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1. Introduction
In last RAN3#121 meeting the discussion on how to support the inference-based Energy Saving (ES) use case progressed and the following agreement were reached [1][2]:
Define the Energy Cost IE as an INTEGER (0..10000,…), it can be revisited based on reply from SA5.
The definition and signaling over RAN interfaces of the Additional Load as well as Inferred EC are not pursued in Rel-18.
Moreover, after RAN3#121, SA5 sent the Reply LS to RAN3 in [3] which is a reply to the LS in [4] sent by RAN3 to SA5 after RAN3#120 meeting (May 2023).
In this paper, we discuss about the questions that SA5 raised in [3] and provide a draft Reply LS to SA5 in [10] addressing those questions.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
2.1 	Background 
The Rel-18 AI/ML for NG-RAN Work Item aims at enabling inference-based use cases including Load Balancing (LB), Mobility Enhancements (ME) and Energy Saving (ES). For the latter use case RAN3 introduced the metric of Energy Cost (EC) in RAN3#119 (February 2023):
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 (April 2023) 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:
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 (May 2023) and eventually achieved the agreement as below:
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.
As a consequence of this agreement RAN3 decided to inform SA5 about the introduction of the EC and how it should be normalized and defined by OAM, therefore the LS in [4] was agreed to be sent to SA5.
In the last RAN3 meeting (RAN3#121, August 2023) the encoding of the EC in the RAN3 specifications was agreed:
 Define the Energy Cost IE as an INTEGER (0..10000,…), it can be revisited based on reply from SA5.
and the above agreement has been reflected in the latest version of the BLCR to TS 38.423 in [5] where, within the tabular of the DATA COLLECTION UPDATE message, in the Semantics description of the Energy Cost IE, it is specified that the EC is the node level measured Energy Consumption index, and the Energy Consumption is measured on a linear scale. 
9.1.3.FF	DATA COLLECTION UPDATE 
This message is sent by NG-RAN node2 to NG-RAN node1 to report the requested AI/ML related 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

	*** skip unchanged parts ***

	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. Energy Consumption is measured on a linear scale. (FFS)
	YES
	FFS


We would like to emphasize the fact that the EC index exchanged over RAN interfaces (Xn and, possibly, F1) is related to a measured Energy Consumption, as a consequence of the RAN3 agreement to not pursue inferred Energy Consumption values in Rel-18, for either an Additional Load or total (current) load, achieved in RAN3#121 meeting:
The definition and signaling over RAN interfaces of the Additional Load as well as Inferred EC are not pursued in Rel-18.
hence implying that, in Rel-18, the inference-based ES strategies/actions can be determined by a preliminary exchange of the current measured EC indexes provided by the neighbour NG-RAN nodes upon request sent by a source NG-RAN node having inference capabilities.
Observation 1: In Rel-18, inference-based ES strategies/actions can be derived at a source NG-RAN node (which could have inference capabilities) based on a preliminary exchange of current measured EC indexes provided by neighbour NG-RAN nodes upon request.
2.2 	On the Reply LS from SA5 
As previously stated, RAN3 sent the LS in [4] to SA5 to inform about the introduction of the EC metric and to have some feedback on its feasibility, in particular on how the EC metric should be normalized by rules defined and provided by OAM.
SA5 provided in [3] its understanding about what the EC metric is and how it should be determined by taking the corresponding NG-RAN node’s Energy Consumption value into account as follows:
1. Overall Description:
3GPP SA5 thanks RAN3 for your LS on AI/ML for NG-RAN Energy Saving Energy Cost index. 

Here below, 3GPP SA5 provides its understanding of the problem to be solved, preliminary thoughts about potential solutions and questions for clarification.

SA5 understanding of the problem is:

· NG-RAN nodes (i.e. gNBs and ng-eNBs) should exchange information about their respective energy consumption. However, instead of exchanging their actual energy consumption (e.g. in Kw/h), RAN3 expects the actual energy consumption be converted into an ‘Energy Cost’, i.e. an index which reflects the energy consumption of the NG-RAN Nodes.

