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1. Introduction
The use cases for SI on data collection was discussed during RAN3#110-e. In R3-206874 [1], the summary of the offline discussion was presented, this paper tried to have further discussions on some details for the use case of energy saving. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Background
From the agreements achieved before, we could see, high layer use case should be studied as a studying point, this paper tries to have further analysis on the use case of energy saving.

- As a starting point, focus on at least the following use cases: Energy saving, load balancing, traffic steering/mobility optimization (other use cases, e.g. optimization of physical layer parameters, are not precluded)
- Augmented information should be studied case by case, e.g. history info, info needed for prediction, etc.
3. Discussion
Energy saving is a critical issue for the 5G operators. With the foreseen growth of the mobile subscribers, 5G network will see more and more deployments of network elements, e.g., hundreds of thousands of base stations with massive MIMO in high-band resulting high energy consumption and operation expenditures (OPEX).
Energy saving is achieved by activating the energy saving mode of the NR capacity booster cell, which could be seen in TS 38.300 as follows:
The aim of this function is to reduce operational expenses through energy savings.
The function allows, for example in a deployment where capacity boosters can be distinguished from cells providing basic coverage, to optimize energy consumption enabling the possibility for a E-UTRA or EN-DC cell providing additional capacity via single or dual connectivity, to be switched off when its capacity is no longer needed and to be re-activated on a need basis.
……
The solution builds upon the possibility for the NG-RAN node owning a capacity booster cell to autonomously decide to switch-off such cell to lower energy consumption (inactive state). The decision is typically based on cell load information, consistently with configured information. The switch-off decision may also be taken by O&M.
However, the identification of the cells to be switched off/on is not an easy task as follows:
· Currently the energy saving decisions rely on the current/past cell load status is insufficient. The traffic load of the network changes rapidly, hence it may lead to switch off/on ping-pong effect, overload of neighbour cells and poor user service quality.
· For the energy saving, the UEs in the coverage cell (the cell almost always on for UE coverage) may be offloaded to the capacity cell (the cell could be turned off for energy saving) when the capacity cell is requested to be activated, by means of handover procedure or other connectivity reconfiguration procedure. However, the coverage cell cannot predict the radio quality of capacity cell if the capacity cell is deactivated, it may be quite difficult to find out whether or not the UEs in the coverage cell could be offloaded. If the UEs in the coverage cell could not be offloaded to the capacity cell, the capacity cell will be requested to be activated without any help but leading to a waste of energy.
· There is always a tradeoff between the service performance and the network energy saving. Therefore, the action decision for network energy saving should not deteriorate the network and service performance.
To deal with the above issues, 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 general, the following information could be considered for energy saving:
· Neighbor cell load prediction: on one hand, the serving node (responsible for the capacity cell) could typically make the neighbor cell load prediction with the ML model implemented in the serving node 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 controlling node (responsible for the basic coverage cell) could make the cell load prediction with the ML model implemented in the controlling node and then send the prediction to the serving node. This prediction enables proactive energy saving actions which may help to prevent the user experience degradation in advance compared to the traditional reactive optimizations based on the delayed load information measurement and exchange. In addition, the serving node takes these prediction as input for the ML model implemented in the serving 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 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 controlling node to decide whether or not to send cell activation indication to the serving node. For example, the serving node sends the neighbor cell load prediction to the controlling node, where the controlling node 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 serving node.
· UE mobility trajectory prediction: on one hand, 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. On the other hand, since the location changes rapidly, the UE could make the mobility trajectory prediction with the ML model implemented in the UE and then send the prediction to the NG-RAN node. 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 QoS 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 QoS 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 QoS measurements at the target cell could be used for the AI/ML based energy saving use case.
Therefore, this paper also proposes the TP for TR 37.817, including the use case description, solution and potential standard impacts.
Agree the corresponding TP for TR 37.817 in the annex.
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Based on the discussion in this paper, we propose the following:
Proposal 1:	Neighbour cell load prediction, UE mobility trajectory prediction and UE QoS measurements at the target cell could be used for the AI/ML based energy saving use case.
[bookmark: _Toc423020280]Proposal 2:	Agree the corresponding TP for TR 37.817 in the annex.
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[bookmark: _Toc55814339]5.X.1	Use case description
Energy saving is a critical issue for the 5G operators. With the foreseen growth of the mobile subscribers, more number of network elements in NR are being deployed which will result in high energy consumption and operation expenditures (OPEX).
Energy saving is achieved by activating the energy saving mode of the RAN network, e.g. to switch off some less loaded cells. However, the identification of the cells to be switched off/on is not an easy task as follows:
· Currently the energy saving decisions rely on the current/past cell load status is insufficient. The traffic load of the network changes rapidly, hence it may lead to switch off/on ping-pong effect, overload of neighbour cells and poor user service quality.
· For the energy saving, the UEs in the coverage cell (the cell almost always on for UE coverage) may be offloaded to the capacity cell (the cell could be turned off for energy saving) when the capacity cell is requested to be activated, by means of handover procedure or other connectivity reconfiguration procedure. However, the coverage cell cannot predict the radio quality of capacity cell if the capacity cell is deactivated, it may be quite difficult to find out whether or not the UEs in the coverage cell could be offloaded. If the UEs in the coverage cell could not be offloaded to the capacity cell, the capacity cell will be requested to be activated without any help but leading to a waste of energy.
· There is always a tradeoff between the service performance and the network energy saving. Therefore, the action decision for network energy saving should not deteriorate the network and service performance.
To deal with the above issues, AI/ML could be introduced to improve the energy efficiency via extending the efficient-time of 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). Based on the output of the ML model, the NG-RAN node makes more accurate prediction results as references for making energy saving decision.
[bookmark: _Toc55814340]5.X.2	Solutions and standard impacts
The main signalling flow for energy saving is shown in Figure 5.x.2-1.
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Figure 5.x.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 1 may indicate to NG-RAN node 2 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.
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