCell(s). This impact is related to both frequency and time domain adaptation as gNB may perform cell on/off. 

	Impact to both RRC CONNECTED and IDLE/INACTIVE mode UEs
	· PRACH transmission 
· PDCCH monitoring in CSS for SIB1 (Type0) and other SIBs (Type0A) 
· PDCCH monitoring in CSS (Type2) for paging 
· PDCCH monitoring in CSS for (Type1) 4/2-step RACH
· PDCCH monitoring for MBS
· SSB measurement for mobility and beam management



In a general level, when gNB reduces the transmission/reception in some time duration in a cell level, it may be possible to handle it by sophisticated implementation with least specification impact as possible. However, as shown in Table.1, there is quite a few channel/signals/procedures need to be taken care of, which lead to even more complicated gNB implementation and potentially low efficiency to configure and schedule UEs individually. 
At this moment, although different time domain adaptation techniques impacting different channels/signals can be discussed respectively, it is more preferable to investigate a possible adaptation framework with more efficient and inclusive operation. As one of the most common impact to both RRC CONNECT and IDLE/INACTIVE UEs, the PDCCH monitoring controlled by DRX adaptation can be considered as starting point.
Proposal 1: Time domain adaptation should be considered with higher priority. The PDCCH monitoring controlled by DRX adaptation can be considered as starting point. It can be inclusive for other channel/signal related enhancement.

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

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

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

Conclusion
Based on the discussion, the following proposals are highlighted: 
Proposal 1: Time domain adaptation should be considered with higher priority. The PDCCH monitoring controlled by DRX adaptation can be considered as starting point. It can be inclusive for other channel/signal related enhancement.
Proposal 2: For frequency domain adaptation for network energy saving, enhancement of BWP framework should be further considered for better efficiency. For multi-carrier adaptation enhancement, more careful study is needed for clearer benefit due to possible larger specification impact. 
Proposal 3: As of spatial/antenna domain adaptation for network energy saving, the SSB on/off can be discussed and potentially supported together with time domain adaptation. For the enhancement to the TCI frameworks and CSI feedback, it needs more investigation on whether additional mechanism is needed.
Proposal 4: gNB power domain adaptation for energy saving can possible be controlled by the frequency domain adaptation. The adaptation of Tx power of different channels that impacts coverage may possibly work without specification impact so can be down prioritized. PA efficiency related discussion may involve RAN4 expertise, if necessary.
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Appendix: 
Agreement
Further study techniques and enhancements for increasing time domain energy saving opportunities by the gNB, including (but not limited to) the following aspects:
a) potential methods of reducing/adapting transmission/reception of common channels/signals, e.g. SSB, SIB1, other SI, paging, PRACH, and its impact to initial access procedure, cell (re)selection, handover, synchronization and measurements performed by the idle/inactive/connected UE;
· potential methods of reducing transmission/reception of common channels/signals can include no- or reduced-transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common channels/signals, or offloading of common channels/signals to other carriers or use of light or relaxed versions of common channels /signals

b) potential methods of reducing/adapting transmission/reception of periodic and semi-persistent signals and channels configuration such as CSI-RS, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, positioning RS (PRS), etc.

c) semi-static and/or dynamic cell on/off in one or more granularity, e.g. /subframe/slot/symbol; some examples are:
· Cell/network node activation request by the UE, for example using signal/channel from UE for gNB’s wake-up request
· enhancements to L1/L2 based mobility to efficiently enable a network node (e.g. TRP, repeater) on/off operation within a cell (within network energy saving SI scope)
· signaling enhancements for indication of semi-static and/or dynamic cell/subframe/slot/symbol on/off duration

d) support of periodic and/or on-demand reference signal(s) from the gNB to aid discovery of a cell;
e) dynamic adaptation of UE C-DRX configurations in a UE-group or cell-specific manner
f) Mechanism to utilize potential energy saving states or sleep modes and the transition between states from leveraging cell on/off opportunities
· including studies of waking up gNB due to user traffic, or user density, or gNB receiving wake up signal
· including technique to allow discovery and measurement of cells in sleep or dormant states
g) UE assistant information facilitating BS time domain adaptation
Note: For all techniques above, study of time domain techniques is applicable for single component carrier and multi-component carrier cases. Use of UE grouping and its interaction with proposed techniques can be considered.