· The rule to convert the actual energy consumption of the NG-RAN nodes into the Energy Cost is provisioned via OAM into the NG-RAN nodes and is unified across the Operator’s network.
along with a set of questions for clarifications that require further RAN3 input to SA5, reported below for convenience:
2. Questions to RAN3 for clarification:

1. Who should be responsible for defining the unified mapping rule: 3GPP / NG-RAN node vendor / Operator / Other? 
2. Should the calculation of the Energy Cost be based on instantaneous power consumption measurement (in W) (implying that the Energy Cost can be constantly updated) or on min/max/mean energy consumption measurements (in KwH) made over a past period (whose duration can be configured by the Operator)?
3. Should the Energy Cost be calculated in near-real time or non-real time (see above)?
4. What is your view on how to apply this Energy Cost concept to split NG-RAN nodes, where NG-RAN node components can be geographically distributed and/or virtualized?
For both the SA5 understanding and the set of questions for clarification SA5 expects feedback from RAN3 and, before providing our view on the SA5 questions, we do believe that RAN3 should discuss about the current SA5 understanding and reach consensus on the following aspects:
a) EC metric applicability to ng-eNBs (i.e., E-UTRA nodes connected to 5GC, which are part of NG-RAN), and
b) Whether the “Energy Consumption – to – Energy Cost” mapping rule should be unified across the whole Operator’s network.
Concerning a), in the Rel-17 SI “Study on enhancement for Data Collection for NR and EN-DC” – refer to [6], §4.1 High-level Principles – it is indicated that:
-	NG-RAN SA is prioritized; EN-DC and MR-DC are down-prioritized, but not precluded from Rel.18.
while, during the normative work in Rel-18, RAN3 agreed the following in RAN3#117e meeting (August 2022) [7]:
Start from SA and then consider DC.
From the above, however, there is no clear indication that the scope of the AI/ML for NG-RAN WI is restricted to only NR nodes (i.e., gNBs), since NG-RAN includes E-UTRA and NR both standalone connected to 5GC. Note that such indication is also not present in the latest WID of the AI/ML for NG-RAN WI in [8], so we think that RAN3 should discuss and decide whether ng-eNBs should also be included in the scope of the AI/ML for NG-RAN WI and provide feedback on this to SA5.
Considering the limited time to conclude this Rel-18 WI – RAN3 has only one remaining meeting until the end of the release in December 2023 – we prefer to not include ng-eNBs within the scope the of the Rel-18 AI/ML for NG-RAN WI, since RAN3 might have not enough time to analyse and evaluate the corresponding specification impact.
Proposal 1: RAN3 to agree that ng-eNBs (E-UTRA nodes connected to 5GC) are not in the scope of the Rel-18 AI/ML for NG-RAN WI, and provide feedback on this to SA5.
Let’s now focus on the aspect in b) above, i.e., whether the “Energy Consumption – to – Energy Cost” mapping rule should be unified across the whole Operator’s network. In the RAN3 LS in [4] it is stated that (refer to the highlighted text in yellow below):
As part of the work on AI/ML for NG-RAN, RAN3 agreed to introduce a new metric named Energy Cost. The Energy Cost provides a representation of the energy consumption at an NG-RAN node. NG-RAN nodes exchange the Energy Cost with neighbouring NG-RAN nodes upon request. The Energy Cost is encoded as an index, normalized by rules provided by OAM. 
RAN3 assumes that these rules shall be the same at least for all neighbouring NG-RAN nodes within the area where a request on Energy Cost reporting is triggered by a NG-RAN node. Based on this, it is required that NG-RAN nodes are configured with a unified rule to map the Energy Cost value of NG-RAN node to a measurement of consumed energy ensuring normalization of the exchanged Energy Cost information. 
where the “area” mentioned above could in principle be smaller than the whole Operator’s network. Now, considering that in a multi-vendor environment the technical characteristics (in terms of, e.g., minimum/mean/maximum Energy Consumption values) of the deployed gNBs could be very different, it could be desirable to have a unified OAM configuration that is valid only within a certain area being smaller than the whole Operator’s network, where it could also be assumed that Xn connectivity exists among the involved gNBs to be configured by OAM. 
Moreover, by taking the same motivation as before, i.e., limited time to further investigate potential optimizations of the inference-based ES use case in Rel-18, we think that the most reasonable solution that can be achieved in Rel-18 is to have a unified and area-specific OAM configuration, clarifying this in the Reply LS from RAN3 to SA5.   
Proposal 2: RAN3 to agree that in Rel-18 a unified and area-specific OAM configuration will be defined.
After having focused on the main aspects in the SA5 understanding of the EC metric that actually require some further guidance from RAN3, we need to address the questions for clarifications in the Reply LS from SA5.
The first question relates to:
1. Who should be responsible for defining the unified mapping rule: 3GPP / NG-RAN node vendor / Operator / Other? 
In our view the only thing SA5 needs to work on is the definition at OAM level of the NG-RAN nodes’ (min, MAX) measured Energy Consumption range to be valid within a certain area as argued above. Once this range (min, MAX) has been defined, the OAM can then configure each deployed NG-RAN node within that certain area with such Energy Consumption range so that the concerned NG-RAN node can derive the EC index in the range (0..10000) corresponding to its self-measured Energy Consumption, where min Energy Consumption is mapped to EC = 0 and MAX Energy Consumption is mapped to EC = 10000. 
If this approach is agreeable, we think that RAN3 needs to introduce a corresponding OAM requirement at Stage 2 level, where also the “Energy Consumption – to – Energy Cost” mapping rule is defined in the form of a linear interpolation. This also allows to enhance the current semantic description of the Energy Cost IE in the BLCR to TS 38.423 in [5], by simply referring to the OAM requirement defined in TS 38.300.
For this purpose, TPs for AI/ML BLCRs for TS 38.300 and TS 38.423 are proposed in [9].
Proposal 3: RAN3 to agree on introducing a new section of “OAM requirements” in the BLCR for RAN AI/ML to TS 38.300 where it is specified that each NG-RAN node may be configured with a minimum measured energy consumption value and maximum measured energy consumption value which are used to linearly interpolate the measured energy consumption in each NG-RAN node to the metric of EC.
Proposal 3bis: RAN3 to agree the TPs for AI/ML BLCRs for TS 38.300 and TS 38.423 in [9].

