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1. [bookmark: _Ref129970167]Introduction
[bookmark: _Hlk129785449]The discussion on the Energy Cost (EC) metric for AI/ML Network Energy Saving was continued during RAN3#120 and the following agreement and open issues were captured:
EC is represented as an index, which should be normalized and defined by OAM. The index value could be encoded as an integer from 0 to a maximum. The maximum value should guarantee enough accuracy. 
FFS on whether the inferred EC should be introduced in R18.
FFS on whether the additional load needs to be introduced in R18.
In this paper we build on the agreements taken at the last meeting and further elaborate on the open points listed above.
2. [bookmark: _Ref129966614][bookmark: _Ref130279628][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
2.1 Encoding of the Energy Cost metric
During the last meeting the following agreement was captured:
EC is represented as an index, which should be normalized and defined by OAM. The index value could be encoded as an integer from 0 to a maximum. The maximum value should guarantee enough accuracy. 

Although not listed explicitly, there is an FFS on the maximum value of the EC index. We believe a maximum value of 10000 for this IE provides sufficient resolution for a general scenario. As an example, with such maximum value the EC could represent from 0 to up to 99.99 kWh, which seems to be a reasonably wide range. The value could be even defined in an extensible way, e.g., INTEGER (0..10000,…), to ensure future proofness.
An example of how the Energy Cost for actual measurements may be specified is shown below:
	Energy Cost
	
	
	INTEGER (0..10000,…) 
	The node level measured Energy Consumption index.
Value 0 indicates the minimum measured Energy Consumption and 10000 indicates the maximum measured Energy Consumption. Energy Consumption should be measured on a linear scale.
	
	



Proposal 1: Define the Energy Cost IE as an INTEGER (0..10000,…). 

2.2	Definition of the “Additional Load”
We now discuss the open issue below:
FFS on whether the additional load needs to be introduced in R18.
When the EC metric 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 to evaluate a potential UE/traffic offloading action before its execution. A source gNB planning to transfer an additional load to a target gNB was assumed to be able to request and receive from the target gNB a predicted EC assuming the offloading action will be executed. To make this possible, the source gNB must comprise in the request to the target gNB enough information about the additional load for the target gNB to predict the EC with sufficient accuracy. 
During the last two meetings it has become clear that companies have very different opinions on what information related to the additional load is needed by the target gNB and should be sent to the target gNB to enable the target gNB to derive an accurate EC prediction of such nature. Several options for encoding the additional load were discussed in [1], namely:
1. Number of RRC connections to be offloaded, 
2. Number of active UEs to be offloaded, 
3. PRB load to be offloaded (the definition needs to be discussed further),
4. Average UL/DL PDCP SDU data volume to be offloaded,
5. Target cell of the offloading action, and
6. Average UE throughput,
but companies did not reach consensus on this matter. Moreover, companies seem to have different views on whether options 1.)-4.) & 6.) are sent to the target gNB as measurements concerning the past situation at the source gNB or predictions concerning the future situation at the target gNB. 
One more obstacle that became evident during discussions is the following: Even if the source gNB signals to the target gNB details on the additional load to be transferred, the target gNB has no information about the radio conditions that will be encountered by the offloaded UEs. Since the Energy Cost to serve offloaded traffic is highly dependent on the radio conditions encountered, it is very difficult to achieve a reliable representation of the additional load at the target gNB.
Below we analyse the additional load information so far taken into account:
Options 1 & 2
[bookmark: _Hlk137733118]Among those companies who supported signalling a description of the additional load at all, most of them agreed that options 1.) & 2.) are useful information for the target gNB to predict the EC. However, in a scenario where the offload target cell is on a different frequency, the source gNB must configure UEs for inter-frequency measurements to obtain such information. Figure 1 depicts an example scenario where, upon deactivation of a source cell (cell 0), the served UEs are offloaded to three different target cells (cells 1-3). It is assumed that the source cell operates on one frequency and is associated to one gNB and the target cells operate on another frequency and are associated to one or more other gNBs.
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[bookmark: _Ref137808655]Figure 1: Example scenario where, upon deactivation of a source cell (cell 0), the served UEs are offloaded to three different target cells (cells 1-3).

