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The Work Item for Network Energy Savings was completed in RAN1#114 fulfilling its stated objectives [1]. These completed objectives were a subset of the recommendations [2] from the Study Item that were presented in December 2022 at RAN#98. In RAN#101, companies were quite unanimous in their support for a new WI in Rel-19 for further enhancements of network energy savings. As a result, the endorsed RAN Chair summary in RWS-230488 stated the following with reference to NES:
· Further enhancements of network energy saving (NES) are expected to continue in Rel-19
· If so, the enhancements should be based on the study outcome in Rel-18
· Need to focus on areas which can provide significant power savings with reasonable standardization efforts.
In this contribution, we review and provide our views of the moderator’s summary and its recommendation in [3]. Our proposal on the scope of the work item is also provided. 

Discussion 
In [3], the moderator summarized the justification for further work on network energy savings in the following:
“Proposals on further work on network energy savings were motivated by the proponents with the following justifications:
· Many techniques evaluated in TR 38.864 were shown to bring substantial NES gains, but were not included in Rel-18 due to limited time and capacity in RAN WGs.
· Rel-18 has focused primarily on RRC Connected, user specific signals and channels, and low load scenarios.
· Rel-19 could address network energy savings in different deployment scenarios and operating points of the system than specified in Rel-18.
· E.g., Rel-18 NES limits SSB-less operation for SCell(s) to inter-band cases for FR1 co-located scenarios.”
In addition, the different techniques that companies have proposed in RAN#101 were grouped according to the number of companies’ support. They are listed below in descending order of support and preference:
· On-demand SSB transmission and on-demand SIB1 transmission (documented in TR38.864)
· Group G1 consists of:
· [SSB]/SIB1-less operation in multi-carrier scenario for (documented in TR38.864)
· [SSB]/SIB1-less for non-anchor NES cell for UEs in IDLE/INACTIVE state, where it is assumed that another carrier (an anchor cell) is available for the UE.
· Adaptation of common signal/channel transmissions (documented in TR38.864)
· Group G2 consists of:
· Cell DRX/DTX for UEs in idle/inactive modes (as an extension of Rel-18 cell DRX/DTX)
· Multi-TRP adaptation mechanisms
· Aspects discussed but not specified in Rel-18
· Group G3 consists of:
· UE group-common or cell-specific BWP configuration, adaptation and/or switching.
· Group cell switch
· Power domains studied in R18 (techniques D-2 ~ D-5)
· Low-power SSB/SIB1/Paging
· Extension of spatial and power domain techniques in 1) high load scenarios 2) Type-II codebook types
· Semi-static beam-specific broadcast channel configuration
· Scenario 2a for SSB-less
· It was also mentioned that some proposals for multi-carrier enhancements may be beneficial for network energy savings (e.g. cross-carrier HARQ, fast DL carrier switch, multi-carrier CSI)
· Extensions to network-controlled repeaters (NCR), e.g. backhaul/control link behavior for efficient interaction between NES-capable gNB and associated NCR, to consider the case where the gNB would operate with S/P-domain adaptation or cell DTX/DRX adaptation for NW energy saving
To recall, in Section 7 of TR38.864 [2], the RAN1 evaluations results and observations of the various enhancements have been summarized. In these results, the benefits of various techniques on network energy savings have been verified through simulation studies and specifically we quote:
· Based on the study and summary, from time and frequency domain, adaptation/reduction/elimination of common channels/signals (UE WUS can also be considered). 
Therefore, in our view and also align with moderator’s summary that noted that “Many techniques evaluated in TR 38.864 were shown to bring substantial NES gains but were not included in Rel-18 due to limited time and capacity in RAN WGs,” we support prioritizing techniques that belong to time and frequency domain in Rel-19. 
 Observation 1: Rel-19 NES should address the following objectives:
· Enabling time adaptation of common channels and signals, including those needed for Idle mode operations.
In Rel-18 [1], the scope of the Rel-18 NES was on power and spatial domain adaptation in RAN1 and including cell level DTX and DRX in RAN2. There are also other objectives to specify the performance requirements on time/frequency synchronization and L1/L3 measurements needed for SSB-less SCell operation for inter-band CA for FR1 and co-located cells in RAN4. Even though Cell DTX/DRX is supposed to be led by RAN2, it was found that significant RAN1 is also required.   
Observation 2: Clear definition and scope of the work among different working groups should be done to reduce the overlapping discussions e.g., between RAN1 and RAN2.  