Concerning the second and third questions, we see some relation between the two so we provide an overall view on these:
2. Should the calculation of the Energy Cost be based on instantaneous power consumption measurement (in W) (implying that the Energy Cost can be constantly updated) or on min/max/mean energy consumption measurements (in KwH) made over a past period (whose duration can be configured by the Operator)?
3. Should the Energy Cost be calculated in near-real time or non-real time (see above)?
As previously anticipated, the inference-based ES scenario in Rel-18 allows a source NG-RAN node having inference capabilities to infer ES strategies/actions based on a preliminary exchange of measured EC values from neighbor NG-RAN nodes upon request; moreover, the source NG-RAN node may refine such ES strategies/actions based on periodic reporting of new EC values. The main assumption in this scenario is that the NG-RAN node which is required to provide the measured EC is capable to self-measure its Energy Consumption and then derive the corresponding EC based on the OAM configuration as well as on the reporting configuration provided by the requesting NG-RAN node in the Data Collection Reporting Initiation procedure. Hence, there is no need for SA5 to discuss in which manner the concerned NG-RAN node derives the EC, either based on instantaneous power consumption measurement or min/max/mean energy consumption measurements, as this is done internally in the NG-RAN node.
Observation 2: In the Rel-18 inference-based ES scenario the main assumption is that NG-RAN nodes are capable to measure their Energy Consumption values and derive their corresponding EC values. There is no need for SA5 to discuss in which manner the NG-RAN nodes derive their EC values.
Finally, for the fourth question:
4. What is your view on how to apply this Energy Cost concept to split NG-RAN nodes, where NG-RAN node components can be geographically distributed and/or virtualized?
we think that this question can be linked to the discussion on the AI/ML for NG-RAN impact over E1/F1 interfaces. Since in the last RAN3 meeting we agreed that
Work on the measured EC transmission from gNB-DU to gNB-CU over F1 in R18. Whether reusing the current F1AP procedures or defining new procedures needs to be further discussed.
and taking into account the concerns from companies in the last RAN3 meeting that deriving the measured EC index of the gNB-CU-UP(s) to be sent to the corresponding gNB-CU-CP could be difficult since the gNB-CU-UP(s) are typically virtualized in cloud platforms, we think that it should be sufficient to mention in the answer to Q4 that RAN3 will focus on F1 interface only in Rel-18 for transferring the measured EC index of the DU(s) to the corresponding CU.
Observation 3: Under the assumption that NG-RAN nodes are capable to self-measure their Energy Consumption and derive the corresponding EC, for the split NG-RAN node case in Rel-18 the exchange of the measured EC is only possible from the gNB-DU to the gNB-CU over F1.
A draft Reply LS to SA5 reflecting the above proposals and observations can be found in [10].
Proposal 4: RAN3 to agree the draft Reply LS to SA5 in [10].
2.3 	Interpretation of EC at the source NG-RAN node side
In RAN3#119bis-e meeting [11] there was a discussion on how to interpret EC values, i.e., whether they represent either the absolute EC values or the relative (i.e. "delta") EC values, as follows:
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
