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1. Introduction
The use case of energy saving was discussed during RAN3#112-e. This paper tried to have further discussions on the detailed standard impacts for energy saving.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Background
Energy saving:
Load prediction/trajectory prediction can be used for energy saving decision and is involved in the energy saving use case to discuss the corresponding standard impact.

The detailed standard impacts for energy saving should continue to discuss at next meeting.
 To be continued...
3. Discussion
As already mentioned in [1], 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 general, the following information could be considered for energy saving:
· Neighbor cell load prediction: on one hand, the NG-RAN node 1 (responsible for the capacity cell) could typically make the neighbor cell load prediction with the ML model implemented in the NG-RAN node 1 using the historical neighbor cell load exchanged via Xn interface. On the other hand, since the traffic load in the neighbor cell changes rapidly, the NG-RAN node 2 (responsible for the basic coverage cell) could make the cell load prediction with the ML model implemented in the NG-RAN node 2 and then send the prediction to the NG-RAN node 1. This prediction enables proactive energy saving actions which could further help to prevent the user experience from degrading in advance compared to the traditional reactive optimizations based on the delayed load information measurement and exchange. In addition, the NG-RAN node 1 takes these prediction as input for the ML model implemented in the NG-RAN node 1, 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 neighbor cell load prediction comprises of the radio resource status (e.g., PRB usage), TNL capacity indicator, CAC, slice available capacity, number of active UEs or RRC connections within the time interval in the future. 
This information is also suitable for the NG-RAN node 2 to decide whether or not to send cell activation indication to the serving node. For example, the NG-RAN node 1 sends the neighbor cell load prediction to the NG-RAN node 2, where the NG-RAN node 2 takes these prediction as input for the ML model to take prediction results as references for decision whether or not to send cell activation indication to the NG-RAN node 1.
· UE mobility trajectory prediction: 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.
· UE transmission performance measurements: 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.   

[bookmark: _Toc423019661][bookmark: _Toc423019946][bookmark: _Toc423020275][bookmark: _Toc423020292][bookmark: _Toc423020300]Neighbour cell load prediction, UE mobility trajectory prediction and UE transmission performance measurements at the target cell could be used for the AI/ML based energy saving use case.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]4. Conclusion
Based on the discussion in this paper, we propose the following:
[bookmark: _Toc423020280]Proposal 1:	Neighbour cell load prediction, UE mobility trajectory prediction and UE transmission performance measurements at the target cell could be used for the AI/ML based energy saving use case.
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[bookmark: _Toc55814337]5.1.2	Solutions and standard impacts
Editor Note: Capture the solutions for the use case, including potential standard impacts on existing Nodes, functions, and interfaces

The main signalling flow for energy saving is shown in Figure 5.1.2-1.
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Figure 5.1.2-1: Energy saving procedure
1.	The NG-RAN node 1 and 2 exchange the cell load information, including the predicted info. The cell load prediction is the output of the ML model implemented in the NG-RAN node.
2.	The NG-RAN node 1 performs the UE mobility trajectory prediction, here UE assisted info may also be needed, e.g. MDT report in which mobility history info is included. 
3.	The NG-RAN node 1 performs the ML-based energy saving. The NG-RAN node 1 may take the neighbour cell load prediction and the UE mobility trajectory prediction as input for the ML model implemented in the NG-RAN node 1, make analysis and make more accurate prediction results as references for making energy saving decision.
4.	The NG-RAN node 1 sends the handover command to the UE.
5.	The UE performs the handover and connects to the target cell. 
6.	The NG-RAN node 2 may indicate to NG-RAN node 1 the concerning UE’s performance info, during which UE may also provide assisted info to NG-RAN node 2, e.g. E2E delay. 
7.	The NG-RAN node 1, taking into account NG-RAN node 2’s info, evaluates the whole performance, and updates the ML model used for energy saving.

The use case of energy saving may generate the following standard impacts:
· Uu interface impact:
· UE mobility history info, if needed, to the NG-RAN node 1 at the source cell.
· UE performance measurement at the target cell, e.g. E2E delay, if needed.
· Xn interface impact:
· Neighbour cell load prediction between the NG-RAN node 2 and the NG-RAN node 1.
· UE performance info at the target cell from the NG-RAN node 2 to the NG-RAN node 1 after the handover.
Note: Pending on the architecture, there might be F1 impacts, e.g. energy saving command from gNB-CU to gNB-DU, if CU/DU split is deployed.
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