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Introduction
In the previous meeting, RAN3#119bis-e, the following agreement was reached regarding Energy Cost (EC).
Encoding of the Energy Cost metric is FFS.
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 following option will not be pursued:
· Inferred EC represents the delta increase of the EC value assuming that an additional load is served; Measured EC represents the actual node level EC value 
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
1. 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
It is agreed that the Energy Cost is a node level parameter. Further EC granularities are out of scope of Rel18.
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
The timing of triggering a request for an inferred energy cost related to an additional load is up to implementation.
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) 
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 
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)
This contribution discusses the definition of EC and additional load.
Discussion
Format of Energy Cost (EC)
In the offline discussion of RAN3#119bis-e, the following options for encoding energy cost were raised
Option a) EC is encoded as the actual energy consumed per node, e.g. in Joule 
Option b) EC is represented as an index with values (0,. .100), where the maximum value may be increased e.g. 1000 
It was also agreed that if option b) is applied, the OAM configures rules to NW nodes to determine how to normalize the values of the EC. In this case, the metric for node power consumption is masked on the Xn interface, however, when OAM configures normalization rules for multiple nodes by different vendors, it is necessary to send information related to the raw metric for power consumption to OAM through the NG interface. In other words, in option b), the metric related to the node's power consumption is sent with different encoding on the Xn interface and the NG interface. In addition, the mechanism by which the OAM configures the normalization rule to the node is considered to be affected by SA2.
On the other hand, if option a) is applied, there is no need to send the metric for node power consumption with different encoding on the Xn interface and NG interface, and the mechanism by which the OAM configures the normalization rule is also unnecessary. The metrics related to power consumption received from NW nodes with different hardware can be understood without any processing.
We should support exchanging raw values of power consumption on the Xn interface to avoid complexity and to specify power-related metrics as understandable values (i.e., option a)).
Proposal 1:	EC metric exchanged over Xn should be encoded as the actual energy consumed per node, e.g. in Joule.

Definition of EC
At the previous meeting, the following options were raised for energy cost definition:
Option 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.
Option 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
If the node decides on an energy saving strategy based only on how the node's power consumption changes for an additional load, then both options are feasible. In the case of option 2, the node can simply compare the source/target node's inferred EC and decide whether to offload or not. However, neither option can provide accurate feedback to the AI model making the inference. This is because, for both options, the difference in the measured EC before and after the offload action is caused by various factors other than specific additional load.
For option 2, since the relationship between power consumption and additional load is nonlinear, the AI model needs not only delta value but also actual values as inputs in order to derive the inferred EC. For example, if the delta of measured EC before and after the offload is the same in two case, but for a one case the power consumption of the node level before the offload is 50% and for another case it is 80%, the AI model needs to obtain not only the delta of measured EC but also the actual measured EC as well as delta of measured EC to differentiate these two cases.
By obtaining the actual measured EC before the offload action, option 2 allows the AI model to make an inference, but this is more complex than option 1. Therefore, RAN3 should apply option 1 for the definition of EC.
Proposal 2:	Measured/inferred EC exchanged over Xn should represent the actual/inferred node level EC value before/after an additional load is transferred. (i.e. not delta value)
It was noted in the previous meeting that the timing of the measured EC request depends on implementation, but if option 1 is applied, the current measured EC should be sent from the target node to the source node at the same time as the inferred EC is sent in order to make an offload decision based on how much the additional load is expected to change the node power consumption. This allows the source node to obtain the delta of the EC.
Proposal 3:	If option 1 (EC is defined as node level actual value) is adopted, measured (current) EC should be sent with inferred EC when inferred EC is requested.

Definition of “Additional Load”
Information related to the definition of additional load to be included in the inferred EC request, raised as FFS for last meeting, and additional information to be considered is discussed below.
· Number of RRC connections/Active UEs to be offloaded
The number of RRC connections relates to the number of UEs connected to the node and is a simple and essential metric that represents the size of the offload. The number of active UEs relates to the number of UEs that are expected to load the node due to offload and is also considered an important metric. Therefore, either or both should be included in the definition of additional load.
· PRB load to be offloaded (the definition needs to be discussed further)
We do not understand at this stage how this metric is used, since what should be guaranteed after offload is the performance of the UE and the PRB load depends on the node's load conditions, UE radio quality and implementation. The target node may not understand how to use this information to predict the EC for additional load.
· Average UL/DL PDCP SDU data volume to be offloaded
In order to reduce power consumption without affecting UE performance, the inferred EC should be predicted for the offload if the performance achieved by the node before the UE offload is still achieved after the offload. Data volume is also an important metric because it is considered to have a direct impact on the computing power of the node.
· Target Cell of the offloading action
If the target cell is not included in the definition of additional load, the target cell of the offload associated with the inferred EC is determined by the target node. On the other hand, since the target cell is determined by the source node when performing HO for the offload, if this metric is not included in the definition of the additional load, the target node may report an inferred EC associated with the offload to the wrong target cell, and the evaluation of power consumption in the source node based on the received inferred EC could be incorrect.
· How offload is performed (e.g. Handover, PSCell Change, PSCell Addition, etc.)
When a node offloads UEs to another node to reduce power consumption, it may perform PSCell change or PSCell addition in addition to handover. However we understand that most companies consider offloading only by handover. Therefore, one of the following two alternatives should be adopted:
· Alt 1: Rel-18 Energy saving in AIML for NG-RAN only supports offload by handover, other offload methods (e.g. PSCell Change, PSCell Addition, etc.) will be discussed in future releases. 
· Alt 2: Rel-18 Energy saving in AIML for NG-RAN should support offload by PSCell Change, PSCell Addition, etc. in addition to handover, and include how the offload is done in the definition of additional load.

Proposal 4:	Support following information for the definition of "Additional Load"
· Number of RRC connections to be offloaded, 
· Number of Active UEs to be offloaded 
· Average UL/DL PDCP SDU data volume to be offloaded
· Target Cell of the offloading action
· How offload is performed (if any other offloading mechanism than HO is supported, e.g. PSCell Change, PSCell Addition, etc.)
Conclusion
Our proposals are summarized below.
Proposal 1:	EC metric exchanged over Xn should be encoded as the actual energy consumed per node, e.g. in Joule.
Proposal 2:	Measured/inferred EC exchanged over Xn should represent the actual/inferred node level EC value before/after an additional load is transferred. (i.e. not delta value)
Proposal 3:	If option 1 (EC is defined as node level actual value) is adopted, measured (current) EC should be sent with inferred EC when inferred EC is requested.
Proposal 4:	Support following information for the definition of "Additional Load"
· Number of RRC connections to be offloaded, 
· Number of Active UEs to be offloaded 
· Average UL/DL PDCP SDU data volume to be offloaded
· Target Cell of the offloading action
· Offloading scenario (if any other offloading mechanism than HO is supported, e.g. PSCell Change, PSCell Addition, etc.)

