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1. [bookmark: _Ref129970167]Introduction
The Energy Cost (EC) metric for the AI/ML Network Energy Saving use case was discussed during RAN3#119-bis-e and the following agreements and working assumptions were captured:
[bookmark: _Hlk129785449]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 neighbouring 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 Rel-18.
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).
[bookmark: _Hlk134175931]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).

Moreover, some important topics were marked FFS, “to be continued”, or “to be further discussed”. Those open points are listed below:
Encoding of the Energy Cost metric is FFS.
To be continued: 
Which of the following two options to be selected for inferred and measured EC definition:
1. Inferred EC represents the node level EC value assuming that an additional load is served; Measured EC represents the actual node level EC value, e.g., after an additional load is transferred.
2. Inferred EC represents the delta increase of the EC value assuming that an additional load is served; Measured EC represents the delta increase of the EC value after an additional load is transferred.
[bookmark: _Hlk133914925]The following information are supported for the definition of “Additional Load”:
· Number of RRC connections to be offloaded,
· Number of Active UEs to be offloaded,
· PRB load to be offloaded (the definition needs to be discussed further),
· Average UL/DL PDCP SDU data volume to be offloaded,
· Target Cell of the offloading action.
Whether to use a new Class 1 procedure where the source NG-RAN node requests to the target NG-RAN node an estimation of the Energy Cost for an additional load and where the target NG-RAN node responds with the requested estimation of the Energy Cost.
Whether this EC can only be reported after HO needs to be further discussed.

In this paper we further discuss the EC concept, including the encoding of EC, the difficulties associated with inferred EC and “Additional Load”, as well as the other FFS’s.
2. [bookmark: _Ref129966614][bookmark: _Ref130279628][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Encoding of the Energy Cost metric
Based on the agreements made during the previous meetings, Energy Cost (EC) is a measure of a gNB’s energy consumption and will be shared between gNBs over the Xn interface. As stated above, it was agreed to include the measured Energy Cost in the AI/ML Information Reporting Initiation and AI/ML Information Reporting procedures. However, it was not yet agreed whether to encode the EC metric on Xn. We thus discuss this open point below:
Encoding of the Energy Cost metric is FFS.

During RAN3#119-bis-e, the following two options for the encoding of the EC metric were being discussed [1]:
a) EC is signalled over Xn as the actual energy consumed, e.g., in Joule 
b) EC is encoded on Xn as an index with values (0,..Max), where Max could be 100, 1000, 10000, etc.

In addition, the following working assumption was captured:
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 neighbouring NG-RAN nodes within the area where a request on EC reporting is triggered by a source NG-RAN node.

There are several reasons to prefer Option b). 
The first one is to avoid signalling sensitive information over the Xn interface. Such signalling opens up for a security threat where a malicious interception of traffic over the Xn would get hold of the energy consumed by an NG-RAN node. 
The second one is to provide a more flexible way to express a measure of consumed energy, which could reflect factors that may not be captured by a meter-measurement of an Energy Consumption.  
Figure 1 shows an example of how an EC index can enable a more flexible expression of consumed energy. The example focusses on a use case where renewable energy sources are used. In this example, the grey gNB 1 is powered by fossil energies whereas the green gNB 2 is powered by renewable energies, e.g. generated on site. Assuming that what is relevant is the amount of energy purchased by the operator, the OAM can configure the two gNBs with different rules for deriving the EC index, e.g., different Energy Cost per Joule. In this specific example the grey gNB 1 is configured with an EC per Joule of 0.05 whereas the green gNB 2 is configured with an EC per Joule of 0.04, e.g., for an energy consumption of 1000J in a certain reference time period the grey gNB 1 would report an EC index of 50 whereas the green gNB 2 would report an EC index of 40. An AI/ML Network Energy Saving solution for minimizing the overall network EC will therefore shift more UEs/traffic in the area covered by gNB 2. This could be motivated by the fact that the target for an operator is to minimise the amount of purchased energy.

[image: ]
[bookmark: _Ref134002713]Figure 1: Example of how an EC index can enable better use of renewable energies.

