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1	Introduction
In the previous RAN3 meetings, it has been discussed whether the Model Inference function is able to evaluate and provide a Model Performance Feedback to Model Training function. It was agreed in the RAN3#114 meeting to keep it as FFS. In this paper, we try to discuss and justify when Model Performance Feedback from Model Inference to Model Training is possible and needed.  
	[bookmark: _Toc55814333]TR 37.817
4.2	Functional Framework


Figure 4.2-1: Functional Framework for RAN Intelligence
    ……
· Model Inference is a function that provides AI/ML model inference output (e.g. predictions or decisions) . It is FFS whether it provides model performance feedback to Model Training function. The Model inference function is also responsible for data preparation (e.g. data pre-processing and cleaning, formatting, and transformation) based on Inference Data delivered by a Data Collection function, if required. 
· Output: The inference output of the AI/ML model produced by a Model Inference function. 
· Note: Details of inference output are use case specific. 
· (FFS) Model Performance Feedback: Applied if certain information derived from Model Inference function is suitable for improvement of the AI/ML model trained in Model Training function. Feedback from Actor or other network entities (via Data Collection function) may be needed at Model Inference function to create Model Performance Feedback.
· Note: Details of the Model Performance Feedback process are out of RAN3 Rel-17 study scope.




2	Discussion
According to the email discussion [1] in RAN3#114e meeting, it seems that majority companies share the understanding the Feedback from Actor can be transferred to Model Training as part of the Training Data and then be used by the Model Training to determine the model performance. For instance, if an AI/ML model is used to determine the handover decision, then the feedback from Actor can imply if the last handover decision is successful or not and may trigger the model retrain/update at Model Training. 
In [1], some companies questioned the feasibility and rationality for the Model Inference to determine the model performance. In our understanding, it can be applicable to at least the following two cases:
· Case#1: UE Trajectory Prediction
· Case#2: Local Cell Traffic Load Prediction
In case#1, when a RAN node tries to predict the UE trajectory (Latitude, longitude, altitude, cell ID of UE over a future period of time), it may use the historical UE trajectory as input. For instance, a RAN node may predict the UE trajectory in the future 1 hr based on the historical UE trajectory in the past 2 hrs. In particular, as illustrated in Figure 1, the Model Inference function may use the measured historical UE trajectory from 0~2hr to predict the UE trajectory from 2~3hr. Then, at time 3hr, the Model Inference function will use the measured historical UE trajectory from 1~3hr to predict the UE trajectory from 3~4hr. It can be noted that at time 3hr, the Model Inference function will have both the predicted UE trajectory from 2~3hr and the actual measured UE trajectory from 2~3hr. By comparing the predicted result with the actual measured result, Model Inference is able to determine how accurate the prediction was and thus generate a Model Performance feedback and send to Model Training. 
In case#2, similarly, when a RAN node predicts the traffic load of one cell, it may use the historical traffic load as input. As illustrated in Figure 2, the Model Inference function may use the measured historical cell traffic load from 0~2hr to predict cell traffic load from 2~3hr. Then, at time 3hr, the Model Inference function will use the measured historical cell traffic load from 1~3hr to predict the cell traffic load from 3~4hr. It can be noted that at time 3hr, the Model Inference function will have both the predicted cell traffic load from 2~3hr and the actual measured cell traffic load from 2~3hr. By comparing the predicted result with the actual measured result, Model Inference is able to determine how accurate the prediction was and thus generate a Model Performance feedback and send to Model Training.
[image: ]
Figure 1: Example of UE trajectory prediction
[image: ]
Figure 2: Example of Cell traffic load prediction
[bookmark: _Toc92437954]If the Model Inference function uses an AI/ML model which makes prediction for successive points in the future based on historical measurements of the same variable(s), the Model Inference could have both the prediction result (the prediction was made some time ago) and the actual measurement results for the same time. By using the prediction result and the actual measurement result, Model Inference is able to derive the prediction accuracy/confidence and provide Model Performance Feedback to Model Training.

Moreover, in the above two examples, the Model Inference function will keep receiving the actual measurements as part of the inference data as long as the model inference is on-going. In comparison, the Model Training function may only receive the actual measurements as part of the training data when a model training/retraining/update is conducted.
[bookmark: _Hlk90926445]In other word, the Model Training function may not always monitor the model performance (e.g., prediction accuracy/confidence) . In such case, the Model Performance Feedback from Model Inference function is helpful for the Model Training function to retrain/update the AI/ML model when necessary (e.g., prediction accuracy/confidence degrades). 
[bookmark: _Toc92437955]In some cases, the Model Training function may not always monitor the model performance, e.g., when AI/ML model in Model Training is not being trained/updated. In these cases, Model Performance Feedback from Model Inference function will help the Model Training function to determine proper action like retrain/update the AI/ML model (e.g., prediction accuracy/confidence degrades).

