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Abstract of the contribution: it proposes to update solution 3 to refine the procedure and to address the EN. 
1 Discussion
This paper is to resolve the following EN and also to update solution to refine the procedure.
Editor's note: How the NWDAF(AnLF) determines the prediction is regarded as an incorrect prediction by comparing with the ground truth is FFS.
2 Proposal
[bookmark: _Hlk513714389][bookmark: _Hlk93055440]It is proposed to update TR 23.700-81.

[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc97057914][bookmark: _Toc97052459][bookmark: _Toc97052787][bookmark: _Toc97057841]First change 
[bookmark: _Toc57209987][bookmark: _Toc50134070][bookmark: _Toc57366378][bookmark: _Toc55202360][bookmark: _Toc50134414][bookmark: _Toc50549052][bookmark: _Toc50557366][bookmark: _Toc50130756][bookmark: _Toc68086331][bookmark: _Toc28264][bookmark: _Toc101170911][bookmark: _Toc27384][bookmark: _Toc104433140][bookmark: _Toc104467314][bookmark: _Toc104467596][bookmark: _Toc104828986]6.3	Solution #3: Accuracy based NWDAF Analytics Correctness Improvement
[bookmark: _Toc50134415][bookmark: _Toc68086332][bookmark: _Toc50549053][bookmark: _Toc57209988][bookmark: _Toc50557367][bookmark: _Toc50134071][bookmark: _Toc50130757][bookmark: _Toc55202361][bookmark: _Toc57366379][bookmark: _Toc104828987][bookmark: _Toc104467597][bookmark: _Toc104467315][bookmark: _Toc104433141][bookmark: _Toc21621][bookmark: _Toc3627][bookmark: _Toc101170912]6.3.1	Description
This solution is about KI #1: How to improve correctness of NWDAF analytics to address how to improve correctness of NWDAF analytics.
In AI community, there is a concept called 'accuracy' which is used to indicate the correctness of an AI/ML model's predictions. The Accuracy is the percentage of correct predictions in all predictions. One of methods to determines a prediction is correct is to compare the prediction with its corresponding ground truth data i.e. the label (data. A set of data can be composed as (x, t), and the 'x' is 'input data' and 't' is 'label' or 'label data'. If this label is correct, it also is called 'ground truth'.
For the regression problems, the predictions and the ground truth label data may be not same but similar, and their difference can be calculated by other methods e.g. Mean Absolute Error (MAE). If this difference is smaller than a threshold, this prediction should be considered as correct.


Figure 6.3.1-1: Accuracy in AI Community
As shown in Figure 6.3.1-2, Accuracy in Training (AiT) and Accuracy in Use (AiU) can be used to measure the correctness of a ML model, the Accuracy in Use should be observed/monitored by the NWDAF/network, which could be a trigger for NWDAF(MTLF) to re-train the ML Model if Accuracy in Use cross a threshold:


Figure 6.3.1-2: Accuracy in Training with Training dataset vs Accuracy in Use with live network dataset
As shown in left side of the Figure, a NWDAF(MTLF) trained a ML Model with Training dataset (input data, ground truth datalabel data) and the Accuracy in Training is to indicate the performance of ML model in training stage by comparing prediction with ground truth data label data in validation dataset reserved from training dataset.
The NWDAF(MTLF) deliver the trained ML Model to a NWDAF(AnLF), which will be used by the NWDAF(AnLF) to perform inference with input data from live network.
31)	As shown in right side of the Figure, Accuracy in Use is to indicate the performance of ML model used in live network by comparing prediction with the observed label data i.e. ground truth data from the live network.
	Please note that the NWDAF(AnLF) performs inference with live network input data to get the prediction and also retrieves the ground truth data label data from live network.
42)	However, due to some reasons, e.g. different data distribution between training data set and data in live network, poor model generalization ability, etc. there may be a gap between Accuracy in Training and Accuracy in Use, and the Accuracy in Use usually is not as good as Accuracy in Training especially as times goes by.
	The NWDAF(AnLF) decides to indicate the NWDAF(MTLF) to re-train the AI/ML model e.g. if Accuracy in Use crosses a threshold or the gap between Accuracy in Training and Accuracy in Use crosses a threshold.
	In order to improve training data quality e.g. the data distribution, the NWDAF(AnLF) also provides the input data, ground truth datalabelled data, where prediction is regarded as incorrect prediction by comparing with labelled data i.e. ground truth data, to help the NWDAF(MTLF) to re-train a better AI/ML Model e.g. with model generalization ability.
Similarly, regarding regression, MAE in training and MAE in use is introduced to measure the ML model correctness.
[bookmark: _Toc57209989][bookmark: _Toc50549054][bookmark: _Toc50134072][bookmark: _Toc50557368][bookmark: _Toc50134416][bookmark: _Toc50130758][bookmark: _Toc57366380][bookmark: _Toc55202362][bookmark: _Toc68086333][bookmark: _Toc104828988][bookmark: _Toc104467598][bookmark: _Toc104467316][bookmark: _Toc104433142][bookmark: _Toc1396][bookmark: _Toc101170913][bookmark: _Toc17984]6.3.2	Procedures
Figure 6.3.2-1 depicts the procedure for the proposed solution that the AnLF collects the ground truth data label data and calculates the AiU.




