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Introduction
[bookmark: _Hlk125445632]Definition and signalling of the “Energy Efficiency” metric in the context of the AI/ML-based Network Energy Saving use case was discussed during RAN3#118 and the following agreements and open issues were captured:
The "Energy Efficiency" metric should be measurable, produced, and interpretable by the RAN. Whether it will be introduced or not is still FFS.
Start with per node granularity EE and per cell granularity EE could be considered if it is feasible.
WA: Take the EE defined in SA5 as the baseline for the energy efficiency of a gNB. What to be transferred between NG-RAN nodes is FFS.
[bookmark: _Hlk125628700]FFS on how to calculate this EE, and which of the following 4 options should be adopted:
Option 1: Indicating the value of the ratio of data volume over energy consumption directly.
Option 2: Define the EE metric in a more abstract way using a quantitative encoding, e.g., using EE values on a linear scale from 0 to 100.
Option 3: The metric of Energy Efficiency exchanged between NG-RAN nodes is an Energy Consumption related to an additional load. And exchanged EE metric between neighbouring NG-RAN nodes is defined in the interval [0, 100].
Option 4: Deliver both data volume and energy consumption over RAN interfaces to let the requesting node calculate the overall DV over EC of the specific area and thereby drive the overall EE.
[bookmark: _Hlk126087100]In this paper we further discuss these open issues of the “Energy Efficiency” metric.
[bookmark: _Ref109047682][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Hlk108516440]Energy efficiency signalling between NG-RAN nodes
Energy efficiency metric definition
It was agreed during RAN3#118 that the “Energy Efficiency” metric should be measurable, produced, and interpretable by the RAN. However, it still remains an open issue how EE will be calculated and whether and how the EE metric will be exchanged between NG-RAN nodes. In the following, we will discuss all proposed options presented at the last RAN3 meeting on how to calculate EE and what EE metric to be signalled between NG-RAN nodes.

Option 1: Indicating the value of the ratio of data volume over energy consumption directly.
Option 1 relates to an EE KPI defined by SA5 as ratio DV/EC (bit/J) over a certain time period, where DV is the Data Volume and EC is the Energy Consumption of the respective network elements. This EE KPI was never intended to support coordination and evaluation of AI/ML-based Energy Saving actions among NG-RAN nodes. On the contrary, Annex A.16 “Use case for 5G Energy Efficiency (EE) KPI” of TS 28.554 specifically states the following: 
“Before the network operator takes any action to save network energy OPEX, the network operator needs to know the energy efficiency of its 5G network [1].” 
When observed for a large enough area or number of network elements and a long time period, this EE KPI can be used by an operator, e.g., to identify network equipment with lower EE and make strategic decisions on modernizing RAN sites considering RAN energy OPEX. 
However, we can only emphasize again that such EE metric has several serious drawbacks when used for RAN-centric AI/ML Energy Saving solutions. 
As we have highlighted, the EE metric is designed to be the result of averaging over a long period of time. However, if the EE metric wants to be derived for short time periods, the DV component becomes highly volatile. In this case, knowledge of the EE of an NG-RAN node does not allow drawing conclusions about the EC of the NG-RAN node. For example, a RAN node with a low EE may have a low DV (i.e., serve only little traffic) or a high EC (e.g., serve lots of traffic but consume even more energy to do so). EC has a weak correlation with DV, causing changes in DV to have a large impact on EE since corresponding changes in EC are smaller in comparison. EE based on the EE KPI defined by SA5 is, thus, not easily interpretable by neighbouring NG-RAN nodes, also because other parameters may be needed to interpret variations in the EE of different NG-RAN nodes, as has been discussed in [2] and as acknowledged in TS28.310, quoting:
“Besides the parameters required to calculate the energy efficiency, e.g. DV and EC, other parameters may be used to interpret variations in energy efficiency KPI values from different networks. These parameters can be classified into demography, topography and climate classes (see ETSI ES 203 228 [2] – section 4.3), which describe the network characteristics with regard to population density, geographical conditions and climate zones. For each class of parameters, there can be subclasses, e.g. demography can be further classified into dense urban, urban, sub-urban, rural or unpopulated scenarios. For each class / subclass, the energy efficiency KPI values may be interpreted differently.”
Secondly, this EE metric is highly volatile over short time periods, e.g., milliseconds, seconds, or minutes, depending, among other things, on the served UE’s signal conditions (coverage) and traffic characteristics, and may become meaningful only after averaging over longer periods, e.g., days or weeks. For example, sending a given amount of data to cell-edge UEs with poor signal quality can cause order-of-magnitude higher energy consumption than sending the same amount of data to cell-centre UEs with excellent signal quality. Hence, if the EE = DV/EC is determined over short time periods, it would be very volatile. It would also jump orders of magnitude from peak hour to night hour.
A third problem with such EE metric is that it is impossible, at least in some cases, to accurately determine the energy consumed in the RAN to transfer a certain amount of user data traffic. This is especially problematic in case of cloud-based RAN architectures, where the same cloud-based platform is shared among multiple RAN nodes. Moreover, for multi-band, multi-sector radios, in which hardware components like power amplifiers are shared across cells, it is difficult, to say the least, to meaningfully determine such an EE per cell, which it is not designed for by SA5. So far, no company has proposed a solution for this, which is expected to be very complex and its usefulness for RAN-centric AI/ML ES solutions is an open question.
A final issue affecting the EE = DV/EC is that this metric changes as the inverse of EC. Namely, as EC becomes higher, DV/EC becomes smaller. We need to reflect on the fact that the main information needed to support the AI/ML Energy Saving use case is a metric revealing the energy consumption of a RAN node. Such metric is especially needed when energy consumption becomes high.
However, the curve DC/EV flattens when EC becomes high, making it very difficult to appreciate the difference in EC consumed by different nodes subject to high energy consumption. The figure below explains this effect.
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Figure 1: DV/EC curve for different values of DV

