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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
Network conditions always evolve, and any changes might have an impact on the AI/ML based functions which performances might degenerate or at least become inappropriate for the changed network conditions. In addition, and depending on their configurations, AI/ML-enabled functions may learn new characteristics even during their utilization. This knowledge may be available to use but the AI/ML-enabled function may not be configured to apply this knowledge by default and but to only apply it when explicitly triggered to update by the MnS consumer.
This pCR is to add the potential requirements and solution on control of update. 
4
Detailed proposal
	Start of modification


5
Use cases, potential requirements and possible solutions

5.9
AI/ML update management 

5.9.1
Description

Due to the complexity and time-varying nature of network, the ML entities previously deployed may no longer be applicable to the current network after running for a period of time. Typically, the performance of a trained model may degrade over time (this is referred to as model drift [5]). 

The ML entity needs to be updated timely to ensure the performance of inference and analysis. 

5.9.2
Use cases

5.9.2.1
ML entities updating initiated by producer

The ML entity updating may be initiated by the AI/ML MnS producer. In order to keep the model at a requested level, the AI/ML MnS producer may periodically conduct ML entity retraining with new available training data. Once a new version ML entity is obtained after the training is finished, it can be used to update the current ML entity with this new version. In another condition, the AI/ML MnS producer may initiate ML entity updating based on the running model performance. For example, if the performance of the running ML model is decreased under a predefined threshold, the AI/ML MnS producer may decide to start re-training and then update the ML entity to a new version which performs better.
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Figure 5.9.2.1-1: ML entities update initiated by producer

5.9.2.N
Availability of new capabilities or MLEntities
Depending on their configurations, AI/ML functions may learn new characteristics during their utilization, e.g., if they are configured to learn through reinforcement learning or if they are configured to download new versions of their MLEntities. In such cases, the consumer of AI/ML services that are exposed by the AI/ML MnS producer (e.g., the operator, a management function, or a consumer network function) may wish to be informed when such capabilities are available.
5.9.2.M
Triggering ML Entity update
When the capabilities of AI/ML inference functions degenerate, the typical action may be to trigger re-training of the constituent MLEntities. It possible, however, that the AI/ML MnS producer only has inference capabilities and is not equipped to retrain its MLEntities. Yet the consumer of AI/ML services may still need to request for improvements in the capabilities of the AI/ML inference function. In such cases, the consumer of the exposed AI/ML services (e.g., the operator, a management function, or a consumer network function) may wish to request for an improved version of the MLEntities, i.e., to have the MLEntities be updated. The corresponding internal actions the taken by the AI/ML MnS producer may not be necessarily known by the MnS consumer. 

The MnS consumer needs to request the AI/ML MnS producer to update its constituent capabilities or MLEntites and the AI/ML MnS producer should respond accordingly. For example, the AI/ML MnS producer may download new software that comes with the required updates, download from a remote server a file containing configurations and parameters for the one or more MLEntities, or it may trigger one or more remote or local AI/ML-related processes (including training, testing, etc.) needed to generate the required updates. Relatedly, an MnS consumer may wish to manage the update process(es), e.g., to define policies on how often the update may occur or to suspend or restart the update or to adjust the update conditions or characteristics, e.g., the times when the update may be executed. 
5.9.3
Potential requirements

REQ-AIML_UPD-CON-1: The AI/ML MnS producer should have a capability to update the ML entities and inform an authorized consumer about the update status.

REQ-AIMLUPDATE-1 the 3GPP management system should have a capability for the AI/ML MnS producer  to inform an authorized MnS consumer of the availability of AI/ML capabilities or MLEntities or versions thereof (e.g., as learned through a training process or as provided via a software update) and the readiness to update the AI/ML capabilities of the respective network function when triggered. 
REQ-AIMLUPDATE-2 the 3GPP management system should have a capability for the AI/ML MnS producer to inform an authorized MnS consumer of the expected performance gain if/when the AI/ML capabilities or MLEntities of the respective network function are updated with/to the specific set of newly available AI/ML capabilities.