Figure 6.3.2-1: AnLF collect ground truth data label data and calculate accuracy in use
1.	The NWDAF(AnLF) service consumer subscribes to analytics information by invoking the Nnwdaf_AnalyticsSubscription_Subscribe service operation. The parameters that can be provided by the NWDAF service consumer are listed in clause 6.1.3 of TS 23.288 [5].
2.	The NWDAF(AnLF) subscribes to a NWDAF(MTLF) a trained ML Model by invoking the Nnwdaf_MLModelProvision (an Analytics ID, ML Model Filter Information, Accuracy/MAE requirement) service operation.
3~4.	The MTLF trains the model according to the requirement from AnLF and notifies the AnLF with the ML model information by invoking Nnwdaf_MLModelProvision_Notify (Analytic ID, the file address of the trained ML model, Accuracy in Training (AiT) or MAE in Training) service operation.
5~8.	The AnLF collects the input data from input data providers, e.g. OAM, NFs, makes predictions and sends the predictions to the NWDAF NF consumer NF. The collected input data also includes the ground truth data, which is corresponding to the prediction calculated by AnLF (based on the trained ML Model provided by the MTLF).
9~10.	the The AnLF collects label data corresponding to predictions from data providers e.g. AF and SMF, and calculates the Accuracy in Use or the MAE in Use, which reflects the performance of ML model used in live network by comparing prediction with the observed labelled data i.e. corresponding ground truth data retrieved from the live network by the AnLF in step 6.
1110.	The AnLF compares the Accuracy in Use with the Accuracy in Training and/or MAE in Use with MAE in Training and decide whether or not to send notification to MTLF to re-train the AI/ML model e.g. if Accuracy in Use cross a threshold or by comparing the between Accuracy in Training and Accuracy in Use.
11~1212~13.The AnLF reuse MLModelProvision service (subscription Correlation ID, Analytic ID, AiU or MAE in Use, the corresponding time scale, input data and ground truth datalabel data) to modify of the original ML model subscription in step 2, indicating to the MTLF that the Accuracy in Use or MAE in Use is not good as the Accuracy in Training or MAE in Training and the MTLF retrains the model with new data from the AnLF.
        Both AiU or MAE in Use and the corresponding time scale are indicated to MTLF, indicating AiU or MAE in Use is calculated within the corresponding time scale.
In order to improve training data quality e.g. the data distribution, the AnLF provides the input data, label data i.e.  ground truth, where prediction is regarded as incorrect prediction by comparing with labelled data i.e.the ground truth:, to help the MTLF to re-train a better AI/ML Model e.g. with model generalization ability.
· In case of classification, if the prediction is not same with its corresponding ground truth data retrieved from live network then this prediction should be considered as incorrect. 
· [bookmark: _GoBack]in case of regression, if the difference e.g. Mean Absolute Error (MAE) between the prediction and its corresponding ground truth data is greater than a threshold, this prediction should be considered as incorrect.
Editor's note:	How the NWDAF(AnLF) determines the prediction is regarded as an incorrect prediction by comparing with the ground truth is FFS.
14~15.	The AnLF notifies the consumer that the Accuracy in Use is not as good as the Accuracy in Training to consequently stop using the provided analytic result by invoking the Nnwdaf_AnalyticInfo_Notify (Analytic ID, AiU, Disable notification).
Editor’s Note: The dependency of accuracy/MAE on the time scale is FFS.
[bookmark: _Toc50134417][bookmark: _Toc57366381][bookmark: _Toc50130759][bookmark: _Toc55202363][bookmark: _Toc50134073][bookmark: _Toc57209990][bookmark: _Toc68086334][bookmark: _Toc50549055][bookmark: _Toc50557369][bookmark: _Toc104828989][bookmark: _Toc104467599][bookmark: _Toc104467317][bookmark: _Toc104433143][bookmark: _Toc1218][bookmark: _Toc19097][bookmark: _Toc101170914]6.3.3	Impacts on services, entities and interfaces
The solution has the following impacts:
NWDAF(AnLF):
-	Collects data from corresponding data provider(s) to calculate the Accuracy in Use and MAE in Use.
-	Sends the notifications to the NWDAF(MTLF) and consumer to inform the Accuracy in Use or MAE in Use has decreased.
NWDAF(MTLF):
-	Receives the notification that the Accuracy in Use or MAE in Use has decreased from NWDAF(AnLF) and re-trains the AI/ML Model.
NWDAF service Consumer:
-	Receives the notification that the Accuracy in Use or MAE in Use has decreased from NWDAF(AnLF) and stops using the analytics provided by the NWDAF(AnLF).

End of change
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The accuracy of a machine learning algorithm is one way to Accuracy =

measure how often the algorithm a data point correctly. the number of correct predictions

Accuracy is the number of correctly predicted data points out of - * 100%
- all predictions
all the data points.” — DeepAl








