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5.3	Energy saving enhancements
Editor Note: Capture the description and its potential standard impacts.
A general description, solutions, and standard impacts of the AI/ML based Network Energy Saving use case are presented in TR 37.817. In that previous study, AI/ML model inference is assumed to be at NG-RAN node 1, which is the local node that executes the Network Energy Saving (NES) action according to the model inference output. NG-RAN node 2, which is a neighboring NG-RAN node involved in the NES action, e.g., as a target node of an offloading action, is assumed to have an AI/ML model optionally.
As part of the present study, a solution for exchanging Energy Cost predictions considering potential offloading actions between RAN nodes is developed. This solution uses an AI/ML model at NG-RAN node 2 for deriving improved Energy Cost predictions. 

5.3.1	Solution for exchanging Energy Cost predictions considering potential offloading actions between RAN nodes
RAN nodes can coordinate potential offloading actions by exchanging Energy Cost predictions, which assume the execution of specific offloading actions between the RAN nodes. By considering such Energy Cost predictions, RAN nodes can evaluate whether offloading actions are potentially beneficial or not with respect to RAN-area energy consumption. 
A first (source) RAN node can request to receive from a second (target) RAN node predicted Energy Cost inferred on the basis that one or more prepared – but not yet executed – handovers (HOs) are executed. In one realization, the NES based CHO feature introduced in Rel-18 is used. In another realization, the legacy HO mechanism is used, and the source RAN node delays the reconfiguration of the UEs to be offloaded, i.e., it delays the delivery of the HO command to the UEs.
The second (target) RAN node derives Energy Cost predictions and reports them to the first (source) RAN node upon incoming HO from the source RAN node. A HO for AI/ML Network Energy Saving can be distinguished from a normal HO via an appropriate cause value in the HANDOVER REQUEST message. In the realization with NES CHO, the source RAN node prepares the target NG-RAN node and configures the corresponding UEs for NES CHO, a CHO with condition evaluation and HO execution pending, subject to the indication of the NES event by means of DCI signaling toward the UE (cf. TS 38.300 v18.0.0). 
Upon receiving such predicted Energy Cost, the first (source) RAN node evaluates the offloading action in terms of RAN-area NES gain. If the offloading action is deemed beneficial for reducing the RAN-area energy consumption, the source RAN node executes the offloading action, e.g., delivers the HO commands, or enables execution of the prepared NES CHOs via DCI; otherwise, it cancels the one or more prepared HOs.

5.3.1.1	Realization by configuring for NES CHO the UEs to be offloaded
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Figure 1: Overview of the solution for exchanging predicted Energy Cost subject to a potential offloading action between NG-RAN nodes involved in the potential offloading action, realized by configuring the UEs to be offloaded for NES CHO.

Step 1: NG-RAN node 1 initiates a Data Collection Reporting Initiation procedure and sends to NG-RAN node 2 a request for predicted Energy Cost (subject to a potential offloading action from NG-RAN node 1 to NG-RAN node 2, indicated by one or more HANDOVER REQUEST messages flagged accordingly).
Step 2: NG-RAN node 2 acknowledges the request of NG-RAN node 1.
Step 3: NG-RAN node 1 initiates a Handover Preparation procedure for one or more UEs and sends to NG-RAN node 2 one or more HANDOVER REQUEST messages flagged accordingly, e.g., by appropriate cause value like “AI/ML Network Energy Saving”.
Step 4: NG-RAN node 2 acknowledges the one or more requests of NG-RAN node 1.
Step 5: NG-RAN node 1 configures the UEs to be offloaded for NES CHO.
Step 6: NG-RAN node 2 predicts the Energy Cost at NG-RAN node 2 assuming execution of the prepared handovers.
Step 7: NG-RAN node 2 initiates a Data Collection Reporting procedure and sends to NG-RAN node 1 the predicted Energy Cost at NG-RAN node 2 assuming execution of the prepared handovers.
Step 8: NG-RAN node 1 determines the NES gain for the RAN area expected to result from the prepared handovers, considering the Energy Cost prediction received from NG-RAN node 2, and decides on execution of the prepared handovers. 
Step 9: NG-RAN node 1 enables execution of the prepared handovers by sending the DCI with the NES event indication.