Figure 1 shows that, for a given data volume, if EC increases the curve tends to zero. 
Two RAN nodes may be operating at different DV values. However, if their EC increases the values of each node´s DV/EC start to tend to the same value. Namely, it is difficult to appreciate the real difference in EC between nodes if EC is high.

Observation 1:  An “Energy Efficiency” metric calculated as Data Volume over Energy Consumption is difficult to determine, highly volatile, and difficult to interpret by neighbouring NG-RAN nodes.
We conclude that the EE KPI is a problematic metric that must be considered carefully. It is difficult for a neighbouring NG-RAN node to interpret EE calculated in this way, and it is thus not very useful or may even be misleading as input or feedback for the AI/ML-based Energy Saving use case. Given that RAN3 has already agreed that the “Energy Efficiency” metric should be interpretable by the RAN, then the EE KPI defined by SA5 in TS 28.554 is not a valid EE metric for AI/ML-based Energy Saving use case in RAN.
Proposal 1:  The EE = DV/EC defined in SA5 is not an interpretable metric in inter RAN node signalling and it shall not be transferred between NG-RAN nodes.

Option 2: Define the EE metric in a more abstract way using a quantitative encoding, e.g., using EE values on a linear scale from 0 to 100.
Based on the issues described above, it is evident that the EE metric to be exchanged between NG-RAN nodes should have a linear relation to the EC of an NG-RAN node, and, further, that it should not be directly dependent on the DV. Option 2, first proposed in [3], is a practical approach suitable for fulfilling these requirements, while avoiding the above-mentioned issues. Comparable with proposals in [4], it is herein proposed to adopt Option 2 and, to this end, to introduce an Energy Consumption Score. This EC metric represents the EC as quantitative score depending on the energy levels measured during a certain time period by an NG-RAN node. A lower value indicates a lower EC, and a higher value indicates a higher EC. This Energy Consumption Score is an index, e.g., between 0 and 100, which is strictly increasing with increasing EC and strictly decreasing with decreasing EC. To make this parameter interpretable and comparable, value 100 can be configured by the operator. For example, value 100 may equal to the maximum energy consumption per NG-RAN node experienced in an operator´s network. With such configuration, each node in the network is able to unequivocally understand what each value of the Energy Consumption Score means in terms of consumed energy. In a similar way, it is possible to also configure the value of the Energy Consumption Score = 0 if needed. This approach is applicable for both predicted and actual values of the EC score.
In contrast to the EE KPI defined in TS 28.554, this EC score allows an NG-RAN node to assess whether a neighbouring NG-RAN node has low or high energy consumption and whether and how (and qualitatively how much) the energy consumption of a neighbouring NG-RAN changes. 
As example of how the Energy Consumption Score may be specified is shown in the following:
	Energy Consumption
	
	
	INTEGER (0..100)
	The percentage of the measured Energy Consumption average.
Value 0 indicates the minimum measured Energy Consumption and 100 indicates the maximum measured Energy Consumption. Energy Consumption should be measured on a linear scale.
	
