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1	Introduction
[bookmark: _Hlk85061506]The following open points were captured in RAN3 #117bis-e with regard to AI/ML Energy Efficiency use case: 
The feasibility, interpretability and encoding of the EE metrics is FFS.
It is FFS how to transfer current Energy Efficiency metric 
It is FFS whether EE metric is per node or per cell and how per cell EE metric can be calculated.
RAN3 to discuss the scenarios where predicted energy efficiency is exchanged. 
In this contribution, we address the open points and provide our views on various topics related to AI/ML Energy Efficiency, including EE metric representation and exchange over Xn.
2	Energy Efficiency
In the last few meetings, RAN3 has had a lot of discussions to define a metric for Energy Efficiency that can be exchanged between neighbouring NG-RAN nodes. Two main approaches to define an Energy Efficiency metric have been discussed. The first approach considers a detailed metric based on the EE KPI defined in TS 28.310: 
[image: ]
The second approach is based on an abstract metric, defined as a set of values from 0 to 100, with the boundary values defining the minimum and maximum values that the energy efficiency metric can take. 
Energy Efficiency information based on a detailed metric (e.g., Data Volume over Energy Consumption) sent to a neighbouring NG-RAN node may not be easily interpretable by it. This is because such metric is an EE KPI defined to be sent to OAM, where necessary additional information on how to interpret the metric is available. This is not the case when the metric is exchanged between neighbouring NG-RAN nodes, which would need to be reconfigured with additional parameters to interpret variations in the Energy Efficiency KPI values received from neighbouring nodes. These can be classified into demography, topography and climate classes ([1] – section 4.3) and describe the network characteristics with regard to population density, geographical conditions and climate zones.
Observation 1: Energy Efficiency Information sent to a neighbouring NG-RAN node may not be immediately interpretable by the node, unless additional information is provided regarding the user density, geographical conditions, climate zones, etc.
Another reason why interpreting the detailed EE metric is difficult is due to the fact that Data Volume fluctuates during the day depending on the load fluctuation. At the same time also the Energy Consumption varies based on the Data Volume level. This makes it is possible that the ratio remains the same even though the energy consumption has increased if the Data Volume has also increased. This makes such EE KPI to be also misleading sometimes. When looking at a single cell’s EE KPI, this will be low(er) at times of low(er) traffic demands (lower Data Volume), and similarly, it will be high(er) at times of high(er) traffic demands (higher Data Volume). So, for example, after a cell deactivation at a time of low load, a neighboring cell’s EE KPI can appear low(er), and this could be wrongly interpreted as a wrong decision. 

Observation 2: EE metric based on a ratio of Data Volume over Energy Consumption does not provide enough information on the impact of an action related to network energy saving. 

