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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. During the Study phase, various approaches with potential enhancements were studied and evaluated to determine their effectiveness in delivering on network energy savings. 
In this contribution, we briefly review the new specifications support introduced for NES in Release 18. The enhancements that were left out from the scope of Rel-18 NES are identified and our views on their benefits and why they should be included now in Rel-19 are provided. 

Discussion 
Per the objectives of [1], copied below, the scope of the Rel-18 NES is on power and spatial domain adaptation in RAN1 and including cell level DTX and DRX in RAN2.  
· Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3]
· Specify the following techniques in spatial and power domains:
· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g., antenna ports, active transceiver chains) [RAN1, RAN2]
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, 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.
The following observations that can be drawn from the above specifications support that have been introduced:
· 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.  
· Both spatial and power adaptation provide benefits of energy savings especially in medium and high loaded cell deployments.  
At low or lightly loaded cells, turning off spatial elements or power completely would not be feasible for spatial and/or power adaptation. Similarly, even with Cell DTX or DRX many common channels and signals continue to be transmitted. Introducing the capability to turn off channels either in time and/or frequency domain should thus be the main goal of Rel-19 NES.
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. 
· Based on the study and summary, from time and frequency domain, adaptation/reduction/elimination of common channels/signals (UE WUS can also be considered) 
Observation 1: Rel-19 NES should address the following objectives:
· Enabling adaptation of common signals and signals, including those needed for Idle mode operations.
· Address adaptation that has been excluded or deprioritized from Rel-18, specifically techniques that optimize energy savings in low or lightly loaded deployments. 


A-1, A-2, A-3: Adaptation/reduction/elimination of Common Channels/Signals
Meeting the objectives as stated in the SI, time and frequency adaptations would be two main domains that can be exploited for network energy savings. Different proposals for enhancements have been actively discussed and proposed during the SI phase. 
Further reduction of the SSB and SIB1 transmissions has been shown to be beneficial in network energy savings. Any potential reductions should be accompanied with signaling that informs the UE of the reduced transmissions by the gNB/network and it is important that signaling overhead of doing so be minimized as well. UE assistance signaling or reporting can play an important function in supporting accurate and flexible network energy savings management. One example is signaling to support the timely gNB activation and deactivation of the various adaptations based on the projected or existing UL traffic from the UE, i.e., during inactivity periods of the UE’s DL and UL. 
From the companies’ evaluations [2], we have the following results on the energy savings potential:
· 4 sources show technique A-1-1 of simplified SSB without PBCH or with partial PBCH could achieve BS energy savings by 0.7%~30.49% in range, with no observed impact on UPT due to empty load.
· 2 sources show technique A-1-2 of static skipping one or more of SSB/SIB1 transmission could achieve BS energy savings by 0.3%~25.4% in range, meanwhile the impact on access delay/latency is not provided in the simulation.
· 9 sources show technique A-1-3 of statically adapting the periodicity of SSB longer than 20ms up to 1280ms (with current maximum periodicity being 160ms) could achieve BS energy savings by 0.9%~84.8% in range, meanwhile when traffic occurs and load increases, the UPT significantly decreases, and the latency/access delay/UE power consumption increases proportionally as the periodicity of SSB/SIB increases compared to a corresponding baseline.
These studies showed the effectiveness in energy savings through time domain adaptation with A-1-1 (simplified version of SSB, such as only PSS, only PSS and SSS without PBCH, or PSS and SSS with partial PBCH) and A-1-3 (configuration/adaptation of longer periodicity of SSB/SIB1). To ensure that any possible performance impact such as UE UPT is mitigated, an accompanying UL signaling in the form of a wake-up signal to the BS will ensure the ability to turn on the cells when the gNB adopts time-based operations in limiting or decreasing the transmissions of these common signals. 
Observation 2: The following time domain adaptation techniques have been shown to provide network energy savings during the SI:
· Simplified version of SSB, such as only PSS, only PSS and SSS without PBCH, or PSS and SSS with partial PBCH
· Configuration/adaptation of longer periodicity of SSB/SIB1
· UE UL Wake Up signal.
In low or lightly loaded scenarios which are the primary targets of time domain adaptation techniques, the impact to the UE due to the complete turning off or absence of channels and signals essentially to idle mode operations must be minimized. One efficient approach to ensure the impact to the UE is minimized is to give control to the UE to signal to the network a request to resume normal network behavior i.e., resumption or SSB or SIB transmissions. 
Observation 3: UE Wake Up signal can ensure the impact to the UE due to the time adaptation of common channels and signals is mitigated. 

B-1, B-2, B-3: Frequency Domain Adaptation
In the frequency domain, both technique B-1-1 which enables CA supports inter-band CA with SSB-less SCell where no SSB transmission in some inter-band SCell(s) and technique B-2 which supports enhancements to enable UE group-common or cell-specific BWP configuration and/or switching have been found to be beneficial with the former recommended for further specification effort. From the companies’ evaluations [2], we have the following results on the energy savings potential:
· For SSB and/or SIB saved from one carrier of two carriers, 8 resources observed BS energy savings gain, by 5.1%~98.4% for empty load, 3.0%~58.4% for low load, and 1.0%~7.9% for light load, 0.3%~5.7% for medium load. When traffic load is low, network may turn off SCell for energy saving. The results are for FR1 only.
· BS energy savings by 17.4%~52.2% at the expense of UPT loss by 28.4%~14.47%, and packet latency increases by 6.44%~39.4% when traffic is reduced compared to corresponding baseline.