	



Proposal 2:  The “Energy Efficiency” metric to be signalled between NG-RAN nodes should be an Energy Consumption Score, where the Energy Consumption Score is an index linearly representing the average EC of an NG-RAN nodes over a given time period.

Option 3: The metric of Energy Efficiency exchanged between NG-RAN nodes is an Energy Consumption related to an additional load. And exchanged EE metric between neighbouring NG-RAN nodes is defined in the interval [0, 100].
Option 3 corresponds to proposals in [4] and actually goes back to proposals in [5], where it was first discussed in the context of predicted EE signalling. Though such EE metric seems useful to us, we believe that it is closely linked to EE predictions, i.e., such EE information is inherently an EE prediction, also because it cannot be measured independently of any “additional load”. 
Apart from that, using this metric as the current EE metric, i.e., using it to signal the current EE between NG-RAN nodes, has at least two disadvantages. One disadvantage is that it does not allow to observe the effect of an AI/ML-assisted Energy Saving action on a neighbouring RAN node’s EE (or EC) but instead it is a metric specific to a potential offloading action. Thus, it does not serve as feedback for the AI/ML-based Energy Saving use case, as described in TR 37.817. Another disadvantage is that it does not always allow to evaluate the accuracy/error (or validity time) of EE/EC predictions received from a neighbouring RAN node over time by comparing the EE/EC predictions with corresponding EE/EC measurements obtained from the same RAN node at a later time. 
We thus conclude that Option 3 is not suitable as current EE metric for AI/ML-assisted Energy Saving.

Option 4: Deliver both data volume and energy consumption over RAN interfaces to let the requesting node calculate the overall DV over EC of the specific area and thereby drive the overall EE.
When compared with Option 2, Option 4 shows no real benefit, but instead it reveals more complexity.
Indeed, as explained above, the objective of the energy Saving use case is that of exposing a metric representing energy consumption for an NG-RAN node. The use case does not have requirements to expose data volumes, which are anyhow deducible from load information. 
Another drawback of this option is that of exposing EC explicitly over the RAN interfaces. EC is a rather sensitive piece of information as it reveals details about the implementation of a RAN node as well as its utilisation. It is therefore best to normalise EC into an index, as proposed in Option 2.
We therefore conclude that there is no need to signal DV and EC separately between NG-RAN nodes and that Option 4 brings no further benefit for the AI/ML-based Energy Saving use case by comparison with Option 2.

Energy efficiency metric granularity
On another matter, the following agreement was captured during RAN3#118:
Start with per node granularity EE and per cell granularity EE could be considered if it is feasible.
The EE (or EC) metrics do not necessarily need to be derived and reported per cell for AI/ML-based Energy Saving approaches to work properly. As explained earlier, measuring EC per cell is practically impossible in several cases, e.g., when the same hardware is used to operate multiple cells. Breaking down the EC to a per cell basis subject to, e.g., traffic load, is not only very complicated but may even be misleading and thus harmful for AI/ML in such cases. “Guessing” the EC of an individual cell is questionable in the context of AI/ML. If such EC information is used as input by an AI/ML Model Inference function, the corresponding output is inherently associated with an additional uncertainty, thereby causing higher AI/ML model inaccuracy/error. It is equally problematic to rely on such EC information as feedback for AI/ML-based Energy Saving techniques.
Instead, it is necessary to know how the overall EC changes at an NG-RAN node in relation to ES actions. For this reason and to limit the complexity of the AI/ML solutions, it is proposed that the EE metrics introduced for AI/ML-based Network Energy Saving are exchanged at a per NG-RAN node granularity.  
Proposal 3:  It is proposed that the current and predicted Energy Consumption Score have only a per NG-RAN node granularity. 

Conclusion
In this paper we discussed the open issues of the "Energy Efficiency" metric. The corresponding observations and proposals are listed below:
Observation 1:  An “Energy Efficiency” metric calculated as Data Volume over Energy Consumption is difficult to determine, highly volatile, and difficult to interpret by neighbouring NG-RAN nodes.
Proposal 1:  The EE = DV/EC defined in SA5 is not an interpretable metric in inter RAN node signalling and it shall not be transferred between NG-RAN nodes.
Proposal 2:  The “Energy Efficiency” metric to be signalled between NG-RAN nodes should be an Energy Consumption Score, where the Energy Consumption Score is an index linearly representing the average EC of an NG-RAN nodes over a given time period.
Proposal 3:  It is proposed that the current and predicted Energy Consumption Score have only a per NG-RAN node granularity. 
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