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Introduction
During the previous meeting, the metric of energy cost (EC) is agreed as follows:
The metric of Energy Cost (EC) exchanged between NG-RAN nodes can be an inferred energy consumption related to an additional load or an actual energy consumption value from a neighboring node for either additional load or current load (The details to be further discussed). EC is a value at gNB level. 
WA: If the Energy Cost is encoded as an index (0, ..Max), representing energy consumption on a linear scale, it is agreed that the OAM configures rules to a NG-RAN node to determine how to normalize the values of the EC. The rules shall be the same at least for all neighboring NG-RAN nodes within the area where a request on EC reporting is triggered by a source NG-RAN node. 
It is agreed that the Energy Cost is a node level parameter. Further EC granularities are out of scope of Rel18.
WA: Use the already introduced AI/ML Information Reporting Initiation (Class 1 – AI/ML INFORMATION REQUEST/RESPONSE) procedure to signal to the target NG-RAN node a description of the “additional load”. Use the AI/ML Information Reporting (Class 2 – AI/ML INFORMATION UPDATE) procedure to allow the target NG-RAN node to report the estimation of the Energy Cost (name of the procedures to be further discussed) 
It is agreed to include the measured Energy Cost in the AI/ML Information Reporting Initiation and AI/ML Information Reporting procedures (name of the procedures to be further discussed)
Although the definition of metric of energy consumption reached consensus, there are still lots of FFS to be discussed.
In this contribution, we elaborate our analysis on the open issues above related to energy consumption for AI/ML in the RAN, and provide the corresponding TP [1] and LS thereof.
Discussion
Method of transferring EC
The metric of Energy Cost (EC) exchanged between NG-RAN nodes can be an inferred energy consumption related to an additional load or an actual energy consumption value from a neighboring node for either additional load or current load (The details to be further discussed). EC is a value at gNB level. 
Following the definition of EC above, it was found several cases are implicitly involved:
After the energy saving decision: 
· Case a1: Energy consumption of the NG-RAN node after the energy saving decision.
· Case a2: Energy consumption of the NG-RAN node related to the additional load after the energy saving decision.
Before the energy saving decision: 
· Case b1: Predicted Energy consumption related to the additional load before the energy saving decision.
However, upon checking the TR 37.817, I noticed that one case we discussed before was not involved in the current definition.
============================= TR37.817 =============================
Input of AI/ML-based Network Energy Saving:
From local node: 
-	UE mobility/trajectory prediction
-	Current/Predicted Energy efficiency
-	Current/Predicted resource status
From the UE:
-	UE location information (e.g., coordinates, serving cell ID, moving velocity) interpreted by gNB implementation when available
-	UE measurement report (e.g., UE RSRP, RSRQ, SINR measurement, etc), including cell level and beam level UE measurements
From neighbouring NG-RAN nodes:
-	Current/Predicted energy efficiency
-	Current/Predicted resource status
-	Current energy state (e.g., active, high, low, inactive)
============================= TR37.817 =============================
The yellow-highlighted input information is current/predicted energy efficiency from neighboring NG-RAN nodes. Now based on the current definition of metrics of energy consumption, this kind of input becomes current/predicted energy cost from neighbor NG-RAN nodes. Hence, the following cases should also be involved in the energy cost definition. 
· Case b2: Current Energy consumption of the neighboring NG-RAN node for total load before the energy saving decision.
· Case b3: Predicted Energy consumption of the neighboring NG-RAN node for total load before the energy saving decision.
What should be emphasized here is that before AI/ML decision, the AI/ML input information is used for reference by NG-RAN node. Therefore, the current/predicted energy consumption of the NG-RAN node before the energy saving decision should also be considered.
Observation 1  In the TR 37.817, the current/predicted energy consumption from neighbor NG-RAN nodes for total load is also considered as input information for AI/ML energy saving.
Proposal 1: Current/predicted energy consumption for total load should be transferred between NG-RAN nodes as input information for AI/ML energy saving.
Above all, the scenario of the definition of energy consumption involves following:
After the energy saving decision: 
· Case a1: Energy consumption of the NG-RAN node after the energy saving decision.
· Case a2: Energy consumption of the NG-RAN node related to the additional load after the energy saving decision.
Before the energy saving decision: 
· Case b1: Predicted Energy consumption related to the additional load before the energy saving decision.
· Case b2: Current Energy consumption of the neighboring NG-RAN node for total load before the energy saving decision.
· Case b3: Predicted Energy consumption of the neighboring NG-RAN node for total load before the energy saving decision.