The signalling overhead and performance impact of configuring UEs for inter-frequency measurements grows with the time interval during which the information is derived. Namely, the longer the time window during which inter-frequency measurements are collected, the higher the overhead. When only a small time window immediately before cell deactivation is considered, the source gNB may have to configure much less UEs for inter-frequency measurements compared to when a longer time window preceding cell deactivation is considered. However, the information on number of RRC connections and number of active UEs to be offloaded becomes more relevant if a longer time window is considered, because the source gNB may have released UEs into RRC Inactive/Idle state in the recent past that may soon come back to RRC Connected state in the target gNB. We note that determining the number of RRC connections or the number of active UEs to be offloaded may require the source gNB to configure UEs for inter-frequency measurements, which may be complex. Moreover, the number of RRC connections or the number of active UEs cannot lead the target gNB to derive how much energy it will consume to serve the additional load, because the exact amount of traffic to be served and the radio conditions for the UEs are not known.
Options 3 & 4
Among the companies who are in favour of signalling information about the additional load, a few companies supported option 3.), while a few other companies supported option 4.), while yet some other companies didn’t support either one of them. If “PRB load to be offloaded” refers to the measured past PRB load at the source gNB, it may not be so relevant to the target gNB as the UEs’ radio condition may be different at the target. If “PRB load to be offloaded” refers to the predicted future PRB load at the target, it may be difficult to derive such prediction at the source gNB as it depends on the target gNB’s implementation and radio conditions the UEs will encounter. A similar discussion can be found in [1].
Regarding “average UL/DL PDCP SDU data volume to be offloaded”, it is vividly discussed in [2] how two UEs generating the same data volume can cause very different EC at the target cell depending on their respective radio conditions toward the target cell. However, a solution where many or all the above-listed information are sent on a per RSRP range basis, taking into account that there may be many RSRP ranges, seems overly complex. The RSRP measurements at the source node may in the end be different from the relevant measurements (e.g., SINR) at the target node, making an EC prediction highly unreliable. For example, the RSRP measured at source does not include information on the interference situation at target, hence the actual signal quality of the UE(s) at the target cell would still be unknown.
Moreover, we have explained with an example in [3] how certain UE service/traffic characteristics, such as packet burst inter-arrival time, may significantly impact EC. Frequent traffic activity would prevent the gNB from using deeper sleep modes which would allow for significant energy saving. On the contrary, traffic delivered in bursts allows a gNB to go into deep sleep, hence, to save more energy. This shows that predicting EC without information on service or traffic characterises of UEs to be offloaded can also cause large prediction errors.

Conclusion 1: All the information identified for the definition of Additional Load do not lead to a reliable understanding of the traffic to be served at the target gNB and the Energy Cost incurred for serving such traffic.

One interesting aspect of discussions on Additional Load is that all the information identified to define the Additional Load and to derive a prediction of the EC are available at the source gNB. Therefore, the source gNB has a detailed knowledge of the traffic to be offloaded and it could use such knowledge to derive a prediction of the EC consumed at the target gNB to serve the additional load.
The reason to take such alternative is that signalling additional load information from source gNB to target gNB will lead to a very complex procedure, while the accuracy of EC predictions at the target gNB would be questionable. Even if all the proposed information were sent to the target gNB, there still is uncertainty on what the additional load at the target gNB will really be since it is impossible to know the exact radio conditions of offloaded UEs once they are handed over to the target cell.
It is thus not justified to introduce such complex Xn signalling at this time, given the limited advantages it may provide. Further study is required to identify clear gains of sending very detailed information about the additional load to a target gNB and deriving accurate EC predictions at the target gNB. 
Observation 1: Signalling from the source gNB to the target gNB of all information identified to define the additional load and needed at the target gNB to derive an EC prediction will lead to a very complex procedure likely producing inaccurate EC predictions.
Observation 2: Without additional signalling, all information defining the additional load and identified as relevant to derive an EC prediction is already available at the source gNB, so the source gNB itself may derive the predicted EC at the target gNB for the additional load to be offloaded.
Proposal 2: Signalling of information about the “Additional Load” over Xn is out of scope for Rel-18.
In the next section, we describe an alternative AI/ML Network Energy Saving solution based on Observation 2.
[bookmark: _Ref129964433]2.3	Signalling of Energy Cost
Considering the problems identified above, a much simpler alternative is the following. 
As depicted in Figure 2, a source gNB can request to periodically receive EC measurements from one or more target gNBs in steps 1-3. The source gNB 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, the source gNB may predict the overall EC gain, i.e., the change in EC considering the EC of the source gNB and the target gNB(s), after deactivation of a cell at the source gNB. This can be done because the source gNB can learn the increment of Energy Cost at a target gNB by monitoring the reported measured Energy Cost from the target gNB for offloading a certain amount of traffic. 
After inferring an ES action that is foreseen to yield a positive EC gain, the source gNB can execute the ES action, e.g., UE/traffic offloading and cell shutoff, as shown in step 6. Since the source gNB keeps receiving EC measurements from the target gNB(s) after the execution of the ES action, it can use those EC measurements together with the earlier EC measurements to derive the overall EC gain due to the ES action in step 8 and update the AI/ML model based on this information in step 9 accordingly. Namely, since the source gNB knows all the details about the additional load transferred to the target gNB as a consequence of cell deactivation, the source gNB can update the model to predict the EC at target gNB for offloading of an additional load.
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[bookmark: _Ref134101019]Figure 2: Procedure for signalling of EC measurements to execute and evaluate/learn from ES actions.

