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1. Introduction
The discussions on AI/ML Network Energy Saving were concluded at the last RAN3 meeting. However, RAN3 has now received another Reply LS from SA5 [1] with further questions on the Energy Cost index.

[bookmark: _Ref129966614][bookmark: _Ref130279628][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Questions from SA5 to RAN3: 
Q1: Why should the operator configure the Energy Consumption values corresponding to minimum and maximum Energy Cost index values, when the NG-RAN node already knows its own minimum and maximum Energy consumption values? What is the use case or requirement that motivates this need? 
Q2: Do ‘the Energy Consumption values corresponding to the minimum and maximum Energy Cost index values’ for a given gNB, correspond to its own minimum and maximum energy consumption values? If not, then what do these correspond to?
[bookmark: _Hlk158234615]Q3: What is the use case for configuring a unified mapping rule among multiple gNBs, i.e., all gNBs in the defined area? 
Q4: What are the aspects related to the mapping rule that should be made configurable? What should the mapping rule consider in mapping energy consumption values to the Energy Cost index?
[bookmark: _Hlk158237333]Q5: What are the requirements and/or use cases for the usage of Energy Cost Index (e.g., usage of Energy Cost Index in the recipient gNB)? 
Q6: What are the requirements for the mapping rule? Should the mapping rule be same for all the gNBs in a given area?
Q7: Should the ‘time interval’ have the same value for all gNBs in a defined area or can the gNBs in the defined area have different values for the ‘time interval’?

In this paper we elaborate on the usage of the Energy Cost index in the RAN and provide answers to the questions posed by SA5 [1]. 
We believe that the understanding expressed in this paper is clear within RAN3. The intention of this paper is rather to be presented as additional information in an LS reply to SA5 and to justify the answers in a reply LS to SA5.

2. Discussion
We believe that most, if not all, of the questions from SA5 relate to a lack of understanding of how the Energy Cost index is used in the RAN. Thus, we will first elaborate on the envisioned usage of the Energy Cost index in the RAN and then provide answers to the questions posed by SA5.
The following three figures together illustrate a simple yet conclusive example of how the AI/ML based Network Energy Saving solution in Release 18 functions conceptually.
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[bookmark: _Ref158831725]Figure 1: Example of per cell UE distribution before UE/traffic offloading from gNB 1 to gNB 2 and before cell 1 shutoff.
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[bookmark: _Ref158831726]Figure 2: Example of per cell UE distribution after UE/traffic offloading from gNB 1 to gNB 2 and after cell 1 shutoff.
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[bookmark: _Ref158831728]Figure 3: Example flowchart of the AI/ML based Network Energy Saving solution in Release 18.

Figure 1 depicts an example network scenario, where some UEs are served by cell 2 of gNB 2 and some other UEs are served by cell 1 of gNB 1, and further, where cell 1 is fully overlaid (covered) by cell 2. In this scenario, cell 2 may be referred to as coverage cell and cell 1 may be referred to as capacity booster cell. The goal of the AI/ML based Network Energy Saving (NES) solution is to derive NES actions, such as cell shutoff, that reduce the overall Energy Cost of gNB1 and gNB2. Such overall Energy Cost reduction leads to a reduction of the gNB1 + gNB2 energy consumption, which is a more efficient operational status than just shifting Energy Cost from one gNB to another. IT should be noted that in the example above the “network” is formed by gNB1 and gNB2, but when the solution operates on a cluster of nodes, the solution optimises the overall energy consumption of a whole cluster of gNBs.
The functional principle of the AI/ML based NES solution is exemplified in Figure 3. gNB 1 may request and receive Energy Cost measurements from gNB 2, e.g., periodically. Note that it may also obtain other relevant information from gNB 2, like load predictions for cells of gNB 2, and internal sources. gNB 1 may then use the available information to determine, e.g., with the help of a pretrained AI/ML model, whether shutting off cell 1 will lead to a reduction in the overall Energy Cost of the network. If it infers that shutting off cell 1 will yield such a reduction, it may proceed to offload the remaining UEs and shut off cell 1. Figure 2 depicts the resulting UE-cell association, i.e., all UEs are connected to cell 2.
Since gNB 1 keeps receiving Energy Cost measurements from gNB 2 after cell 1 shutoff, it may use those subsequent Energy Cost measurements along with the previous Energy Cost measurements to derive the overall Energy Cost change (positive or negative Energy Cost gain) due to cell 1 shutoff. For “overall Energy Cost” here we mean the sum of the Energy Cost for gNB1 and gNB2 after cell 1 shutoff, which should be lower than the sum of the Energy Cost for gNB1 and gNB2 before shutoff. By comparing the overall Energy Cost after cell 1 shutoff with the predicted overall energy Cost, gNB1 is able to update (improve) the AI/ML model used to derive NES actions.
It is thus of crucial importance that gNB 1 and gNB 2, or any two gNBs that exchange Energy Cost indexes, are mapping energy consumption values to Energy Cost indexes in the same way. Namely, any gNB receiving an Energy Cost value from a neighbour gNB needs to be able to unequivocally derive an energy consumption value from it. If this is not the case, it is not possible for a gNB to correctly evaluate its NES actions, i.e., to reliably assess whether its NES actions like cell shutoff result in a decrease in the overall energy consumption of the cluster of gNBs taking part in the AI/ML based energy saving optimisation. 
According to the respective RAN3 agreements, as summarized in Figure 4, the energy-consumption-to-Energy-Cost mapping rule applied by a gNB is decided by the operator and can be parameterized via the OAM, assuming that SA5 will specify means to do so.
Namely, SA5 should specify means to configure via OAM an energy consumption value, orresponding to the minimum Energy Cost index 0, and an energy consumption value, orresponding to the maximum Energy Cost index, currently 10000, as well as a recommended time interval / duration, , within which to perform averaging. 
With this parametrization an operator could for example assign to a cluster of gNBs any mapping rule between energy consumption and Energy Cost with up to two coefficients (which is assumed to be sufficient), while each gNB in the cluster would be able to deduce how much energy consumption corresponds to an Energy Cost value. As an example, an operator could decide to assign the following mapping rules to a cluster of gNBs:
1. 
2. 
By configuring the energy consumption values for the minimum and maximum Energy Cost all nodes in the cluster are able to derive the mapping rule between energy consumption and Energy Cost. 

