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1	Introduction
One of the objectives of the new SID “A new study item on enhancements of AI/ML for NG-RAN” is to further investigate AI/ML functionality in the RAN through further consideration of Rel-18 leftover use cases, studied under existing NG-RAN interfaces and architecture, based on the Rel-18 discussions. One of those topics pertains to Energy Saving Enhancements, e.g., Energy Cost Prediction. In this paper, we provide our views related to the use case description associated to AI/ML Energy Saving as well as our views with respect to the solutions and standardization impacts. We also provide a TP for TR 38.743 in R3-241847.
2	Discussion
Rel-18 AI/ML Energy Saving solution assumes that neighbouring gNBs may request from each other the exchange of Energy Cost information. Energy Cost is an index, taking values from 0 to 10,000, that indicates a node-level energy consumption. The Energy Cost is normalized with unified mapping rules in an area of nodes in which an AI/ML Energy Saving action is initiated. One of the main use cases that have been discussed for AI/ML Energy Saving is the use case of offloading due to switching off a capacity cell and offloading the served traffic to one or more coverage cells. To enable a capacity cell to determine the optimal AI/ML Energy Saving decision, namely whether to switch-off itself or not and in case of switch-off to which coverage cell(s) to offload and how much traffic, it needs to be able to determine (predict) that the offloading action will not negatively impact (increase) the overall Energy Cost in the area where the offloading is initiated. In Rel-18, we had captured the following agreement:
The metric of Energy Cost (EC) exchanged between NG-RAN nodes can be an inferred energy consumption related to an additional load or an actual energy consumption value from a neighboring node for either additional load or current load (The details to be further discussed). EC is a value at gNB level. 
This definition of an Energy Cost metric gave rise to two possibilities related to the node that performs the prediction of an Energy Cost:
· Energy Cost prediction is performed by the source node: The source node receives load or predicted load information from its neighbours as well as a node level Energy Cost. The source node predicts the evolution of the Energy Cost index at the neighbouring node by evaluating and predicting how its actions impact the reported measured Energy Cost index of the neighbour.
· Energy Cost prediction is performed by the target node: The source node requests from the target node how much an “additional load” is expected to cost with respect to the Energy Cost index. Target node predicts the Energy Cost corresponding to this load and reports it to the source node. Two options of reflecting the predicted Energy Cost were discussed, namely to consider the total predicted Energy Cost after an offloading or a delta Energy Cost corresponding to the Energy Cost increase corresponding to the offloaded load.
The Rel-18 solution assumed that Energy Cost prediction is performed by the source node since RAN3 could not reach consensus on how to reflect an additional load. In this paper, we revisit this aspect and provide our views related to the agreed solution. 
2.1 Energy Cost prediction at the source node versus at the target node 
When Energy Cost prediction takes place at the source node, the source node will need to be able to model an energy-related behaviour at the target. The source node will need to receive a lot of measurements with respect to a measured Energy Cost as well as load information (measured and predicted) at the target node to be able to predict an Energy Cost behaviour at the latter. 

Observation 1: Energy Cost prediction at the source node is costly with respect to the data collection and the required measurements to be exchanged.

In addition, the motivation to introduce the exchange of an Energy Cost from neighbouring nodes is to enable a source node to evaluate the impact of its own offloading actions towards a number of candidate target nodes. With the Rel-18 mechanism the energy cost being reported from a target node to a source node is a node-level Energy Cost measurement. This means that it may observe large oscillations based on the variation in the energy consumption of the different components comprising the node. Furthermore, the load information requested and received by a source node is also measured on a cell-level granularity, and measures an overall load. However, as traffic is moving through the cells it is possible that the same load corresponds to different load distributions in the cell, resulting from other concurrent offloading actions or handovers incoming and leaving the cells of the target node from other nodes, which subsequently may impact the reported Energy Cost measurement values.  

Observation 2: The input information at the source node for training an AI/ML Model to predict a neighour’s Energy Cost is inaccurate and may be polluted by a significant number of other concurrent offloadings and handovers that the source is unaware of.

The quality of an AI/ML Model is highly correlated with the quality of the input data. Using inaccurate inputs, an AI/ML model may not accurately predict the Energy Cost of neighbouring nodes.

Observation 3: The quality of an AI/ML Model is highly correlated with the quality of the input data. Using inaccurate inputs, an AI/ML model may not accurately predict the Energy Cost of neighbouring nodes.

At the same time, letting a node predict its own Energy Cost is simpler since it only requires a node to model its own behavior with respect to an energy consumption together with the appropriate input information to determine an incoming load of the offloading. In addition, this option further reduces the data collection/exchange between gNBs while at the same time provides better prediction accuracy since a node is always in a better position to predict how its own resources evolve over time and further utilize internal node information. 

Proposal 1: Enable in Rel-19 Energy Cost prediction at the target node of the offloading based on an additional incoming load signalled from the source node to the target node.
During Rel-18 discussions, RAN3 could not converge on this solution due to lack of common understanding on the description of an additional load that a source node offloads to a target node. In the next section, we provide our views on describing an additional load of the offloading. 
2.2	Representing Additional Load
Additional load with respect to an offloading action can be represented in terms of a load that a source node wishes to offload to a target node. A node that wishes to learn the impact of its actions on its neighbours' Energy Cost may request inferred Energy Cost measurement from a neighbour corresponding to such additional load to be offloaded. Additional load may comprise existing measurements provided through Resource Status Reporting, e.g., Number of RRC Connections, Number of Active UEs or PRB Load. As another option, it may comprise UE throughput or PDCP data volume.

