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1
Decision/action requested

The group is asked to discuss and agree on the proposal.
2
References

[1] 
3GPP TR 28.908-010 “Study on Artificial Intelligence/Machine Learning (AI/ ML) management”.
3
Rationale
This pCR outlines the use case, requirements, and solution to the joint training of an ML entity for multiple contexts that could be associated to multiple functions, elements, etc. forming multiple instances from  the same trained ML model. 
4
Detailed proposal
	Start of modification


5
AI/ML management use cases and requirements
5.1
Management Capabilities for ML training phase
5.1.5 
ML entity joint training


5.1.5.1
Description

An AI/ML inference function may use one or more ML entities to perform the inference(s). When multiple ML entities are employed, these ML entities may operate together in a coordinated way, such as in a sequence, or even a more complicated structure. In this case, any change in the performance of one ML entity may impact another, and consequently impact the overall performance of the whole AI/ML inference function. Therefore, it is desirable that these coordinated ML entities can be trained or re-trained jointly, so that the group of these ML entities can complete a more complex task jointly with better performance. Joint training can also be used when an ML entity needs to be trained for multiple situations and contexts. These contexts often have similarities that can be utilized  to facilitate efficiency and management of the ML entities when ML entities are trained jointly.

5.1.5.2
Use cases

5.1.5.2.1
Support for ML entity modularity - joint training of ML entities

Besides the discovery of the capabilities of ML entities, services are needed for identifying which AI/ML capabilities are used in specific use case and how. 3GPP TS 28.105 [4] defines the inferenceType which indicates the type of inference, i.e. the use case that the ML model supports. This indicator may be represented by the MDA type (see 3GPP TS 28.104 [2]), Analytics ID(s) of NWDAF (see 3GPP TS 23.288 [3]), types of inference for RAN-intelligence, and vendor's specific extensions.

In order to address complex use cases, applying multiple, cooperative ML entities might be necessary. There are different ways in which the ML entities may cooperate. An example is the case where the output of one ML entity can be used as input to another ML entity forming a sequence of interlinked ML entities. Another example is the case where multiple ML entities provide the output in parallel (either the same output type where outputs may be merged (e.g. using weights), or their outputs are needed in parallel as input in the automation process or as input to another ML entity. Such modular approach in building a single AI/ML inference function for a given use case facilitates the reusability of ML entities in different use cases. Furthermore, it facilitates the replacement, changes and improvements of individual ML entities ties within complex use cases.

Based on the use case complexity, a single or multiple ML entities may be needed in order to provide a complete solution for a given use case. For simple use cases, it may be sufficient to apply only a single ML entity. For complex use cases or vendor specific extensions, multiple ML entities need to be employed in a potentially coordinated way, e.g. ML entities employed in sequence, parallel or any structure thereof. Given the complexity of the required mapping between the use cases and potentially multiple ML entities, management services should be supported to facilitate such mapping, e.g. determination of whether the specific use case can be realized by a single ML entity or a group of ML entities, configuration of individual ML entities based on their interdependencies in the group, enabling joint training (e.g. re-training) of interdependent ML entities, etc.

5.1.5.2.X
Support for ML entity cluster training – joint training for multiple contexts

Although ML solutions provide inference services for multiple scenarios, there are similarities in the contexts where ML entities operate and perform inferences. E.g., Two ML entity instances for the same use case in urban or rural areas would have significant overlap in other context dimensions. The similarity can be leveraged in forming groups or clusters of ML entities, where the ML entity instances in the cluster are trained from the same base ML entity. The joint training of an ML entity for multiple contexts allows for efficiency by cluster training rather than individually training each. ML training needs to support the capability to train the cluster of ML entities from the same base ML entity. As input to the training, the different operational contexts, features, clustering criteria needed to distinguish the ML entity instances may be provided by the MnS consumer. 