While we believe a linear energy consumption to Energy Cost mapping rule is reasonable and often most appropriate, non-linear mapping rules, as shown in Figure 4, are generally possible and will not be precluded by 3GPP specifications. 
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[bookmark: _Ref158896295]Figure 4: A few examples of energy-consumption-to-Energy-Cost mapping rules.

With the above understanding, below we will provide answers to the questions from SA5.

Q1: Why should the operator configure the Energy Consumption values corresponding to minimum and maximum Energy Cost index values, when the NG-RAN node already knows its own minimum and maximum Energy consumption values? What is the use case or requirement that motivates this need? 
It is true that an NG-RAN node can self-measure its energy consumption and hence knows its minimum and maximum energy consumption. However, the minimum and maximum energy consumption of different NG-RAN nodes may vary significantly. It is not sufficient that each NG-RAN node maps its own minimum energy consumption to the minimum Energy Cost index (currently 0) and maximum energy consumption to the maximum Energy Cost index (currently 10000), because it must be ensured that all NG-RAN nodes in a cluster map the same energy consumption values to the same Energy Cost indexes. This requirement is caused by the fact that NG-RAN nodes use Energy Cost indexes received from other NG-RAN nodes to evaluate whether their network energy saving actions like cell shutoff resulted in a decrease in the overall energy consumption of the network, not just a reduction in the energy consumption of a single NG-RAN node. As an example, a gNB1 may have minimum energy consumption of 0.1kWh and maximum energy consumption of 1kWh. However, gNB1 may be in a cluster where some gNBs have the same minimum energy consumption but a maximum energy consumption of 4kWh. It is therefore important that the configured minimum and maximum energy consumption values reflect the lowest minimum energy consumption and the highest maximum energy consumption of gNBs in a cluster.
A1: The Energy Consumption values corresponding to minimum and maximum Energy Cost index values should be configured on the basis of the lowest minimum energy consumption and the highest maximum energy consumption of gNBs in a cluster. This ensures that all gNBs in a cluster can unequivocally map the Energy Consumption received from other gNBs to an energy consumption. For this reason, the Energy Consumption values corresponding to minimum and maximum Energy Cost index values needs to be configured by the OAM.   

