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1. Introduction
In RAN#102 a new Rel-19 SI “New SID: Study on enhancements for Artificial Intelligence (AI)/Machine Learning (ML) for NG-RAN” (RAN3-led) was approved in [1], then revised in RAN#103 and eventually approved in [2], whose objective are listed as follows:
The aim of this study item is to further investigate new AI/ML based use cases and identify enhancements to support AI/ML functionality, and further discussions on the Rel-18 leftovers.
The detailed objectives of the SI are listed as follows:
· Study two new AI/ML based use cases, i.e., Network Slicing and CCO, with existing NG-RAN interfaces and architecture (including non-split architecture and split architecture). 
· Rel-18 leftovers as candidates for normative work, based on the Rel-18 principles, as follows:
         -   Mobility optimization for NR-DC
         -   Split architecture support for Rel-18 use cases based on the conclusions from Rel-18 WI 
         -   Energy Saving enhancements, e.g., Energy Cost Prediction
         -   Continuous MDT collection targeting the same UE across RRC states
         -   Multi-hop UE trajectory across gNBs
Note: RAN3 should take the Rel-18 discussions into account. 
This contribution addresses the Rel-18 leftover related to the “Energy Saving enhancements, e.g., Energy Cost Prediction” and provides proposals for discussion.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
2.1 	Background 
In the context of the Rel-18 WI “AI/ML for NG-RAN” [3] RAN3 specified data collection enhancements and signalling support within existing NG-RAN interfaces and architecture for three selected use cases, namely, (network) Energy Saving (ES), Mobility Enhancements (ME) and Load Balancing (LB). To this end, RAN3 introduces two new procedures, i.e., Data Collection Reporting Initiation (class 1 procedure) and Data Collection Reporting (class 2), which allow to signal over Xn both predictions and measurements to properly enable the considered inference-based use cases. 
For the ES use case, in particular, RAN3 introduced the metric of Energy Cost (EC) in RAN3#119 meeting [4]:
Introduce the metric of Energy Cost (EC) as the AI/ML metric to be shared over the Xn interface among gNBs. 
Adopt the below Option-3a and exchange Energy Cost (EC) upon request over the Xn interface.
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.
In RAN3#119bis-e meeting further details on the EC metric were discussed and RAN3 achieved consensus on a Working Assumption (WA) concerning the meaning, configuration and usage of the EC as follows [5]:
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.
RAN3 then revised the above WA in RAN3#120 meeting and eventually achieved the agreement as below [6]:
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.
Finally, in RAN3#121 meeting the encoding of the EC in the RAN3 specifications was agreed [7]:
 Define the Energy Cost IE as an INTEGER (0..10000,…), it can be revisited based on reply from SA5.
and the above agreements have been reflected in the Rel-18 version of TS 38.423 where, as part of the DATA COLLECTION UPDATE message’s IEs, the Energy Cost IE has been introduced representing the node level measured Energy Consumption index, with value 0 (10000) corresponding to minimum (maximum) measured Energy Consumption.
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9.1.3.29	DATA COLLECTION UPDATE
This message is sent by NG-RAN node2 to NG-RAN node1 to report the requested information.
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

	**** Skip non-relevant IEs ****

	Energy Cost
	O
	
	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.
	YES
	ignore


------------------------- TS 38.423 excerpt (END) -------------------------
In Rel-18 RAN3 converged on a description for the AI/ML-based ES use case where the AI/ML model is used to optimize the overall energy consumption of an area of the network encompassing a gNB (hosting the AI/ML model) and its neighbours. To do so, a gNB having AI/ML capabilities which intends to switch-off some of its own cells – say gNB0 - initiates a Data Collection Reporting Initiation procedure to request the neighbour gNBs to report the respective measured EC index values. Once reported to gNB0, the measured EC from neighbour gNBs will be used to assess the current energy consumption of the concerned area of the network and also by the AI/ML model in gNB0 to infer the ES saving strategy, e.g., determine the amount of the load that needs to be transferred from gNB0 to each neighbour gNB, ensuring that the overall energy consumption of the concerned area of the network after the ES saving strategy has been performed is reduced. Therefore, in Rel-18, the ES use case is realized by an exchange of the involved gNBs’ measured EC index values over the Xn interface.
Observation 1: The AI/ML-based ES use case in Rel-18 is realized by exchanging over Xn the measured EC index values of the gNBs located within a certain area of the network where the AI/ML-aided energy consumption optimization is enabled.
The above Observation 1 is in line with the agreement from RAN3#121 meeting [7]:
The definition and signaling over RAN interfaces of the Additional Load as well as Inferred EC are not pursued in Rel-18.  
The above-reported agreement originates from the discussion in RAN3 on whether the AI/ML-based ES use case could be realized by requesting neighbour gNBs to report a prediction (inference) of their own EC index values based on the signalling from gNB0 of the so-called Additional Load. This means that the prediction of the EC index value from a neighbour gNB – i.e., a representation of the neighbour gNB’s predicted energy consumption based on the inference from the AI/ML model in the neighbour gNB – is based on a certain amount of traffic (the Additional Load) signalled over Xn from gNB0 to the neighbour gNB. This scenario is graphically represented in Figure 1. 
