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1. Introduction
In RAN#94 meeting, the Rel-18 NR network energy saving SID was agreed [1]. According to description of the SID, the impact of various network energy saving technologies on network interfaces needs to be considered as below:
	1. Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception, which may include:

· How to achieve more efficient operation dynamically and/or semi-statically and finer granularity adaptation of transmissions and/or receptions in one or more of network energy saving techniques in time, frequency, spatial, and power domains, with potential support/feedback from UE, and potential UE assistance information [RAN1, RAN2]

· Information exchange/coordination over network interfaces [RAN3]

Note: Other techniques are not precluded
The study should prioritize idle/empty and low/medium load scenarios (the exact definition of such loads is left to the study), and different loads among carriers and neighbor cells are allowed. 

The following example scenarios (mapping between scenarios and network loads is left to the study) including single-carrier and multi-carrier deployments are used as the starting point for discussion on prioritized scenarios for the study. 

The following example scenarios are listed in no particular order.

· Urban micro in FR1, including TDD massive MIMO (note: this scenario can also model small cells)

· FR2 beam-based scenarios (note: this scenario can also model small cells)

· Urban/Rural macro in FR1 with/without DSS (no impact to LTE expected in case of DSS)

· EN-DC/NR-DC macro with FDD PCell and TDD/Massive MIMO on higher FR1/FR2 frequency

Note 1: legacy UEs should 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.

Note 2: the study of energy savings specifically for IAB is not part of the scope.



In this contribution, we give our views and proposals on NR network energy saving scenarios, and potential technologies. 
2.
Discussion
In RAN1#109-e meeting, the Energy Consumption Modeling for a BS and performance evaluation, as well as possible energy saving techniques were discussed, but RAN1 did not consider various energy saving scenarios.
In Release 12 energy saving discussion of LTE, two types of ES scenarios are mentioned, one is overlaid scenario and the other is non-overlaid case..

For overlaid scenario, the existing specifications already support On/Off switching of ES cells through Xn interface signaling. 
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Figure 1  Energy saving cells under overlapping coverage
But further enhancements seem to be needed, for example, how to accurately control On/Off switching of the energy saving cells? A more precise and flexible approach could be turn on some beams of the cell covering certain area(s), and potentially for certain UEs only. In Rel-17 SON/MDT SI,per SSB beam level status report had been introduced in XnAP to inform the neighbour nodes of the SSB beam level inactive/active status together with the coverage configuration.With this function introduced, gNB could deactive part of the beams within one cell while keep other beams active based on the distribution of UEs in this cell and other information.
Observation:Per SSB beam level deactivation is already been supported in Rel-17

However,in SON/MDT WI,the intention of indicating the per SSB beam level status/configuraion is to enable Mobility load balance and there was no discussion on per SSB beam  level activation request from neighbour node.From our point of view,when the basic coverage layer finds that the load of certain area which is coverred by an inactive SSB of the hotspot node tends to be heavy,it is the responsibility of the coverage cell to request the activation of the corresponding SSB beam in the energy saving cell. 

These enhancement techniques would have impact on network interfaces. Therefore, RAN3 is proposed to give priority to study the fine granularity for On/Off switching of ES cells in overlaid scenarios.
Proposal 1: RAN3 prioritizes to study how to control On/Off switching of ES cells in overlaid scenarios with finer granularity, e.g. beam level.
Except for above Off state, other energy saving states in overlaid coverage scenarios should also be considered, e.g, various sleeping mode. 
RAN1 is discussing various energy saving technologies, covering four domains: Time/Frequency/ Spatial/Power, which would lead to different energy saving states of the serving cells. For example:

On-demand SSB/SIB;

Increased SSB/SIB transmission period;

Reducing/adapting transmission/reception of periodic and semi-persistent signals and channels configuration such as CSI-RS, SPS PDSCH, etc. 
…
The application of these technologies would affect signaling procedure between network interfaces. Thus it is also a RAN3 technical direction. However, considering they are still in study phase, RAN3 needs to wait for the research result from RAN1/2.
Proposal 2: Except for Off state, for other energy saving states in overlaid scenarios, RAN3 needs to wait for the evaluation result from RAN1/2.
Another type of energy saving technology is the non-overlaid coverage scenario. This part of technology has been discussed in R12, that is, it can be realized either by closing some cells and providing compensation by other cells or by optimizing the transmit power as shown in following figure.
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Figure 2   Energy saving cells under non-overlapping coverage
However, further evaluation is needed to determine whether this technology can achieve the desired energy efficiency, so it does not seem appropriate to further discuss such technical solution in RAN3 first.Coordiantion with RAN1 is needed. 
Proposal 3: It is proposed for RAN3 to ask RAN1 on whether non-overlaid scenario should be supported or not in the Rel-18 SI and whether the compensation technology should be supported if non-overlaid scenario is supported.  

The draft LS is in [2].
If  non-overlaid scenario is supported,, from our point of view,the technologies currently discussed in RAN1, e.g, various time / frequency / spatial / power domain ES technologies may applied in this scenario. For example:

Dynamic adjustment of transmission power;

Enhancements of BWP switching;

Rapidly changes to Antenna port, TRX chain etc. 
…
Some of these energy saving technologies may affect network interface signaling.However,since we still needs confirm from RAN1 on support of non-overlaid scenario and compensation technology in this scenario,we propose RAN3 wait until further feedback from RAN1 is received. 
Proposal 4: In non-overlaid scenario, for the interface impact due to various ES technologies, RAN3 needs to wait for further feedback/information from RAN1.
3. Proposals
According to the analysis in section 2, we have the following proposals:

Proposal 1: RAN3 prioritizes to study how to control On/Off switching of ES cells in overlaid scenarios with finer granularity, e.g. beam level.

Proposal 2: Except for Off state, for other energy saving states in overlapping coverage scenarios, RAN3 needs to wait for the evaluation result from RAN1/2.
Proposal 3: It is proposed for RAN3 to ask RAN1 on whether non-overlaid scenario should be supported or not in the Rel-18 SI. Proposal 4: In case of non-overlapping coverage, for various time / frequency / spatial / power domain ES technologies, RAN3 needs to wait for the evaluation result from RAN1/2.
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