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1. Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]RAN3 received two LSs from SA5 in [1] and [2].
In [1] SA5 provides RAN3 and other 3GPP Working Groups with some updated information about the specifications of AI/ML management in Rel-18 addressing OAM support for the AI/ML features and capabilities in the 5G System (5GS) including the RAN domain. Such normative work is currently progressing and it is documented in TS 28.105, whose Rel-18 version is planned to be completed and published during the first quarter of 2024.
In addition, SA5 is currently in the process of defining the scope of Rel-19 study for the enhanced AI/ML management, hence, they ask RAN3 and other 3GPP Working Groups to make them aware of any requirements related to management and orchestration of AI/ML functions and models to support AI/ML capabilities in the network side, and looking forward to collaborating closely to provide end-to-end AI/ML enablement in the 5GS.
While in [2] SA5 asks RAN3 to provide further clarification on the requirement and use case concerning the Energy Cost metric introduced by RAN3 during the “AI/ML for NG-RAN” Work Item in Rel-18.
In this contribution, we provide our analysis on the two SA5 LSs in [1] and [2] and related requests for feedback, as well as corresponding draft reply LSs to SA5 in Annex-1 and Annex-2, respectively.
2. Discussion on R3-240032 (S5-238107) on LS on the progress update of AI/ML Management specifications in SA5
Below an excerpt of the Overall Description within the LS from SA5 “LS on the progress update of AI/ML Management specifications in SA5” in [1] is quoted:
1	Overall description 
[…]
The AI/ML management study (TR 28.908) addressed and documented the management related use cases related to ML training, AI/ML inference and ML model deployment. The use cases are being further discussed and categorized in the normative work into management capabilities corresponding to the four operational phases in the AI/ML workflow as shown below for Life Cycle Management (LCM) of ML model, including, 
•	ML training phase (which also includes validation & testing), 
•	AI/ML emulation phase, 
•	ML deployment phase, and
•	AI/ML inference phase.

 
SA5 work on AI/ML management focuses on enabling and supporting AI/ML capabilities in the network side, including:
•	Supporting ML model provisioning for gNB inference, including:
-	Management of AI/ML-based distributed Network Energy Saving,
-	Management of AI/ML-based distributed Mobility Optimization,
-	Management of AI/ML-based distributed Load Balancing.
•	Monitoring the performance of AI/ML capabilities in the network, including:
-	Performance management for ML training function,
-	Performance management for AI/ML inference function.
SA5 is currently in the process of defining the scope of Rel-19 study for the enhanced AI/ML management.  SA5 welcomes any requirements related to management and orchestration of AI/ML functions and models from RAN1, RAN2, RAN3 and SA2 to support AI/ML capabilities in the network side and looks forward to collaborating closely with RAN1, RAN2, RAN3 and SA2 to provide end-to-end AI/ML enablement in 5GS.
and the corresponding ACTION to concerned 3GPP Working Groups is also quoted as below:
ACTION: 	SA5 looks forward to cooperating with and kindly request RAN1, RAN2, RAN3 and SA2 to take the above information into consideration for their work and provide SA5 management and orchestration related requirements to support AI/ML capabilities in the network if any. 
[bookmark: _Hlk140142090]In order to address the above reported ACTION from the LS in [1], in particular the highlighted part in yellow, we should recall the RAN3 discussions concerning the AI/ML functional framework from the Rel-17 “Enhancement for Data Collection for NR and EN-DC” SI. 
Here follows a list of the most significant agreements that RAN3 achieved on the AI/ML functional framework defined during the SI phase and subsequently used as a reference for the Rel-18 normative work related to the “Artificial Intelligence (AI)/Machine Learning (ML) for NG-RAN” WI:

Agreements from RAN3#112bis-e
Functional framework is independent with respect to specific ML model types or learning problems/settings (e.g. supervised learning, unsupervised learning, reinforcement learning, hybrid learning, centralized learning, federated learning, distributed learning, …)
Where ML functionality resides within the current RAN architecture, depends on deployment and on the specific use cases
Agreements from RAN3#113-e
RAN3 should focus on the analysis of data needed at the Model Inference Function from Data Collection, while the aspects of how the Model Inference Function uses inputs to derive outputs are out of RAN3 scope
It’s the common understanding that an AI/ML model used in a Model Inference function has to be initially trained, validated and tested before deployment.
Keep the model deployment/update arrow from Model Training to Model Inference in the functional framework with additional note. 
Agreements from RAN3#114-e
It is proposed to keep Model Deployment/Update arrow in the figure on functional framework in TR 37.817 and to remove the FFS. There is no need to split the arrow in parallel ones for Model Deployment and Model Update.
Note 1: Details of the Model Deployment/Update process as well as the use case specific AI/ML models transferred via this process are out of RAN3 Rel-17 study scope. The feasibility to single vendor or multi-vendor environment has not been studied in RAN3 Rel-17 study.
Not further consider the introduction of an explicit Model Management function in the functional framework in Rel-17.
Agreements from RAN3#114bis-e
Performance monitoring of the trained and deployed RAN AI/ML in Model Inference shall be supported, Model Performance Feedback from Model Inference to Model Training shall be kept and FFS shall be removed. 
Performance monitoring of the trained and deployed RAN AI/ML in Model Training may be supported / not precluded. No modifications are needed to the Functional Framework figure to support such option.
Replace the definition of Model Performance Feedback as below:
> Model Performance Feedback: It may be used for monitoring the performance of the AI/ML model. 
> Note: Details of the Model Performance Feedback process are out of RAN3 scope.

