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1. Introduction
The AI based energy saving was discussed during RAN3#113-e. In R3-214221 [1], the summary of the offline discussion was presented. This paper tried to have further discussions on the remaining open issues.
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To be continued:
FFS whether below information is needed as input for AI-based network energy saving:
UE mobility trajectory (history/current/predicted)
-	Basic information of the cell and gNB (e.g. location, carrier, voltage, temperature, humidity consumption, disk usage)
-	Timestamp of requested energy saving decision
-	Energy-saving clustered scenario
-	UE historical traffic information (reported from UE)
Whether a tool-box use case shall be defined and discussed
FFS whether following information is needed as performance feedback for AI-based energy saving:
-	UE measurement information (packet delay, packet loss rate, data volume)
-	Virtual memory usage, virtual disk usage
FFS whether following information is the output of AI-based energy saving:
-	Recommended time period for dormant mode/validity time window of predicted energy saving decision
-	Predicted timestamp of energy saving decision (e.g. when a cell needs to be switched off in future)
-	Probability of predicted energy saving decision(s)
-	Predict number of users and traffic load in NG-RAN nodes/cells/beams
-	NG-RAN coverage
-	Predicted resource status
-	Predicted resource special status

3. Discussion
AI/ML could be introduced to improve the energy efficiency with comparatively more precise energy saving decision. There are many ML models could be used for predicting the energy saving related information, such as Random Forest (RF) and Long Short-Term Memory (LSTM). In last meeting, the group agreed the following information could be used as input data:
· Current/Predicted resource status of ES-Cell and its neighbour nodes 
· Current/Predicted energy information of ES-Cell and its neighbour nodes 
· UE measurement report (e.g. UE RSRP, RSRQ, SINR measurement, etc)
In this contribution, we propose to introduce the UE mobility trajectory as the input data for the AI/ML models, including the UE mobility history information (which could be part of MDT report) and the UE mobility trajectory prediction (which could be generated directly by RAN node). The NG-RAN node could typically make the mobility trajectory prediction with the ML model implemented in the NG-RAN node using the mobility history information sent from UE. The NG-RAN node takes these prediction as input for the ML model implemented in the NG-RAN node, makes analysis and makes more accurate prediction results as references for making energy saving decision. The more accurate the prediction results are, the better the energy-saving decision based on the prediction results will be. The mobility trajectory prediction includes the cells that the UE will enter within the time interval in the future, detailed info could be for further discussed.
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For the detailed energy information, there could be two alternatives, one is energy consumption while the other is energy efficiency. The former is like an absolute value which is dependent on the node capacity (e.g. hardware) while the latter defines in terms of Data Volume divided by the Energy Consumption of the considered network elements [2]. Obviously, energy efficiency reflects the real performance of the object (RAN node here) we want to evaluate. So, we propose to use the energy efficiency as the energy information. 
The exact energy information should be the energy efficiency. 
For the output data of the AI/ML models, the group agreed the following information in last meeting:
· Energy saving strategy 
· Handover strategy, including recommended candidate cells for taking over the traffic
· Predicted energy information 
In the last meeting, some other output data were also proposed and discussed, without any conclusion.
· Predicted timestamp of energy saving: As discussed in our paper [3], there is no need to include the validity time together with the output information every time.
· Probability of predicted energy saving decision: As discussed in our paper [3], it is to evaluate the efficiency or performance of the model training which is also algorithm dependent, and it seems to be used for the model training or inference to evaluate itself
· Predicted number of users and traffic load in NG-RAN nodes/cells/beams, NG-RAN coverage, Predicted resource status, Predicted resource special status: These output data are highly related to the load balancing use case, but not related to the energy saving use case. Therefore, it is proposed not to discuss these output data in the energy saving.
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For the performance feedback of the AI/ML-based energy saving, the group agreed the following information in last meeting:
· Load measurement
· Energy information 
The remaining open part is whether to introduce UE measurement information (packet delay, packet loss rate, data volume) and virtual memory usage/virtual disk usage, here we propose to introduce the UE transmission performance measurements as the performance feedback of the AI/ML-based energy saving. To achieve an optimized balance between the energy consumed and the performance provided by the network, the UE and the target node can feedback the measurements related to the target cell serving the UE to the source node. The feedback from the target node could be used to update the energy-saving decision, e.g. used as reward information for reinforcement learning. The UE transmission performance measurements at the target cell could be the packet loss rate performed by the target node, or the packet delay performed by the UE. While for the virtual memory usage/virtual disk usage, they are internal configuration of the base station which varies among vendors, not sure what’s the relation with the performance, and what and how this could help. 
UE transmission performance measurement should be used as the performance feedback for the AI/ML model for the energy saving.
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Based on the discussion in this paper, we propose the following:
Proposal 1:	Historical/Predicted UE mobility trajectory should be used as the input data for the AI/ML model for the energy saving.
Proposal 2:	The exact energy information should be the energy efficiency.
[bookmark: _Toc423020280]Proposal 3:	No need to introduce new output data for the energy saving case.
Proposal 4:	UE transmission performance measurement should be used as the performance feedback for the AI/ML model for the energy saving.
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5.1.2.3	Input of AI/ML-based Network Energy Saving
To predict the optimized network energy saving decisions, NG-RAN may need following information as input data for AI/ML-based network energy saving:
· Current/Predicted resource status of ES-Cell and its neighbor nodes 
· Current/Predicted energy information efficiency of ES-Cell and its neighbor nodes 
· UE measurement report (e.g. UE RSRP, RSRQ, SINR measurement, etc)
· Historical/Predicted UE mobility trajectory
If existing UE measurements and/or UE mobility trajectory are needed by a gNB for AI/ML-based network energy saving, RAN3 shall reuse the existing framework (including MDT and RRM measurements). FFS on whether new UE measurements are needed.
Editor’s Note: FFS other input information required for AI/ML-based network energy saving. FFS energy information is exact energy consumption value or energy efficiency gain.
5.1.2.4	Output of AI/ML-based Network Energy Saving
AI/ML-based network energy saving model can generate following information as output:
· Energy saving strategy 
· Handover strategy, including recommended candidate cells for taking over the traffic
· Predicted energy information efficiency 
Editor’s Note: FFS other output information expected from AI/ML-based network energy saving. FFS detailed granularity and action of energy saving strategy. FFS on accuracy of predicted energy saving decision.

5.1.2.5	Feedback of AI/ML-based Network Energy Saving
To optimize the performance of AI/ML-based network energy saving model, following feedback can be considered to be collected from NG-RAN nodes:
· Load measurement
· Energy informationefficiency
· UE transmission performance measurement 
Editor’s Note: FFS other feedback expected from AI/ML-based network energy saving.
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