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[bookmark: _Ref162467248]Figure 1 - AI/ML-based ES use case based on predicted EC.
Due to the fact that RAN3 was unable to reach consensus on the definition of the Additional Load it was then agreed in RAN3#121 meeting that, in Rel-18, the Additional Load and hence the predicted (inferred) EC are not pursued.
Observation 2: RAN3 already discussed in Rel-18 on whether the AI/ML-based ES use case could be realized by requesting neighbour gNBs to report a prediction (inference) of their own EC index values based on the signalling of the Additional Load, whose specification was not pursued due to lack of consensus in RAN3.
In the next Section 2.2 we provide our views on the Additional Load in order to enable in Rel-19 the possibility for a gNB to predict its EC index value.
2.2  On the Additional Load definition
Following the guidance from the Rel-19 SID in [2] that 
Note: RAN3 should take the Rel-18 discussions into account.
it should be recalled that RAN3 made an initial attempt to list all the possible information that could be considered for the definition of the Additional Load in RAN3#119bis-e meeting [5]:
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
[bookmark: _Hlk134204230]-	Target Cell of the offloading action
The above list of items was further updated in RAN3#120 [6] with the addition of the “Average UE Throughput”, and companies in RAN3 expressed their views on each of these items in the same meeting [8].
From [8] it can be seen that at least “Number of RRC connections to be offloaded” and “Number of Active UEs to be offloaded” should be part of the Additional Load in order to provide an idea of the numerosity of devices involved, along with “PRB load to be offloaded” and “Average UL/DL PDCP SDU data volume to be offloaded” to reflect the actual traffic to be offloaded. However, the benefit for including the latter two items in the Additional Load definition remains unclear: in particular, for the “PRB load to be offloaded” (representing the physical resource usage), it is observed that it will be different in the neighbour gNB with respect to the gNB aiming at switching-off some of its own cells (gNB0 in Figure 1) because it highly depends on the radio environment and scheduling policy, hence it cannot accurately reflect the traffic volume; to solve this issue it was suggested in [9] sending pathloss information of the UEs’ to be offloaded from gNB0 to the neighbour gNB, which however increases the number of items that constitute the Additional Load and the related signalling complexity even more. Concerning the “Average UL/DL PDCP SDU data volume to be offloaded”, instead, it was argued that it is service-related and the UE service is time-varying, hence gNB0 cannot know how much data volume it needs to offload.
In addition to the above statements – which concern the items which were considered by most of the companies – there were also other metrics proposed during Rel-18 discussions, e.g., type and performance of UEs to be offloaded [10], offloading scenario (e.g., handover, PSCell change/addition) [11], Number of bearer/PDU session per UE [12], information on service or traffic characteristics of UEs to be offloaded [13], just to mention a few.
So, based on the above analysis, a significant number of information for the Additional Load definition was identified, which is available at gNB0 and that is relevant to determine an accurate prediction of the EC at neighbour gNBs. However, the corresponding amount of signalling needed to transfer this information over RAN interfaces from gNB0 to the neighbour gNBs could also be significant, therefore a trade-off between the accuracy of the Additional Load information and the corresponding signalling design complexity needs to be determined.
Observation 3: A significant number of information for the Additional Load is relevant to determine an accurate prediction of the EC at neighbour gNBs. However, the corresponding amount of signalling needed to transfer this information over RAN interfaces could also be significant therefore a trade-off between the accuracy of the Additional Load information and the corresponding signalling design complexity needs to be determined.
With the intention to find a good trade-off between accuracy of the information to be transferred (i.e., the Additional Load) and the corresponding signalling design complexity we think that the bare minimum to be considered for the Additional Load definition is “Number of Active UEs to be offloaded”; this because, for the “Number of Active UEs to be offloaded”, the traffic prediction is usually performed at UE level rather than at RRC connections level. Therefore, we have the following proposal:
Proposal 1: RAN3 to discuss whether the Additional Load can be defined in Rel-19 based on the Number of Active UEs to be offloaded.
2.3  Interpretation of EC at the requesting NG-RAN node side
In RAN3#119bis-e meeting there was a discussion on how to interpret the reported EC index values from neighbour gNBs, i.e., whether they represent either the absolute global node-level energy consumption values or the relative (i.e. "delta" increase/decrease of the) energy consumption values corresponding to specific ES actions/strategies (e.g., UE/traffic offloading), as follows [5]:
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
It should be recalled that, in RAN3#119bis-e [5][14], there was a common understanding in RAN3 that the case of “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” is not considered.
In [15] the interpretation of the reported EC metric corresponding to an offloading action at the requesting NG-RAN node was discussed and two options for discussion were proposed:
· Option 1: NG-RAN node 1 (requesting node) may ask NG-RAN node 2 (reporting node) to report Energy Cost before and after an offloading action and NG-RAN node 1 will take the difference of the two to determine the corresponding Energy Cost of the offloading.