Agreements from RAN3#115-e
Capture in the Chairman notes that the agreement taken during RAN3 #114bis-e is updated as follows: 
> Performance monitoring of the trained and deployed RAN AI/ML in Model Inference may shall be supported, Model Performance Feedback from Model Inference to Model Training shall be kept and FFS shall be removed.
Clarify that a model is trained validated and tested by the Model Training function before deployment and propose the following update “An AI/ML model used in a Model Inference function has to be initially trained, validated and tested by the Model Training function before deployment.”
In addition to the above, and still during the Rel-17 SI phase, RAN3 already informed SA5 about a possible deployment scenario where the Model Training function locates in OAM and Model Inference function locates in NG-RAN. For this case, RAN3 clarifies that it is up to OAM to deploy and update the AI/ML model to NG-RAN when needed – refer to the LS to SA5 in [3]. It is worth to note that such deployment scenario agreed in the SI has been also reported in TS 38.300 clause 16.20.2 as part of the Rel-18 WI previously mentioned. 
As a consequence, in the Reply LS from SA5 in [4], SA5 acknowledged the RAN3 requirements for OAM to deploy and update the AI/ML model to NG-RAN to support RAN intelligence and they also provided the following additional information quoted below from [4]:

1. Overall Description:
[…]
SA5 would like to inform RAN3 about the following relevant work in SA5:
- 	The ML model training is being defined as part of on-going Rel-17 work; 
-   	SA5 will also study other AI/ML management capabilities (including model validation, testing, deployment, etc) for supporting the AI-enabled functions (including RAN intelligence) in Rel-18. In the study, SA5 plans to make it a first priority to address the AI/ML model management capabilities to support AI/ML in NG-RAN for the scenario where the AI/ML model training is in the OAM and inference is in NG-RAN. The corresponding Rel-18 SID has been agreed at SA5#140e.
[…]
In our understanding, based on the above RAN3 agreements and Reply LS from SA5 in [4], SA5 already addressed in Rel-18 those aspects concerning AI/ML model management, i.e., validation, testing, deployment, update, etc., as well as monitoring the performance of AI/ML capabilities in the network, all these aspects being out of RAN3 scope.
Observation 1: SA5 acknowledged the RAN3 requirements from the Rel-17 SI for OAM to deploy and update the AI/ML model to NG-RAN to support RAN intelligence for the deployment scenario where AI/ML model training is in OAM and AI/ML model inference is in NG-RAN – this scenario has also been considered in the Rel-18 normative work as described in TS 38.300.
Observation 2: SA5 addressed in Rel-18 the AI/ML model management aspects (validation, testing, deployment, update, etc.) as well as monitoring the performance of AI/ML capabilities in the network, all these aspects being out of RAN3 scope.
Then, in Rel-18, RAN3 specified support (i.e., procedures and related signalling) to facilitate AI/ML techniques in NG-RAN, for three selected use cases, that is, Network Energy Saving, Load Balancing and Mobility Optimization. In the context of the Network Energy Saving use case RAN3 agreed to introduce the Energy Cost (EC) metric being a dimensionless index used to represent the measured energy consumption of a gNB, to be transferred over the Xn interface upon request. In order for the reporting gNB to map its measured energy consumption into an EC value a mapping function needs to be used, whose definition is up to the operator, and provisioned via OAM to the gNBs within a certain area of the network. 
In our understanding SA5 discussed in SA5#153 meeting how to implement the changes to their specifications in order to accommodate the RAN3 requirements provided in [5] for the definition of the “energy consumption – to – energy cost” mapping rule. However, SA5 did not reach consensus on changes to implement and they provided RAN3 with a new Reply LS in [2], which will be discussed in section 3 of this paper. It is worth to highlight, however, that the EC is not a metric being strictly related to AI/ML for NG-RAN, as it represents a ‘masked’ way to transfer sensitive information (the gNB’s energy consumption) over open RAN interfaces and, from SA5 perspective, it does not impact their work on AI/ML management and orchestration. 
Observation 3: The RAN3 requirements to SA5 for the definition of the “energy consumption – to – energy cost” mapping rule do not have impacts on SA5 works related to AI/ML management and orchestration.
Still in the context of the RAN AI/ML normative work in Rel-18 RAN3 had lengthy discussions on the MDT enhancements to enable the so-called Continuous MDT, that is, the feature allowing a UE to continuously collect MDT data from the network regardless its RRC state. Several technical solutions have been discussed, some of which may have SA5 impacts. However, RAN3 was not able to select any technical solution enabling such feature, which will be re-discussed as part of the Rel-19 RAN AI/ML.
Based on the above, it can be stated that, in Rel-18, RAN3 has not identified any additional management and orchestration related requirements requiring SA5 work in Rel-19.
Observation 4: In Rel-18 RAN3 has not identified any additional management and orchestration related requirements other than the ones already addressed by SA5 concerning the deployment scenario where AI/ML model training is in OAM and AI/ML model inference is in NG-RAN.
For Rel-19 RAN3 will start working on “Study on enhancements for AI/ML for NG-RAN” [6] in 2024 Q2 with the assumption that the same management and orchestration related requirements from Rel-18 could be used as the basis for the work in Rel-19. As usual, cooperation with SA5 will be initiated if any additional management and orchestration related requirement is identified.
Observation 5: RAN3 will start working on Rel-19 “Study on enhancements for AI/ML for NG-RAN” in 2024 Q2 with the assumption that the same management and orchestration related requirements from Rel-18 could be used as the basis for the work in Rel-19, and cooperation with SA5 will be initiated if any additional management and orchestration related requirement is identified.
The above Observations have been captured in the draft Reply LS to SA5 in Annex-1, for which we have the following proposal:
Proposal 1: RAN3 to agree on the draft Reply LS to SA5 provided in Annex-1.
3. Discussion on R3-240056 (S5-241076) on Reply LS on AI/ML for NG-RAN Energy Saving Energy Cost index
3.1 Background
The Rel-18 AI/ML for NG-RAN Work Item aimed 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) [7]:
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 [8]:
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) by removing details of the “energy consumption – to – Energy Cost” mapping rule (i.e., the way the gNB’s energy consumption is mapped into an EC value) and eventually achieved the agreement as below [9]:
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 [10] was agreed to be sent to SA5.
In RAN3#121 meeting (August 2023) the encoding of the EC in the RAN3 specifications was agreed [11]:
 Define the Energy Cost IE as an INTEGER (0..10000,…), it can be revisited based on reply from SA5.
and the meaning of the exchanged EC index values over the Xn interface was also implicitly derived by considering this agreement [11]:
The definition and signaling over RAN interfaces of the Additional Load as well as Inferred EC are not pursued in Rel-18.
The above agreement, in fact, implies that in Rel-18 the definition and signalling over Xn of the EC index refer to the gNB’s measured energy consumption. Therefore, 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.
In RAN3#121bis meeting (October 2023) the inference-based ES use case’s discussion was mainly focused on the questions raised by SA5 in their Reply LS to RAN3 in [12] – i.e., the reply to the LS sent by RAN3 to SA5 in [10] after RAN3#120 meeting (May 2023) – and the following agreements were reached [13]:
RAN3 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 in the Reply LS.
The area where the “Energy Consumption – to Energy Cost” mapping rule is applicable is up to the Operator.
Eventually, RAN3 agreed the Reply LS to SA5 in [5] with further indications and clarifications on how to define the “Energy Consumption – to – Energy Cost” mapping rule.
2 
3 
3.1 
3.2  On the Reply LS from SA5 in R3-240056  
As previously stated, RAN3 sent the LS in [10] 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 [12] 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, by also asking a set of questions for clarification to RAN3. The RAN3 answers to this set of questions were provided in the Reply LS to SA5 in [5].
It seems, however, that SA5 has not a clear and common understanding on the EC metric, therefore a new Reply LS to [5] from SA5 has been sent to RAN3 in [2] including a list of new questions for clarification.  
Before providing answers to the new SA5 questions in [2] RAN3 should make a clear understanding on the scenario where the exchange of the measured EC index values is requested. 
[bookmark: _Hlk158730844][bookmark: _Hlk158731636]In Figure 1 a portion of the Operator’s network is represented, where two distinct areas (Area1 and Area2) have been configured by the Operator to include a set of gNBs, i.e., gNB1-gNB2-gNB3-gNB4 belong to Area1 while gNB5-gNB6-gNB7-gNB8 belong to Area2. Within Area1 (respectively Area2) each gNB belonging to the set gNB1-gNB2-gNB3-gNB4 (respectively gNB5-gNB6-gNB7-gNB8) can request other gNB(s) in Area1 (respectively Area2) to provide the measured EC index. The EC index value reported by each gNB always corresponds to the absolute node-level measured energy consumption value, not to the energy consumption variation (‘delta’) with respect to a previously reported measured energy consumption value. For each gNB in Area1 (respectively Area2), as clearly stated in [10], the node-level measured energy consumption value to then be mapped into the EC index value is derived on the basis of averaged measurements of the gNB’s consumed energy, and the recommended time interval (respectively ) within which to perform the average is provided via OAM configuration (still refer to Figure 1). Further details of this time interval are provided later in this discussion paper when discussing question Q7 in the SA5 LS in [2].
In order for each gNB belonging to the set gNB1-gNB2-gNB3-gNB4 (respectively gNB5-gNB6-gNB7-gNB8) to provide its own EC index, an area-specific “energy consumption – to – energy cost” mapping rule needs to be defined by the Operator and provisioned via OAM to each gNB. Hence a Mapping rule #1 (respectively Mapping rule #2) will be defined by the Operator and provided via OAM to each gNB belonging to the set gNB1-gNB2-gNB3-gNB4 (respectively gNB5-gNB6-gNB7-gNB8). 
The Operator would be able to define the area-specific mapping rule by considering the minimum and maximum energy consumption values of each gNB within a certain area: such information is needed because the mapping rule within a certain area needs to be unified so that it could be possible to associate the absolute minimum energy consumption of the gNBs within that area to the EC = 0 and the absolute maximum energy consumption of the gNBs within that area to EC = 10000, as per Rel-18 encoding of the EC metric in TS 38.423. 
By representing the gNB’s energy consumption  with  is within the range , the following can be stated for each gNB within Area1 (respectively Area2):

