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1. Introduction
In the previous meetings, the issue of the scenarios where the predicted energy efficiency is exchanged was brought up. In RAN3#117-bis-e the following open issue was captured
RAN3 to discuss the scenarios where predicted energy efficiency is exchanged. 
In RAN3#118 meeting the below was cited:
Predicted Energy Efficiency is exchanged between NG-RAN node?
In this paper we further discuss the procedure for exchanging predicted energy efficiency and the standard impacts relating thereto.
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Signaling predicted energy efficiency between NG-RAN nodes
In the summary of the offline discussion RAN3#117-bis-e [1], practically all companies agree that predicted energy efficiency in some form is beneficial to be exchanged between NG-RAN nodes, but it has not yet been defined when predicted energy efficiency is derived and exchanged and what predicted energy efficiency means or relates to. 
More specifically, some companies argue that predicted energy efficiency should be derived assuming a specific energy saving action that would be taken by an NG-RAN node, and that only this form of predicted energy efficiency should be exchanged between NG-RAN nodes. Moreover, one company raises the question of how an NG-RAN node can interpret and make use of predicted energy efficiency from another NG-RAN node. 
In the summary of offline discussion in RAN3#118 [2], all companies agreed, in principle, that exchange of predicted energy efficiency is beneficial, however, there was no consensus on how the predicted energy efficiency should be exchanged and the principles to be followed. To answer these questions, it needs to be clarified what predicted energy efficiency means or relates to and how predicted energy efficiency from neighboring NG-RAN nodes can be used, e.g., how an NG-RAN node can derive an energy saving decision based on predicted energy efficiency from neighboring NG-RAN nodes. 
As presented in detail in [3], there are two types of energy efficiency predictions. In the first type, energy efficiency predictions are made without considering potential energy saving actions like cell de-/activation and UE handover to be taken by neighboring NG-RAN nodes, while in a second type, energy efficiency predictions are derived based on the assumption that a specific energy saving action will be taken by a specific neighbour NG-RAN node.
Observation 1: An NG-RAN node can provide energy efficiency predictions either with or without considering potential energy saving actions from other NG-RAN nodes.

Energy Efficiency Prediction, type 1: without considering neighbor’s actions
The first type of predicted energy efficiency may reflect how the energy efficiency at an NG-RAN node will change in the future depending on changes in traffic load, NG-RAN node, or cell configuration, etc. but independent of changes at other NG-RAN nodes, e.g., energy saving actions to be taken by other NG-RAN nodes. So far, it has not been clarified how an NG-RAN node receiving this energy efficiency prediction would consider it to make an energy saving decision. 
In [4], it is argued that, if the predicted energy efficiency of a neighboring NG-RAN node is low, the NG-RAN node may decide not to hand over UEs to the said neighboring NG-RAN node, e.g., to switch off cells, because it would lead to extra burden for the neighboring NG-RAN node and even worsen its energy efficiency, eventually causing poorer overall system performance. The above reasoning may however lead to incorrect actions, for example, when the underlying causes that lead to the low energy efficiency are not understood, such as, if there is any traffic offloading by the node, if there are particularly adverse modulation and coding schemes conditions, etc.  In other words, the causes determining a good or bad energy efficiency prediction may be mitigated by neighbor’s nodes actions and this is missing in this approach. In addition, this approach does not enable to compare the predicted energy efficiency prediction between two neighbor nodes after a given action is taken by one of them.
We conclude that receiving the first type of energy efficiency predictions, namely energy efficiency predictions without considering potential energy saving actions from neighboring NG-RAN nodes does not enable an NG-RAN node to assess whether an energy saving action like handing over UEs to a neighboring NG-RAN node would result in an overall RAN energy saving gain or not. We further conclude that, while an NG-RAN node can use such type 1 energy efficiency predictions to observe the network’s state for application in network planning and observability, it cannot make accurate energy saving decisions on a case-by-case basis based on such type 1 predicted energy efficiency information.
Observation 2: Energy efficiency predictions without considering potential energy saving actions from other NG-RAN nodes has not been demonstrated to show clear benefits when it comes to performing individual ES actions leading to an overall energy saving gain, as the predictions do not consider other external factors and the accuracy of the prediction may be impacted by such external factors. 

