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1.	Introduction
An update to solution#61 is proposed to remove the EN.
When an NWDAF containing MTLF receives ML model request from an NWDAF containing AnLF, the NWDAF containing MTLF may:
- determine whether an existing trained ML Model can be used for the request; (described in TS 23.288[5])
- determine whether triggering further training for a local existing trained ML models is needed for the request; (described in TS 23.288[5])
- determine whether triggering model retrieval from an ADRF. The model can be either a model that can be directly used for the request, or a model that need further training;
The ML model stored in ADRF can be either a model that stored by this NWDAF containing MTLF previously, or a model that stored by a different NWDAF containing MTLF. In this solution, there is no effect to the NWDAF containing AnLF. Only the NWDAF containing MTLF need to interact with ADRF to retrieval and store ML models. The interactions between NWDAF containing AnLF and ADRF are not included in this solution.
When the ADRF receives ML model request from NWDAF (with a filter information), the ADRF should send the ML models that "match" the filter information instead of sending all ML model to NWDAF. In this solution, "Match" means that the request filter information are contained within the range of model information of the ML model stored in ADRF. If none of the models stored in ADRF can match the filter information, it is hard for ADRF to determine which ML model to send to NWDAF containing MTLF to be the baseline model, because it will need data analysis, which is beyond the ability of ADRF. So, in this solution, the NWDAF containing MTLF are proposed to have the ability to narrow down the filter information to retrieve "baseline model" from ADRF.
In this solution, the NWDAF containing MTLF need to use a service of ADRF to retrieval ML model (step 5) and store ML model (step 8). The parameters of ML model retrieval request include: Analytics ID(s), the original model filter information (same as the filter information send by AnLF), the updated filter information (updated by MTLF) and other information (e.g. a notification target address, etc.). The parameters of ML model storage include: Analytics ID, ML model file, ML model serialization format, Spatial validity, Validity period, model performance and other related information. The services Nnwdaf_MLModelProvision and Nnwdaf_MLModelInfo of NWDAF can not meet the requirement of this solution, so new services for ADRF are needed.