  				
 

[bookmark: _Ref158306553][image: ]
[bookmark: _Ref158731545]Figure 1 - Portion of the Operator's network where two areas (Area1 and Area2) are configured. Within each area the gNBs can exchange their own EC index values over Xn upon request.

Let’s now assume that the following area-specific relations exist among the minimum and maximum energy consumption values of the gBNs within a certain area:

  				

Then it follows that, for Area1 (respectively Area2), the absolute minimum and maximum gNB’s energy consumption values are


     				

Therefore, the Mapping rule #1 (respectively Mapping rule #2) applicable to gNBs within Area1 (respectively Area2), i.e., gNB1-gNB2-gNB3-gNB4 (respectively gNB5-gNB6-gNB7-gNB8), will be subject to the following:

   



Hence, for a gNB within Area1 (respectively Area2), i.e., gNB1-gNB2-gNB3-gNB4 (respectively gNB5-gNB6-gNB7-gNB8), its energy consumption will be in the range of the absolute minimum and maximum energy consumption values  (respectively ) of Area1 (respectively Area2), then it will be converted into an EC index value in the range (0, 10000) by means of Mapping rule #1 (respectively Mapping rule #2) and then exchanged over Xn only among gNBs within Area1 (respectively Area2).

Details of the area-specific mapping rules are out of RAN3 scope: for instance, the Operator could decide to use a linear scale to convert the energy consumption of gNBs within Area1, i.e., gNB1-gNB2-gNB3-gNB4 and a non-linear (e.g. logarithmic) scale to convert the energy consumption of gNBs within Area2, i.e. gNB5-gNB6-gNB7-gNB8.