Energy Efficiency Prediction, type 2: considering neighbor’s actions

The second type of predicted energy efficiency, on the other hand, can provide explicit knowledge on how the energy efficiency of neighboring NG-RAN nodes will change if a specific energy saving action is taken by an NG-RAN node. Unlike the first type of predicted energy efficiency, this type of predicted energy efficiency is unambiguously interpretable for the current energy saving action under consideration at the receiving NG-RAN node. In this case, the predicted energy efficiency enables evaluation of planned strategies or actions and execution of them and brings in perspective the overall RAN energy saving trade-offs of the above strategies or actions.
Proposal 1: Predicted energy efficiency exchange between NG-RAN nodes relative to specific energy saving actions is beneficial in determining which energy saving actions to take because it allows to evaluate the energy saving outcomes before the actions are executed. 
Contribution R3-xxxx provides a detailed justification for specifying "Energy Efficiency" metric as an Energy Consumption Score, where the Energy Consumption Score is an index quantitatively representing the average EC of an NG-RAN nodes over a given time period. Following the same argumentation, we observe that: 
Proposal 2: The "Predicted Energy Efficiency" metric to be signalled between NG-RAN nodes is a Predicted Energy Consumption Score, where the Predicted Energy Consumption Score is an index quantitatively representing the predicted average Energy Consumption of an NG-RAN nodes over a given time period and relative to a specific energy saving action.

3. Procedure for requesting predicted energy efficiency 
The procedure is described in detail hereinafter. NG-RAN node 1 is assumed to have an AI/ML model that proposes an energy saving action that is expected to improve the energy consumption score of NG-RAN node 1. Also, NG-RAN node 1 subscribes to AI/ML inputs from NG-RAN node 2 (e.g., actual energy consumption score, resource status reporting, etc.). In the above, the neighboring NG-RAN node(s) is assumed to have the capabilities to provide NG-RAN node 1 with an energy consumption score prediction subject to a planned action.
NG-RAN node 1 using an AI/ML model inference function generates an AI/ML action, e.g., an energy saving strategy, or a handover strategy, which is predicted to yield an energy efficiency score X at NG-RAN node 1. NG-RAN node 1 indicates the planned AI/ML action to the affected neighboring NG-RAN node 2 (namely the offload target node) and requests the latter to report the predicted energy consumption score associated to the proposed action. The energy saving strategy can be indicated in the request message as an offloading ratio or percentage, i.e., the ratio or percentage, e.g., 50%, of the load to be handed over from NG-RAN node 1 to the neighboring node. 
The neighboring NG-RAN node(s) may then reply with their predicted energy efficiency level X’, predicted under the assumption of receiving the additional offload. Based on the received predictions, NG-RAN node 1 can compare its predicted energy efficiency benefit with the target NG-RAN’s predicted energy efficiency. The source NG-RAN would therefore know whether the planned energy saving strategy or action will lead to an overall RAN energy saving gain. Furthermore, if the source NG-RAN node decides to execute the proposed action, there is also a possibility to evaluate the reliability of the predictions retrieved from the neighboring NG-RAN nodes by comparing the neighbor’s predicted energy efficiency score with the actual energy efficiency scores obtained by subscribing to AI/ML assistance updates. The figure below explains this concept in more details:
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Figure 1: Example of EE prediction usage for energy saving action validation

To sum up, signaling a predicted energy efficiency between NG-RAN nodes and considering it for AI/ML-based Network Energy Saving is beneficial if the predicted energy efficiency of NG-RAN nodes relates to a predicted/planned energy saving strategy or action. To facilitate this information exchange, it is proposed to support a procedure in which an NG-RAN node can indicate a planned AI/ML action and request information about the expected impact of that action on one or more metrics. The procedure should be use-case agnostic, there is no need to limit it to indicating energy saving action. The same framework should be reusable for other use cases. In general, considering the scenario where assistance information related to a potential/planned event/action is requested, we can see that for an event that is not yet executed, usually the requesting node is expecting an immediate one-time response to evaluate the impact of the planned action before deciding on executing the action. For this scenario, it is preferred to support a procedure in which a node can indicate a planned AI/ML action and request the responding node to report assistance information reflecting the impact of the action. 
This scenario requires a procedure in which an NG-RAN node can request assistance information subject to a planned AI/ML action before the actual execution of the action, as shown in Figure 1. Based on that we propose:  
Proposal 3: Support a procedure in which an NG-RAN node can indicate a planned energy efficiency action and request another NG-RAN node to report the expected Energy Efficiency gains for that action.
4. Possible implementation for Reporting of AI/ML information for Energy Saving
In light of the analysis above an example is given of how a signaling message could be structured to report all the AI/ML information relative to the Energy Saving use case.
9.1.3.xx	 AI/ML ACTION EVALUATION REQUEST
This message is used to request AI-ML assistance data in the context of a planned AI-ML event by NG-RAN node1.
Direction: NG-RAN node1  NG-RAN node2.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	Requested Data
	M
	