	Data Type
	Usage
	Specification Impacts.

	Case a1 
	Use the energy consumption for the total load to evaluate the performance of AI/ML based energy saving decision.

Reflect the overall EC status, including the offloading load, and other factors which have impacts on EC.
	Spec Impact: 
Transfer the measured EC from the offloading target node to the source node via AI/ML INFORMAITON UPDATE message.



	Case a2
	Using the energy consumption for the additional load to evaluate the performance of AI/ML based energy saving decision.

Reflect the EC status related to the offloading load.
	Spec Impact: 
Transfer the measured EC related to additional load from the offloading target node to the source node via AI/ML INFORMAITON UPDATE message

	Case b1
	The neighbour node provides the predicted EC related to the additional load, and then the source node evaluates if the energy saving decision is good to execute.
	Spec Impact: 
1. Provide the “additional load ” to the offloading target node
2. Transfer the inferred EC from the offloading target node to the source node via AI/ML INFORMAITON UPDATE message

	Case b2
	The neighbour nodes provide the source node with EC related to the total load. By collecting this data from neighbour nodes, the source node can generate a more accurate and informed energy saving decision.
	Spec Impact:
Transfer the measured EC from the neighbour node to the source node via AI/ML INFORMATION UPDATE message.

	Case b3
	The neighbour nodes provide the source node with predicted EC related to the total load. By collecting this data from neighbour nodes, the source node can generate a more accurate and informed energy saving decision.
	Spec Impact:
Transfer the predicted EC from the neighbour node to the source node via AI/ML INFORMATION UPDATE message.



For case a1 , the source node collects the measured EC related to the total load. Additionally, the source node can calculate the delta EC by measured EC collected before energy saving decision and after energy saving decision. How to use the measured EC to evaluate the performance of AI/ML based energy saving decision is up to source node itself.
Observation 2  The source node can evaluate the executed energy saving decision through either the measured EC related to total load or delta EC calculated by measured EC collected before energy saving decision and after energy saving decision.  
Proposal 2: Measured energy cost after energy saving decision is transferred from the offloading target node to the source node. How to use the measured energy cost is up to node itself.
With respect to the case a2, basically UE does offload to cell based on the energy saving decision, so the EC related to the additional load is per-cell level. However now we agree that the Energy Cost is a node level parameter and further EC granularity is out of scope of Rel18. Hence, it is not pursed to transfer the measured energy cost related to the additional load for now. Moreover, if we consider the energy consumption related to the additional load per NG-RAN node, the energy consumption of the current load is much more straightforward.
Proposal 3: Transferring the measured energy cost of the current load of the NG-RAN node after energy decision is much more straightforward. 
Proposal 4: It is nor pursed to transfer the measured energy cost related to the additional load after energy decision in this release. 
Based on my understanding, in Case b1, the predicted energy cost is linked to the additional load. In order to understand the predicted energy cost associated with an additional load, the source NG-RAN node must first inform the AI/ML energy saving decision e.g., “additional load” to the target NG-RAN node. The target NG-RAN node can then use this information to predict the energy cost based on the decision and communicate the predicted energy cost related to the potential additional load back to the source NG-RAN node. 
However, following are a couple of issues:
Firstly, it may not be feasible for the RAN node to make a determination based on predictions over prediction. The inferred energy consumption related to energy consumption is based on the predicted energy saving decision, and the current energy consumption of the NG-RAN node itself. Since finally the source node will determine whether the energy saving decision is feasible, why not the target NG-RAN node provide its current energy efficiency and predicted energy efficiency to the source NG-RAN node. Based on these information, the source NG-RAN node could generate and evaluate the appropriate energy saving decision.
Proposal 5: Providing the current/predicted energy cost before energy saving decision to the node who generate the energy saving decision directly can improve the accuracy of AI/ML based energy saving decision.  
Proposal 6: It is unnecessary to transferring the AI/ML based energy saving decision, e.g., additional load, to the neighbor NG-RAN nodes.
Secondly, the specification for the energy saving decision needs to be clearly defined, for example, specifying the number of UE that will be offloaded. It is hard to define the energy saving decision in the specification. In order to completely reflect the ‘additional load’, the potential offloading target node should know much information of the UE to be offloaded. However, it is hard and complex to provide so much information in the signaling to reflect the additional load.
Proposal 7: Transferring predict energy consumption related to additional load may not be possible at this time.