Observation 6: Within a certain area of the network the Operator should have the visibility of each gNB’s minimum and maximum energy consumption values, in order to identify the absolute minimum (i.e., “minimum among the minimum values”) and maximum (i.e., “maximum among the maximum values”) energy consumption values within that area. Such absolute values are needed to ensure that the “energy consumption – to – energy cost” mapping rule is unified within a certain area, and that they are mapped to EC = 0 and EC = 10000, respectively. By means of this unified area-specific “energy consumption – to – energy cost” mapping rule a gNB’s energy consumption value in between the absolute minimum and maximum energy consumption values will be converted into an EC index in the range (0..10000).

Observation 7: It’s up to the Operator to define the details of the area-specific mapping rule (e.g., linear or non-linear mapping of energy consumption to EC value).  

Based on the above observations, it is proposed to reply to Q1 and Q2 (excerpted from [2] and reported below) jointly as follows:

Observation#1: 
In [RAN3 answer to Q2.], the following are stated: 
· “RAN3 assumes that a NG-RAN node is capable to self-measure its Energy Consumption”
· [bookmark: _Hlk158238824]“It is up to the OAM to configure the Energy Consumption values corresponding to the minimum and maximum Energy Cost index values.”
NG-RAN node is capable to self-measure its Energy Consumption and hence it is also aware of its minimum and maximum energy consumption values. 
The way that the energy is consumed by the NG-RAN node varies with the traffic carried by the NG-RAN node, which is different for each NG-RAN node.
Questions from SA5 to RAN3: 
Q1: Why should the operator configure the Energy Consumption values corresponding to minimum and maximum Energy Cost index values, when the NG-RAN node already knows its own minimum and maximum Energy consumption values? What is the use case or requirement that motivates this need? 
Q2: Do ‘the Energy Consumption values corresponding to the minimum and maximum Energy Cost index values’ for a given gNB, correspond to its own minimum and maximum energy consumption values? If not, then what do these correspond to? 
[RAN3 answer to Q1 - Q2] – For the Rel-18 AI/ML Energy Saving use case RAN3 enabled the exchange over the Xn interface of the Energy Cost (EC) metric, defined in TS 38.423 as “The node level measured Energy Consumption index. Value 0 indicates the minimum measured Energy Consumption and 10000 indicates the maximum measured Energy Consumption” and it is encoded as an INTEGER from 0 to 10000 (in an extendable manner). 
Within a certain area of the network with multiple gNBs where the exchange of the EC metric is enabled and initiated upon request from at least one gNB in that area, the Operator should have the visibility via OAM of each gNB’s minimum and maximum energy consumption values, in order to identify the absolute minimum and maximum energy consumption values within that area. 
Such absolute values are needed to ensure that the “energy consumption – to – energy cost” mapping rule is unified within a certain area, and that they are mapped to EC = 0 and EC = 10000, respectively, as per RAN3 definition in TS 38.423. By means of this unified area-specific “energy consumption – to – energy cost” mapping rule provisioned to each gNB in the concerned area via OAM, a gNB’s energy consumption value in between the absolute minimum and maximum energy consumption values will be converted into an EC index in the range (0..10000). It’s up to the Operator to define the details of the area-specific mapping rule (e.g., linear or non-linear mapping).

Let’s now analyse the content of SA5 questions Q3 to Q5 in [2], concerning the configuration aspects and usage of the “energy consumption – to – energy cost” mapping rule, reported below for convenience:

Observation #2: 
In RAN3 answers to SA5 questions:
· [RAN3 answer to Q1.] it has been mentioned that: “It is up to the Operator to define the unified “Energy Consumption – to – Energy Cost” mapping rule.”
· [RAN3 answer to Q4.] it has been mentioned that: “RAN3 wants to further clarify that it is up to the Operator to define the area where the mapping rule is applicable.”
The way that the energy is consumed by the NG-RAN node varies with the traffic carried by the NG-RAN node, which is different for each NG-RAN node.
Questions from SA5 to RAN3: 
Q3:  What is the use case for configuring a unified mapping rule among multiple gNBs, i.e., all gNBs in the defined area? 
Q4: What are the aspects related to the mapping rule that should be made configurable? What should the mapping rule consider in mapping energy consumption values to the Energy Cost index?
Q5: What are the requirements and/or use cases for the usage of Energy Cost Index (e.g., usage of Energy Cost Index in the recipient gNB)? 
Q6: What are the requirements for the mapping rule? Should the mapping rule be same for all the gNBs in a given area?
Our understanding of the scenario developed by RAN3 for the inference-based ES use case is to derive AI/ML-based actions aiming at saving energy consumption in a certain area of the Operator’s network, e.g., inference-based UE/traffic offloading from capacity cells to larger coverage cells of a dense urban deployment and subsequent switch-off of the offloaded capacity cells. The area where this inference-based optimization is enabled is up to the Operator to be defined and, referring to Figure 2, within this Area1, a gNB, say gNB1, may request other gNBs in that area (gNB2-gNB3-gNB4) to report their own measured EC values corresponding to current gNBs’ load (steps 1. and 2. in Figure 2). 
gNBs in Area1 are in principle provided by multiple vendors and could have different design characteristics that could lead to different minimum and maximum energy consumption values from a gNB to another.
[bookmark: _Hlk158732074]gNBs’ EC values have been derived by applying the unified Mapping rule #1 defined by the Operator and provisioned via OAM to each gNB in Area1. As previously stated, the EC index value reported by each gNB in Area1 corresponds to the absolute node-level measured energy consumption value; such absolute node-level measured energy consumption value (which will be then mapped into the EC index value) is derived on the basis of averaged measurements of the gNB’s consumed energy over the recommended time interval  provisioned via OAM.