Q2: Do ‘the Energy Consumption values corresponding to the minimum and maximum Energy Cost index values’ for a given gNB, correspond to its own minimum and maximum energy consumption values? If not, then what do these correspond to?
No, the energy consumption values configured at a gNB and mapping to the minimum and maximum Energy Cost indexes do not necessarily correspond to minimum and maximum energy consumption of that gNB. Instead, the configured minimum and maximum energy consumption values are configured on the basis of the lowest minimum energy consumption and the highest maximum energy consumption of gNBs in a cluster. This is because the minimum and maximum energy consumption of different gNBs in a cluster may vary significantly. A gNB may receive measured Energy Cost values from many neighbour gNBs. It is important that the gNB receiving Energy Cost values form different neighbour gNBs can unequivocally and consistently map them to an energy consumption value. As an example, gNB1 may receive Energy Cost = 130 from gNB A, with minimum energy consumption = 0.1KWh and maximum energy consumption of 1kWh, and Energy Cost = 130 from gNB B, with minimum energy consumption = 0.1KWh and maximum energy consumption of 4kWh. gNB1 should be able to deduce the same energy consumption value for both received instances of the Energy Cost. Such received Energy Cost values are used by gNB1 to evaluate network energy saving actions in terms of Energy Cost gain for the network as a whole.
A2: No, the energy consumption values configured at a gNB and mapping to the minimum and maximum Energy Cost indexes do not necessarily correspond to minimum and maximum energy consumption of that gNB. Instead, the configured minimum and maximum energy consumption values are configured on the basis of the lowest minimum energy consumption and the highest maximum energy consumption of gNBs in a cluster. This is to ensure that a gNB can unequivocally map the Energy Cost values received from a neighbour gNB in the cluster to an energy consumption value.

Q3: What is the use case for configuring a unified mapping rule among multiple gNBs, i.e., all gNBs in the defined area? 
A unified mapping rule is needed to allow all gNBs in a cluster to map in a consistent and unequivocal way the energy Cost values received from different gNBs in the cluster to an energy consumption value. If this is not possible, it is not ensured that different gNBs are always mapping the same energy consumption value  to the same Energy Cost index  (regardless of which gNB in the cluster signalled it) and, thus, that a certain change in the energy consumption at a certain gNB is correctly interpreted at another gNB. This is crucial for gNBs to reliably assess the overall energy saving gain of their energy saving actions. It is hence crucial that all gNBs in the defined area are configured with the same energy-consumption-to-Energy-Cost mapping rule.
A3: A unified mapping rule is needed to allow all gNBs in a cluster to map in a consistent and unequivocal way the energy Cost values received from different gNBs in the cluster to an energy consumption value.

Q4: What are the aspects related to the mapping rule that should be made configurable? What should the mapping rule consider in mapping energy consumption values to the Energy Cost index?
[bookmark: _Hlk158915996]As discussed above and summarized in Figure 4, it is up to the operator to define the energy-consumption-to-Energy-Cost mapping rule to be used by all gNBs in the defined area. We generally believe a linear mapping rule is reasonable and often most appropriate. Nevertheless, non-linear mapping rules are possible and may be more appropriate for certain scenarios, thus they will not be precluded by the 3GPP specifications. In summary, the energy-consumption-to-Energy-Cost mapping rule is at the discretion of the operator and shall not be specified in 3GPP.
A4: The energy-consumption-to-Energy-Cost mapping rule is at the discretion of the operator and shall not be specified in 3GPP. It is possible that the OAM system may configure the mapping rule name at a gNB, to offer to the operator the possibility to select one of the operator specific mapping rules available at a gNB.

Q5: What are the requirements and/or use cases for the usage of Energy Cost Index (e.g., usage of Energy Cost Index in the recipient gNB)? 
As elaborated for the answer to Q1 above, it is intended that gNBs use Energy Cost indexes received from their neighboring gNBs to determine the energy consumption status of neighbour gNBs and to evaluate whether their network energy saving actions, e.g., cell shutoff, resulted in a decrease in the overall Energy Cost and thus energy consumption of the network, not just a reduction in their own energy consumption. In addition, it is intended that gNBs can use insights on network-wide Energy Cost gains of network energy saving actions to improve their AI/ML based Network Energy Saving solution, e.g., update an underlying AI/ML model.
A5: gNBs use Energy Cost indexes received from their neighboring gNBs to determine the energy consumption status of neighbour gNBs and to evaluate whether their network energy saving actions resulted in a decrease in the overall Energy Cost and thus energy consumption of the gNB cluster.

Q6: What are the requirements for the mapping rule? Should the mapping rule be same for all the gNBs in a given area?
Yes, as elaborated for the answers to Q1 to Q4 above, the energy-consumption-to-Energy-Cost mapping rule should be the same for all gNBs in a given area (herein also referred to as “cluster”) to ensure proper inter-node interpretability and interoperability. Apart from that, the mapping rule may be a linear or non-linear function of energy consumption however strictly monotonically increasing.
A6: Yes, the energy-consumption-to-Energy-Cost mapping rule should be the same for all gNBs in a given area (herein also referred to as “cluster”) to ensure proper inter-node interpretability and interoperability.

