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[bookmark: _Toc91142028]* * * * Start of 1st Change * * * *
[bookmark: _GoBack]5C	Analytics/ML Model Accuracy Monitoring Functional Description 
5C.1	General
[bookmark: _Hlk123501172]NWDAF has the accuracy monitoring capability of Analytics and/or ML Model, where NWDAF can store for a period of time the necessary information to determine the Analytics IDs and/or ML Model accuracy and provide the accuracy information to consumers when requested or use it for its internal processes. 
Analytics/ML Model Accuracy improvement is to be achieved by comparing the predictions using the current trained ML model and its corresponding ground truth data i.e. the corresponding true observed events.
Accuracy Monitoring Functionality are composed by analtyics Accuracy Monitoring Functionality and ML Model Accuracy Monitoring Functionality and Miscellaneous Functionalities:
· AnLF Accuracy Monitoring Functionality as defined in clause 6.2D: an NWDAF containing AnLF with Model Accuracy Monitoring capability is able to provide or notify the accuracy information of Analytics IDs to the consumers of such service and when the accuracy information does not meet the consumer's requirements, the analytics consumer may stop using analytics for a period of time or obtain new analytics.
· MTLF ML Model Accuracy Monitoring Functionality as defined in clause 6.2E: an NWDAF containing MTLF with Model Accuracy Monitoring capability is able to determine ML Model degradation based on AnLF providing notifications of the accuracy degradation of the analytics generated by the model (as defined in 6.2E.3)or by collecting new test data(as defined in 6.2E.2) and reselect a new ML model or retrain the existing ML model and consequently notify the ML model accuracy degradation to the ML Model consumers.
· Miscellaneous Functionalities: NWDAF containing MTLF providing Multiple ML models to AnLF, AF providing "Service Experience Contribution Weights" to the NWDAF, AnLF providing a threshold of Representative ratio to MTLF, Analytics consumers and AnLF indicating a "Use case context" when subscribing to or requesting analytics or ML model(s), respectively, AnLF/MTLF evaluating the quality of the data for input data selection, etc.
* * * * next Change * * * *
[bookmark: _Toc114571973]5.2	NWDAF Discovery and Selection 
(this paper may also touch this part and corresponding 23.501/23.502 CR(s) are also needed)
The NWDAF service consumer selects an NWDAF that supports requested analytics information and required analytics capabilities and/or requested ML Model Information by using the NWDAF discovery principles defined in clause 6.3.13 of TS 23.501 [2].
Different deployments may require different discovery and selection parameters. Different ways to perform discovery and selection mechanisms depend on different types of analytics/data (NF related analytics/data and UE related analytics/data). NF related refers to analytics/data that do not require a SUPI nor group of SUPIs (e.g. NF load analytics). UE related refers to analytics/data that requires SUPI or group of SUPIs (e.g. UE mobility analytics).
In order to discover an NWDAF containing AnLF using the NRF:
-	If the analytics is related to NF(s) and the NWDAF service consumer (other than an NWDAF) cannot provide an Area of Interest for the requested data analytics, the NWDAF service consumer may select an NWDAF with large serving area from the candidate NWDAFs from discovery response. Alternatively, in case the consumer receives NWDAF(s) with aggregation capability, the consumer preferably selects an NWDAF with aggregation capability with large serving area.
NOTE 1:	If the selected NWDAF cannot provide the requested data analytics, e.g. due to the NF(s) to be contacted being out of serving area of the NWDAF, the selected NWDAF might reject the analytics request/subscription or it might query the NRF with the service area of the NF to be contacted to determine another target NWDAF.
-	If the analytics is related to UE(s) and the NWDAF service consumer (other than an NWDAF) cannot provide an Area of Interest for the requested data analytics, the NWDAF service consumer may select an NWDAF with large serving area from the candidate NWDAFs from discovery response. Alternatively, in case the consumer receives NWDAF(s) with aggregation capability, the consumer preferably selects an NWDAF with aggregation capability with large serving area.