[image: ]
[bookmark: _Ref158392376]Figure 2 – Inference-based ES action within Area1 where the Mapping rule #1 has been defined by the Operator and provisioned to each gNB in Area1.
Then, in step 3., gNB1 will determine the total energy consumption in the whole Area1 () and, based on the reported EC values of other gNBs in the concerned area, gNB1 will predict the most appropriate ES action (e.g., UE/traffic offloading towards other gNBs in Area1) so that the total energy consumption in Area1 after the ES action has been performed () is lower than . This is done in step 4. of Figure 2, while in step 5. the predicted ES action ensuring  is performed. Steps 6. and 7., both optional, refer to the reporting of updated information from the other gNBs in Area1 (gNB2-gNB3-gNB4) of their own measured EC values corresponding to the new gNBs’ load situation after offloading performed in step 5., so that gNB1 can determine the new total energy consumption in the whole Area1: if such new total energy consumption is higher than  it means that the AI/ML model in gNB1 needs to be properly re-trained.

Observation 8: The scenario considered by RAN3 for the inference-based ES use case is to derive AI/ML-based ES actions aiming at saving energy consumption in a certain area of the Operator’s network, e.g. UE/traffic offloading from capacity cells to larger coverage cells and subsequent switch-off of the offloaded cells. This is enabled when at least one gNB in the area requests other gNBs in the same area to report their own measured energy consumptions (mapped as EC values) so that the gNB can assess the overall energy consumption of the area and then derive via AI/ML which is the most appropriate ES action to perform in that area. Reporting of EC values from gNBs is also possible after the ES action has been performed to provide e.g. feedback information to the AI/ML model used to derive the ES action.

Observation 9: The gNBs deployed in the area where the AI/ML-based ES actions apply are in principle from multiple vendors and with different characteristics in terms of design which could lead to different minimum and maximum energy consumption values from a gNB to another. The unified (and area-specific) “energy consumption – to – energy cost” mapping rule ensures a representation of the gNB’s energy consumption which takes the design characteristics’ differences into consideration, and such mapping rule is valid for all gNBs within the concerned area.
Moreover, specifically for Q6, it should be noted that RAN3 already provided an answer to this question in the very first LS sent to SA5 in [10], reported below for convenience (see highlighted text in yellow):
1. Overall Description:
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.
This comes from the fact that the “energy consumption – to – energy cost” mapping rule should be same at least for the two gNBs exchanging the EC index values. From a practical perspective, this translates into having the same mapping rule in a specific area, since one gNB may receive the EC index values from a set of other gNBs in the area. RAN3 considers that how to define such an area is up to the Operator (refer to [5]).

Observation 10: RAN3 already indicated to SA5 in R3-233515 that the “energy consumption – to – energy cost” mapping rule needs to be the same for all gNBs within an area where a request on EC reporting is triggered by a gNB. Moreover, RAN3 already clarified in R3-235743 that it is up to the Operator to define the area where the “energy consumption – to – energy cost” mapping rule is applicable. 
Based on the above observations, it is proposed to reply to questions Q3 to Q5 as follows:
[RAN3 answer to Q3 - Q5 - Q6] – The scenario considered by RAN3 for the inference-based ES use case is to derive AI/ML-based ES actions aiming at saving energy consumption in a certain area of the Operator’s network, e.g. UE/traffic offloading from capacity cells to larger coverage cells and subsequent switch-off of the offloaded cells. This is enabled when at least one gNB in the area requests other gNBs in the same area to report their own measured energy consumptions (mapped as EC values) so that the gNB can assess the overall energy consumption of the area and then derive via AI/ML which is the most appropriate ES action to perform in that area. Reporting of EC values from gNBs is also possible after the ES action has been performed to provide e.g. feedback information to the AI/ML model used to derive the ES action.
The gNBs deployed in the area where the AI/ML-based ES actions apply are in principle from multiple vendors and with different design characteristics which could lead to different minimum and maximum energy consumption values from a gNB to another. The unified (and area-specific) “energy consumption – to – energy cost” mapping rule ensures a representation of the gNB’s energy consumption which takes the design characteristics’ differences into consideration, and such mapping rule is valid for all gNBs within the concerned area as RAN3 already stated in the LS to SA5 in R3-233515 (S5-235036). Moreover, RAN3 further clarified in R3-235743 (S5-240460) that it is up to the Operator to define the area where the “energy consumption – to – energy cost” mapping rule is applicable.
[RAN3 answer to Q4] – As stated in [RAN3 answer to Q1 - Q2], within a certain area it is important for the Operator to have the visibility via OAM of each gNB’s minimum and maximum energy consumption values, in order to identify the absolute minimum and maximum energy consumption values within that area.   
Such absolute values are needed to ensure that the “energy consumption – to – energy cost” mapping rule is unified within a certain area, and that they are mapped to EC = 0 and EC = 10000, respectively, as per RAN3 definition in TS 38.423.

Finally, we now focus on SA5 question Q7 in [2], concerning the aspects on how the energy consumption is measured by the gNB, reported below as follows:

Observation #3: 
In RAN3 answers to SA5 questions: 
· In [RAN3 answer to Q2.], it has been mentioned that: “By means of configuration the OAM provides a recommended time interval within which to perform the average.”
Question from SA5 to RAN3: 
Q7: Should the ‘time interval’ have the same value for all gNBs in a defined area or can the gNBs in the defined area have different values for the ‘time interval’?
SA5 kindly requests RAN3 for reference to the specification where the related requirement(s) and/or use case(s) are described.
Question Q7 in SA5 LS [2] concerns the time interval information to be provisioned by OAM in order for the gNB to self-measure its own energy consumption on the basis of averaged measurements of the gNB’s consumed energy. The result of such averaging of gNB’s consumed energy measurements is then used to derive the EC index value by applying the unified and area-specific “energy consumption – to – energy cost” mapping rule.
For the sake of keeping the overall solution as much simple as possible we prefer that such averaging operation should be done by considering the same time interval for all the gNBs within the area where the corresponding unified and area-specific “energy consumption – to – energy cost” mapping rule applies. We do not see technical reasons to have a different time interval for the averaging for different gNBs within the same area of the Operator’s network. 