Q7: Should the ‘time interval’ have the same value for all gNBs in a defined area or can the gNBs in the defined area have different values for the ‘time interval’?
While the choice of a specific averaging window for energy consumption measurements is left up to implementation, the understanding in RAN3 is that the “time interval” is configured to limit the choice of an averaging window within certain boundaries. It is assumed that the time interval should be the same for all gNBs in the defined area to ensure proper inter-node interpretability. For example, if the gNB reporting the Energy Cost index uses a much longer time interval/duration for averaging than the gNB receiving the Energy Cost index, the receiving gNB may, after taking a network energy saving action, obtain from the reporting gNB an Energy Cost index that still largely reflects the energy consumption of the reporting gNB before the action was taken, without the receiving gNB knowing this, which may easily cause misinterpretation of the Energy Cost index and suboptimal network energy saving results as a long term consequence.
A7: While the choice of a specific averaging window for energy consumption measurements is left up to implementation, the understanding in RAN3 is that the “time interval” is configured to limit the choice of an averaging window within certain boundaries. It is assumed that the time interval should be the same for all gNBs in the defined area to ensure proper inter-node interpretability.

3. Conclusion
In this paper we elaborated on the usage of the Energy Cost index in the RAN and provided answers to the questions posed by SA5 [1].
It is proposed to draft a Reply LS to SA5 where SA5´s questions are answered as follows:
Q1: Why should the operator configure the Energy Consumption values corresponding to minimum and maximum Energy Cost index values, when the NG-RAN node already knows its own minimum and maximum Energy consumption values? What is the use case or requirement that motivates this need? 
A1: The Energy Consumption values corresponding to minimum and maximum Energy Cost index values should be configured on the basis of the lowest minimum energy consumption and the highest maximum energy consumption of gNBs in a cluster. This ensures that all gNBs in a cluster can unequivocally map the Energy Consumption received from other gNBs to an energy consumption. For this reason, the Energy Consumption values corresponding to minimum and maximum Energy Cost index values needs to be configured by the OAM.

Q2: Do ‘the Energy Consumption values corresponding to the minimum and maximum Energy Cost index values’ for a given gNB, correspond to its own minimum and maximum energy consumption values? If not, then what do these correspond to?
A2: No, the energy consumption values configured at a gNB and mapping to the minimum and maximum Energy Cost indexes do not necessarily correspond to minimum and maximum energy consumption of that gNB. Instead, the configured minimum and maximum energy consumption values are configured on the basis of the lowest minimum energy consumption and the highest maximum energy consumption of gNBs in a cluster. This is to ensure that a gNB can unequivocally map the Energy Cost values received from a neighbour gNB in the cluster to an energy consumption value.

Q3: What is the use case for configuring a unified mapping rule among multiple gNBs, i.e., all gNBs in the defined area? 
A3: A unified mapping rule is needed to allow all gNBs in a cluster to map in a consistent and unequivocal way the energy Cost values received from different gNBs in the cluster to an energy consumption value.

Q4: What are the aspects related to the mapping rule that should be made configurable? What should the mapping rule consider in mapping energy consumption values to the Energy Cost index?
A4: The energy-consumption-to-Energy-Cost mapping rule is at the discretion of the operator and shall not be specified in 3GPP. It is possible that the OAM system may configure the mapping rule name at a gNB, to offer to the operator the possibility to select one of the operator specific mapping rules available at a gNB.

Q5: What are the requirements and/or use cases for the usage of Energy Cost Index (e.g., usage of Energy Cost Index in the recipient gNB)? 
A5: gNBs use Energy Cost indexes received from their neighboring gNBs to determine the energy consumption status of neighbour gNBs and to evaluate whether their network energy saving actions resulted in a decrease in the overall Energy Cost and thus energy consumption of the gNB cluster.

Q6: What are the requirements for the mapping rule? Should the mapping rule be same for all the gNBs in a given area?
A6: Yes, the energy-consumption-to-Energy-Cost mapping rule should be the same for all gNBs in a given area (herein also referred to as “cluster”) to ensure proper inter-node interpretability and interoperability.

Q7: Should the ‘time interval’ have the same value for all gNBs in a defined area or can the gNBs in the defined area have different values for the ‘time interval’?
A7: While the choice of a specific averaging window for energy consumption measurements is left up to implementation, the understanding in RAN3 is that the “time interval” is configured to limit the choice of an averaging window within certain boundaries. It is assumed that the time interval should be the same for all gNBs in the defined area to ensure proper inter-node interpretability.

A Reply LS to SA5 is available in R3-240683.
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