In addition, an absolute EE metric may have issues of feasibility to be calculated in case of cloud-based architectures. 
Observation 3: Calculation of absolute energy efficiency of a node or cell may not be feasible in all scenarios.  
One alternative approach is to derive an EE metric in an abstract way based on Energy Consumption. 
Proposal 1: The metric of Energy Efficiency exchanged between NG-RAN nodes is an Energy Consumption related to an additional load.
The actual encoding of the EE metric is within a range of integer values [0, 100], with the minimum possible Energy Consumption taking the value 0 and the maximum possible Energy Consumption taking the value 100. However, since different NG-RAN nodes may have different ways to calculate their Energy Consumption, OAM could assist RAN to normalize the different values. So OAM can configure each NG-RAN node by assigning the maximum Energy Consumption value (to enable the NG-RAN node to map the maximum energy consumption to the value 100 in the interval) and the minimum Energy Consumption value (to enable the NG-RAN node to map the minimum energy consumption value to the value 0 in the interval). Upon configuration of the maximum and minimum values, all the intermediate values of energy consumption measured at a NG-RAN node can be obtained by using a linear scale. 
Proposal 2: The exchanged EE metric between neighbouring NG-RAN nodes is defined in the interval [0, 100].
Naturally, a predicted EE metric exchanged between neighbouring NG-RAN nodes will also belong to the same interval.
Proposal 3: If the EE metric is predicted, the predicted EE metric exchanged between NG-RAN nodes will also range in the interval [0, 100].
An open point from the last meeting is whether the EE metric is calculated per cell or per node level. In our view, both options are feasible depending on the underlying resource sharing assumptions and scenarios. In case, a cell shares physical resources with another cell then EE metric can be calculated per node, but otherwise EE metric on a per cell granularity is more useful to reflect the impacts of an AI/ML action, which may be on per cell level. The exact granularity also depends on the scenarios under which the Energy Efficiency metric is exchanged.
As an example, a NG-RAN node 1 can request from a neighbour NG-RAN node 2 how much the neighbours EE metric  (Energy Consumption) will be impacted for a given additional load. NG-RAN node 2 can evaluate the effect of the additional load at a node level and respond with the corresponding value. 
As a different example, NG-RAN node 1 can offload traffic from a capacity cell and switch it off. In this case, it can indicate to a neighbouring node how much its energy consumption reduced by this cell-switch off decision, which can be interpreted by the neighbouring NG-RAN node as a per cell indication. 
Proposal 4: The EE metric can be provided either per cell or per node level, depending on the exact underlying assumptions, scenarios and procedures used for the exchange of this information.
Another open point from the last meeting is how to transfer the current EE metric, namely whether we shall extend the existing Resource Status procedure to transfer current EE information, whether the information can be included in the new procedure to transfer the AI/ML related information or whether a new procedure needs to be defined. In our view, energy efficiency information is not suitable to be transferred in Resource Status procedure since it is not related to resource status. For the same reason, we do not think it is appropriate to transfer the EE metric in the new procedure for AI/ML related information since the EE metric is not related to an AI/ML action. It is instead part of input information that could be used by an AI/ML Model but also for a baseline algorithm. We therefore think that a new procedure is more appropriate to transfer energy efficiency information since that would lead in a more lean design. 
Proposal 5: EE metric shall be transferred between NG-RAN nodes through a new procedure. 
Another issue is that there is no common EE KPI definition for split and non-split architectures. In our view it is not recommended to have different ways of calculating EE metric for split and non-split architecture, since such an approach increases the implementation complexity.
Observation 4: There is lack of common EE KPI definition for split and non-split architecture.
In [2], SA5 has indicated to RAN3 the following: “SA5 currently has no plan to define EE KPI per site either in its Rel-16 work item EE_5G or in its Rel-17 work item EE5GPLUS, therefore so far SA5 does not see the need to specify the performance measurements related to RLC SDU Data Volume for the EE KPI per gNB. SA5 thinks it’s not within 3GPP scope to define any site EE KPI, as sites can be composed of various types of ‘equipment’, incl. belonging to the mobile network, fixed network, site equipment, edge computing, etc.”.
Proposal 6: The metric for EE shall be common for split and non-split architecture. 
3 Predicted Energy Efficiency 
One open point from the last meeting is related to identifying the scenarios where predicted EE metric is exchanged between neighbour NG-RAN nodes. Next, we provide two scenarios, one corresponding to cell activation and another corresponding to cell de-activation. In our view, current energy efficiency can similarly be exchanged under the same scenarios.
3.1 Energy Saving Strategy: Cell Deactivation 
A node managing a capacity cell, before switching-off, it may try to determine whether this will be beneficial for the Network Energy Efficiency or not. To do that, it can determine how much extra load this decision will incur to a neighbouring NG-RAN node and send a request to query the neighbouring NG-RAN node what will be the predicted EE metric for this additional load. A neighbour NG-RAN node can calculate its predicted EE metric and report it to the capacity cell. EE metric in this case can be interpreted as a cost towards the coverage cell to reflect the additional energy consumption due to the additional load to be received after the capacity cell is switched off. The node hosting the coverage cell can calculate the predicted EE metric for the additional load and report this to the node hosting the capacity cell. Upon receiving the predicted EE metric of the coverage cell, the capacity cell can determine whether it is beneficial for the network if it switches off. It can do that by comparing its EE metric if it handles all the traffic with the EE metric received by the coverage cell. If it is switched off and if it offloads traffic to the coverage cell then the later can also calculate the actual EE metric after the capacity cell offloads its load upon switching off. This is illustrated in Figure 1.


