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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 is to add the potential solution for  AI/ML Inference Emulation. 
4
Detailed proposal
	Start of modification


5
Use cases, potential requirements and possible solutions

5.2.5.2
Use cases

5.2.5.2.1
AI/ML Inference emulation 

After an ML entity is trained, validation is done to ensure the training process is completed successfully. Typically, validation is done by preserving part of the training data set and using it after training to check whether the ML entity has been trained correctly or not. However, even after the ML entity is validated during development, inference emulation is necessary to check if the ML entity containing the ML entity is working correctly under certain runtime context or using certain inference emulation data set. In principle, the two operations are similar on a functional level, where both of them check the ML performance against given context or data to ensure the ML functionality is functioning correctly. But inference emulation involves interaction with third parties, e.g., the operators who  use the ML entity or third-party systems that may rely on the results computed by the ML entity. For these reasons, it is necessary to support inference emulation, specifically to support means:

-
For a given MnS consumer to request for a specific AI/ML capability to be executed in ML inference emulator environment,

-
For a given MnS consumer to request a specific ML inference emulator to execute a given AI/ML capability,

-
For a managed function to act as a ML inference emulator and execute AI/ML capabilities in a controlled way.

The network or its management system needs to have the capabilities and provide the services needed to enable the MnS consumer to request inference emulation and receive feedback on the inference emulation of a specific ML entity or of an application or function that contains an ML entity. 

5.2.5.2.2
Managing ML Inference emulation 

The 3GPP management system may have resources for multiple emulation environments to be used depending on need. These may include simulation environments, a digital twin of the network, a test network or the real network under curtain constrained conditions, e.g., for a selected set of UEs. The multiple emulation environments may represent different levels of trust that the operator or management system has in the ML entity or AI/ML inference functions. Correspondingly, 3GPP management system needs to have means and method for Orchestrating the inference emulation i.e., say called the inference emulation orchestrator or inference emulation function. Accordingly:

-
the emulation progression process involves choosing the right type and instance of an emulation environment to which an ML entity, AI/ML inference Function or the action thereof may be tested depending on the needs of the function to be tested and the available emulation environments and their resources,

-
the emulation process may also involve executing the ML entity, AI/ML inference Function or its action on the real network but in a controlled fashion, e.g., only within certain hours or only on cells with a particular kind of load or only on cells in a particular area or in limited subscriber groups.

Relatedly, the actions taken by the inference emulation function may include:

-
Controlling the allowed parameter space/ranges of the parameters optimized by the ML entity or AI/ML inference Function depending on the emulation environment to which the ML entity, AI/ML inference function or the actions are being executed,

-
Adjusting the parameter space in consideration of the observed behaviour of the ML entity or AI/ML inference function,

-
Deploying the actions of the ML entity or AI/ML inference Function on a selected emulation environment or on the real network,

-
Blocking the ML entity or AI/ML inference function from being used on the network.
5.2.5.3
Potential requirements

REQ-AI/ML_EMUL-1: The MnS producer for AI/ML inference emulation should have a capability to allow an authorized MnS consumer to query the available emulation environment(s).

REQ-AI/ML_EMUL-2: The MnS producer for AI/ML inference emulation should have a capability to inform an authorized MnS consumer of the available emulation environment(s).
REQ-AI/ML_EMUL-3: The MnS producer for AI/ML inference emulation should have a capability to inform an authorized MnS consumer of the capabilities and capacity of the inference emulation producer including information on its available resources.

REQ-AI/ML_EMUL-4: The MnS producer for AI/ML inference emulation should have a capability to allow an authorized MnS consumer to request an ML inference emulation for a specific ML entity or entities. 

REQ-AI/ML_EMUL-5: The MnS producer for AI/ML inference emulation should have a capability to allow an authorized MnS consumer to request for ML Inference Emulation for a specific ML entity using specified data or data with specifically stated characteristics and inference emulation features.
REQ-AI/ML_EMUL-6: The MnS producer for AI/ML inference emulation should have a capability to inform authorized MnS consumer about the status of the emulation of an ML entity under emulation. 

REQ-AI/ML_EMUL-7: The MnS producer for AI/ML inference emulation should have a capability to allow an authorized MnS consumer (e.g., an operator) to manage or control a specific ML inference emulation process, e.g., to start, suspend or restart the inference emulation; or to adjust the inference emulation conditions or characteristics.

REQ-AI/ML_EMUL-8: The MnS producer for AI/ML inference emulation should have a capability to allow an authorized MnS consumer to request reporting and received reports on the progress and outcome of an emulation process,.

REQ-AI/ML_EMUL-9: The MnS producer for AI/ML inference emulation should have a capability to allow an authorized MnS consumer to configure an ML entity or AI/ML inference function supporting with the level of trust that expresses the degree to which the ML entity or AI/ML inference function or the different action thereof have been confirmed as trusted. 