Observation 11: For the sake of keeping the overall solution as much simple as possible the averaging of gNB’s consumed energy measurements should be done by considering the same time interval for all the gNBs within the area where the corresponding unified and area-specific “energy consumption – to – energy cost” mapping rule applies.   

Based on the above observation, it is proposed to reply to question Q7 as follows:
[RAN3 answer to Q7] – The averaging of gNB’s consumed energy measurements should be done by considering the same time interval for all the gNBs within the area where the corresponding unified and area-specific “energy consumption – to – energy cost” mapping rule applies.

Within the Reply LS from SA5 in [2] RAN3 is also asked to provide “reference to the specification where the related requirement(s) and/or use case(s) are described”. Currently there is not any list of requirements for the inference-based ES use case in any RAN3 specification, and in order to fulfil SA5 request we think it would be better to capture such list in TS 38.300, as provided in the Annex-3 of this paper.

Proposal 2: RAN3 to agree on the CR to TS 38.300 capturing the list of OAM requirements for the inference-based ES use case provided in Annex-3.  
A draft Reply LS to SA5 in Annex-2 reflects all the above observations, hence:

Proposal 3: RAN3 to agree on the draft Reply LS to SA5 provided in Annex-2.

[bookmark: _Toc423020296][bookmark: _Toc423019950][bookmark: _Toc423020279]4. Conclusion
Based on the discussion in this paper, we make the following Observations and Proposal:
For R3-240032 (S5-238107) on LS on the progress update of AI/ML Management specifications in SA5
Observation 1: SA5 acknowledged the RAN3 requirements from the Rel-17 SI for OAM to deploy and update the AI/ML model to NG-RAN to support RAN intelligence for the deployment scenario where AI/ML model training is in OAM and AI/ML model inference is in NG-RAN – this scenario has also been considered in the Rel-18 normative work as described in TS 38.300.
Observation 2: SA5 addressed in Rel-18 the AI/ML model management aspects (validation, testing, deployment, update, etc.) as well as monitoring the performance of AI/ML capabilities in the network, all these aspects being out of RAN3 scope.
Observation 3: The RAN3 requirements to SA5 for the definition of the “energy consumption – to – energy cost” mapping rule do not have impacts on SA5 works related to AI/ML management and orchestration.
Observation 4: In Rel-18 RAN3 has not identified any additional management and orchestration related requirements other than the ones already addressed by SA5 concerning the deployment scenario where AI/ML model training is in OAM and AI/ML model inference is in NG-RAN.
Observation 5: RAN3 will start working on Rel-19 “Study on enhancements for AI/ML for NG-RAN” in 2024 Q2 with the assumption that the same management and orchestration related requirements from Rel-18 could be used as the basis for the work in Rel-19, and cooperation with SA5 will be initiated if any additional management and orchestration related requirement is identified.
Proposal 1: RAN3 to agree on the draft Reply LS to SA5 provided in Annex-1.  
[bookmark: _GoBack]For R3-240056 (S5-241076) on Reply LS on AI/ML for NG-RAN Energy Saving Energy Cost index
Observation 6: Within a certain area of the network the Operator should have the visibility of each gNB’s minimum and maximum energy consumption values, in order to identify the absolute minimum (i.e., “minimum among the minimum values”) and maximum (i.e., “maximum among the maximum values”) energy consumption values within that area. Such absolute values are needed to ensure that the “energy consumption – to – energy cost” mapping rule is unified within a certain area, and that they are mapped to EC = 0 and EC = 10000, respectively. By means of this unified area-specific “energy consumption – to – energy cost” mapping rule a gNB’s energy consumption value in between the absolute minimum and maximum energy consumption values will be converted into an EC index in the range (0..10000).
Observation 7: It’s up to the Operator to define the details of the area-specific mapping rule (e.g., linear or non-linear mapping of energy consumption to EC value).  
Observation 8: The scenario considered by RAN3 for the inference-based ES use case is to derive AI/ML-based ES actions aiming at saving energy consumption in a certain area of the Operator’s network, e.g. UE/traffic offloading from capacity cells to larger coverage cells and subsequent switch-off of the offloaded cells. This is enabled when at least one gNB in the area requests other gNBs in the same area to report their own measured energy consumptions (mapped as EC values) so that the gNB can assess the overall energy consumption of the area and then derive via AI/ML which is the most appropriate ES action to perform in that area. Reporting of EC values from gNBs is also possible after the ES action has been performed to provide e.g. feedback information to the AI/ML model used to derive the ES action.
Observation 9: The gNBs deployed in the area where the AI/ML-based ES actions apply are in principle from multiple vendors and with different characteristics in terms of design which could lead to different minimum and maximum energy consumption values from a gNB to another. The unified (and area-specific) “energy consumption – to – energy cost” mapping rule ensures a representation of the gNB’s energy consumption which takes the design characteristics’ differences into consideration, and such mapping rule is valid for all gNBs within the concerned area.
Observation 10: RAN3 already indicated to SA5 in R3-233515 that the “energy consumption – to – energy cost” mapping rule needs to be the same for all gNBs within an area where a request on EC reporting is triggered by a gNB. Moreover, RAN3 already clarified in R3-235743 that it is up to the Operator to define the area where the “energy consumption – to – energy cost” mapping rule is applicable.
Observation 11: For the sake of keeping the overall solution as much simple as possible the averaging of gNB’s consumed energy measurements should be done by considering the same time interval for all the gNBs within the area where the corresponding unified and area-specific “energy consumption – to – energy cost” mapping rule applies.   
Proposal 2: RAN3 to agree on the CR to TS 38.300 capturing the list of OAM requirements for the inference-based ES use case provided in Annex-3.
Proposal 3: RAN3 to agree on the draft Reply LS to SA5 provided in Annex-2.
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6. Annex-1 [Draft] Reply LS to R3-240032 (S5-238107) on LS on the progress update of AI/ML Management specifications in SA5  
3GPP TSG-RAN3 Meeting #123	R3-24abcd
Athens, Greece, 26th Feb – 1st Mar, 2024
[bookmark: OLE_LINK57][bookmark: OLE_LINK58]Title:	[Draft] Reply to R3-240032 (S5-238107) on LS on the progress update of AI/ML Management specifications in SA5
[bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK61]Response to:	LS R3-240032 (S5-238107) on LS on the progress update of AI/ML Management specifications in SA5
Release:	Release 18
Work Item:	NR_AIML_NGRAN-Core