In the sequel we provide two scenarios illustrating a capacity cell within a coverage cell. In the example of Figure 1, the capacity cell covers a very small area and is fully overlaid within the coverage cell. Therefore, all UEs served by this cell can be assumed to have very similar radio conditions towards the coverage cell. Towards this end, if this cell determines to be switched off the offloaded UEs/traffic will have similar radio conditions with respect to the coverage cell where they will be offloaded. Therefore, their contribution with respect to the Energy Cost of the coverage cell is equivalent. In this case, for coverage cell to predict the Energy Cost based on the additional offloaded traffic it suffices to know how much load will be offloaded from the capacity cell.




[bookmark: _Ref162996118]Figure 1 Example of a small capacity cell within a coverage cell

In the example of Figure 2 the capacity cell covers a larger area in a way that different UEs within the capacity cell have different channel conditions when it comes to itself but also when it comes to a coverage cell receiving the traffic. In this example, the Energy Cost incurred at the coverage cell when UE 1 is offloaded is expected to be different from the Energy Cost when UE 2 is offloaded since UE 2 lies at the cell border of the coverage cell while UE 1 is almost at the cell centre. Therefore in this example for the coverage cell to predict an Energy Cost based on the incoming traffic it would need to additionally know information on the radio conditions of the offloaded UEs towards itself. 



[bookmark: _Ref162996299]Figure 2 Example of a larger size capacity cell within a coverage cell
As a starting point we consider the following list of parameters to represent additional load: Number of RRC connections, number of active UEs, PDCP Data volume and UL/DL Average Throughput. All these parameters are independent of radio conditions. However, in some scenarios, e.g. depending on the size of the source cell as illustrated in Figure 2, different UEs in the source cell will represent different additional load in the target cell due to significantly different radio conditions for those UEs in the target cell. In those scenarios, RSRP measurements per UE are needed to enable the target cell to calculate the additional load.
Proposal 2: Additional Load is defined as the additional load to be offloaded at a target NG-RAN node. Additional load is defined by the following parameters:
· Number of RRC connections 
· Number of Active UEs
· PDCP Data Volume
· UL/DL Average Throughput of the UEs planned to be offloaded
In certain scenarios a target node (coverage cell) will need additional information related to the expected radio conditions of the offloaded traffic for its Energy Cost prediction. 

Proposal 3: A source NG-RAN node may provide additional information regarding the UE radio conditions (e.g., through ranges of RSRP information) to the target node which can  be taken into account during the calculation of a predicted Energy Cost.

2.3 Measured Energy cost accuracy considerations
The Rel-18 solution is based on requesting and reporting of an Energy Cost measurement to enable the receiving node to predict its neigbhours’ predicted Energy Cost. This Energy Cost exchange could further act as feedback information to provide ground truth on the actual incurred Energy Cost after an additional load is offloaded to a neighbouring node. However, in the current Rel-18 solution the Energy Cost is a node level measurement, which by nature provides very coarse Energy Cost related information. As one example, the reported value by the target may not only reflect actions corresponding to the source node but also actions corresponding to concurrent offloadings and handovers by other neighbouring nodes, as well as UEs establishing and releasing their RRC connections. The source node receiving this information will not be able to evaluate which portion of the node level Energy Cost corresponds to its own actions which may subsequently result in AI/ML Model accuracy if this input is used for training by the source node. Even for the same load distribution in a node, it is possible that consecutive Energy Cost reporting measurements at node level may have large oscillations due to the different operations of the network components. 
Proposal 4: Enhance the accuracy of node-level Energy Cost reporting e.g., to reflect an Energy Cost pertaining to the actions of the requesting node.  
2.4 Procedures for predicted Energy Cost exchange
In Rel-18, Data Collection procedures were introduced for the exchange of information to support AI/ML, including Energy Cost information, between neighbouring nodes. The motivation to introduce those procedures was to be able to configure and report together information that could be useful for the support of AI/ML in the NG-RAN. For this reason, we think that the request and reporting of a predicted Energy Cost between neighbouring nodes should also be introduced within the existing procedures, which will help to reduce the standardization effort for Energy Saving enhancements in normative phase.
Proposal 5: Predicted Energy Cost is requested and reported through the Data Collection Reporting Initiation and Data Collection Reporting procedures.
3	Conclusion
In this contribution, we make the following observations and proposals:
Observation 1: Energy Cost prediction at the source node is costly with respect to the data collection and the required measurements to be exchanged.
Observation 2: The input information at the source node for training an AI/ML Model to predict a neighour’s Energy Cost is inaccurate and may be polluted by a significant number of other concurrent offloadings and handovers that the source is unaware of.
Observation 3: The quality of an AI/ML Model is highly correlated with the quality of the input data. Using inaccurate inputs, an AI/ML model may not accurately predict the Energy Cost of neighbouring nodes.
Proposal 1: Enable in Rel-19 Energy Cost prediction at the target node of the offloading based on an additional incoming load signalled from the source node to the target node.
Proposal 2: Additional Load is defined as the additional load to be offloaded at a target NG-RAN node. Additional load is defined by the following parameters:
· Number of RRC connections 
· Number of Active UEs
· PDCP Data Volume
· UL/DL Average Throughput of the UEs planned to be offloaded
Proposal 3: A source NG-RAN node may provide additional information regarding the UE radio conditions (e.g., through ranges of RSRP information) to the target node which can  be taken into account during the calculation of a predicted Energy Cost.
Proposal 4: Enhance the accuracy of node-level Energy Cost reporting e.g., to reflect an Energy Cost pertaining to the actions of the requesting node.  
Proposal 5: Predicted Energy Cost is requested and reported through the Data Collection Reporting Initiation and Data Collection Reporting procedures.
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