Furthermore, we would also note the following observations on Rel-18 Cell DTX/DRX: 
· Cell DTX/DRX provides an effective time-based adaptation for Rel-18 through turning off transmissions and receptions at the gNB. However, as required by the work item, the SSB transmissions and Idle mode operations in general are not impacted due to cell DTX/DRX. This means that SSB, RACH, Paging and SIBs continue to be transmitted even during non-active period of the DTX and/or DRX.  
If further enhancements on Cell DRX/DTX for UEs are approved for idle/inactive modes (as an extension of Rel-18 cell DRX/DTX), then we believe that this work should strictly be limited to RAN2, with very limited and only necessary for RAN1 involvement. 
Observation 3: If considered, further enhancements on Cell DRX/DTX for UEs in idle/inactive modes (as an extension of Rel-18 cell DRX/DTX) should strictly be limited to RAN2 scope as much as possible. 

In [4], we have summarized and discussed the benefits and the results from extensive studies of the adaptation/reduction/elimination of Common Channels/Signals (A-1, A-2, A-3) and frequency Domain Adaptation (B-1, B-2, B-3). These are also techniques that were recommended for Rel-18 [2] but were not included due to the lack of time budget. Here we would reiterate our views to support and include the scope for Rel-19.
Observation 4: The following time and frequency techniques were studied extensively during the SI and were recommended for Rel-18. These should be included in the Rel-19 NES WI scope:
· Configuration/adaptation of longer periodicity of SSB/SIB1
· On-demand SSB/SIB1 transmissions with UL trigger wake-up signal. 
· UE group-common or cell-specific BWP configuration and/or switching. 

Finally, in [3], enhancements for RAN3 have also been proposed. Among these proposals, we note the importance of backhaul and inter-node information exchange and coordination between NES-capable gNB, or more generally on NES state coordination between RAN nodes.  Different nodes and/or gNBs may implement different energy savings approaches e.g., power, spatial, and time. In TS28.310, an energy saving state is defined as a state in which some functions of a cell or network function are powered down.
In Rel-18, RAN3 has extensive discussions on inter-node exchanges and coordination of NES states and reached the following agreements in RAN3#117b-e:
· Cell DTX/DRX (pCR endorsed)
· The inter-node exchange of the cell DTX/DRX (if defined by RAN1/RAN2) is considered necessary.  
· Cell NES states
· WA: The inter-node exchange on the NES states or more granular cells status information if defined by RAN1/RAN2 is needed if the benefits are confirmed. The detailed NES state or more granular information is pending to other groups. 
A potential use case would be when booster cell is deployed and its energy saving states and capacity can be notified to neighboring cells. It is our view that RAN3 should be tasked to continue and complete these enhancements in Rel-19:
· Enhance the inter-node/AMF information exchange i.e., NES state coordination between RAN nodes

Proposed Scope of Rel-19 NES  
In summary, we are supportive of the Moderator’s summary in [3] and believe that possible way forward on the scope for the Rel-19 NES should be based on and aligned with the moderator’s summary. However, as expressed above, we also strongly recommend that the scope be realistic and proportional to the allocated time for this WI. 
With our views expressed in the previous section, and taking the moderator’s summary on the total number of companies that support each of the different proposals, our approach is roughly the following on the Rel-19 scope: 
· Include Taking the highest priority item that is supported by almost all companies: On-demand SSB transmission and on-demand SIB1 transmission (as documented in TR38.864)
· Further down selection by include only one enhancement from each of the remaining group G1, G2 and G3.
With this approach, the Rel-19 WI scope would include the following objectives shown below.
Proposal 1: Rel-19 enhancements for NES shall include the following objectives:
· RAN1:
· On-demand SSB transmission and on-demand SIB1 transmission. Possible trigger method to be considered:
· Based on UE uplink wake-up-signal (e.g., non-CA case), if so whether the WUS can be based on an existing signal (as a starting point, if possible) or a new signal
· Based on cell on/off indication via backhaul
· Based on Scell activation/deactivation signaling.
· [SSB]/SIB1-less for non-anchor NES cell for UEs in IDLE/INACTIVE state, where it is assumed that another carrier (an anchor cell) is available for the UE.
· UE group-common or cell-specific BWP configuration, adaptation and/or switching.
RAN2: 
· Cell DRX/DTX for UEs in idle/inactive modes (as an extension of Rel-18 cell DRX/DTX).
· RAN3: 
· Enhance the inter-node/AMF information exchange i.e., NES state coordination between RAN nodes.

Conclusions
In this contribution, the objectives and scope for the Rel-19 NES enhancements are discussed. The adaptation techniques left out from Rel-18 should be prioritized, such as time and frequency-based energy savings approaches, and target low and lightly loaded deployment scenarios which allow greater potential for energy savings.  
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Proposal 1: Rel-19 enhancements for NES shall include the following objectives:
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· On-demand SSB transmission and on-demand SIB1 transmission. Possible trigger method to be considered:
· Based on UE uplink wake-up-signal (e.g., non-CA case), if so whether the WUS can be based on an existing signal (as a starting point, if possible) or a new signal
· Based on cell on/off indication via backhaul
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