REQ-AI/ML_EMUL-10: The MnS producer of AI/ML inference emulation should have a capability to graduate an ML entity, inference function or the different action thereof through different levels of trust each expressing a different degree to which the ML entity, AI/ML inference function or action has been confirmed as trusted. 

5.2.5.4
Possible solutions


5.2.5.4.1
AI/ML Inference emulation 
· Introduce an IOC with the properties of the ML inference emulation function. This may be termed as an MLInferenceEmulationFunction to be name-contained in either a Subnetwork, a ManagedFunction or a  ManagementFunction. The MLInferenceEmulationFunction may be a separate function or may be name-contained in an inference function.
· This IOC contains attributes including the following: 
· List of the ML entities which can be emulated and possibly in which emulation environments,
· an attribute for the indication of progression of the MLEntity or AI/ML inference Function that is under emulation to indicate the degree to which the inference has been emulated and trusted. 

· The MLInferenceEmulationFunction may expose the different characteristics for which different emulations may be provided

· The orchestration may include a hierarchy for the different emulation environments. E.g. an emulator that uses only a test network vs. an emulator that activates the actions in the real network at specified time such as the maintenance window. The MLInferenceEmulationFunction may expose the different characteristics for which emulations may be supported.

· The IOC representing an available emulation environment, e.g., a new IOC named as AvailableEmulationEnvironment, or EmulationSubNetwork, or the existing SubNetwork IOC with an attribute indicating it is a subnetwork used for emulation.

· 
The instance of this IOC is created by the MnS producer to allow the consumer to query, or be informed of, the information of the available emulation environments. This IOC contains the following properties (e.g., the subordinated IOC or attributes):

· inference functions or ML entities under emulation 

· the available ML-inference-related resources such as processing resources (e.g. average percentage CPU utilization) and memory resources(e.g., in Mbytes). Note: the available ML-inference-related resources may be an optional attribute, e.g. it may be hard to determine the specific ML-inference-related resources in the case where the resources are shared between ML-inference emulation with other functions
· Introduce an IOC for the request for ML inference emulation which shall capture the consumer's requirements for inference emulation. This may be termed as an MLInferenceEmulationRequest to be name-contained on the MLInferenceEmulationFunction. 

· The MLInferenceEmulationRequest shall be associated with at least 1 MLEntity for which the inference emulation is being executed.
· This IOC contains attributes including the following: 
· identifier of the ML entities requested for emulation,
· identifier of the selected emulation environment,
· time window for the emulation
· Each MLInferenceEmulationRequest may have a RequestStatus field that is used to track the status of the specific MLInferenceEmulationRequest or the associated MLInferenceEmulationJob. The RequestStatus is an enumeration with the possible values as: "Pending" if no action has been taken for the request; "Triggered" when an MLInferenceEmulationJob has been instantiated; "Suspended" when the request or its job has been suspended by MnS consumer or producer and "Served" when the job has run to completion.

· Introduce an IOC for the process of ML Inference Emulation from the  objects for inference emulation shall be instantiated. This may be termed as an MLInferenceEmulationProcess to be name-contained on the MLInferenceEmulationfunction. 

· The MLInferenceEmulationProcess shall be associated with at least 1 MLEntity for which the inference emulation is being executed.
· This IOC contains the following attributes:
· progress indicator,
· the identifier of the corresponding emulation request,
· .
· Introduce a a report on ML inference emulation, which may provide reporting on ML emulation for one or more MLInferenceEmulationRequests or MLInferenceEmulationProcesses. This report may be equivalent to the  inference report 
· The ML inference emulation report may indicate the emulation environments in which the entity has been emulated and passed.
· The ML inference emulation report may also include the specific performance metrics for that emulation environments
· 
· 
· 
· 
· 
· 
· May also introduce the IOCs and datatypes for request, process and report on ML Inference and then or update these IOCs with the features of the ML Inference Emulation as introduced above.
· The IOCs and attributes for the solutions of ML entity/entities activation and deactivation for the inference phase, as described in clause 5.2.7.4.2, which can be reused for activating and deactivating ML entities during emulation;

· 5)
The IOCs, attributes and performance measurements for the solutions of performance evaluation for AI/ML inference for inference phase, as described in clause 5.2.6.4, which can be reused for monitoring the inference performance of the ML entities during the emulation.

· 6) The IOCs and attributes for configuration management of 5G system, as defined in TS 28.541 [x], which can be reused for configuring the emulation environment.


· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
5.2.5.5
Evaluation

The solution described in clause 5.2.5.4 reuses the existing provisioning MnS operations and notifications in combination with extensions of the NRM. Requests for Inference Emulation for a given ML entity may be instantiated using provisioning Management service implemented via CRUD (Create, Read, Update, Delete) operations on the request objects. The solution provides the flexibility to allow any function that can execute n ML entity to be the MnS producer for ML Inference Emulation, e.g., an inference function or a generic sandbox function. 

Therefore, the solution described in clause 5.2.5.4 is a feasible solution to be developed further in the normative specifications. 

	End of modifications