Above all, we propose to transfer the predicted energy consumption and current energy consumption per node over Xn interface. And the agreed AI/ML information Request/Response/Update message could be reused for these kind of information.
Proposal 8: Introduce the bit of predicted energy consumption and the bit of energy consumption in the Report Characteristic IE in the AI/ML INFORMATION REQUEST message.
Proposal 9: Introduce the energy consumption and predicted energy consumption per node in the AI/ML INFORMATION UPDATE message.
We can see that in cases a1/a2 and b2, there is a need to transfer energy consumption between NG-RAN nodes. However, from a signaling perspective, the design of energy consumption is the same in both cases, which can create confusion for the target NG-RAN node when it receives the request message. In the current specification, the report characteristics in the request message only indicates the ‘measured energy cost’, the requested node can not understand whether the energy cost is immediately collected or collected after the energy saving decision (e.g., handover).
Observation 3  The target NG-RAN node cannot distinguish the case between case a1/a2 (energy consumption after energy saving decision) and case b1 (energy consumption before the energy saving decision).
To address this issue, one possible solution is to introduce a Request Type IE in the request message. By doing so, the target NG-RAN node can understand which type of measurement the source NG-RAN node requires, whether it is feedback information after UE handover or current information. This can help to eliminate the confusion caused by the similarity in the design of energy consumption and ensure that the correct information is conveyed to the target NG-RAN node.
Proposal 10: Introduce the Delayed Collection IE in the request message that the measurement is triggered after the UE(s) handover in order to ensure that the correct information is conveyed to the target NG-RAN node.

Encoding of EC
To push the progress of AI/ML based energy saving and avoid discuss the sensitive information over Xn interface, it was agreed to introduce the metric of energy cost (EC) as the AI/ML metric to be shared over the Xn interface among gNBs.
The metric of Energy Cost (EC) exchanged between NG-RAN nodes can be an inferred energy consumption related to an additional load or an actual energy consumption value from a neighboring node for either additional load or current load (The details to be further discussed). EC is a value at gNB level. 
However, something in this agreement may also needs to clarified and discussion. First, how to encode the energy consumption is still a question. And there are two categories to define the energy cost:
· Option 1: Detailed Energy cost metric 
· Option 2: Abstract metric based on a qualitative encoding. 
Option 1 is used to directly transfer the energy consumption, which is Energy Consumption (EC) of the considered network element in Joule. Option1 is supported by existing protocols.
Observation 4  Option 1 is supported by existing protocols.
Option 2 is using the abstract values. The issue here is the maximum value of EC needs to be defined, but different vendors or different methods may cause different maximum value of EE. However, the NG-RAN node could clearly understand the status of energy efficiency, and whether energy cost of the other NG-RAN node is high, medium or low. If the maximum value of EC is left to OAM configuration, option 2 can be supported.
Observation 5  Option 2 can reflect the status of energy efficiency if the maximum value of EE is left to OAM configuration.
Proposal 11: For simplicity, Option 1 is selected as energy cost metrics.
If the option 2 is selected, the LS should be sent to SA5 to inform this kind of metrics. The metrics is a kind of new metrics of energy efficiency. The definition of energy efficiency is specified by SA5. If RAN uses the new kind of energy efficiency, SA5 should check the feasibility.
Proposal 12: Send the LS to SA5 to check the feasibility of energy cost metrics per node level using a quantitative encoding.