Apart from that, an EC index also constitutes a more flexible solution for potential later standard enhancements. Considering the recent discussions of further disaggregating the EC per cell, for an “Additional Load”, etc., an EC index allows for a cleaner solution for cases where the EC cannot be measured as such but must be estimated based on, e.g., PRB utilization or other metrics. 
When the actual energy consumed cannot be measured, e.g., the energy in Joule consumed by subset of UEs or for a fraction of traffic served by a gNB, it should not be signalled in Joule over Xn, which may lead to misinterpretation of the XnAP specification where the EC might be wrongly interpreted as a measured value. We thus propose that EC is encoded as an index with values (0,..Max) when shared among gNBs over Xn, and further, that the above-cited working assumption from the last meeting is transformed to an agreement. 
Proposal 1: EC is defined as an index, between 0 and 100 (FFS on the maximum value), strictly increasing with increasing gNB energy consumption and strictly decreasing with decreasing gNB energy consumption. 
Proposal 2: Turn the following WA into an agreement:
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 neighbouring NG-RAN nodes within the area where a request on EC reporting is triggered by a source NG-RAN node.


As example of how the Energy Cost for actual measurements may be specified is shown below:
	Energy Cost
	
	
	INTEGER (0..100) FFS on maximum value
	The node level measured Energy Consumption index.
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.
	
	



Given the dependency of the Energy Cost index from the work SA5 would have to carry out to enable configuration of the parameters that would enable correct interpretation of the Energy Cost index, the following is also proposed:
Proposal 3: RAN3 to send an LS to SA5 to describe the agreed definition of the Energy Cost index and to ask for feedback on whether the OAM is able to configure rules that would enable correct interpretation of the Energy Cost index. 

3. Definition of the “Additional Load”
When the Energy Cost concept was first introduced in RAN3#119, it was considered that EC can be an actual energy consumption value, or an inferred energy consumption value related to an “Additional Load”. Inferred EC was considered useful for evaluating a potential UE/traffic offloading action before it is executed. A source gNB planning to transfer an additional load to a target gNB was foreseen to be able to request and receive from the target gNB a predicted EC related to the additional load at the target gNB. For this purpose, the source gNB must append in the request to the target gNB certain information about the additional load for the target gNB to predict EC related to the additional load. 
In this section we discuss the open points below:
The following information are supported for the definition of “Additional Load”:
· Number of RRC connections to be offloaded,
· Number of Active UEs to be offloaded,
· PRB load to be offloaded (the definition needs to be discussed further),
· Average UL/DL PDCP SDU data volume to be offloaded,
· Target Cell of the offloading action.
Whether to use a new Class 1 procedure where the source NG-RAN node requests to the target NG-RAN node an estimation of the Energy Cost for an additional load and where the target NG-RAN node responds with the requested estimation of the Energy Cost.

