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	Reason for change:
	1. The reference in clause 4.X, 4.Y, 4.Z, 4a.2 are unclear, it is suggested to add the clause reference.
2.  For clause 4a.2, the description related to NG-RAN is not aligned with TS 38.300. In TS 38.300, the related statements are as following,
-	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.
AI/ML Model Training follows the definition of the "ML model training" as specified in clause 3.1 of TS 28.105 [64]. An AI/ML Model needs to be trained, validated and tested before deployment for AI/ML Model Inference.
AI/ML Model Inference follows the definition of the "AI/ML inference" as defined in clause 3.1 of TS 28.105 [64].
RAN use “NG-RAN node “, “ML model training” and “AI/ML inference” instead of “gNB” “ML training function” and “AI/ML inference”, therefore,it is proposed to correct the description, change “gNB” to “NG-RAN”, change “ML training function” to “ML model training”, change “AI/ML inference function” to “AI/ML inference”.
3.  For clause 6.5.4.2.1, 6.5.4.2.2 and 6.5.4.2.3, the description of “An NG-RAN AI/ML-based distributed Network Energy Saving capability may use one or more ML models or AI/ML Inference Functions to derive energy saving recommendations.” “An AI/ML-based distributed Mobility Optimization capability may use one or more ML models or AI/ML Inference Functions to derive handover recommendations.” “An NG-RAN AI/ML-based distributed Load Balancing capability may use one or more ML models or AI/ML Inference Functions to derive load balancing recommendations.” are not correct, these functions belong to RAN, but currently, RAN does not have such descriptions. Therefore, it is proposed to update the statements by referring to the description from RAN specification and removing such descriptions.
4. For management of distributed training, it can not be used for RAN AI/ML-based use cases, therefore any descriptions involving "gNB" are incorrect. 

	
	

	Summary of change:
	· Add reference clause in the overview for management of AI/ML capabilities for RAN, 5GC and MDA in clause 4.X, 4.Y and 4.Z.
· Change “gNB” to “NG-RAN”, change “ML training function” to “ML model training”, change “AI/ML inference function” to “AI/ML inference”
· Update the description of clause 6.5.4.
· Remove the words “gNB” in clause 6.2b.2.X5.
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[bookmark: _Toc178169014][bookmark: _Toc106098487][bookmark: _Toc106015849]Start of next change
4.X1	Management of AI/ML capabilities for RAN
The management of AI/ML capabilities for the RAN covers scenarios where both the ML model training and AI/ML inference are located in the NG-RAN node, as well as scenarios where the ML model training is located in the management system and the AI/ML inference is located in the NG-RAN node.For the ML model training and AI/ML inference functions are both located in gNB, and the ML training function can be located in the management system and AI/ML inference function is located in the gNB. In either case, Tthe NG-RAN AI/ML- based feature defined in clause 16.20 of TS 38.300 [16] can be supported.
4.X2	Management of AI/ML capabilities for 5GC
The management of AI/ML capabilities for the 5GC covers scenarios where both the ML model training and AI/ML inference functions are located in the 5GC.For the ML model training and AI/ML inference functions are both located in 5GC. Thein this case, the NWDAF feature defined in clause 6 of TS 23.288 [3] can be supported.
4.X3	Management of AI/ML capabilities for MDA
For MDA, the ML training function can be located either inside or outside the MDAF. Thewhile the AI/ML inference function is inlocated in the MDAF. In this case, Tthe MDA capabilities defined in clause 7.2 of TS 28.104 [2] can be supported.

Next change
[bookmark: _Toc145421979][bookmark: _Toc145421213][bookmark: _Toc145334769][bookmark: _Toc193445271]4a.2	AI/ML functionalities management scenarios (relation with managed AI/ML features)
The ML training function and/or AI/ML inference function can be located in the RAN domain MnS consumer (e.g. cross-domain management system), or thea domain-specific management system (i.e. a management function for RAN or CN), or in a Nnetwork Ffunction (NF). 
For MDA, the ML training function can be located inside or outside the MDAF. Thewhile the AI/ML inference function is located in the MDAF.
For NWDAF, the ML training function can be located in the MTLF of the NWDAF or in the management system, and the AI/ML inference function is located in the AnLF.
For NG-RAN, the ML training function and AI/ML inference function can both be located in the NG-RAN nodegNB., or the ML training function can be located in the management system and AI/ML inference function is located in the NG-RAN nodegNB. Where the ML training function corresponds to ML model training that stated in clause 16.20.2 in TS 38.300[16] and AI/ML inference function can correspond to AI/ML inference stated in clause 16.20.2 in TS 38.300[16].
For LMF-based AI/ML Positioning, the ML training function can be located in the LMF or CN-domain management function, and the AI/ML inference function can be located in the LMF.
Therefore, there might exist severalmultiple location scenarios for ML training function and AI/ML inference functions are possible. 
Scenario 1:
The ML training function and AI/ML inference function are both located in the 3GPP management system (e.g. a RAN domain management function). For instanceexample, for RAN domain-specific MDA, both the ML training function and AI/ML inference functions for MDA can be located in the RAN domain-specific MDAF . Aas depicted in figure 4a.2-1.
[image: C:\Users\s00374773\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\BADD3C4F.tmp]

