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Abstract of the contribution: Solution proposal for trained ML model(s) storage and retrieval to/from ADRF respectively.
1 Discussion
The solution described here address the highlighted parts below of KI#4 in TR 23.700-81 agreed in SA2#149e meeting: 
For this Key Issue the following aspects will be studied:
-	Interaction between multiple DCCFs and MFAFs (e.g. DCCF or MFAF relocation) if multiple DCCFs are deployed in one PLMN, to facilitate and improve data collection coordination.
-	Whether and how to enhance ADRF selection in case of multiple ADRF deployed in the network and whether and how to support ADRF relocation.
-	Whether and how the ADRF should store types of data other than historical data and analytics (e.g. ML models, analytics context) for network analytics.
-	Whether and what other enhancements are required for storage of data and/or analytics in ADRF, NWDAF and/or data source NF.
-	Whether and what other enhancements can be made to further reduce signalling and data traffic and the impact of obtaining data on data sources related to network analytics.

The following principles are proposed to support ML model storage and retrieval for network analytics in ADRF: 
1. The Analytics and Data Repository Function defined in 3GPP Rel-17 enables a consumer to store and retrieve data and analytics. In this solution, we propose extending the functionality of an ADRF to enable a NWDAF containing MTLF and NWDAF containing AnLF to store and retrieve trained ML model(s) respectively.
2. Following ADRF services are defined to support the consumer NWDAF containing MTLF to store and remove ML model(s) from an ADRF: 
-	Nadrf_MLModelManagement_Storage, 
-	Nadrf_MLModelManagement_Delete, 
-	Nadrf_MLModelManagement_RetrievalTrainingUpdateSubscribe, 
-	Nadrf_MLModelManagement_RetrievalTrainingUpdateUnsubscribe, 
-	Nadrf_MLModelManagement_RetrievalTrainingUpdateNotify
3. Following ADRF services are defined to support consumer NWDAF containing AnLF to retrieve ML model(s) from an ADRF: 
· Nadrf_MLModelManagement_Retrieval, 
· Nadrf_MLModelManagement_RetrievalTrainingUpdateSubscribe, 
· Nadrf_MLModelManagement_RetrievalTrainingUpdateUnsubscribe, 
· Nadrf_MLModelManagement_RetrievalTrainingUpdateNotify

2 Proposal
[bookmark: _Hlk513714389][bookmark: _Hlk93055440]It is proposed to update TR 23.700-81 as follows.
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[bookmark: _Toc97057911][bookmark: _Toc97057838][bookmark: _Toc97052784][bookmark: _Toc97052456][bookmark: _Toc97546137]6.X	Solution #X: Storage and retrieval of trained ML models to/from ADRF
[bookmark: _Toc97052785][bookmark: _Toc97052457][bookmark: _Toc500949099][bookmark: _Toc97057839][bookmark: _Toc97057912][bookmark: _Toc97546138]6.X.1	Description
[bookmark: _Toc500949101][bookmark: _Toc97052458][bookmark: _Toc97057840][bookmark: _Toc97052786][bookmark: _Toc97057913]This solution addresses KI#4: How to Enhance Data collection and Storage.
In addition to ADRF functionalities defined in Rel-17, the ADRF supports the following functionalities: 
-  Trained ML model(s) file and ML model file serialization format stored by NF consumer i.e., NWDAF containing MTLF
-  Trained ML model(s) file retrieval by NF consumer i.e., NWDAF containing AnLF
The solution specifies how trained ML model(s) are stored by NWDAF containing MTLF and retrieved by NWDAF containing AnLF as described in clause 6.X.2.1 and clause 6.X.2.2 respectively. 

[bookmark: _Toc97546139]6.X.2	Procedures
[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc97057914][bookmark: _Toc97052459][bookmark: _Toc97052787][bookmark: _Toc97057841]6.X.2.1	Procedure for trained ML model(s) storage in ADRF
The procedure in Figure 6.X.2.1-1 illustrate the mechanisms to store ML model(s) in the ADRF by the NF consumer i.e., NWDAF containing MTLF.


Figure 6.X.2.1-1: Procedure for trained ML model(s) storage in ADRF

If trained ML model(s) storage in ADRF is triggered by NWDAF containing AnLF then steps 1 and 2 are performed.
1. The NWDAF containing AnLF sends Nnwdaf_MLModelInfo_Request with the following input parameters Analytics ID(s), ML model file specific information (ML model file serialization format), Notification end point address (ADRF) to the NWDAF containing MTLF.