Source:	Huawei [will be RAN3]
To:	SA5
[bookmark: OLE_LINK45][bookmark: OLE_LINK46]Cc:	RAN1, RAN2, SA2, SA1, SA, RAN

Contact person:	Damiano Rapone
	damiano.rapone@huawei.com
	+39-366-5606821
	
Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org

Attachments:	None

1	Overall description
RAN3 thanks SA5 for the LS on the progress update of AI/ML Management specifications in SA5.
For the required action in the LS, i.e.:
ACTION: SA5 looks forward to cooperating with and kindly request RAN1, RAN2, RAN3 and SA2 to take the above information into consideration for their work and provide SA5 management and orchestration related requirements to support AI/ML capabilities in the network if any.
RAN3 would like to provide the following feedback:
· For the Rel-18 WI “Artificial Intelligence (AI)/Machine Learning (ML) for NG-RAN”, RAN3 has completed the standardization work for three selected use cases, including Network Energy Saving, Load Balancing and Mobility Optimization. During the preceding Rel-17 “Enhancement for Data Collection for NR and EN-DC” SI RAN3 has already informed SA5 about a possible deployment scenario where the Model Training function locates in OAM and Model Inference function locates in NG-RAN. In this case, it is up to OAM to deploy and update the AI/ML model to NG-RAN when needed – refer to R3-214481 (S5-215029), and related Reply LS from SA5 in R3-220133 (S5-216423). Note that this scenario agreed in the SI has been also reported in TS 38.300 clause 16.20.2 as part of the Rel-18 WI previously mentioned. RAN3 has not identified any additional management and orchestration related requirements.
· RAN3 will start working on Rel-19 “Study on enhancements for AI/ML for NG-RAN” (RP-234054) in 2024 Q2 with the assumption that the same management and orchestration related requirements from Rel-18 could be used as the basis for the work in Rel-19 and cooperation with SA5 will be initiated if any additional management and orchestration related requirement is identified. 
2	Actions
To SA5: 
ACTION: 	RAN3 kindly asks SA5 to take the above into account.
3	Dates of next RAN3 meetings
Updated meeting schedule can be found at: https://portal.3gpp.org/?tbid=373&SubTB=381#/ 

RAN3#123bis			2024-04-15 – 2024-04-19				Changsha, CN
RAN3#124				2024-05-20 – 2024-05-24				Fukuoka, JP





















7. Annex-2 [Draft] Reply LS to R3-240056 (S5-241076) on Reply LS on AI/ML for NG-RAN Energy Saving Energy Cost index 
3GPP TSG-RAN3 Meeting #123	R3-24efgh
Athens, Greece, 26th Feb – 1st Mar, 2024
Title:	[Draft] Reply to R3-240056 (S5-241076) on Reply LS on AI/ML for NG-RAN Energy Saving Energy Cost index
Response to:	LS R3-240056 (S5-241076) on Reply LS on AI/ML for NG-RAN Energy Saving Energy Cost index
Release:	Release 18
Work Item:	NR_AIML_NGRAN-Core

Source:	Huawei [will be RAN3]
To:	SA5
Cc:	

Contact person:	Damiano Rapone
	damiano.rapone@huawei.com
	+39-366-5606821
	
Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org

Attachments:	R3-24ijkl (Agreed CR to TS 38.300 – Introduction of the list of OAM requirements for the inference-based ES use case)