5.3.1.2	Realization by delaying HO command delivery to the UEs to be offloaded
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Figure 2: Overview of the solution for exchanging predicted Energy Cost subject to a potential offloading action between NG-RAN nodes involved in the potential offloading action, realized by delaying RRC reconfiguration of the UEs to be offloaded.

Step 1: NG-RAN node 1 initiates a Data Collection Reporting Initiation procedure and sends to NG-RAN node 2 a request for predicted Energy Cost (subject to a potential offloading action from NG-RAN node 1 to NG-RAN node 2, indicated by one or more HANDOVER REQUEST messages flagged accordingly).
Step 2: NG-RAN node 2 acknowledges the request of NG-RAN node 1.
Step 3: NG-RAN node 1 initiates a Handover Preparation procedure for one or more UEs and sends to NG-RAN node 2 one or more HANDOVER REQUEST messages flagged accordingly, e.g., by appropriate cause value like “AI/ML Network Energy Saving”.
Step 4: NG-RAN node 2 acknowledges the one or more requests of NG-RAN node 1.
Note: NG-RAN node 1 does not yet reconfigure (send the HO command to) the UEs to be offloaded.
Step 5: NG-RAN node 2 predicts the Energy Cost at NG-RAN node 2 assuming execution of the prepared handovers.
Step 6: NG-RAN node 2 initiates a Data Collection Reporting procedure and sends to NG-RAN node 1 the predicted Energy Cost at NG-RAN node 2 assuming execution of the prepared handovers.
Step 7: NG-RAN node 1 determines the NES gain for the RAN area expected to result from the prepared handovers, considering the Energy Cost prediction received from NG-RAN node 2, and decides on execution of the prepared handovers. 
Step 8: NG-RAN node 1 sends the HO command to the UEs to be offloaded causing execution of the prepared handovers.

[bookmark: _Toc97711787]5.3.2	Input of AI/ML-based Network Energy Saving
To predict the Energy Cost subject to a potential offloading action (one or more prepared handovers), the target NG-RAN may need following information as input for AI/ML-based network energy saving model.
Input information from local/target NG-RAN node: 
· Current Energy Cost
· Current/Predicted resource status

Input from neighboring/source NG-RAN node (included in the HANDOVER REQUEST messages):
· Number of UEs to be offloaded
· Target cell of the offloading action
· UE measurements, e.g., RSRP, RSRQ, SINR measurements for the target cell
· Service-related information, e.g., QoS flow identifiers
· Slice-related information, e.g., S-NSSAIs
· UE radio capabilities
· [bookmark: OLE_LINK29][bookmark: OLE_LINK30]UE aggregate maximum bit rate

[bookmark: _Toc97711788]5.3.3	Output of AI/ML-based Network Energy Saving
AI/ML-based network energy saving model at the target NG-RAN node of a potential offloading action can generate the following information as output:
· Predicted Energy Cost taking into account the prepared offloading actions

[bookmark: _Toc97711789]5.3.4	Feedback of AI/ML-based Network Energy Saving
To optimize the performance of the AI/ML-based network energy saving model, the target NG-RAN may need following information as feedback:
· Current Energy Cost (after the offloading action was executed)

[bookmark: _Toc97711790]5.3.6	Standard Impact
Potential Xn interface impact:
· Signaling of a request for predicted Energy Cost from source NG-RAN node to target NG-RAN node, e.g., via enhanced Data Collection Reporting Initiation procedure
· Signaling of predicted Energy Cost from target NG-RAN node to source NG-RAN node, e.g., via enhanced Data Collection Reporting procedure
· Indication of a handover as handover for “AI/ML Network Energy Saving” in the HANDOVER REQUEST message
[bookmark: tsgNames]------------------------------------------- End of changes ------------------------------------------
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