2. The NWDAF containing MTLF sends Nnwdaf_MLModelInfo_Response with the following parameters Analytics ID(s), Trained ML model file address.

If trained ML model(s) storage in ADRF is initiated by ADRF then steps 3 and 4 are performed. 
3. The ADRF sends Nnwdaf_MLModelProvision_Subscribe with the following input parameters ML model file specific information (ML model file serialization format).
4. The NWDAF containing MTLF sends Nnwdaf_MLModelProvision_Notify with the following input parameters Analytics ID, Trained ML model file, Notification Correlation ID.
5. The NWDAF containing MTLF sends Nadrf_MLModelManagement_StorageRequest with input parameters Analytics ID(s), Trained ML model file(s), ML model file specific information (ML model file serialization format).

6. The ADRF may subscribe to ML model training update with the NWDAF containing MTLF. It sends Nnwdaf_MLModelTrainingUpdate_Subscribe with input parameters Analytics ID(s), ML model file specific Information (ML model file serialization format).
7. When the ML model for which the ADRF has subscribed for ML model training update has been updated, the NWDAF containing MTLF sends Nnwdaf_MLModelTrainingUpdate_Notify with following parameters Analytics ID, Trained ML model file, Notification Correlation ID.



6.X.2.2	Procedure for trained ML model(s) retrieval from ADRF
The procedure in Figure 6.X.2.2-1 illustrate the mechanisms to retrieve ML model(s) from the ADRF by the NF consumer i.e., NWDAF containing AnLF.


Figure 6.X.2.2-1: Procedure for trained ML model(s) retrieval from ADRF
1. NWDAF containing AnLF sends Nadrf_MLModelManagement_RetrievalRequest which includes Analytics ID(s), ML Model Filter Info (ML model file specific information), Target NF (NWDAF containing MTLF) to subscribe for notifications. The ML model file specific information includes the ML model file serialization format requested by the NWDAF containing AnLF.
2. The ADRF determines if the ML model file for the Analytics ID(s) requested is already stored. If the ML model file for the Analytics ID(s) requested in not stored in ADRF then step 3, 4, 5, 6 are performed. If the ML model file for the Analytics ID(s) requested in stored in ADRF the steps 3, 4, 5, 6 are skipped.
3. ADRF sends Nnwdaf_MLModelProvision_Request with the input parameters defined in TS 23.288 [5] and additional input parameters ML model file specific information (ML model file serialization format).
4. The NWDAF containing MTLF sends a Nnwdaf_MLModelProvision_Response with following parameters Analytics ID(s), Trained ML model file(s).
5. ADRF sends Nnwdaf_MLModelTrainingUpdate_Subscribe with the input parameters Analytics ID(s), ML model file specific information (ML model file serialization format).
6. When the ML model for which the ADRF has subscribed for ML model training update has been updated, the NWDAF containing MTLF sends Nnwdaf_MLModelTrainingUpdate_Notify with the following parameters Analytics ID, Trained ML model(s) file, Notification Correlation ID.
7. The ADRF sends a response back to NWDAF containing AnLF using Nadrf_MLModelManagement_Retrieval Response with the following parameters ML Model File Information (Trained ML model(s) file, ML model file serialization format, Trained ML Model ID per Analytics ID).
8. The NWDAF containing AnLF subscribes to ADRF using Nadrf_MLModelManagement_RetrievalTrainingUpdate_Subscribe service operation containing input parameters Trained ML Model ID per Analytics ID.
9. The ADRF sends a notification to NWDAF containing AnLF using Nadrf_MLModelManagement_RetrievalTrainingUpdate_Notify service operation containing following parameters ML Model File Information (Trained ML model(s) file, ML model file serialization format, Trained ML Model ID per Analytics ID).
10. NWDAF containing AnLF determines that the ML model training update is no longer required.
11. The NWDAF containing AnLF sends Nadrf_MLModelManagement_RetrievalTrainingUpdate_Unsubscribe with Subscription Correlation ID as input parameters.
12. ADRF determines if any of the NF consumer(s) have subscription for ML Model training update per Analytics ID. If none of the NF consumer(s) have subscription for ML model training update per Analytics ID, the ADRF removes the ML model file and ML model file specific information and proceed to step 9. 
13. ADRF sends Nnwdaf_MLModelTrainingUpdate_Unsubscribe to ADRF with the Subscription Correlation ID as input parameter.
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