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1. Background
RAN WGs concluded discussion of the study on network energy saving, which was initiated with the following scope.
During the discussion in RAN1#111 and post RAN1#111 email discussion, the  following conclusion was made in the TR on network energy savings for NR [1]:[bookmark: _Hlk89819652] The study on NR network energy saving is to focus on the following scenarios and techniques:
· The study includes how to model network energy consumption especially for a base station, and evaluations of network energy saving gains as well as impact to network and user performance, by reusing existing KPI whenever applicable or new KPIs as needed. The study is also to identify techniques on gNB and UE side that can improve the network energy savings in various domains, potentially with UE feedback/assistance information and information exchange over network interfaces.
· The study prioritizes idle/empty and low/medium load scenarios, allow different loads among carriers and neighbor cells, allows legacy UEs to be able to continue accessing a network implementing Rel-18 network energy savings techniques, with the possible exception of techniques developed specifically for greenfield deployments. The study does not include aspects related to IAB.



	Based on the study and summary, from time and frequency domain, 
· [bookmark: _Hlk120776030]at least technique A-4 of adaptation of UE DTX/DRX, including the alignment of Cell DTX/DRX with UE DRX, towards Cell DT/DRX is beneficial for network energy savings, and can be recommended.,
· Adaptation/reduction/elimination of common channels/signals (UE WUS can also be considered) in single or multi-carrier operation are beneficial for network energy savings. 
[bookmark: _Hlk120644081][bookmark: _Hlk120647727]at least techniques A-1-1, A-1-3, A-1-4 (for paging enhancement), A-3, A-5-1/B-1-1, A-5-2 and technique B-2 have the potential to provide large gain for network energy savings particularly at empty or low load, and could be potentially combined with each other based on some sources’ results, although it is understood that the gain is not linearly accumulated from each individual technique, e.g.,
- gNB may target network energy savings by A-5-1/B-1-1 without SSB/SIB1, or by A-1-1 with simplified SSB, or by A-1-3 with longer SSB periodicity,
- technique A-3 of UE WUS can be enabled for demanding SSB/SIB1 as in techniques A-5-2, when needed, as a trigger on a gNB targeting energy saving,
- to support techniques A-1-1, A-1-3, A-3, A-5-1/B-1-1 and/or A-5-2, potential feasibility/requirement confirmation from RAN4 is expected for proper synchronization/mobility/SCell (de-)activation,
whether/which technique(s) to recommend is to be discussed in RAN plenary.
Based on the study from spatial domain, at least a technique based on C-1 is beneficial for network energy savings, and can be recommended. Technique C-2 also has the potential to provide large large network energy saving gain and could be potentially combined with technique C-1.
Based on the study from power domain, at least a technique based on D-1 is beneficial for network energy savings, and can be recommended.



In this contribution, we review the discussions during the SI phase, provide our views on various energy saving techniques discussed and observe appropriate scope for the WI phase.

2. Observation of the discussion status in SI phase
In the SI phase in RAN WGs, according to the scope description, various aspects were discussed for techniques on network energy saving. 
 
As time domain network energy saving techniques, the following information were studied:
· Adaption of common signals & channels
· partial/simplified SSB
· skipping of SSB/SIB1
· Increase of SSB/SIB periodicity 
· Paging enhancements (includes paging-less solutions)
· adapting RACH periodicity/occasions
· Scheduling of SIB using SSB
· Skipping of UE specific resources
· WUS triggering gNB
· Adaptation of DTX/DRX
· On demand SSB/SIB1

Adaptation of DTx/DRx is an efficient technique for energy saving. The evaluation results [1], provided by various companies also show good gains and the technique is recommended in the conclusion. Therefore, adaptation of DTX/DRX along with potential specification impacts should be available in WI, as mentioned in the TR[1].
Regarding WUS triggering gNB, it is basically considered a potential candidate for network energy saving. However, companies have different views about detailed operations for WUS, depending on their operation assumptions e.g., WUS from UE(s) or from neighbouring gNB(s) or whether WUS should be an independent technique or should be combined with other techniques such as on demand SSB/SIB1. In our understanding, the node transmitting the WUS could be different depending on actual deployment, i.e., WUS from UE or gNB could be considered, at least for the starting point of the discussion. The technique may also be combined with other techniques based on the performance evaluation [1]. Therefore, the WI should include the technique of WUS triggering gNB along with its potential specification impacts as mentioned in TR[1].
On demand SSB/SIB1 provides significant energy saving [1] and can also be used with other techniques such as simplified SSB. It is agreed as a potential candidate for energy saving in the WI phase. The WI should include the technique of on demand SSB/SIB1 along with the potential specification impacts as mentioned in TR [1]. 
Simplified SSB is an efficient technique for NES. The evaluation results [1] from the companies shows significant gains. Based on the evaluation results, RAN1 considered it as a potential candidate for energy saving. The WI should include simplified SSB with potential specification impacts as mentioned in the TR[1].
Proposal 1: In time domain energy saving technique, atleast following should be specified in WI phase, 
· adaptation of DTX/DRX
· WUS triggering gNB  
· Signaling by both UE and gNB can be assumed as a starting point
· on demand SSB/SIB1
· simplified SSB.