During RAN3#119-bis-e it has become clear that companies have very different views on what information related to the additional load must be sent for the target gNB to be able to derive an accurate EC prediction of such a nature and even whether the source gNB or the target gNB are in a better position to generate such EC prediction [1]. Many companies could agree that information related to number of Ues and UL/DL data volumes to be offloaded are useful to predict the EC. However, companies could not agree whether PRB load to be offloaded is beneficial to predict the EC and how it can be defined and indicated to the target gNB. One identified problem is that, in general, the radio conditions of the UE to be offloaded will be different at the target cell than at the source cell, i.e., the PRB load of the UE to be offloaded will be different as well. Some companies intend to solve the issue by sending information regarding the path loss (toward the target cell) of the UE to be offloaded from the source gNB to the target gNB, while other companies argue that for this reason the source gNB is in a better position to derive the EC prediction at the target node.
Moreover, one company want to include further details such as the type of UEs to be offloaded (e.g., IIoT), the performance of UEs to be offloaded, and the offloading scenario (e.g., handover, PSCell change, or PSCell addition) [3]. As discussed before, other UE service and traffic characteristics (besides UL/DL data volume) are decisive for the incurred EC as well. For instance, we consider two groups of UEs consuming the same amount of data:
Group 1: A single UE on a voice service consuming a very small data volume but transmitting/receiving a speech frame every 20 ms.
Group 2: A single UE on an MBB service that consumes overall the same amount of traffic as the UE in Group 1 but only receives a burst of data every few seconds.
In Group 1, the voice user’s frequent activity prevents the gNB from making use of deeper sleep modes, which allow saving significant amounts of energy. Namely, the voice user causes the gNB to have a higher energy consumption.
On the contrary, in Group 2, the amount of data consumed is the same overall, but the nature of the MBB service allows the gNB to use deep sleep modes during inactive periods and save a lot more energy.
This example demonstrates that predicting EC without information on service or traffic characterises of UEs to be offloaded can lead to large prediction errors. Similarly, it was mentioned by one company that the granularity of the traffic volume, e.g., per-QoS-flow traffic volume, needs to be studied [4].
The above discussion has shown that companies have identified a lot of further information relevant to derive an accurate EC prediction, all of which are available at the source gNB but not at the target gNB, without additional signalling from the source gNB to the target gNB.
Observation 1: Without additional signalling from the source gNB to the target gNB, all information identified as relevant to derive an accurate EC prediction is available at the source gNB but not at the target gNB.
Due to the amount and nature of information identified as relevant to derive an accurate EC prediction, we believe that the signalling of such detailed information from the source gNB to the target gNB will lead to a very complex procedure, while the advantages and expected accuracy/error when deriving EC predictions (related to an additional load) at a target gNB are still unclear. This is because even if all the information proposed were provided to the target NG-RAN node, still there would be uncertainty about what the additional load would be at the target, because it is impossible to know the exact radio conditions for the offloaded UEs once they are handed over to the target cell.
Therefore, it is not justified to introduce such complex signalling at this time, given the limited advantages it can provide. Further study is needed to identify clear gains of signalling all relevant information about the additional load to a target gNB and deriving EC predictions at the target gNB. 
Besides, as discussed before in [2], this information exchange is inherently different from the other AI/ML information exchange. The new AI/ML Information Reporting Initiation and AI/ML Information Reporting procedures (FFS on the names) are unfit to serve this purpose. To support such a different paradigm, a different procedure would be needed. For example, a procedure in which gNB can indicate a planned AI-ML action to another gNB and request the other gNB to report information about the expected impact of the action on one or more metrics. Such new procedure should be use-case agnostic. There is no need to limit it to Energy Saving (ES) actions. It should be reusable for other use cases. We think that this cannot be achieved within the scope of the Rel-18 discussions.
Observation 2: Signalling of the information identified as relevant to derive an accurate EC prediction from the source gNB to the target gNB will lead to a very complex procedure while the advantages remain unclear for now.
Proposal 4:  The definition and signalling of “Additional Load” and inferred Energy Cost over the Xn interface is out of scope for Rel-18.
In the following section we discuss an alternative AI/ML Network Energy Saving solution.
4. [bookmark: _Ref129964433]Signalling of Energy Cost
In the following we elaborate on open issues below:
Which of the following two options to be selected for inferred and measured EC definition:
1. Inferred EC represents the node level EC value assuming that an additional load is served; Measured EC represents the actual node level EC value, e.g., after an additional load is transferred.
2. Inferred EC represents the delta increase of the EC value assuming that an additional load is served; Measured EC represents the delta increase of the EC value after an additional load is transferred.
Whether this EC can only be reported after HO needs to be further discussed.

Considering the problems identified above, a viable alternative is the following: As depicted in Figure 2, a source gNB (gNB 1) can request to periodically receive EC measurements from a target gNB (gNB 2) in steps 1-3. gNB 1 can then use those EC measurements along with other relevant information discussed above to determine an ES action that minimizes the overall EC of the network. For example, as shown in steps 4-5, gNB 1 may predict what the overall EC gain (namely the new EC taking into account the EC of GNB1 and gNB2) after a cell shutoff will be. After determining an ES action that is foreseen to yield the overall EC gain, gNB 1 can execute the ES action, e.g., UE/traffic offloading and cell shutoff, as shown in step 6. Since gNB1 keeps receiving EC measurements from gNB 2 after the execution of the ES action, gNB 1 can use those EC measurements together with the earlier EC measurements to derive the overall EC gain after the ES action due to the ES action in step 8 and update the AI/ML model based on this information in step 9 accordingly.
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[bookmark: _Ref134101019]Figure 2: Procedure for signaling of EC measurements to execute and evaluate/learn from ES actions.