[image: ]
[bookmark: _CRFigure4a_21]Figure 4a.2-1: Management for RAN domain specific MDAF
Similarly, for CN domain-specific MDA the ML training function and AI/ML inference function can be located in CN domain-specific MDAF.
Scenario 2:
[bookmark: _Hlk150921284]For AI/ML for NG-RAN,  AI/ML capabilities the ML model training function is located in the 3GPP RAN domain-specific management function while the AI/ML inference function is located in NG-RAN nodegNB. For AI/ML inference use case, refer to Network Energy Saving, Load Balancing, Mobility Optimization as defined in clause 16.20 in TS 38.300. See Ffigure 4a.2-2.
[image: C:\Users\s00374773\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\EF6ED3D9.tmp]
[image: A diagram of a computer

Description automatically generated]
[bookmark: _CRFigure4a_22]Figure 4a.2-2: Management where the ML model training is located in RAN domain management function and AI/ML inference is located in NG-RAN nodegNB
Scenario 3:
For AI/ML in NG-RAN, Tthe ML model training function and AI/ML inference function are both located in the NG-RAN nodegNB. See figure 4a.2-3. For ML model training and AI/ML inference use case, refer to Network Energy Saving, Load Balancing, Mobility Optimization as defined in clause 16.20 in TS 38.300. See Figure 4a.2-3.
[image: C:\Users\s00374773\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\8B279017.tmp]
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[bookmark: _CRFigure4a_23]Figure 4a.2-3: Management where the ML model training and AI/ML inference are both located in gNBNG-RAN node
Scenario 4:
For NWDAF, both the ML training functionMTLF and AI/ML inference functionAnLF are both located in the NWDAF. See Ffigure 4a.2-4.

[image: C:\Users\s00374773\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\34E72B53.tmp]


[bookmark: _CRFigure4a_24]Figure 4a.2-4: Management where the ML model trainingMTLF and AI/ML inferenceAnLF are both located in CN
Next change
[bookmark: _Toc106015854][bookmark: _Toc106098492][bookmark: _Toc193445274][bookmark: _Toc193445338]6.1	ML model lifecycle management capabilities
Each operational step in the ML model lifecycle (see clause 4a.0.1) is supported by one or more AI/ML management capabilities, which enable the MnS consumer (e.g. operator) to manage and control the ML model lifecycle as listed below.
Management capabilities for ML model training
[bookmark: _Hlk134737308]-	ML model training management: allowing the MnS consumer to request the ML model training, consume and control the producer-initiated training, and manage the ML model training/re-training process. The training management capability may include training performance management and setting a policy for the producer-initiated ML model training.
[bookmark: _Hlk134804500]-	ML model training capability also includes validation to evaluate the performance of the ML model when performing on the validation data, and to identify the variance of the performance on the training and validation data. If the variance is not acceptable, the ML model would need to be re-trained before being made available for the next step in the ML model lifecycle (e.g., ML model testing).
Management capabilities for ML testing
-	ML model testing management: allowing the MnS consumer to request the ML model testing, and to receive the testing results for a trained ML model. It may also include capabilities for selecting the specific performance metrics to be used or reported by the ML testing function. MnS consumer may also be allowed to trigger ML model re-training based on the ML model testing performance results.
Management capabilities for AI/ML inference emulation:
· AI/ML inference emulation: a capability allowing an MnS consumer to request an ML inference emulation for a specific ML model or models (after the training, validation, and testing) to evaluate the inference performance in an emulation environment prior to applying it to the target network or system. 
[bookmark: _Hlk143783189]Management capabilities for ML model deployment:
[bookmark: _Hlk143783118]-	ML model loading management: allowing the MnS consumer to trigger, control and/or monitor the ML model loading process.
Management capabilities for AI/ML inference:
-	AI/ML inference management: allowing an MnS consumer to control the inference, i.e., activate/deactivate the inference function and/or ML model/models, configure the allowed ranges of the inference output parameters. The capabilities also allow the MnS consumer to monitor and evaluate the inference performance and when needed trigger an update of an ML model or an AI/ML inference function.
The use cases and corresponding requirements for AI/ML management capabilities are specified in the following clauses.
Next change
6.5.4	AI/ML inference capability configuration management
[bookmark: _CR6_5_4_1][bookmark: _Toc193445339]6.5.4.1	Description
The objective of AI/ML for NG-RAN is to improve network performance and user experience, which can yield further insights, e.g., for Network Energy Saving, Load Balancing, Mobility Optimization as defined in TS 38.300 [16]. According to the principles defined in clause 16.20.2, clause 15.4, clause 15.5 in TS 38.300 [16], either “AI/ML model training is located in the OAM and AI/ML model inference is located in the NG-RAN node;” or “AI/ML model training and AI/ML model inference are both located in the NG-RAN node”. To manage the network performance,Tthe AI/ML inference function and the associated ML model(s) may need to be managed and configured to conduct inference in the 5G system toin alignement with the consumer´s expectation, e.g., to enable the AI/ML inference function to perform inference. 
The MnS producer for AI/ML inference management needs to provide a capability for configuration of the AI/ML inference function.
[bookmark: _CR6_5_4_2][bookmark: _Toc193445340]6.5.4.2	Use cases
[bookmark: _CR6_5_4_2_1][bookmark: _Toc193445341]6.5.4.2.1	Managing NG-RAN AI/ML-based distributed Network Energy Saving
An NG-RAN AI/ML-based distributed Network Energy Saving capability may use one or more ML models or AI/ML Inference Functions to derive energy saving recommendations. 

