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1. Introduction
This discussion paper discusses two topics:
· whether the EC metric is in joules or not;
· comparison between the two methods: the one that the source node predicts the EC and the one that the target node predicts the EC, as well as the signalling detail of the former approach.
2. Discussion
2.1. [bookmark: OLE_LINK78][bookmark: OLE_LINK79]Whether EC is in joules or not
EC are naturally in joules (or equivalently, watts). There was a concern that the raw joules should not be exchanged between nodes citing privacy issue, but this is not persuading.
The purpose of Energy Saving is to lower the overall energy consumption of all neighbouring nodes combined, since all of these nodes are typically connected to the same power grid, and every joule consumed—no matter by what node—has almost the same cost. It is thus necessary for the receiving node to know the exact EC (or delta EC, as described below) in joules in order to deduce the overall EC (or delta EC). Therefore, privacy should not be a concern or otherwise the entire ES mechanism cannot work.
Proposal 1: EC is delivered in joules (or equivalently, watts).
2.2. Source node to predict, or target node to predict
The typical mechanism of AI-assisted ES as discussed in recent RAN3 meeting is that, a node predicts the change of EC of a given node if some service flows are offloaded toward this node. That is to say:
· The inference input: UE radio measurements, description of service flows, current beam-level PRB usages, etc.
· The label: the actual change of EC.
Generally speaking, most inference inputs are naturally available at the source node of offloading, whereas the label is naturally available at the offloading target node. Hence views are split on whether it should be the source node to perform such prediction, or it should be the target node to do so.
As observed by many companies, the former alternative requires the target node to deliver the actual EC (or change of EC) toward the source node, whereas the latter alternative requires the source node to deliver the UE radio measurements, the description of service flows toward the target node, and also requires the target node to deliver the prediction back toward the source node.
Observation 1: The “source to predict” method requires the target node to deliver the actual EC (or change of EC) toward the source node, whereas the “target to predict” method requires the source node to deliver the UE radio measurements, the description of service flows toward the target node, and also requires the target node to deliver the prediction back toward the source node.
The UE radio measurement and the description of service flows is far more complex than the actual EC, and is more sensitive on UE privacy. Delivering less information might be another option, but that will make the introduction of AI/ML less beneficial. One extreme example is delivering only the data volume of the offloaded flows: the target node can do nothing but linear regression, making the algorithm not “intelligent” at all.
Therefore, we propose supporting only the “source node to predict” method in Rel-18.
Nevertheless, we acknowledge that the method “source to predict” has one drawback: its training data includes only the handed-over UEs. There may be some other method that can utilise more data whereas keeping the impact on interfaces minimal, e.g. the target node trains a model based on non-handed-over UE and then deliver it toward the source node, but they should be studies thoroughly before specifying, and is thus not possible to be supported in Rel-18.
Proposal 2: Support only the “source to predict” method in Rel-18. Do not support delivering the description of “additional load” over RAN interfaces because that is extremely complex. Other method can be studied in e.g. Rel-19.
2.3. Two possible flavours of the “source node to predict” method
There are two flavours of “source node to predict” method:
· to deliver the raw actual EC both before and after handovers take place; or
· to deliver the (assessed) actual change of EC after handovers take place.
The typical signalling flows of these two flavours are shown in Figure 1 and Figure 2 respectively.


[bookmark: _Ref134432772]Figure 1: Typical work flow for “source node to predict” method (using raw actual EC).


[bookmark: _Ref78466357]Figure 2: Typical work flow for AI/ML-based energy saving (using actual delta EC).
Most steps in the flow are clear (or depend on algorithm, such as the case of Step 10), except Step 7 in Figure 2. We will discuss it in the following.
For convenience we assume that the EC collected in Step 4 is  and the DV is . Likewise, the EC collected in Step 6 is  and the DV is . In addition, the DV brought by the offloaded is , and the delta EC calculated in Step 7 is .
The simplest method to generate  is:

It can work anyhow, but prone to impacts caused by factors other than offloading, e.g. changed of data rate of the existing UEs, and intra-cell movement of the existing UEs. Moreover, it does not comply with the agreement last meeting because it does not include  as an input.
A seemingly better approach is:

This approach, however, is erroneous. In some case the  can be almost the same as , while the  is quite different from . As the result the quotient  can be unrealistically large (or even negative) and the result will be unreliable.
So we have to turn toward some other meaning to include  as an input. For this we may assume another constant : One node collects its DV and EC all over the time, gets many pairs of {DV, EC}, and  is defined as the linear regression coefficient of EC against DV. By using  we may define  as:

The item  means the estimated change of EC caused by the change of DV other than , and thus the remaining part of change of EC is the estimated change of EC caused by offloading.
Nevertheless, such definition is still affected by intra-cell movement of the existing UEs, and estimation method other than linear regression may also be used. Therefore, we do not seek to specify how a node calculates .
Proposal 3: It is up to implementation how a node estimates the actual EC caused by offloaded UEs. A feasible implementation includes the following information as input: the EC before and after offloading, the DV before and after offloading, and the DV caused directly by the offloaded UE.
Let’s go back to Figure 2 again.
In principle, there are 2 windows of measurement, one for Step 4 (i.e. before offloading) and one for Step 6 (i.e. after offloading). For clarity Node 2 should know the position and the length of the two windows upon Step 3. The window length can be indicated by the existing IE proposed in R3-233164 [1], but the time offset between the two windows cannot be indicated by any existing IE yet. Therefore we propose introducing an offset IE into the new AI/ML request message.
Proposal 4: If the method of “delivering the actual delta EC” is used, introducing a new IE indicating the time offset between the two windows to collect EE measurement before offloading take place and after offloading take place.
2.4. Comparison of the two flavours
The relative advantage of the “deliver the raw actual EC” flavour is that, the definition is clear, and the impact on RAN interface is at minimum, e.g. no need to introducing the IE indicating the time offset.
The relative advantage of the “deliver the actual delta EC” flavour is that, the EC per node is not exposed (thus less privacy concern on vendors), and the “label” data is cleaner because the target node can compensate the “pollution” caused by factors other than handovers from the source node.
We have no preference between the two flavours. We propose RAN3 to select one flavour.
Proposal 5: RAN3 is proposed to select one flavour between “delivering the raw actual EC” and “delivering the actual delta EC”.
3. Conclusion
Proposal 1: EC is delivered in joules (or equivalently, watts).
Observation 1: The “source to predict” method requires the target node to deliver the actual EC (or change of EC) toward the source node, whereas the “target to predict” method requires the source node to deliver the UE radio measurements, the description of service flows toward the target node, and also requires the target node to deliver the prediction back toward the source node.
Proposal 2: Support only the “source to predict” method in Rel-18. Do not support delivering the description of “additional load” over RAN interfaces because that is extremely complex. Other method can be studied in e.g. Rel-19.
Proposal 3: It is up to implementation how a node estimates the actual EC caused by offloaded UEs. A feasible implementation includes the following information as input: the EC before and after offloading, the DV before and after offloading, and the DV caused directly by the offloaded UE.
Proposal 4: If the method of “delivering the actual delta EC” is used, introducing a new IE indicating the time offset between the two windows to collect EE measurement before offloading take place and after offloading take place.
Proposal 5: RAN3 is proposed to select one flavour between “delivering the raw actual EC” and “delivering the actual delta EC”.
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