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1. [bookmark: _Ref129970167]Introduction
[bookmark: _Hlk129785449]The discussion on the Energy Cost index for AI/ML Network Energy Saving and related aspects was continued during RAN3#121 and the following agreements were captured:
Define the Energy Cost IE as an INTEGER (0..10000,…), it can be revisited based on reply from SA5.
The definition and signaling over RAN interfaces of the Additional Load as well as Inferred EC are not pursued in Rel-18.
In this paper we build on the agreements above and discuss the open issues on Energy Cost index computation brought forward by the reply LS from 3GPP SA5 [1] as follows:
Q1. Who should be responsible for defining the unified mapping rule: 3GPP / NG-RAN node vendor / Operator / Other? 
Q2. Should the calculation of the Energy Cost be based on instantaneous power consumption measurement (in W) (implying that the Energy Cost can be constantly updated) or on min/max/mean energy consumption measurements (in KwH) made over a past period (whose duration can be configured by the Operator)?
Q3. Should the Energy Cost be calculated in near-real time or non-real time (see above)?
Q4. What is your view on how to apply this Energy Cost concept to split NG-RAN nodes, where NG-RAN node components can be geographically distributed and/or virtualized?
2. [bookmark: _Ref129966614][bookmark: _Ref130279628][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
We start by considering the first open issue, that is:
Q1. Who should be responsible for defining the unified mapping rule: 3GPP / NG-RAN node vendor / Operator / Other? 

To ensure proper interoperability between NG-RAN nodes, the general principles of energy consumption to Energy Cost index mapping should be specified in 3GPP. It was already agreed in RAN3 that Energy Cost index and energy consumption should have a linear relationship. A line is clearly defined by two points, i.e., the Energy Cost index mapping rule can be defined by fixing two points. An example of how an EC index mapping rule can be specified and parameterized by the OAM is illustrated in Figure 1.

[image: ]
[bookmark: _Ref146182020]Figure 1: An example of how the EC index mapping rule can be parameterized by the OAM.

As illustrated in Figure 1, it is in our view reasonable to assume that zero Energy Cost means zero energy consumption. This in turn means that one of the two points defining an EC index mapping rule can be the point (energy consumption, Energy Cost) = (0,0) and can be specified in 3GPP.
[bookmark: _Hlk146563918]Proposal1: It is specified in 3GPP that zero energy consumption maps to zero Energy Cost.

The other point can be the point defining what (maximum) energy consumption X (as denoted in Figure 1) maps to the maximum Energy Cost 10000, i.e., the other point can be the point (energy consumption, Energy Cost) = (X, 10000). With this approach, the EC index mapping rule at an NG-RAN node can be specified via a single parameter X that can be indicated by the OAM via OAM configuration.
Proposal 2: It is specified in 3GPP that an energy consumption of X maps to an Energy Cost of 10000, where X is defined by the OAM via OAM configuration. X is the only parameter of the EC index mapping rule.
Proposal 3: An NG-RAN node is configured with an energy consumption to Energy Cost index mapping rule parameterized via OAM configuration.

The above argumentation leads to the following proposed answer to Q1 in the LS from SA5 in [1]
A1: The unified mapping rule should be defined by 3GPP according to the following principles:
· It is specified in 3GPP that zero energy consumption maps to zero Energy Cost
· It is specified in 3GPP that an energy consumption of X maps to an Energy Cost of 10000, where X is defined by the OAM and configured to the RAN via OAM configuration. X is the only parameter of the EC index mapping rule

Based on the proposals above, the current semantics description of the Energy Cost index in the BLCR to TS 38.423 [2] should be updated as follows: 
Value 0 indicates the minimumzero measured Energy Consumption and 10000 indicates the maximum measured Energy Consumption.
Proposal 4: The semantics description of the Energy Cost index in TS 38.423 should specify: Value 0 indicates zero measured Energy Consumption and 10000 indicates the maximum measured Energy Consumption.


In the following we touch upon the second and third open issue, namely:
Q2. Should the calculation of the Energy Cost be based on instantaneous power consumption measurement (in W) (implying that the Energy Cost can be constantly updated) or on min/max/mean energy consumption measurements (in KwH) made over a past period (whose duration can be configured by the Operator)?
Q3. Should the Energy Cost be calculated in near-real time or non-real time (see above)?

The reporting of energy-related metrics over Xn works very similarly to the reporting of load-related metrics. First, the NG-RAN node measures the energy during a certain period, e.g., the reporting period in case of periodic reporting. As per current assumption the reporting periodicity can be between 500ms and 10s. The NG-RAN node then converts the consumed energy into the corresponding Energy Cost index according to the OAM-parameterized mapping rule, at most once in 500ms, and reports the resulting EC index to the requesting NG-RAN node(s).
On the basis of the above arguments the following answers to Q2 and Q3 in the LS from SA5 in [1] are proposed:

A2: The Energy Cost consists of an dimensionless index which is derived on the basis of averaged measurements of the consumed energy per NG-RAN node. 
A3: Given that the Energy Cost is an averaged parameter, it cannot be defined as real time or non-real time

Lastly, we discuss the fourth open issue, that is:
Q4. What is your view on how to apply this Energy Cost concept to split NG-RAN nodes, where NG-RAN node components can be geographically distributed and/or virtualized?