 
[bookmark: _Ref114842173]                       Figure 1 Cell switch-off example
Proposal 7: A NG-RAN node hosting a capacity cell may request and retrieve from a neighbouring NG-RAN node hosting a coverage cell the predicted EE metric of the coverage cell for a given additional load to determine whether it is beneficial to switch-off the cell.
Note that even though in the figure it is shown that a capacity cell requests a predicted EE metric from a coverage cell at a given load, it is also possible that it requests, instead, the current EE metric at a given load, and it is up to the capacity cell to calculate the prediction. 
Proposal 8: A NG-RAN node hosting a capacity cell may request EE metric for a given load from a NG-RAN node hosting a coverage cell and it may use this information to internally calculate the predicted EE metric of the coverage cell. 
3.2 Energy Saving Strategy: Cell Activation 
A NG-RAN node hosting a coverage cell may determine that its load increases beyond acceptable levels and tries to determine whether it needs to activate a capacity cell at a neighbouring NG-RAN node. This evaluation for cell activation can either be internally or by checking the predicted EE metric assuming that a capacity cell is activated at a neighbour. To do so, it evaluates its own EE metric by predicting how much its energy consumption would decrease if it activated a neighbouring cell to take over (some of) its load (i.e., how much less the overall energy consumption would be with the offloading). In this case, EE metric would represent a saving in the energy consumption by activating a neighbouring cell to offload traffic to. If it determines that the energy consumption will improve sufficiently it can trigger capacity cell activation. After the offloading actions of the traffic to the neighbouring capacity cell, it can re-evaluate the actual energy consumption to determine whether its decision to activate it was a “good” decision or not. This evaluation would be internal to a NG-RAN node without any standards impacts. This is illustrated in Figure 2.


[bookmark: _Ref114843661]Figure 2 Cell switch-on example

Another possible option is that the NG-RAN node hosting a coverage cell calculates a predicted own EE metric if it handles the load on its own, without activating a capacity cell, and also queries a NG-RAN node managing a capacity cell to obtain information about what would be the predicted EE metric at the capacity cell for a given load if it were activated. Knowing the predicted energy consumption at the capacity cell for a given load and its own predicted energy consumption after handling the traffic by itself it can determine whether it is beneficial to send a Cell Activation to activate a neighbouring capacity cell. This is shown in Figure 3.




[bookmark: _Ref115088579]Figure 3 Cell switch-on example after obtaining predicted EE metric at a neighbouring capacity cell
In addition, predicted EE metric at a given load can be reported in a requested way in the procedure agreed to carry AI/ML related information. However, in our view predicted energy consumption for a given load can be sent in a single shot and periodic reporting is not applicable for this case.  
Proposal 9: A predicted EE metric corresponding to a given additional load may be reported between neighbouring NG-RAN nodes in the new procedure agreed to transfer AI/ML related information.
4 	Conclusions
In this paper we make the following observations and proposals:
Observation 1: Energy Efficiency Information sent to a neighbouring NG-RAN node may not be immediately interpretable by the node, unless additional information is provided regarding the user density, geographical conditions, climate zones, etc.
Observation 2: EE metric based on a ratio of Data Volume over Energy Consumption does not provide enough information on the impact of an action related to network energy saving. 
Observation 3: Calculation of absolute energy efficiency of a node or cell may not be feasible in all scenarios.  
Proposal 1: The metric of Energy Efficiency exchanged between NG-RAN nodes is an Energy Consumption related to an additional load.
Proposal 2: The exchanged EE metric between neighbouring NG-RAN nodes is defined in the interval [0, 100].
Proposal 3: If the EE metric is predicted, the predicted EE metric exchanged between NG-RAN nodes will also range in the interval [0, 100].
Proposal 4: The EE metric can be provided either per cell or per node level, depending on the exact underlying assumptions, scenarios and procedures used for the exchange of this information.
Proposal 5: EE metric shall be transferred between NG-RAN nodes through a new procedure. 
Observation 4: There is lack of common EE KPI definition for split and non-split architecture.
Proposal 6: The metric for EE shall be common for split and non-split architecture. 
Proposal 7: A NG-RAN node hosting a capacity cell may request and retrieve from a neighbouring NG-RAN node hosting a coverage cell the predicted EE metric of the coverage cell for a given additional load to determine whether it is beneficial to switch-off the cell.
Proposal 8: A NG-RAN node hosting a capacity cell may request EE metric for a given load from a NG-RAN node hosting a coverage cell and it may use this information to internally calculate the predicted EE metric of the coverage cell.
Proposal 9: A predicted EE metric corresponding to a given additional load may be reported between neighbouring NG-RAN nodes in the new procedure agreed to transfer AI/ML related information.
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