The draft LS is in the appendix, and the corresponding TP is provided in the companion contributions [1].
Conclusion
We propose the following observations and proposals: 
Observation 1  In the TR 37.817, the current/predicted energy consumption from neighbor NG-RAN nodes for total load is also considered as input information for AI/ML energy saving.
Proposal 1: Current/predicted energy consumption for total load should be transferred between NG-RAN nodes as input information for AI/ML energy saving.
Observation 2  The source node can evaluate the executed energy saving decision through either the measured EC related to total load or delta EC calculated by measured EC collected before energy saving decision and after energy saving decision.  
Proposal 2: Measured energy cost after energy saving decision is transferred from the offloading target node to the source node. How to use the measured energy cost is up to node itself.
Proposal 3: Transferring the measured energy cost of the current load of the NG-RAN node after energy decision is much more straightforward. 
Proposal 4: It is nor pursed to transfer the measured energy cost related to the additional load after energy decision in this release
Proposal 5: Providing the current/predicted energy cost before energy saving decision to the node who generate the energy saving decision directly can improve the accuracy of AI/ML based energy saving decision.  
Proposal 6: It is unnecessary to transferring the AI/ML based energy saving decision, e.g., additional load, to the neighbor NG-RAN nodes.
Proposal 7: Transferring predict energy consumption related to additional load may not be possible at this time.
Proposal 8: Introduce the bit of predicted energy consumption and the bit of energy consumption in the Report Characteristic IE in the AI/ML INFORMATION REQUEST message.
Proposal 9: Introduce the energy consumption and predicted energy consumption per node in the AI/ML INFORMATION UPDATE message.
Observation 3  The target NG-RAN node cannot distinguish the case between case a1/a2 (energy consumption after energy saving decision) and case b1 (energy consumption before the energy saving decision).
Proposal 10: Introduce the Delayed Collection IE in the request message that the measurement is triggered after the UE(s) handover in order to ensure that the correct information is conveyed to the target NG-RAN node.
Observation 4  Option 1 is supported by existing protocols.
Observation 5  Option 2 can reflect the status of energy cost if the maximum value of EE is left to OAM configuration.
Proposal 11: For simplicity, Option 1 is selected as energy cost metrics.
Proposal 12: Send the LS to SA5 to check the feasibility of energy cost metrics per node level using a quantitative encoding.
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1. Overall Description:
RAN3 agrees to introduce the metric of Energy Cost (EC) as the AI/ML metric to be shared over the Xn interface among gNBs.
The metric of Energy Cost (EC) exchanged between NG-RAN nodes can be an inferred energy consumption related to an additional load or an actual energy consumption value from a neighboring node for either additional load or current load (The details to be further discussed). EC is a value at gNB level. 
Based on the definition above, RAN3 defines the EC metric in a more abstract way using a quantitative encoding, e.g., using EC values on a linear scale from 0 to 100. 

2. Actions:
To RAN:
ACTION: 	RAN3 kindly asks SA5 to provide feedback on the feasibility of new EE metric proposed by RAN3 as above.

3. Date of Next TSG-RAN3 Meetings:
TSG-RAN3 Meeting #121		21 Aug -22 Aug 2023                         Toulouse, FR


5