These results from companies’ simulation studies validated the potential in energy savings when the gNB deploys these frequency domain approaches.

Observation 4: The following frequency domain adaptation techniques have been shown to provide network energy savings during the SI:
· Technique B-2: UE group-common or cell-specific BWP configuration and/or switching. 


Proposed Scope of Rel-19 NES  
With our views expressed in the previous section on the time and frequency power savings enhancements, we propose that for Rel-19 NES scope includes at least the following objectives: 
1. Adaptation of SSB and/or SIBs transmissions
a. Skipping of SSB/SIB1 transmission occasion (A-1-2).
b. Configuration/adaptation of longer periodicity of SSB/SIB1 (A-1-3).
c. Support of UL wake-up signal to trigger SSB/SIB transmissions (A3) and associated signalling mechanism to inform the UE for the above enhancements.
2. Adaptation of Bandwidth part of UE(s) within a carrier
a. UE group-common or cell-specific BWP configuration and/or switching.
Additional discussion may be needed on their impact on backward compatibility on some time-domain adaptation proposed techniques. These techniques include simplified version of SSB, such as only PSS, only PSS and SSS without PBCH, or PSS and SSS with partial PBCH (A-1-1).
Proposal 1: Rel-19 enhancements for NES shall include the following objectives:
· Adaptation of SSB and/or SIBs transmissions
· Skipping of SSB/SIB1 transmission occasion (A-1-2).
· Configuration/adaptation of longer periodicity of SSB/SIB1 (A-1-3).
· Support of UL wake-up signal to trigger SSB/SIB transmissions (A3) and associated signalling mechanism to inform the UE for the above enhancements.
· Adaptation of Bandwidth part of UE(s) within a carrier
· UE group-common or cell-specific BWP configuration and/or switching.

Additional Considerations on Carrier/Frequency Enhancements   
Lastly, there are many similarities and synergies between the multi-carrier energy saving enhancements studied under the scope of the Network Energy Savings SI and the enhancements considered in the Multi-Carrier Enhancements WI [4] that was completed in Rel-18. The main motivation of the latter [4] is to increase flexibility and spectral/power efficiency on scheduling data over multiple cells including intra-band multi-cells and inter-band multi-cells, via, e.g., reduced signaling/signal transmissions/receptions, dynamic Tx carrier switching, etc., which can be an enabler to achieve network energy saving by exploiting multi-carrier flexibility. In Rel-18 NES, we have also included the specifications support of SSB-less SCell operation for inter-band CA for FR1 and co-located cells, which operates within multi-carrier / CA framework. 
Going forward, some of the enhancements considered for further MC enhancements [5] can also be done in the NES work item since their objectives are to improve power and spectral efficiency. Specifically, the following cross-carriers enhancements proposed during the Rel-19 workshop, targeting faster / finer granularity adaptation and reduced signaling/signal transmissions/receptions, could be part of the scope discussion for frequency-based adaptation approaches to be considered for Rel-19 NES:
· Cross-carrier HARQ 
· Fast DL carrier switch
· Multi-carrier CSI
Observation 5: Cross-carrier approaches proposed as further enhancements to Rel-18 Multi-carrier Enhancements can also be considered as frequency-based energy savings technologies and could be part of the Rel-19 NES scope.

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.  
[bookmark: _Ref129681832]Observation 1: Rel-19 NES should address the following objectives:
· Enabling adaptation of common signals and signals, including those needed for Idle mode operations.
· Address adaptation that has been excluded or deprioritized from Rel-18, specifically techniques that optimize energy savings in low or lightly loaded deployments. 
Observation 2: The following time domain adaptation techniques have been shown to provide network energy savings during the SI:
· Simplified version of SSB, such as only PSS, only PSS and SSS without PBCH, or PSS and SSS with partial PBCH
· Configuration/adaptation of longer periodicity of SSB/SIB1
· UE UL Wake Up signal.
Observation 3: UE Wake Up signal can ensure the impact to the UE due to the time adaptation of common channels and signals is mitigated. 
Observation 4: The following frequency domain adaptation techniques have been shown to provide network energy savings during the SI:
· Technique B-2: UE group-common or cell-specific BWP configuration and/or switching. 

Observation 5: Cross-carrier approaches proposed as further enhancements to Rel-18 Multi-carrier Enhancements can also be considered as frequency-based energy savings technologies and could be part of the Rel-19 NES scope.

Proposal 1: Rel-19 enhancements for NES shall include the following objectives:
· Adaptation of SSB and/or SIBs transmissions
· Skipping of SSB/SIB1 transmission occasion (A-1-2).
· Configuration/adaptation of longer periodicity of SSB/SIB1 (A-1-3).
· Support of UL wake-up signal to trigger SSB/SIB transmissions (A3) and associated signalling mechanism to inform the UE for the above enhancements.
· Adaptation of Bandwidth part of UE(s) within a carrier
· UE group-common or cell-specific BWP configuration and/or switching.
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