The above solution was previously presented in [3] and practically identical solutions were shown in [4] and [5]. This alternative approach without receiving EC predictions from a target gNB has several advantages:
1. If UEs must be offloaded to multiple target cells associated to different target gNBs, the source gNB does not have to send information about the additional load to the different cells/gNBs and request to receive EC predictions related to the UE/traffic offloading action multiple times (cf. Figure 1). The source gNB can predict EC at target gNBs by itself and evaluate whether to take the ES action. 
2. There is a large degree of freedom for the AI/ML model implementation for the Network Energy Saving use case, since the source gNB can use whatever information related to the additional load is available and deemed useful to derive EC predictions, compared to a small degree of freedom for a Network Energy Saving solution where the target gNB has to predict the EC, since the target gNB can only use a standardized subset of that data.
Proposal 3: It is proposed to base the AI/ML solution for Network Energy Saving on the signalling of the measured Energy Cost between NG-RAN nodes.
2.4	Predicted Energy Cost
We finally discuss the remaining open issue:
FFS on whether the inferred EC should be introduced in R18.
Without signalling “Additional Load” over Xn, the only type of EC prediction possible at a potential target gNB is one without considering hypothetical offloading actions from a source gNB. However, it has been discussed at length for RAN3#117-bis-e and later meetings that it is questionable whether such EC predictions are even useful for neighbouring gNBs since they are not actionable. By that we mean that there is no action that can be taken from receiving a predicted EC not associated to any ES action. The reason is that the predicted EC cannot take into account the offloading actions from neighbour gNBs, hence it provides an unreliable representation of what the EC at the node generating the prediction will be.
AI/ML Network Energy Saving is about predicting an ES action that minimizes the overall EC of the network or how an ES action will change the overall EC of the network, and only those EC predictions are actionable.
The current EC of a potential target gNB can already be understood by a source gNB. It is not clear which additional insights a short-term EC prediction from the potential target gNB can bring to the source gNB.
In addition, EC predictions without considering potential offloading actions become inherently inaccurate when gNBs act upon them. For example, when a source gNB receives such an EC prediction from a potential target gNB, and based on this, offloads a certain amount of UEs/traffic to the target gNB, the EC prediction becomes invalid. One problem is that other neighbour gNBs of the target gNB that might have received the same EC prediction are not aware of this. For them, it just appears to be a poor EC prediction. 
Proposal 4: It is proposed not to introduce signalling of Energy Cost predictions over the Xn interface in Rel-18.
3. Conclusion
[bookmark: _Hlk129788675]In this paper we further discussed the Energy Cost (EC) metric for AI/ML Network Energy Saving and the open issues related thereto. The corresponding observations and proposals are listed below:
Proposal 1: Define the Energy Cost IE as an INTEGER (0..10000,…).
Conclusion 1: All the information identified for the definition of Additional Load do not lead to a reliable understanding of the traffic to be served at the target gNB and the Energy Cost incurred for serving such traffic.
Observation 1: Signalling from the source gNB to the target gNB of all information identified to define the additional load and needed at the target gNB to derive an EC prediction will lead to a very complex procedure producing inaccurate EC predictions.
Observation 2: Without additional signalling, all information defining the additional load and identified as relevant to derive an EC prediction is already available at the source gNB, so the source gNB itself may derive the predicted EC at the target gNB for the additional load to be offloaded.
Proposal 2: Signalling of information about the “Additional Load” over Xn is out of scope for Rel-18.
Proposal 3: It is proposed to base the AI/ML solution for Network Energy Saving on the signalling of the measured Energy Cost between NG-RAN nodes.
Proposal 4: It is proposed not to introduce signalling of Energy Cost predictions over the Xn interface in Rel-18.
A TP mirroring the proposals above is available in R3-234297.
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