1	Overall description
RAN3 thanks SA5 for the Reply LS on AI/ML for NG-RAN Energy Saving Energy Cost index. RAN3 discussed about the questions raised in the Reply LS and would like to provide answers to those questions.
Q1: Why should the operator configure the Energy Consumption values corresponding to minimum and maximum Energy Cost index values, when the NG-RAN node already knows its own minimum and maximum Energy consumption values? What is the use case or requirement that motivates this need? 
Q2: Do ‘the Energy Consumption values corresponding to the minimum and maximum Energy Cost index values’ for a given gNB, correspond to its own minimum and maximum energy consumption values? If not, then what do these correspond to?
[RAN3 answer to Q1 – Q2] – For the Rel-18 AI/ML Energy Saving use case RAN3 enabled the exchange over the Xn interface of the Energy Cost (EC) metric, defined in TS 38.423 as “The node level measured Energy Consumption index. Value 0 indicates the minimum measured Energy Consumption and 10000 indicates the maximum measured Energy Consumption” and it is encoded as an INTEGER from 0 to 10000 (in an extendable manner). 
Within a certain area of the network with multiple gNBs where the exchange of the EC metric is enabled and initiated upon request from at least one gNB in that area, the Operator should have the visibility via OAM of each gNB’s minimum and maximum energy consumption values, in order to identify the absolute minimum and maximum energy consumption values within that area. 
[bookmark: _Hlk158802392]Such absolute values are needed to ensure that the “energy consumption – to – energy cost” mapping rule is unified within a certain area, and that they are mapped to EC = 0 and EC = 10000, respectively, as per RAN3 definition in TS 38.423. By means of this unified area-specific “energy consumption – to – energy cost” mapping rule provisioned to each gNB in the concerned area via OAM, a gNB’s energy consumption value in between the absolute minimum and maximum energy consumption values will be converted into an EC index in the range (0..10000). It’s up to the Operator to define the details of the area-specific mapping rule (e.g., linear or non-linear mapping).
[bookmark: _Hlk158234615]Q3:  What is the use case for configuring a unified mapping rule among multiple gNBs, i.e., all gNBs in the defined area? 
Q4: What are the aspects related to the mapping rule that should be made configurable? What should the mapping rule consider in mapping energy consumption values to the Energy Cost index?
[bookmark: _Hlk158237333]Q5: What are the requirements and/or use cases for the usage of Energy Cost Index (e.g., usage of Energy Cost Index in the recipient gNB)? 
Q6: What are the requirements for the mapping rule? Should the mapping rule be same for all the gNBs in a given area?
[RAN3 answer to Q3 – Q5 – Q6] – The scenario considered by RAN3 for the inference-based ES use case is to derive AI/ML-based ES actions aiming at saving energy consumption in a certain area of the Operator’s network, e.g. UE/traffic offloading from capacity cells to larger coverage cells and subsequent switch-off of the offloaded cells. This is enabled when at least one gNB in the area requests other gNBs in the same area to report their own measured energy consumptions (mapped as EC values) so that the gNB can assess the overall energy consumption of the area and then derive via AI/ML which is the most appropriate ES action to perform in that area. Reporting of EC values from gNBs is also possible after the ES action has been performed to provide e.g. feedback information to the AI/ML model used to derive the ES action.
The gNBs deployed in the area where the AI/ML-based ES actions apply are in principle from multiple vendors and with different design characteristics which could lead to different minimum and maximum energy consumption values from a gNB to another. The unified (and area-specific) “energy consumption – to – energy cost” mapping rule ensures a representation of the gNB’s energy consumption which takes the design characteristics’ differences into consideration, and such mapping rule is valid for all gNBs within the concerned area as RAN3 already stated in the LS to SA5 in R3-233515 (S5-235036). Moreover, RAN3 further clarified in R3-235743 (S5-240460) that it is up to the Operator to define the area where the “energy consumption – to – energy cost” mapping rule is applicable.  
[RAN3 answer to Q4] – As stated in [RAN3 answer to Q1 – Q2], within a certain area it is important for the Operator to have the visibility via OAM of each gNB’s minimum and maximum energy consumption values, in order to identify the absolute minimum and maximum energy consumption values within that area.   
Such absolute values are needed to ensure that the “energy consumption – to – energy cost” mapping rule is unified within a certain area, and that they are mapped to EC = 0 and EC = 10000, respectively, as per RAN3 definition in TS 38.423.

Q7: Should the ‘time interval’ have the same value for all gNBs in a defined area or can the gNBs in the defined area have different values for the ‘time interval’?
[RAN3 answer to Q7] – The averaging of gNB’s consumed energy measurements should be done by considering the same time interval for all the gNBs within the area where the corresponding unified and area-specific “energy consumption – to – energy cost” mapping rule applies.

Moreover, in order to address the SA5 request to provide reference to the specification where the EC-related requirement(s) and/or use case(s) are described, RAN3 agreed the attached CR to TS 38.300 in R3-24ijkl introducing the list of OAM requirements for the inference-based network Energy Saving use case.
2	Actions
To SA5: 
ACTION: 	RAN3 kindly asks SA5 to take the above answers and attachment into account.
3	Dates of next RAN3 meetings
Updated meeting schedule can be found at: https://portal.3gpp.org/?tbid=373&SubTB=381#/ 

RAN3#123bis			2024-04-15 – 2024-04-19				Changsha, CN
RAN3#124				2024-05-20 – 2024-05-24				Fukuoka, JP
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CHANGES START
[bookmark: _Toc155991790][bookmark: _Toc155991843]16.20	Support of AI/ML for NG-RAN
[bookmark: _Toc155991791]16.20.1	General
Support of AI/ML for NG-RAN, as a RAN internal function, is used to facilitate Artificial Intelligence (AI) and Machine Learning (ML) techniques in NG-RAN.
The objective of AI/ML for NG-RAN is to improve network performance and user experience, through analysing the data collected and autonomously processed by the NG-RAN, which can yield further insights, e.g., for Network Energy Saving, Load Balancing, Mobility Optimization.
[bookmark: _Toc155991792]16.20.2	Mechanisms and Principles
Support of AI/ML in NG-RAN requires inputs from neighbour NG-RAN nodes (e.g. predicted information, feedback information, measurements) and/or UEs (e.g. measurement results).
Signalling procedures used for the exchange of information to support AI/ML in NG-RAN, are use case and data type agnostic, which means that the intended usage of the data exchanged via these procedures (e.g., input, output, feedback) is not indicated.
AI/ML algorithms and models are out of 3GPP scope, and the details of model performance feedback are also out of 3GPP scope.
Support of AI/ML in NG-RAN does not apply to ng-eNB.
For the deployment of AI/ML in NG-RAN, the following scenarios may be supported:
-	AI/ML Model Training is located in the OAM and AI/ML Model Inference is located in the NG-RAN node;
-	AI/ML Model Training and AI/ML Model Inference are both located in the NG-RAN node.
The following information can be configured to be reported by an NG-RAN node:
-	Predicted resource status information;
-	UE performance feedback;
-	Measured UE trajectory;
-	Energy Cost (EC).
The collection and reporting are configured through the Data Collection Reporting Initiation procedure, while the actual reporting is performed through the Data Collection Reporting procedure.
The collection of measured UE trajectory and UE performance feedback is triggered at successful Handover execution.
Cell-based UE trajectory prediction, which can be used e.g. for the Mobility Optimization use case, is transferred to the target NG-RAN node via the Handover Preparation procedure to provide information for e.g. subsequent mobility decisions. Cell-based UE trajectory prediction is limited to the first-hop target NG-RAN node.
16.20.x	OAM requirements
The EC is sent from a reporting NG-RAN node to a requesting NG-RAN node. OAM provides a “energy consumption – to – energy cost” mapping rule to map between the EC and the measured total energy consumption of the reporting NG-RAN node. The reporting and requesting NG-RAN node are configured via OAM with the same mapping rule. Further, OAM provides the time interval over which to average the reporting NG-RAN node’s consumed energy.
CHANGES END
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