	BITSTRING
(SIZE(32))
	Each position in the bitmap indicates measurement object the NG-RAN node2 is requested to report.

First Bit = Predicted energy efficiency,

Other bits shall be ignored by the NG-RAN node2.
	YES
	reject

	Proposed Action
	M
	
	9.2.2.xx
	Proposed Action Information
	YES
	reject

	Cause
	M
	
	9.2.3.2
	
	YES
	Reject




9.2.2.xx Proposed Action
This IE provides description of the planned action.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned criticality

	CHOICE Proposed Action
	M
	
	
	
	YES
	reject

	>Offloading Request 
	
	
	
	
	
	

	>>Offloading Request Information
	M
	
	9.2.2.yy
	
	-
	




9.2.2.yy Offloading Request Information
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned criticality

	Source Cell Global ID
	M
	
	9.2.3.25
	CGI of the source cell from which offloading is triggered. Includes either an E-UTRA CGI or an NR CGI
	YES
	reject

	Target Cell Global ID
	M
	
	9.2.3.25
	CGI of the offload target cell. Includes either an E-UTRA CGI or an NR CGI
	YES
	reject

	Offloading Ratio  
	O
	
	INTEGER (0..100) 
	The percentage of the source cell load to be offloaded. 0 indicates no load and  
100 indicates offloading all the source cell load. Load should be measured on a linear scale. 
	
	

	Number of UEs
	O
	
	
	Number of UEs to be handed over
	
	





9.1.3.ww AI/ML ACTION EVALUATION RESPONSE
This message is sent by NG-RAN node2 to NG-RAN node1 to provide the requested information concerning planned actions
Direction: NG-RAN node2  NG-RAN node1.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	ignore

	Predicted Energy Efficiency 
	O
	
	INTEGER (0..100)
	Value 1 indicates the minimum Predicted Energy Efficiency and 100 indicates the maximum Predicted Energy Efficiency. Predicted Energy Efficiency should be measured on a linear scale
	
	




9.1.3.yy	AI-ML ACTION EVALUATION FAILURE
This message is sent by the NG-RAN node2 to NG-RAN node1 to indicate that for any of the requested assistance data the measurement cannot be initiated.
Direction: NG-RAN node2 ® NG-RAN node1.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	Cause
	M
	
	9.2.3.2
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.3.3
	
	YES
	ignore




5. Conclusion
In this paper, we discussed the open issues of the AI/ML-based Network Energy Saving use case and the standard impacts relating thereto. The corresponding observations and proposals are listed below:
Observation 1: An NG-RAN node can provide energy efficiency predictions either with or without considering potential energy saving actions from other NG-RAN nodes.
Observation 2: Energy efficiency predictions without considering potential energy saving actions from other NG-RAN nodes has not been demonstrated to show clear benefits when it comes to performing individual ES actions leading to an overall energy saving gain, as the predictions do not consider other external factors and the accuracy of the prediction may be impacted by such external factors. 
Proposal 1: Predicted energy efficiency exchange between NG-RAN nodes relative to specific energy saving actions is beneficial in determining which energy saving actions to take because it allows to evaluate the energy saving outcomes before the actions are executed. 
Proposal 2: The "Predicted Energy Efficiency" metric to be signalled between NG-RAN nodes is a Predicted Energy Consumption Score, where the Predicted Energy Consumption Score is an index quantitatively representing the predicted average Energy Consumption of an NG-RAN nodes over a given time period and relative to a specific energy saving action.
Proposal 3: Support a procedure in which an NG-RAN node can indicate a planned energy efficiency action and request another NG-RAN node to report the expected Energy Efficiency gains for that action.

A TP mirroring the proposals above, is available in R3-230458.
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