The MnS consumer monitors the network performance and determines whether to, and when, to activate or deactivate an AI/ML iInference Functions related to an AI/ML-based Distributed Network Energy Saving function. The activation and deactivation actions for AI/ML iInference Functions related to an AI/ML-based Distributed Network Energy Saving conductedperfromed by the MnS producer may also be triggered by some defined policies provided  provided by the consumer.

[bookmark: _CR6_5_4_2_2][bookmark: _Toc193445342]6.5.4.2.2	Managing NG-RAN AI/ML-based distributed Mobility Optimization
An AI/ML-based distributed Mobility Optimization capability may use one or more ML models or AI/ML Inference Functions to derive handover recommendations.

The MnS consumerThis NG-RAN AI/ML-based distributed Mobility Optimization capability may need to monitors the network performance and determines ifwhether activation or deactivation ofand an AI/ML Iinference Functions related to an AI/ML-based Distributed Mobility Optimization function is required. The activation and deactivation actions performed by the MnS producer for AI/ML Inference Functions related to an AI/ML-based Distributed Mobility Optimization conducted by the MnS producer may also be triggered by some defined policies provided by the consumer.

[bookmark: _CR6_5_4_2_3][bookmark: _Toc193445343]6.5.4.2.3	Managing NG-RAN AI/ML-based distributed Load Balancing
An NG-RAN AI/ML-based distributed Load Balancing capability may use one or more ML models or AI/ML Inference Functions to derive load balancing recommendations. 

This NG-RAN AI/ML-based distributed Load Balancing capability needs to be managed. The MnS consumer monitors the network performance and determines whether to, and when, to activate or deactivate an AI/ML-based Distributed Load balancing function. The activation and deactivation actions for AI/ML-based Distributed Load balancing conductedperfrormed by the MnS producer may also be triggered by some defined policies provided by the consumer.

Next change
6.2b.2.X5	Management of Distributed Training
Distributed training is a model training approach that involves distributing the training workload across multiple training functions to accelerate the training process and/or reduce the required computational resources. 
In 5GS, the ML training function may be located within the management system or in the NF (e.g. gNB or NWDAF),. Each training node has different computing resources and storage capacity based on physical infrastructure such as CPU/GPU/DPU, memory, storage, and network bandwidth. In order to obtain load balance between nodes and maximize the efficiency of resource utilization, splitting up the training may be necessary and involving multiple training functions according to the actual situation of nodes may be needed. Thus, aspects of distributed training need to be supported in the management systems.
Distributed training refers to the approach of distributed computation to scale out a training job, either to accelerate the process or to handle workloads that cannot fit into a single machine. 
Management of Distributed Training can be used for AI/ML-based use cases specified in [2] and [3].In 5GS, distributed training can apply across various deployment scenarios for the ML training function. These functions may be located within the 3GPP management system, domain-specific management functions (e.g., RAN domain management function or CN domain management function), or directly in Network Functions such as the gNB or NWDAF. The location of these functions depends on the specific scenario defined in clause 4a.2.
When receiving an ML training request, the MLT MnS producer may evaluate whether distributed training is needed according to the training requirements provided by the ML training consumer, and it is up to the MLT MnS producer to determine, based on some information (e.g target inference location) provided by the consumer, appropriate training function(s) which may need to participate in the ML model training. The training requirement may further include (not limited to) expected model performance. Collaboration, mutual agreement and authentication procedures are needed to be establish between distributed ML training functions before sharing any information between these functions.
The actions of ML model distributed training may involve for example, splitting the training of an ML model across many ML training functions, each responsible for computing a portion of the ML models operations. Since the training data may be sparse, MLT MnS consumer may provide indication that the training data should not be split while splitting the training among multiple training functions.
NOTE 1:		How to split the ML model and synchronize the parameters in different training function depends on the distributed algorithm which are proprietary and not in scope for standardization.
NOTE 2: 		The data exchange between different training functions should be in the security tunnel with appropriate authentication and authorization mechanisms.

End of change
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