For split NG-RAN nodes, the individual NG-RAN node components can be configured with an EC index mapping rule by the OAM and compute their own EC index as described above. In a second step, the individual EC contributions from different NG-RAN node components can be added up and the aggregate per NG-RAN node EC index can be reported to other NG-RAN nodes. 
In case of CU-DU split architecture, RAN3 has converged on the concept that  the gNB-DUs belonging to a certain gNB-CU can report their EC index to the gNB-CU over F1 in the same way as NG-RAN nodes can exchange their EC index via Xn. The gNB-CU can then aggregate the individual EC contributions and report the node-level EC index to other NG-RAN nodes.
[bookmark: _Hlk146533709]The same general principles of energy consumption to Energy Cost index mapping can apply to the non-split NG-RAN node case as well as to the split NG-RAN node case. In case of CU-DU split architecture, both gNB-CU and gNB-DU are configured with an energy consumption to Energy Cost index mapping rule defined by the OAM.
Proposal X: In case of CU-DU split architecture, both gNB-CU and gNB-DU are configured with an energy consumption to Energy Cost index mapping rule defined by the OAM. The gNB-CU aggregates the individual EC contributions from its served gNB-Dus and derives the EC for the whole NG-RAN node.
On the basis of the above, the following answer to Q4 in the LS from SA5 in [1] is proposed:
A4. In case of CU-DU split architecture, both gNB-CU and gNB-DU are configured with an energy consumption to Energy Cost index mapping rule defined by the OAM. The gNB-CU aggregates the individual EC contributions from its served gNB-Dus and derives the EC for the whole NG-RAN node.


3. Conclusion
[bookmark: _Hlk129788675]In this paper we discussed the open issues on Energy Cost index computation brought forward by the reply LS from 3GPP SA5 [1]. The corresponding proposals are listed below:
Proposal1: It is specified in 3GPP that zero energy consumption maps to zero Energy Cost.
Proposal 2: It is specified in 3GPP that an energy consumption of X maps to an Energy Cost of 10000, where X is defined by the OAM via OAM configuration. X is the only parameter of the EC index mapping rule.
Proposal 3: An NG-RAN node is configured with an energy consumption to Energy Cost index mapping rule parameterized via OAM configuration.
Proposal 4: The semantics description of the Energy Cost index in TS 38.423 should specify: Value 0 indicates zero measured Energy Consumption and 10000 indicates the maximum measured Energy Consumption.
Proposal 5: In case of CU-DU split architecture, both gNB-CU and gNB-DU are configured with an energy consumption to Energy Cost index mapping rule defined by the OAM. The gNB-CU aggregates the individual EC contributions from its served gNB-Dus and derives the EC for the whole NG-RAN node.
It is also proposed to draft a reply LS to SA5 where SA5´s questions are answered as follows:
Q1. Who should be responsible for defining the unified mapping rule: 3GPP / NG-RAN node vendor / Operator / Other? 
A1: The unified mapping rule should be defined by 3GPP according to the following principles:
· It is specified in 3GPP that zero energy consumption maps to zero Energy Cost
· It is specified in 3GPP that an energy consumption of X maps to an Energy Cost of 10000, where X is defined by the OAM and configured to the RAN via OAM configuration. X is the only parameter of the EC index mapping rule

Q2. Should the calculation of the Energy Cost be based on instantaneous power consumption measurement (in W) (implying that the Energy Cost can be constantly updated) or on min/max/mean energy consumption measurements (in KwH) made over a past period (whose duration can be configured by the Operator)?
A2: The Energy Cost consists of an dimensionless index which is derived on the basis of averaged measurements of the consumed energy per NG-RAN node. 

Q3. Should the Energy Cost be calculated in near-real time or non-real time (see above)?
A3: Given that the Energy Cost is an averaged parameter, it cannot be defined as real time or non-real time

Q4. What is your view on how to apply this Energy Cost concept to split NG-RAN nodes, where NG-RAN node components can be geographically distributed and/or virtualized?
A4. In case of CU-DU split architecture, both gNB-CU and gNB-DU are configured with an energy consumption to Energy Cost index mapping rule defined by the OAM. The gNB-CU aggregates the individual EC contributions from its served gNB-Dus and derives the EC for the whole NG-RAN node.


A TP mirroring the proposals above is available in R3-235603 while a reply LS to SA5 is available in R3-235604
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