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Abstract: This contribution proposes a solution to the KI#1 for improving correctness of NWDAF analytics, by choosing the best ML model (when more than one model is available for an analytic report) or use more than one model for generating an analytic data.
Discussion
In the process of generating analytics reports by NWDAF, there are cases when more than one ML model is available to choose for an analytics ID. This can depend on filter information that has been optionally provided by a service consumer who has asked for a prediction. In those scenarios, more than one ML model or a combination of ML models can present to NWDAF where a specific model or result of hybrid models can be used to result a prediction with higher accuracy. As a result, an instance of NWDAF containing AnLF that performs inference, needs to know what model is referred by the NWDAF containing MTLF which is responsible to train and prepare ML models.
The proposed solution is to address the following items in this KI:
· How and which information is needed to enhance the ML model provisioning to improve the correctness of NWDAF Analytics.
· [bookmark: _Hlk95857585]Whether and how the NWDAF can improve correctness of NWDAF Analytics (e.g., which existing and/or additional information may be used by the NWDAF to improve the correctness of NWDAF Analytics)?
Different ML models can co-exist in a network where each model may behave differently due to inaccurate data or changed network conditions. At some point in time, there could be multiple models that are suitable for the same Analytics ID. Therefore, it is crucial to define a mechanism to select the best result out of several models when multiple models are available for a prediction task.
Proposed Solution
The following text is proposed to be added to TR 23.700-81 v0.1.0

********** Start of Changes ***************

[bookmark: _Toc97052454][bookmark: _Toc97052782][bookmark: _Toc97057836][bookmark: _Toc97057909][bookmark: _Toc97546135]6	Solutions
[bookmark: _Toc97057837][bookmark: _Toc97052455][bookmark: _Toc97057910][bookmark: _Toc97052783][bookmark: _Toc97546136]6.0 Mapping Solutions to Key Issues
Table 6.0-1: Mapping of solutions to key issues
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********** Next Change (All new text)***************
[bookmark: _Toc97057911][bookmark: _Toc97057838][bookmark: _Toc97052784][bookmark: _Toc97052456][bookmark: _Toc97546137]6.X	Solution #X: Improving Correctness using multiple ML models for an analytics report
[bookmark: _Toc97052785][bookmark: _Toc97052457][bookmark: _Toc500949099][bookmark: _Toc97057839][bookmark: _Toc97057912][bookmark: _Toc97546138]6.X.1	Description
TS 23.288 [x] assumes that the NWDAF containing AnLF has a single ML model for inferring analytics, at a given time, after applying any potential analytics filter. However, in many scenarios, it is possible that the NWDAF containing AnLF may have multiple ML models at its disposal, and therefore, multiple ML models can be used to generate the analytic reports provided by a given Analytics ID. 
Having the NWDAF containing AnLF multiple ML models to choose from, enables use cases where an ML model can be selected depending on, e.g., the UE location, time of day, network load, or any other filter of information.
This solution is based on the existence of several models to draw a prediction for a single analytics ID. In all these scenarios, the following functionalities needs to be taken into consideration:
-	Each ML model needs to have a unique identifier which is assigned by the ML model creator, i.e., an NWDAF containing MTLF.
-	An NWDAF containing AnLF should be able to get all available ML models for a specific Analytics ID, from an NWDAF containing MTLF.
-	For the case of ML model provisioning, an NWDAF containing AnLF should be able to request ML model information for an Analytics ID, from an NWDAF containing MTLF, and be able to receive responses including more than one ML model for the same Analytics ID.
-	Upon reception of multiple ML model information for the same Analytics ID, the NWDAF containing AnLF should be able to choose and download the model(s) of its choice.
Figure 6.X.1-1 presents an example of an NWDAF containing AnLF that collects multiple data, feeds each data to a multiple and different ML models, and uses three ML models for generating predictions for the same Analytics ID. Once a given ML model has generated a prediction, an internal logic in the aggregation/voting unit selects the best prediction and delivers it to the consumer. Therefore, the consumer is provided with the best of the three predictions or an optimized aggregated prediction.

[bookmark: _Ref97200244]Figure 6.X.1-1: Aggregation/voting chooses the best prediction.


[bookmark: _Toc97546139]6.X.2	Procedures
6.x.2.1 	General
This solution does not require new procedures. However, the existing procedures for provisioning an ML model are extended to allow the description of multiple ML models: the data of several service operations are modified to accommodate the reference to multiple ML models and the delivery of multiple predictions.

6.X.2.2	Support for describing multiple ML models in provisioning service operations
Figure 6.X.2.2-1 illustrates a subscription using the Nnwdaf_MLModelProvision_Subscribe service operation for a given Analytics ID. This service operation is enhanced with an indication from the consumer declaring support for multiple ML models.
Then an Nnwdaf_MLModelProvision_Notify request is enhanced with the capability of including, for a given Analytics ID, pairs of unique identifiers of the ML model and its corresponding ML model information. 
Then, the NWDAF containing AnLF can find out whether it has already downloaded any of the ML models identified by the unique identifier and may decide to download one or more ML models of its choice which has not already downloaded.



Figure 6.x.2.2-1: Enhancements to Nnwdaf_MLModelProvision services


Figure 6.X.2.2-2 illustrates an NWDAF containing AnLF sending an Nnwdaf_MLModelInfo_Request request for a given Analytics ID to an NWDAF containing MTLF. This service operation is enhanced with an indication from the consumer declaring support for multiple ML models.
The NWDAF containing MTLF sends an enhanced response including, for a given Analytics ID, pairs of unique identifiers of the ML model and its corresponding ML model information.






Figure 6.x.2.2-2: Enhancements to Nnwdaf_MLModelInfo service

[bookmark: _Toc97546140]6.X.3	Impacts on Existing Nodes and Functionality
The interfaces related to ML Model provisioning are updated to support multiple ML model in the following ways:
-	Nnwdaf_MLModelProvision_Subscribe and Nnwdaf_MLModelInfo_Request are enhanced with an indication, inserted by the consumer, indicating whether the consumer supports multiple ML models for the same Analytics ID.
-	Nnwdaf_MLModelProvision_Notify and the response to Nnwdaf_MLModelInfo_Request are enhanced for supporting the provisioning of data related to multiple ML models for the same Analytics ID, including pairs of unique identifiers of the ML Model together with its corresponding ML Model information.
NWDAF containing AnLF is updated with an aggregation/voting functionality for handling multiple ML models and generating a single (the best) possible prediction.


********** End of Changes ***************
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