2.	Proposal
The following changes are proposed for TR 23.700-81.
* * * * First change * * * *
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This solution addressed Key Issue #1 "How to improve correctness of NWDAF analytics" and Key Issue #4 "How to Enhance Data collection and Storage ".
The correctness of NWDAF analytics largely depends on the accuracy of corresponding ML model. In most scenarios, if the training data and testing data of a ML model have different model information (e.g. area, time period, etc.), the accuracy of this ML model will be very low. This is because the distribution of data with different model information is different. It has been proved in many papers that using a historical ML model (with different model information) as Priori Knowledge and train it upon new datasets can achieve higher accuracy than retrain a new ML model(e.g. transfer learning). For example, it has been proved that using the historical model "Xception" as baseline model and using only 2000 pictures to conduct some further training can improve the top-5 accuracy from 94.5% to 99.1%.
When an NWDAF containing MTLF receives ML model request from an NWDAF containing AnLF, it may have neither directly usable model that match the filter information, nor existing model that need further training locally. In this scenario, the NWDAF containing MTLF can achieve higher accuracy to do some further training on a historical previously stored ML model(may not match the filter information) than retrain train a new ML model. 
First, the ADRF should be able to store historical ML model and send the historical ML model with wider range than the ML model filter information using new services of ADRF for ML model storage,  and provisioning and update. For example, the Area of interest of NWDAF containing MTLF is TA-1,2, while there are two historical ML models whose Spatial validity is TA-1,2,3 and TA-2,3,4 in the ADRF. The ADRF should consider the ML models whose Spatial validity is TA-1,2,3 can match the filter information. Then the ADRF should be able to send this ML model to NWDAF containing MTLF.
Second, the NWDAF containing MTLF should be able to modify the ML filter information received from the NWDAF containing AnLF, and the logic of the NWDAF containing AnLF are not affected (request/subscribe ML model to the NWDAF containing MTLF). For example, the Area of Interest in the filter information is TA-1,2, while the Spatial validity of a historical ML model is TA-2,3, which has included features of TA-2 but with extra feature of TA-3. If the difference between the data distribution of TA-1 and TA-3 is not particularly large (e.g. TA-1 and TA-2 are geographically adjacent), The NWDAF containing MTLF will achieve higher accuracy to do further training on the historical ML model than retrain train a new ML model. The NWDAF may modify the Area of Interest from TA-1,2 to TA-2 (The NWDAF containing MTLF do not know the Spatial validity of ML historical models in ADRF. The NWDAF containing MTLF modify the filter information based on internal logic). The filter information mentioned in this solution includes the model characteristics (e.g. model performance such as model accuracy or MAE).
The following functionalities should be considered:
· ADRF should support historical ML model storage including the Analytics ID, ML model file, ML model serialization format, Validity period, Spatial validity, model performance (e.g. model accuracy or MAE) and other related information. 
· ADRF should be able to create an identification (model ID) for each historical ML model stored in it.
· ADRF should be able to send ML model with wider range than the filter information to NWDAF containing MTLF.
· NWDAF containing MTLF should be able to change the filter information received from NWDAF containing AnLF appropriately based on local configurations.
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Figure 6.61.2.1-1: Procedure for historical ML model Retrieval From ADRF
1.	The NWDAF containing AnLF sends Nnwdaf_MLModelInfo_Request to NWDAF containing MTLF as described in clause 6.2A.3 of TS 23.288[5]
2.	If Tthe NWDAF containing MTLF may determines that no existing ML model can be used and determines to retrieval historical ML model(s) from ADRF, the steps 3,4,5 are performed. If the NWDAF containing MTLF determines that an existing model can be used for the request or an existing ML model needs further training, the steps 3,4,5 are skipped.
3.	The NWDAF containing MTLF modify the filter information received from NWDAF containing AnLF appropriately. The NWDAF containing MTLF may take one of the following modification:
-	Turn one or some of the filter information(e.g. S-NSSAI, model performance) received from NWDAF containing AnLF to "OPTIONAL" or just remove one or some of the filter information.
-	Change the range of one or some of the filter information. For example, if the difference between the data distribution of TA-1 and TA-3 is not particularly large (e.g. TA-1 and TA-2 are geographically adjacent), the NWDAF containing MTLF may modify the Area of Interest from TA-1,2 to TA-2 so that it can retrieval a ML historical model from ADRF whose Spatial validity is TA-2,3.
NOTE:	The NWDAF containing MTLF do not know the Spatial validity, Validity period and other information of the historical ML models stored in ADRF in this step. The specific algorithm to modify the filter information should be determined by NWDAF containing MTLF based on internal configuration, which is not included in this solution.
4.	The NWDAF containing MTLF utilize the NRF to discover ADRF instance unless ADRF information is available by other means, e.g. locally configured in the NWDAF containing MTLF. The NWDAF containing MTLF may consider the following factors: S-NSSAI, Analytics ID, ML model information (e.g. Spatial validity ), etc.
5.	The NWDAF containing MTLF sends historical ML model request to ADRF using a new ADRF service (e.g. Nadrf_MLModelManagement_RetrievalRequest, similar to solution#42 but with different contents). The following parameters should be included: Analytics ID(s), Tthe original filter information (same as the filter information received from AnLF) and the modified updated filter information (updated by the NWDAF containing MTLF) should be included, and other information (e.g. a notification target address, etc.). The ADRF preferentially sends the ML model that match the original filter information to the NWDAF containing MTLF. If none of the historical ML models stored in ADRF can match the original filter information, the ADRF sends the ML model that match the modified filter information to the NWDAF containing MTLF. In addition to the parameters defined in TS 23.288(e.g. ML model file address, Spatial validity, Validity period), the ML model ID should be included.
6.	If the retrieved historical ML model match the original filter information, the NWDAF containing MTLF sends the historical ML model to NWDAF containing AnLF directly. If the historical ML model do not match the original filter information, the NWDAF containing MTLF need to do some further training on the historical ML model until the historical ML model can match the original filter information.
7.	NWDAF containing MTLF sends Nnwdaf_MLModelInfo_Request response to NWDAF containing AnLF as described in clause 6.2A.3 of TS 23.288[5].
8.	If the NWDAF containing MTLF trained a new ML model or did some further training on a ML model stored in ADRF,did not retrieval any historical ML model in step 5, the NWDAF containing MTLF mayit sends a request to ADRF to store the new ML model. The following parameters should be included: Analytics ID, ML model file, ML model serialization format, Spatial validity, Validity period, model performance and other related information. The ADRF then assigns a model ID to this ML model. If the NWDAF containing MTLF did further training on one of the historical model, the NWDAF containing MTLF sends a request to ADRF to update the corresponding historical ML model. The NWDAF containing MTLF shall use a new services to store and update the ML model (e.g. Nadrf_MLModelManagement_StorageRequest, which is similar to solution#42 and solution#43).
NOTE:	What is provided from MTLF to ADRF should align with KI#5.

The ADRF then may registers/updates the ML model profile to NRF using Nnrf_NFManagement_NFRegister. One or more than one of the following parameters should be included: ADRF ID, ML model ID, Spatial validity, Validity period, model performance and other related information. 
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ADRF:
-	Support new services for ML model storage and, provisioning and update (e.g. Nadrf_MLModelManagement_RetrevalRequest, Nadrf_MLModelManagement_StorageRequest);
-	Support sending responding ML model with wider range than the filter information to NWDAF containing MTLF using the new services;
Editor's note:	Whether new services are needed or enhancements of Nnwdaf_MLModelProvision Nnwdaf_MLModelInfo are sufficient, is FFS. Correlatively, the NF (ADRF or other) providing these services is FFS.
NWDAF containing MTLF:
[bookmark: _GoBack]-  Support filter information modification;
-  Support ML model retrieval from ADRF;
-	Support filter information modification;
-	Support historical ML model retrieval from ADRF;


* * * * End of changes * * * *
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