In the case of degradation of ML entities, retraining is expected to be triggered. For ML entities created through cluster training, the retraining of a degraded ML entity could be triggered to start from another member of the cluster, i.e. start from an ML entity with slightly different context to create a new one with a desired context.
5.1.5.3
Potential requirements

REQ-ML_MOD-1: The 3GPP Management system should have a capability for an authorized MnS consumer to request the training of a group of ML entities working together to address specific use case.

REQ-ML_MOD-2: 3GPP management system should have the capability to enable an authorized MnS consumer to manage and configure multiple training processes, e.g. to start, suspend or restart the training; or to adjust the training conditions and/or characteristics based on the ML entity group.

REQ-ML_MOD-3: The MLT MnS producer should have a capability to provide the ML entities group training result (including the location of the trained ML entities in the group) to the authorized MnS consumer.

REQ-ML_MOD-4: The MLT MnS producer should have a capability for an authorized MnS consumer to request training from a base ML entity to create a cluster of ML entity instances corresponding to a set of runtime contexts. 
REQ-AIML_UPDATE-7: The 3GPP management system should have a capability for an authorized consumer to request retraining of an ML entity to start from an ML entity that is a member of a cluster of ML entities 

5.1.5.4
Possible solutions

5.1.5.4.1
Support for ML entity modularity - joint training of ML entities

The IOC MLTrainingRequest represents the ML model training request that is created by the ML training MnS consumer. In order to support joint training of a group of ML entities this IOC needs to capture the information on the ML entities group and the relation among the ML entities, i.e. MLEntityGroupProfile <<datatype>>. Such data type may contain following attributes:

-
MLEntityGroupID - Unique identity value identifies the ML entity group instance.

-
JointTrainingIndicator - which indicates if the ML entity group instance needs to be trained (perform joint training of ML entities in the group).

-
Levels - An integer range (1, n) that indicate the ML entity group has n levels, where an integer in the range indicates a specific level, starting from 1. Each level would consist of an ML entity. The output data of one level are used as the input data of the next level:

-
Parallels - a sub integer range (1, m) may be added to indicate the series or the parallel arrangement of ML entities inside a given level, starting from 1. The output data of parallel ML entities inside a given level are used as the input data of the next level.
-
expectedRunTimeContext - This may include information related to specific extraction, transformation, and load of data as input to a specific ML entity inside a given level and parallel.

-
MLEntitiyID inside a given level and parallel.

If multiple ML models need to be trained jointly (in relation which each other) the MnS producer needs to start the training based on the information obtained in the MLEntityGroupProfile. The ML training MnS producer instantiates multiple MLTrainingProcess MOI(s) that are responsible to perform the following:

-
collects data for training, taking into account the inter-relation among ML entities in the MLEntityGroupProfile, e.g. if output of first ML entity is used as input to the second ML entity, the data for training of the second model needs to be collected accordingly;

-
prepares the training data for each ML entity in the group, based on the information in MLEntityGroupProfile. I.e. based on expectedRunTimeContext contained in MLEntityGroupProfile the specific extraction, transformation, and load of data as input to a specific ML entity inside a given level and parallel needs to be performed;

-
trains the ML entities based on the JointTrainingIndicator.

5.1.5.4.2
Support for ML entity cluster training – joint training for multiple contexts 
To support cluster training, the MLTrainingRequest IOC should be extended with:

· a flag indicating that a cluster of ML entities is expected to be trained. 

· the information on the ML entity's set of contexts i.e., the expectedRuntimeContextSet 

· information for forming the clusters i.e., clusteringCriteria. The clusteringCriteria may indicate an emphasis on a particular aspect of the training data to be highlighted for the clustering or it can indicate an impacting factor on the performance of the ML entities that is not input to them. 

To support retraining from an ML entity instance that is a member of a cluster of ML instances:
· the MLTrainingRequest IOC can be extended with an attribute for the DN of the ML instance to be used as baseline to traing another mL entity with a related context. 

the expectedRunTimeContext can be used to capture the context of the new ML entity that should be trained.  
	End of modifications