NOTE 2:	If a selected NWDAF cannot provide analytics for the requested UE(s) (e.g. the NWDAF serves a different serving area), the selected NWDAF might reject the analytics request/subscription or it might determine the AMF serving the UE as specified in clause 6.2.2.1, request UE location information from the AMF and query the NRF with the tracking area where the UE is located to discover another target NWDAF serving the area where the UE(s) is located.
If the NWDAF service consumer needs to discover an NWDAF that is able to collect data from particular data sources identified by their NF Set IDs or NF types, the consumer may query NRF providing the NF Set IDs or NF types in the discovery request.
NOTE 3:	The NF Set ID or NF Type of a data source serving a particular UE, can be determined as indicated in Table 5A.2-1.
In order to discover an NWDAF that has registered in UDM for a given UE:
-	NWDAF service consumers or other NWDAFs interested in UE related data or analytics, if supported, may make a query to UDM to discover an NWDAF instance that is already serving the given UE.
If an NWDAF service consumer needs to discover NWDAFs with data collection exposure capability, the NWDAF service consumer may discover via NRF the NWDAF(s) that provide the Nnwdaf_DataManagement service and their associated NF type of data sources or their associated NF Set ID of data sources as defined in clause 6.3.13 of TS 23.501 [2].
In order to discover an NWDAF containing MTLF via NRF:
-	an NWDAF containing MTLF shall include the ML model provisioning services (i.e. Nnwdaf_MLModelProvision, Nnwdaf_MLModelInfo) as one of the supported services during the registration in NRF when trained ML models are available for one or more Analytics ID(s). The NWDAF containing MTLF may provide to the NRF a (list of) Analytics ID(s) corresponding to the trained ML models and possibly the ML Model Filter Information for the trained ML model per Analytics ID(s), if available. In this Release of the specification, only the S-NSSAI(s) and Area(s) of Interest from the ML Model Filter Information for the trained ML model per Analytics ID(s) may be registered into the NRF during the NWDAF containing MTLF registration.
NOTE 4:	The S-NSSAI(s) and Area(s) of Interest from the ML Model Filter Information are within the indicated S-NSSAI and NWDAF Serving Area information in the NF profile of the NWDAF containing MTLF, respectively.
-	During the discovery of NWDAF containing MTLF a consumer (i.e. an NWDAF containing AnLF) may include in the request the target NF type (i.e. NWDAF), the Analytics ID(s), the S-NSSAI(s) and Area(s) of Interest of the Trained ML Model required. The NRF returns one or more candidate for instances of NWDAF containing MTLF to the NF consumer and each candidate for instance of NWDAF containing MTLF includes the Analytics ID(s) and possibly the ML Model Filter Information for the available trained ML models, if available.
NOTE 5:	In this Release of the specification, the NWDAF containing AnLF selects from the list of candidate NWDAF (containing MTLF) instance(s), an NWDAF containing MTLF that is pre-configured in the NWDAF containing AnLF to obtain trained ML Model(s) (see clause 5.1).
A PCF may learn which NWDAFs being used by AMF, SMF and UPF for a specific UE, via signalling described in clause 4.16 of TS 23.502 [3]. This enables a PCF to select the same NWDAF instance that is already being used for a specific UE.
If the analytics consumer needs to discover an NWDAF containing an AnLF with Accuracy Monitoring capability, the consumer may query NRF additoanlly providing the AnLF accuracy monitoring capability indicator, Time Period of Interest for Analytics Accuracy Monitoring in the discovery request.
Editor's note:	Whether and how to support NWDAF containing AnLF selecting NWDAF containing MTLF with ML Model Accuracy monitoring capability is FFS.
* * * * next Change * * * *
6.2D	AnLF Analytics Accuracy Monitoring procedures
(will be deleted once individual company CR are selected as baseline )
6.2D.1	General
The high-level procedure is shown in Figure 6.2D while the detailed procedure is defined in clause 6.2D.2:


Figure 6.2D.1 High level procedure for AnLF Analytics Accuracy Monitoring procedure
1) AnLF calculate Accuracy Information by comparing the ground truth data and the corresponding inference 
a. AnLF collected input data to make prediction and then compares the predictions and the corresponding ground truth data to calcuate Analytics Model Accuracy
b. Each AnLF stores the data input data, ground truth data and the corresponding inference into ADRF for e.g. MTLF retraining the ML Model
c. In order to improve Analtyics Accuracy Calculating, AnLF may also consider the feedback information which is provided by whether analytics consumer performs action per received analytics outpupt from AnLF.
2) AnLF determines that the accuracy of the analytics does not meet the consumer's requirements, the analytics consumer may stop using analytics results for a period of time or obtain a new Model 
Regading the detailed procedure for AnLF Analytics Accuracy Monitoring procedures, please see it in clause 6.2D.2. 


Copy/paste KI#1 conclusion:
-	An NWDAF containing AnLF with accuracy checking capability is able to provide or notify the accuracy information of Analytics IDs to the consumers of such service.

-	When accuracy information includes an indication that the accuracy of the analytics does not meet the consumer's requirements, the analytics consumer may stop using analytics for a period of time or obtain new analytics.
	In addition, accuracy information may also include updated analytics for the provided analytics ID, if the updated analytics is able to be generated within the correction time period.
-	When accuracy information includes indications for the NF to stop or pause the consumption of the analytics, the NF may unsubscribe to the analytics ID, or provide an indication to AnLF that it is pausing an existing subscription of the analytics ID. Once AnLF determines the accuracy of the analytics is improved to meet the consumer's requirements for an analytics ID, the AnLF may notify the NF consumer with an indication for resuming consumption of analytics ID.
-	NF consumers of Analytics ID(s) upon receiving an accuracy information from an AnLF may request a pause or resume of notification from existing subscriptions.
-	NWDAF can rate untrusted AF data sources based on data source performance monitoring. Monitoring can be performed by NWDAF containing MTLF considering the data distribution or data drift, (i.e. between predictions and ground truth data) or alternatively by the NWDAF containing AnLF considering either the data drift or the evaluation feedback provided by service consumer.


6.2D.2	Procedure AnLF Analytics Accuracy Monitoring 

* * * * next Change * * * *
6.2E	MTLF ML Model Accuracy Monitoring procedures
(will be deleted once individual company CR are selected as baseline )
6.2E.1	General
MTLF based ML Models Accuracy Monitoring procedures, using procedure as specified in clause 6.2E.2. 
AnLF-asisited MTLF based ML Models Accuracy Monitoring procedures, using procedure as specified in clause 6.2E.3. 
6.2E.2	Procedure for MTLF ML Models Accuracy Mornitoring 
(will be deleted once individual company CR are selected as baseline )

High level steps:


Figure 6.2E.3 High level procedure for MTLF ML Models Accuracy Monitoring
1) MTLF request AnLF to assit ML Model Accuracy monitoring 
a. when receving request from Analytic consumer, AnLF collect input data to make prediction and ground truth data in addition, which is used by MTLF to calculate ML Model Accuracy by comparing the ground truth data and the prediction 
b. AnLF stores the data e.g. input data, ground truth data and the prediction into ADRF
c. AnLF provides storage information to MTLF 
2) MTLF collect data from data provider or ADRF and compute ML Model Accuracy by comparing the ground truth data and the prediction 
3) MTLF determines ML model degradation and retrain the existing ML model that provided to the AnLF and may provide the updated ML model to AnLF




Copy/paste KI#1 conclusion:
MTLF determining ML model degradation by collecting new test data (including input data, ground truth data and the corresponding inference) and testing the ML model accuracy. MTLF can compute accuracy by comparing the predictions and the corresponding ground truth data.
NOTE 1:	Input data is the necessary data which is collected by AnLF to perform inference to generate prediction and the ground truth data is the actual measured data which corresponds toa prediction.
-	MTLF can collect data for monitoring purposes from AnLF, ADRF or other NF. When ADRF is used, the MTLF can retrieve the data by specifying in the request the DataSetTag.



6.2E.3	Procedure for AnLF-asisited MTLF ML Models Accuracy Monitoring 
(will be deleted once individual company CR are selected as baseline )
High level steps


Figure 6.2E.3 High level procedure for AnLF-asisited MTLF ML Models Accuracy Monitoring
1) AnLF collect input data and ground truth data
a. AnLF use the input data to calculate Analytics Accuracy Information by comparing the ground truth data and the corresponding inference
b. AnLF stores the data e.g. input data, ground truth data and the corresponding inference into ADRF for e.g. MTLF retraining the ML Model
2) MTLF request AnLF to provide Analytics Accuracy Information and storage infomation, which are used by MTLF to determine ML Model degradation and retrain the existing ML Model 
3) MTLF colllects the new test data from data providers and/or the data (such as input data, ground truth data and the corresponding inference) stored in ADRF by AnLF
4) MTLF retrains the existing ML model that provided to the AnLF and may provide the updated ML model to AnLF







Copy/paste KI#1 conclusion:
MTLF subscribes to AnLF, that is registered in MTLF with its accuracy monitoring for a model provided by that MTLF, for getting notifications of the accuracy degradation of the analytics generated by the model, where the AnLF determines accuracy information based on any of the following:
-	Comparing predictions and its corresponding ground truth data.
NOTE 3:	The ground truth data and the corresponding prediction is to be defined per Analytics ID.
-	Comparing changes in internal configuration for the analytics ID generation (e.g. data collection parameters).
-	Previous existent records of analytics accuracy information.
-	The analytics consumer performs action that may consequently affect the ground truth data and may provide the accuracy feedback information that indicates whether the analytics consumer NF performs actions to AnLF.
-	In the case of AnLF with accuracy checking capability, the accuracy feedback information is taken into account by AnLF to improve Accuracy Calculating.
-	In the case of MTLF with accuracy checking capability, AnLF further forward the accuracy feedback information to MTLF, which is taken into account by MTLF to improve Accuracy Calculating.


* * * * next Change * * * *
7.X	Nnwdaf_AccuracyProvision services (if needed)
(will be deleted once individual company CR are selected as baseline)

* * * * End of Changes * * * *
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