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Introduction
For the study item on network energy savings [1] has been approved for Rel-18, various network energy saving techniques have been proposed by companies, and brief descriptions of these techniques are agreed in [2].
In this contribution, we provide our comments on these techniques in terms of what additional aspects should be clarified for further discussion.
Network energy saving techniques
Various techniques have been proposed so far for the network energy savings. The study item is scheduled to conclude in November meeting, and it is important that we provide prioritization/recommendation among these techniques to facilitate the WI scope determination. The prioritization should be determined based on factors including network energy saving gain, the specification impact, the performance impact, the impact on UE complexity/power consumption, and whether legacy UEs can be supported.
It always makes sense to start with the techniques that have the most energy saving potential. The BS power model suggests: 
· For time domain, increasing the percentage of no-transmission/no-reception time at the gNB allows much smaller power consumption for the non-active time, and gNB can at least stay in micro-sleep state and may transition into a deeper sleep state if the non-active time is sufficiently long. 
· For spatial domain, the reduction in the number of TxRUs results in a proportional power reduction for the dynamic power component.
· For frequency domain, the reduction in the number of RBs (assuming PSD unchanged) results in a proportional power reduction for a portion of dynamic power component (60% in the power model).
Time domain
For time domain, the following techniques were discussed:
· Technique #A-1 Adaptation of common signals and channels
· The common signals/channels consume a significant amount of power for gNB in light load. Reducing the common signals/channels would have a clear advantage in BS energy saving.
· The potential issue is the impact on legacy UEs, especially the legacy idle/inactive UEs. The impact needs to be better understood, e.g. whether it only causes some small delay or significant delay for the initial access, or it may cause significant problems for the initial access and/or RRM measurement. This would depend on the details of the technique.
· Overall we think this technique can be further studied given its power saving potential, with special attention to the analysis on the impact on legacy UEs.
· Technique #A-2: Dynamic adaptation of UE specific signals and channels
· This technique targets at temporarily stopping the transmission/reception of some UE specific semi-statically configured signals/channels, which would allow the gNB to go into sleep state more often or longer. We think this benefit can also be achieved by “Technique #A-4 Adaptation of DTX/DRX”, or it may be part of Technique #A-4 depending on the details.
· We think this technique can be deprioritized or combined into A-4.
· Technique #A-3: Wake up of gNB triggered by UE wake up signal (WUS)
· This is not a stand-alone solution and it can only be used to assist other techniques (e.g. A-1). Exactly how the WUS needs to be designed (e.g. what function it should support) also depends on the technique it intends to support.
· It is better to discuss WUS under the technique it intends to support, instead of a stand-alone discussion.
· Technique #A-4: Adaptation of DTX/DRX
· DTX/DRX generally speaking is a critical part of BS energy saving. Allowing more flexible adaptation at the BS, e.g. by temporarily stopping the transmission/reception of some periodic/configured signals/channels, provides more opportunities for energy saving.
· This technique should be further considered.
· Technique #A-6 Adaptation of SSB/SIB1
· The distinction between A-6 and the adaptation of SSB/SIB1 in A-1 is not entirely clear. It seems that A-6 can a particular way to adapt SSB/SIB using on-demand signal.
· Whether a separate technique is needed for this can be further discussed. 

Frequency domain
· Technique #B-1: Multi-carrier energy savings enhancements
· Inter-band CA with SSB-less carriers/Scell
· This can potentially bring significant energy saving by turning off one or more carrier(s). However, this requires feasibility study from RAN4 to conclude whether this is feasible, which is not possible during SI phase.
· We are open to discuss it further, but the RAN4 involvement needs to be clarified before we decide to include it in the subsequent WI.
· Dynamic UE-group Pcell switching
· This can make it easier for the gNB to switch the PCell for all the connected UEs and turn off the empty carrier, which can be achieved by e.g. using group-common DCI. But the energy saving gain still needs some investigation.
· Technique #B-2: Dynamic adaptation of bandwidth part of UE(s) within a carrier
· The opportunity for adapting the number of RBs in use at the gNB should be common because there is always variation on traffic load. Having a way to efficiently changing the network operating bandwidth and the corresponding UE bandwidth allows the network to adapt to the traffic more dynamically.
· This can be considered further in our view.
· Technique #B-3: Dynamic adaptation of bandwidth of active BWP
· This is effectively the same as B-2 in our view, as the UE would be operating with the bandwidth after adaptation. The difference seems to be just a terminology issue, i.e., whether the new bandwidth is called a bandwidth part or not. In this sense, we do not see the need to have both.

Spatial domain
· Technique #C-1: Dynamic adaptation of spatial elements
· This can be useful especially for a BS with a relatively large number of spatial elements and when the coverage is not an issue with reduced number of spatial elements.
· This can be considered further.
· Technique #C-2: TRP muting/adaptation in multi-TRP operation
· Theoretically dynamic TRP muting/adaptation can be a good way to reduce BS energy as well. However, we feel the applicability of such a technique is quite limited, as it can only be used when multi-TRP is being used.
· In this sense, we think it can be deprioritized.

Power domain
· Technique #D-1: Adaptation of transmission power of signals and channels
· Reduction of transmission power typically comes together with more resource utilization in either time or frequency domain. This means the energy saving can be potentially limited.
· We think it can be deprioritized unless it is sufficiently justified by the corresponding energy saving.
· Technique #D-2: enhancements to assist gNB digital pre-distortion
· Technique #D-3: adaptation of transceiver processing algorithm
· Technique #D-4: PA backoff adaptation
· Technique #D-5: UE post-distortion
· For D-2 to D-5, as it is related to PA efficiency, it would be better to be discussed in RAN4 instead of RAN1.
Considering all these, we propose:
Proposal: Prioritize at least the following techniques for network energy saving:
· Time-domain 
· Technique #A-1: Adaptation of common signals and channels 
· The impact on legacy UEs should be carefully studied.
· Technique #A-4: Adaptation of DTX/DRX 
· Frequency-domain 
· Technique #B-2: Dynamic adaptation of bandwidth part of UE(s) within a carrier
· Spatial domain 
· Technique #C-1: Dynamic adaptation of spatial elements 

Conclusion
In this contribution, we discussed the proposed techniques for network energy savings and proposed the following:
Proposal: Prioritize at least the following techniques for network energy saving:
· Time-domain 
· Technique #A-1: Adaptation of common signals and channels 
· The impact on legacy UEs should be carefully studied.
· Technique #A-4: Adaptation of DTX/DRX 
· Frequency-domain 
· Technique #B-2: Dynamic adaptation of bandwidth part of UE(s) within a carrier
· Spatial domain 
· Technique #C-1: Dynamic adaptation of spatial elements 
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