Skipping of SSB/SIB1is one of the solutions providing energy saving without needing a common periodicity for all SSBs in a burst. However, it was not included in the potential candidate list, citing that maximum energy saving gain reported by the companies during evaluation [1] is not sufficient. But, the evaluation results provided by the companies shows an energy saving of 25% for some scenarios. Further, it is clear from the evaluations that the energy saving will increase if the number of SSBs in a burst increases . Hence, this technique will be helpful to provide significant energy saving, especially when the maximum number of SSBs in an SSB burst is increased (e.g. beyond 64) in future NR releases. Thus, the technique on skipping of SSB/SIB1 should be included in Rel. 18 WI for network energy saving.
Scheduling SIB1 using SSB is another technique for energy saving discussed during SI phase. This technique provides energy saving by minimizing transmissions of DCI within CORESET0. Evaluation results were provided for certain scenarios [1] and it shows good energy saving gain with no impacts in UPT and latency for UEs supporting the technique. Further, it is clear from the evaluations that energy saving increases with an increase in the number of SSBs in a burst.  Therefore the technique has a good potential for energy saving and can also be used in combination with other techniques such as longer SSB periodicity or simplified SSB, which will further enhance the performance or to minimize the impacts on legacy UEs. The minimization of DCI transmission further helps in reduction of blind decoding at the UE. Therefore, scheduling SIB1 using SSB should be included in WI phase from minimization of DCI transmission perspective. RAN WGs should strive for minimization of the DL transmissions in general, when choosing options to complete the WID scope.
Proposal 2: Skipping of SSB/SIB1 and scheduling of SIB1 by SSB to minimize DL transmissions should be specified in WI under time domain network energy saving techniques.
As frequency domain network energy saving techniques, the following information has been studied:
- SSB/SIB less carrier
- Adaptation of BWP of UE(s) within a carriers
- Adaptation of bandwidth of UE(s) within a BWP

Techniques like adaptation of BWP of UE(s) within a carriers(B-2) and adaptation of bandwidth of UE(s) within a BWP(B-3) deals with mechanism to reduce/avoid impact of disabling of frequency band at the gNB on the UE. Therefore, the basis of energy saving gain provided by both the techniques is the same i.e., the disabling of frequency band at the gNB. The techniques also deal with procedures to minimize the impact of disabling a frequency band at the gNB, on the UE(s) side. Both techniques can be advantageous depending on the scenario. For e.g., when the overlap between frequency band disabled at gNB and active BWP of UE is high, then technique B-2 is advantageous, whereas B-3 has upper hand when overlap between frequency band disabled at gNB and active BWP of UE is low. Thus, the techniques B-2 and B-3 can be incorporated together and can be applied depending on the scenario. Based on the above, both the techniques should be specified in WI together under one umbrella.
Proposal 3: As frequency domain network energy saving techniques, both adaptation of BWP of UE(s) within a carriers(B-2) and adaptation of bandwidth of UE(s) within a BWP(B-3) should be specified together in WI phase.

As spatial and power domain network energy saving techniques, the following information has been studied:
- adaptation of spatial elements
- TRP muting in multi-TRP operation
- adapting the transmission power or PSD of downlink signals and channels 	dynamically
- over the air DPD
- Channel Aware Tone reservation
- UE post-distortion

Regarding adaptation of spatial elements and adaptation of transmission power or PSD, RAN1 agreed that they are beneficial for energy saving in spatial and power domain respectively based on performance evaluations [1]. Based on the evaluation results, we consider adaptation of spatial elements and dynamic adaptation of transmission power or PSD of downlink signals and channels along with their respective potential specification impacts as mentioned in the TR[1] should be specified both for FR1 and FR2 in the WI.
Proposal 4: Following should be specified in WI phase.
· adaptation of spatial elements as spatial domain techniques.
· dynamic adaptation of transmission power or PSD of downlink signals and channels as power domain techniques.

3. Conclusion
 In this contribution, we discussed the scope of the network energy saving WI. We propose the following points for WI scope discussion.

Proposal 1: In time domain energy saving technique, atleast following should be specified in WI phase, 
· adaptation of DTX/DRX
· WUS triggering gNB  
· Signaling by both UE and gNB can be assumed as a starting point
· on demand SSB/SIB1
· simplified SSB.
Proposal 2: Skipping of SSB/SIB1 and scheduling of SIB1 by SSB to minimize DL transmissions should be specified in WI under time domain network energy saving techniques.
Proposal 3: As frequency domain network energy saving techniques, both adaptation of BWP of UE(s) within a carriers(B-2) and adaptation of bandwidth of UE(s) within a BWP(B-3) should be specified together in WI phase.
Proposal 4: Following should be specified in WI phase.
· adaptation of spatial elements as spatial domain techniques.
· dynamic adaptation of transmission power or PSD of downlink signals and channels as power domain techniques.
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