On a high level, how the Model Inference function generates the Model Performance Feedback can be illustrated as in Figure 3. In general, as long as the Model Inference function receives ground truth data from the Data Collection that can be compared with the inference result(s) generated as output from the deployed AI/ML model, Model Inference function will be able to determine the model performance (e.g., prediction accuracy/confidence). The ground truth data may be derived from the feedback from the Actor. 
[image: ]
Figure 3: Example flow of deriving model performance within the Model Inference function

[bookmark: _Toc92437956]Model Inference function may receive ground truth data from the Data Collection that can be used together with the inference result(s) generated as output from the deployed AI/ML model to derive the model performance. The ground truth data may be part of or derived from the feedback of the Actor.

Considering whether Model Inference is able to determine the Model Performance Feedback, it may depend on some AI/ML model and use case, thus, it is suggested to keep the Model Performance Feedback arrow from Model Inference to Model Training using a dash line.
[bookmark: _Toc90924623]RAN3 keeps the Model Performance Feedback from Model Inference to Model Training using a dash line and remove the “FFS”. Agrees the proposed TP.

3	Conclusion
Based on the discussion above, we observe:
Observation 1	If the Model Inference function uses an AI/ML model which makes prediction for successive points in the future based on historical measurements of the same variable(s), the Model Inference could have both the prediction result (the prediction was made some time ago) and the actual measurement results for the same time. By using the prediction result and the actual measurement result, Model Inference is able to derive the prediction accuracy/confidence and provide Model Performance Feedback to Model Training.
Observation 2	In some cases, the Model Training function may not always monitor the model performance, e.g., when AI/ML model in Model Training is not being trained/updated. In these cases, Model Performance Feedback from Model Inference function will help the Model Training function to determine proper action like retrain/update the AI/ML model (e.g., prediction accuracy/confidence degrades).
Observation 3	Model Inference function may receive ground truth data from the Data Collection that can be used together with the inference result(s) generated as output from the deployed AI/ML model to derive the model performance. The ground truth data may be part of or derived from the feedback of the Actor.


Based on the discussion above, we propose:
Proposal 1	RAN3 keeps the Model Performance Feedback from Model Inference to Model Training using a dash line and remove the “FFS”. Agrees the proposed TP.
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4.2	Functional Framework
Editor Note: FFS on whether model performance evaluation / generating of model performance metrics is performed in Model Inference.





Figure 4.2-1: Functional Framework for RAN Intelligence
This section introduces the common terminologies related to the functional framework for RAN intelligence illustrated in Figure 4.2-1. For the functions and data/information flows shown in the Figure 4.2-1, whether there is any standardization impact and what is the standardization impact are discussed in clause 5.
· Data Collection is a function that provides input data to Model training and Model inference functions. AI/ML algorithm specific data preparation (e.g., data pre-processing and cleaning, formatting, and transformation) is not carried out in the Data Collection function.  
Examples of input data may include measurements from UEs or different network entities, feedback from Actor, output from an AI/ML model.
· Training Data: Data needed as input for the AI/ML Model Training function.
· Inference Data: Data needed  as input for the AI/ML Model Inference function.
· Model Training is a function that performs the ML model training, validation, and testing which may generate model performance metrics as part of the model testing procedure. The Model Training function is also responsible for data preparation (e.g. data pre-processing and cleaning, formatting, and transformation) based on Training Data delivered by a Data Collection function, if required. 

· [bookmark: _Hlk87349515]Model Deployment/Update: Used to initially deploy a trained, validated, and tested AI/ML model to the Model Inference function or to deliver an updated model to the Model Inference function. 
· Note: Details of the Model Deployment/Update process as well as the use case specific AI/ML models transferred via this process are out of RAN3 Rel-17 study scope. The feasibility to single-vendor or multi-vendor environment has not been studied in RAN3 Rel-17 study.


· Model Inference is a function that provides AI/ML model inference output (e.g. predictions or decisions) . It is FFS whether it may provides model performance feedback to Model Training function when applicable. The Model inference function is also responsible for data preparation (e.g. data pre-processing and cleaning, formatting, and transformation) based on Inference Data delivered by a Data Collection function, if required. 
· Output: The inference output of the AI/ML model produced by a Model Inference function. 
· Note: Details of inference output are use case specific. 
· (FFS) Model Performance Feedback: Applied if certain information derived from Model Inference function is suitable for improvement of the AI/ML model trained in Model Training function. Feedback from Actor or other network entities (via Data Collection function) may be needed at Model Inference function to create Model Performance Feedback.
· Note: Details of the Model Performance Feedback process are out of RAN3 Rel-17 study scope. The feasibility to single-vendor or multi-vendor environment has not been studied in RAN3 Rel-17 study.

· Actor is a function that receives the output from the Model inference function and triggers or performs corresponding actions. The Actor may trigger actions directed to other entities or to itself.
· Feedback: Information that may be needed to derive training or inference data or performance feedback.

-----------------------------------End of Changes-----------------------------------
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