REQ-AIMLUPDATE-3 the 3GPP management system should have a capability to allow an authorized MnS consumer to request the AI/ML MnS producer to update its MLEntities using a specific version of newly available AI/ML capabilities or MLEntities or using AI/ML capabilities or MLEntities with specific performance characteristics or gains. 
REQ-AIMLUPDATE-4 the 3GPP management system should have a capability for the AI/ML MnS producer to inform an authorized MnS consumer about of the process or outcomes related to any request for updating the AI/ML capabilities or MLEntities. 

REQ-AIMLUPDATE-5 the 3GPP management system should have a capability for the AI/ML MnS producer to inform an authorized MnS consumer about of the achieved performance gain following the update of the AI/ML capabilities of a network function with/to the specific newly available MLEntities or set of AI/ML capabilities

REQ-AIMLUPDATE-6 the 3GPP management system should have a capability for an authorized MnS consumer (e.g., an operator or the function/entity that generated the request for updating the AI/ML capabilities) to manage the request and subsequent process, e.g. to suspend, re-activate or cancel the request or process; or to adjust the characteristics of the capability update.
5.9.4
Possible solutions

5.9.4.1
Possible solution#1
Following is the proposed solution based on information model defined in TS 28.105 [2]. 

-
Extend the MLEntity <<dataType>> with an attribute "updatedTime", which indicates the time that the ML entity is updated. For a trained ML entity, the value of "mLEntityVersion" indicates the version number of the ML entity. When the ML entities updating is initiated and successfully executed, the value of "mLEntityVersion" is modified to be the new version number, and the value of "updatedTime" is the time that the updating is finished. Then AI/ML MnS producer can use the "notifyMOIAttributeValueChange" operation to inform the authorized MnS consumer about the AIML update Status including the updated mLEntity version number and the corresponding updating time.
5.9.4.2
Possible solution#2
Intoduce an IOC to model the AI/ML updating capabilities, it might be named MLupdate. 
·  Following a request, the MLupdate creates an instance for the request and may update that instance with status related to that request. The request IOC might be named MLupdateRequest. MLupdate may also notify the MnS consumer who initiated the request of the corresponding action taken regarding the request, e.g. an associated ML update job has been instantiated for the updating. 

· It is possible, that the new updates are pre-available before the request, e.g., as learned through a reinforcement learning process. In such a case, the request for update may follow an indication that there are available updates. 

· The request for updating ML capabilities may state the identifier of the specific AI/MLEntity that the MnS consumer wishes to be updated. 
· The request for update may be constrained by specific requirements, i.e., the MnS consumer may request that the update only happens if certain characteristics/ update-trigger conditions are fulfilled. E.g., In particular, the MLupdateRequest may specify a performanceGainThreshold which defines the minimum performance gain that shall be achieved with the update
· An update job, say named as MLupdateJobx can be instantiated by MLupdate in response to an MLupdateRequest. Alternatively, the MLupdateJob can also be instantiated directly by an authorized MnS consumer.
· The MnS producer may employ any of the other AI/ML management services to fulfil the update. For example, the MnS producer may trigger a training or retraining process or may trigger a loading process. The triggered process may provide respective notifications to the MLupdate or to any MnS consumer that may wish to be informed that such processes have been undertaken.
5.9.5
Evaluation


The MLupdate has the capability and a control interface to allow a MnS consumer (e.g., the operator) to configure and manage one or more MLupdateRequests. The control interface might for example enable the MnS consumer:
· to get the outcomes of the request using the NotifyMOIattriteChanges operation  or  
· to read the characteristics of submitted MLupdateRequests, . using the readMOIattributes operation. 
· to configure the submitted MLupdateRequests, e.g., the operator may change the priorities of one or more MLupdateRequests. 
Note that the same operations are also needed for the MLUpdateJobs. Thus, the solution described in clause 5.9.4 reuses the existing provisioning MnS operations and notifications in combination with extensions of the NRM. And therefore, it is a feasible solution to be developed further in the normative specifications. 

	End of modifications