Note that the above FFS concerns both the inferred and the measured EC values, but considering the RAN3 agreement from RAN3#121 on the fact that the inferred EC is not pursued in Rel-18 we focus on the measured EC metric (see highlighted text in green above). It should be recalled that, in RAN3#119bis-e [11][12], 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 our understanding, the delta value alone does not represent enough information for the source NG-RAN node to understand the corresponding EC value, unless a reference EC value is provided. For the sake of keeping the specification work at a reasonable complexity level, for the case the delta information needs to be determined, the source NG-RAN node could compute the delta value internally by comparing the measured absolute EC values from the (target) neighbour NG-RAN node reported before and after the ES action is performed.
Proposal 5: The measured EC represents a mapped value corresponding to an absolute actual node-level energy consumption value, not to a delta increase of the energy consumption value after an ES action is performed.
For the sake of clarity, concerning the following FFS from RAN3#119bis-e [11]:
Whether this EC can only be reported after HO needs to be further discussed.
[bookmark: _GoBack]it should be clear enough from past RAN3 discussions that the measured EC can also be reported before a handover or, in general, before any ES action is performed. However, after an ES action has been performed, the source NG-RAN node which performed the ES action could be interested in evaluating whether such ES action provided the expected improvement (i.e., reduction) of the overall EC: to this end, the source NG-RAN node may ask neighbour NG-RAN nodes to provide the new (i.e., after the ES action) measured EC values so it can now re-assess the overall EC and determine whether such action was accurate and beneficial in terms of ES. If necessary, the source NG-RAN node could use such feedback information for re-training purposes. 
Proposal 6: The current, measured EC from neighbour NG-RAN nodes can be reported before and/or after an ES action (e.g., handover).
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Based on the discussion in this paper, we make the following proposals:
Observation 1: In Rel-18, inference-based ES strategies/actions can be derived at a source NG-RAN node (which could have inference capabilities) based on a preliminary exchange of current measured EC indexes provided by neighbour NG-RAN nodes upon request.
Observation 2: In the Rel-18 inference-based ES scenario the main assumption is that NG-RAN nodes are capable to measure their Energy Consumption values and derive their corresponding EC values. There is no need for SA5 to discuss in which manner the NG-RAN nodes derive their EC values.
Observation 3: Under the assumption that NG-RAN nodes are capable to self-measure their Energy Consumption and derive the corresponding EC, for the split NG-RAN node case in Rel-18 the exchange of the measured EC is only possible from the gNB-DU to the gNB-CU over F1.
Proposal 1: RAN3 to agree that ng-eNBs (E-UTRA nodes connected to 5GC) are not in the scope of the Rel-18 AI/ML for NG-RAN WI, and provide feedback on this to SA5.
Proposal 2: RAN3 to agree that in Rel-18 a unified and area-specific OAM configuration will be defined.
Proposal 3: RAN3 to agree on introducing a new section of “OAM requirements” in the BLCR for RAN AI/ML to TS 38.300 where it is specified that each NG-RAN node may be configured with a minimum measured energy consumption value and maximum measured energy consumption value which are used to linearly interpolate the measured energy consumption in each NG-RAN node to the metric of EC.
Proposal 3bis: RAN3 to agree the TPs for AI/ML BLCRs for TS 38.300 and TS 38.423 in [9].
Proposal 4: RAN3 to agree the draft Reply LS to SA5 in [10].
Proposal 5: The measured EC represents a mapped value corresponding to an absolute actual node-level energy consumption value, not to a delta increase of the energy consumption value after an ES action is performed.
Proposal 6: The current, measured EC from neighbour NG-RAN nodes can be reported before and/or after an ES action (e.g., handover).
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