The above discussion has proven that measured EC is vital information before and after a handover or, more generally, an ES action. A gNB can use EC information from neighbouring gNBs for both identification of potential ES actions as well as estimation of their overall ES gains. Namely, EC measurements from neighbouring gNBs are not only needed to evaluate and learn from past ES actions, e.g., handover, but also to train aI/ML models to predict neighbour node´s EC and to derive future ES actions. 
For this reasons, it should be possible to collected the measured EXperiodically as well as one-time, independently of handover events. 
For the measured EC to be a parameter according to which AI/ML models can be trained to predict future ES actions and neighbour nodes EC, such parameter should be a node level measurement and not a delta increase after an additional load is transferred. This is because of a number of reasons such as:
· It is impossible to calculate the delta EC for an additional load unless the additional load is defined, but as explained above, defining an additional load is challenging and not to be pursued in Rel18
· It is impossible to derive a delta measured EC for an additional load because there is an amount of energy consumed to provide signalling to all UEs served in the network, e.g. to broadcast reference signals, hence the exact delta EC to serve an additional load cannot be derived
· A per node level measured EC takes into account all the events affecting the node´s energy consumption and it is a better parameter to train an AI/ML model to derive the changes in EC of a neighbour node during the day. 
We also note that by receiving a node level measured EC, an NG-RAN node can deduce the increases in EC at a neighbour node after offloading was carried out, hence it can learn how a certain offloading impacts the node´s EC.
Observation 3: Node level EC measurements from neighbouring gNBs are useful to evaluate past ES actions, e.g., handover, to learn from past ES actions (e.g. to retrain) and to derive future ES actions, e.g. by means of inferring neighbour´s nodes EC values via an AI/ML model trained via the measured EC from neighbours.
Proposal 5: It should be possible to report the measured EC periodically or as one time measurement, independently of handovers. 

5. [bookmark: _Ref130282998]Possible implementation for reporting of AI-ML information for Network Energy Saving
In the following we provide an example of how an Xn signalling message could be structured to report the AI/ML information for the Network Energy Saving use case.
9.1.3.zz	AI-ML ASSISTANCE DATA UPDATE
This message is sent by NG-RAN node2 to NG-RAN node1 to report the results of the requested assistance data.
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

	NG-RAN node1 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node1
	YES
	reject

	NG-RAN node2 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node2
	YES
	reject

	Energy Cost
	O
	
	INTEGER (0..100) FFS on maximum value
	The node level measured Energy Consumption index.
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.
	
	

	.
.
.



6. Conclusion
[bookmark: _Hlk129788675]In this paper we further discussed the Energy Cost (EC) concept for AI/ML Network Energy Saving and the open issues and standard relating thereto. The corresponding observations and proposals are listed below:
Proposal 1: EC is defined as an index, between 0 and 100 (FFS on the maximum value), strictly increasing with increasing gNB energy consumption and strictly decreasing with decreasing gNB energy consumption. 
Proposal 2: Turn the following WA into an agreement:
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 neighbouring NG-RAN nodes within the area where a request on EC reporting is triggered by a source NG-RAN node.
Proposal 3: RAN3 to send an LS to SA5 to describe the agreed definition of the Energy Cost index and to ask for feedback on whether the OAM is able to configure rules that would enable correct interpretation of the Energy Cost index. 
Observation 1: Without additional signalling from the source gNB to the target gNB, all information identified as relevant to derive an accurate EC prediction is available at the source gNB but not at the target gNB.
Observation 2: Signalling of the information identified as relevant to derive an accurate EC prediction from the source gNB to the target gNB will lead to a very complex procedure while the advantages remain unclear for now.
Proposal 4:  The definition and signalling of “Additional Load” and inferred Energy Cost over the Xn interface is out of scope for Rel-18.
Observation 3: Node level EC measurements from neighbouring gNBs are useful to evaluate past ES actions, e.g., handover, to learn from past ES actions (e.g. to retrain) and to derive future ES actions, e.g. by means of inferring neighbour´s nodes EC values via an AI/ML model trained via the measured EC from neighbours.
Proposal 5: It should be possible to report the measured EC periodically or as one time measurement, independently of handovers. 
A TP mirroring the proposals above, is available in R3-233114.
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