· Option 2: NG-RAN node 1 may request Energy Cost reporting from NG-RAN node 2. NG-RAN node 2 may subsequently calculate the delta increase of the Energy Cost corresponding to the offloaded traffic by NG-RAN node 1 by comparing the Energy Cost before and after the offloading action and may send the (delta) difference to NG-RAN node 1.
According to the proponents, Option 1 might be subject to “pollution” from other concurrent offloading actions, in the sense that the requesting node (NG-RAN node 1) will not be able to determine if the reported Energy Cost value by the neighbouring NG-RAN node 2 corresponds only to the offloading action from NG-RAN node 1 or by actions taken also by other neighbouring nodes. For Option 1 to become meaningful, the reporting node NG-RAN node 2 would also need to indicate (together with the reported Energy Cost to NG-RAN node 1) some additional information about other concurrent offloading actions that could possibly pollute the reported Energy Cost measurement, which could even further complexify the solution in case Energy Cost is reported periodically. 
Hence, in their view, Option 2 is simpler since it allows NG-RAN node 2 to isolate and report only the portion of the overall Energy Cost that corresponds to an offloading action from the requesting NG-RAN node (NG-RAN Node 1): the reported value may more accurately reflect impacts of a certain offloading action to the reported Energy Cost value and requires less signalling since it is up to the reporting node receiving the offloaded traffic to calculate the difference.  
Although we acknowledge the issue in raised in [15], we think that the absolute global node-level EC reported as a consequence of an offloading action being polluted by other offloading actions from other neighbour nodes is kind of a corner case. By referring to Figure 2, we think it is reasonable to assume that the AI/ML functionality is configured by the Operator to be activated in some areas of its network, e.g., in business areas where traffic offloading within a certain area can be performed in specific hours of the day from a single NG-RAN node – which provides additional network capacity – towards a limited set of neighbour NG-RAN nodes in the coverage layer within that business area.
In the below Figure 2, the Operator has configured two adjacent areas of its own network to be provided with distinct mapping rules to be used for converting the gNBs’ energy consumptions into EC index values, that is, Mapping rule #1 for Area1 and Mapping rule #2 for Area2; gNB0 (gNB4) provides additional network capacity in Area1 (Area2) and it can perform traffic offloading towards the gNBs within Area1 (Area2) and so that it can be switched-off during non-business hours. As per the Operator configuration in Figure 2, it should be clear that NG-RAN nodes in Area2 (Area1) should never report their EC index values to gNB0 (gNB4) because they use Mapping rule #2 (Mapping rule #1) which is unknown to gNB0 (gNB4) and could lead to misinterpretation of the reported EC index values at gNB0 (gNB4).
In addition to that, a reasonable configuration of Area1 (Area2) by the Operator should consider the availability of the Xn interface among the involved NG-RAN nodes, hence it could be foreseen that NG-RAN nodes in Area1 (Area2) have no Xn interface with gNB0 (gNB4), hence making the pollution issue even less likely to happen in real scenarios.            
Observation 4: The absolute node-level EC reported as a consequence of an offloading action being polluted by other offloading actions from other neighbour gNBs is a corner case that can be dealt with by proper Operator’s configuration.
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[bookmark: _Ref149554436]Figure 2 – Energy Cost reporting within adjacent areas of the Operator’s network.
Based on the above, and for the sake of consistency with the behaviour specified in Rel-18 for the reporting of the measured EC upon request from the requesting gNB, for the case the “delta” information needs to be determined, the requesting NG-RAN node could compute the “delta” EC index value internally by comparing the absolute global node-level EC index values from the reporting NG-RAN node reported before and after the offloading action is performed (i.e., Option 1).
Proposal 2: The reported EC index value represents a mapped value corresponding to an absolute global node-level energy consumption value, not to a delta increase of the energy consumption value after an offloading action is performed.
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Based on the discussion in this paper, we make the following proposals:
Observation 1: The AI/ML-based ES use case in Rel-18 is realized by exchanging over Xn the measured EC index values of the gNBs located within a certain area of the network where the AI/ML-aided energy consumption optimization is enabled.
Observation 2: RAN3 already discussed in Rel-18 on whether the AI/ML-based ES use case could be realized by requesting neighbour gNBs to report a prediction (inference) of their own EC index values based on the signalling of the Additional Load, whose specification was not pursued due to lack of consensus in RAN3.
Observation 3: A significant number of information for the Additional Load is relevant to determine an accurate prediction of the EC at neighbour gNBs. However, the corresponding amount of signalling needed to transfer this information over RAN interfaces could also be significant therefore a trade-off between the accuracy of the Additional Load information and the corresponding signalling design complexity needs to be determined.
Proposal 1: RAN3 to discuss whether the Additional Load can be defined in Rel-19 based on the Number of Active UEs to be offloaded.
Observation 4: The absolute node-level EC reported as a consequence of an offloading action being polluted by other offloading actions from other neighbour gNBs is a corner case that can be dealt with by proper Operator’s configuration.
Proposal 2: The reported EC index value represents a mapped value corresponding to an absolute global node-level energy consumption value, not to a delta increase of the energy consumption value after an offloading action is performed.
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