Agreement
Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:
1) For operations with single-carrier or within a single CC
a) Enhancements to dynamic bandwidth adaptation
· including adjustments to RBs and/or BWP used by (Rel-18) UEs for transmission and reception, reducing BWP switch delay, UE-group BWP switching, and joint adaptation of transmission bandwidth and power spectral density
b) supporting UE group-common BWP or cell-specific BWP or dedicated BWP for network energy savings, and related BWP switching mechanism
c) Enhancements for the case of frequent BWP switching such as resource configurations for SPS PDSCH and Type-2 CG PUSCH
2) For operation with multi-carrier
a) enablement of reducing/adapting common channels/signals for some CC in multi-carrier operations
· including enablement of SSB-less secondary cell operation for some CC in case of inter-band CA. For SSB-less cell operation enablement, study the conditions and restrictions required for the operation and the related procedures for idle/inactive/connected UEs including SCell activation procedure with potential RAN4 involvement
· including enablement of SIB-less operation for some CC in case of intra-band and inter-band CA.
· Reducing/adapting gNB’s transmission/reception of other common channels/signals (than SSB) and TRS for some CC in multi-carrier operations
b) enhancements on Scell activation and deactivation, enhancements on Scell dormancy and dynamic Pcell switching
· including triggering conditions and methods for signaling activation/deactivation
· including UE group common dynamic Pcell switching



Agreement
Further study techniques and enhancements for the adaptation of number of spatial elements of the gNB, including (but not limited to) the following aspects:
a) Note: spatial elements may include antenna element(s), TxRU(s) (with sub-array/full-connection), antenna panel(s), TRxP(s) (co-located or geographically separated from each other), logical antenna port(s) (corresponding to specific signals and channels)
b) impact to UE operations from dynamic adaptation of spatial elements, e.g. measurements, CSI feedback, power control, PUSCH/PDSCH repetition, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc.,
c) feedback/assistance information from the UE required for support dynamic spatial element adaptation
· for example, CSI measurement and reports, SR, etc
d) signaling methods, including reduced signaling, for enabling dynamic spatial element adaptation
· for example, group-common L1 signaling, broadcast signaling, MAC CE, etc.
e) dynamic TRxP adaptation;
· study of triggering on/off conditions for TRxP(s)
· note this may not have specification impact and could potentially be up to network implementation.
· study of SSB, PL-RS, TRS, and CSI-RS re-configuration and its impact to initial access procedure, synchronization and measurements performed by the idle/inactive/connected UE
f) dynamic logical port adaptation and efficient port reconfigurations
· study details of signaling the port (e.g. NZP CSI-RS ports) (if required to be known by the UE)
· study dynamic adaptation (including activation/deactivation) of CSI measurement or report configuration for port adaptation  
g) Joint adaptation of spatial-domain, frequency-domain and/or power-domain configurations to avoid coverage loss
h) grouping of UEs to reduce transmission and reception footprint at the gNB; including but not limited to the following
· grouping of users in spatial domain




Agreement
Further study the necessity of RAN1 change for techniques and enhancements for adaptation of transmission power/processing and/or reception processing of signals/channels by the gNB, including (but not limited to) the following aspects:
a) dynamic adjustment of transmission power
· including which signals/channels the adaptation of transmission power should be applicable for. For example, dynamic DL power control for specific channel / reference signal, such as CSI-RS, adjustment of maximum PSD assigned to PRBs of PDSCH, etc.
· studying potential UE feedback/assistance information for adjustment of transmission power
· studying PA efficiency improvements to maintain transmission quality (e.g., EVM) when operating at higher efficiency, potentially with RAN4 involvement
· studying geographical area/user density to adjust the transmission power
b) adaptation of gNB transceiver algorithms and processes to improve power efficiency: 
· including techniques aided by UE, e.g., utilizing legacy or enhanced feedback mechanism;
· for example, adaptation of digital pre-distortion (DPD), use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation
· impact to UE implementation and power consumption should be considered
c) tone reservation techniques (to improve PAPR and power efficiency);
· It is noted that tone reservation techniques for UE will be studied in Rel-18 further NR coverage enhancement WI, as indicated in RP-213579



Agreement
Further study techniques and enhancements on assistance information from the UE to aid the gNB to perform energy saving techniques
· Some examples of assistance information are, but not limited to:
· preferred SSB configurations,
· indication of semi-static UL channel transmissions,
· indication of UE’s buffer status for UL channel transmissions, 
· UE traffic information such as service priority, delay tolerance, data rate, data volume, traffic type, time criticality, and packet size(s), 
· coverage, mobility status, location.
· conditions for triggering the assistance information from the UE
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