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1. Introduction
The Key Issue#5: Enhance trained ML Model sharing is to study ML Model sharing between NWDAFs from different vendors. This document covers the following bullets.
-    How to discover and select a NWDAF containing MTLF even from different vendors which can provide interoperable trained ML model(s), and how to retrieve interoperable trained ML model(s) from it, by a NWDAF containing AnLF, including:
-	Whether and what new functionality / function(s) is needed for support of trained ML model interoperability?
-	What additional information should be exchanged between the NWDAF containing MTLF and the NWDAF containing AnLF, for support of trained ML model interoperability.
-	Whether and how to define common characteristics for trained ML models from different vendors?
Starting from last bullet and moving upwards. If by characteristics means 3GPP shall specify models, the view is that 3GPP shall not specify common characteristics for trained ML models, since it will hamper fast adaption to new available models. 
With regards to interoperability, we start with defining what models are. Models are software, which may contain definition of what data to be used and pre-processing, ML model algorithm, possible post processing. How these parts interact with each other and with parts in NWDAF containing AnLF is described in a companion manifest. 
At update of software running in a container-based environment an OCI image is downloaded and unpacked to create a runtime. The manifest in this case contains e.g. a helm chart. For interoperability an NWDAF containing MTLF must be able to produce model files that can be downloaded and unpacked into a runtime that the NWDAF containing AnLF understands. For this to work, the NWDAF containing AnLF must inform the NWDAF containing MTLF on it needs and what it expects as output file. Since the internals (e.g. the environment) of the NWDAF containing AnLF is not to be specified what can be specified is a container in the model subscription service request that express the needs of the NWDAF containing AnLF. The content of the container is not to be specified by 3GPP. What may be specified if needed is e.g. what language shall be used describing the needs (e.g. yaml), some basic parameters, but not their values and the length of the container.
With regards to new functions or Functionality, the NWDAF containing MTLF must have the support to produce the output file that the NWDAF containing AnLF can make use of. This internal functionality is nothing new but is deemed to be understood to be included already in Rel-17. But it is extended here in Rel-18 to now include possibility of multiple output formats, such as different OCI images for different model serving environments.
Finally, the MTLF needs to register into NRF an Interoperable Token representing the models it can produce, so that a requesting NWDAF containing AnLF may discover the appropriate NWDAF containing MTLF. Sharing models builds on business aspects are in place and interoperability testing is done. A solution was approved in SA2#150, S2-2203367. This solution builds on that and proposes to make use of an Interoperable Token.

3. Proposal
It is proposed to agree the following changes to 3GPP TR 23.700-81 v0.2.1.
* * * First change * * * *
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* * * Second change (All new text) * * * *

[bookmark: _Toc97057911][bookmark: _Toc97057838][bookmark: _Toc97052784][bookmark: _Toc97052456][bookmark: _Toc97546137]6.X	Solution #X: Sharing models between NWDAFs
[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]A pre-condition to share models between NWDAFs is that business aspects are in place and interoperability tests are done. When these are done, an Interoperable Token is known by both NWDAF containing MTLF and NWDAF containing AnLF. The NWDAF containing MTLF can register into NRF the Interoperable Token. This Interoperable Token is then used when another NWDAF as ML model consumer discovers an appropriate NWDAF containing MTLF to subscribe ML Models from. 
Models are software running in the NWDAF’s model execution environment. A commonly used such environment is a container-based environment. This solution builds on such environment but can easily be extended to include any environment running inside an NWDAF.
Editor’s note: The definition of an ML model is FFS.
The MLModelProvision service operation is updated to be able to handle different formats, according to model serving environments in the NWDAF containing AnLF. This is done by adding the possibility for the NWDAF containing AnLF to share what environment it is running and what services it is using for communicating externally to other NFs (such as data collection), and what output format it expects.
The model file, which is referred to in the URL the NWDAF containing MTLF includes in the response to the MLModelProvision service subscription, includes the model software and a manifest.
[bookmark: _Toc97546139]6.X.2	Procedures
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Figure 6.X.2-1: Existing procedures for ML Model Provisioning
Only subscription is shown above, but the same can apply for request as well.
1.	The NWDAF service consumer subscribes to ML Model (s) according to existing procedure in TS 23.288 [5].
	Information that is added by the NWDAF service consumer:
-	Interoperable Token
NOTE 1: Format of the token is up to the stage 3 discussion.
-	Representative Ratio: percentage of the related UEs whose data is used in the Analytics computation, when the Target of ML Model Reporting is a group of UE(s) or any UE.
NOTE 2:	Representative ratio is used when NWDAF trains a Model for a group of UEs or any UE, where it can only use the data of the related UEs who grant the User consent. The representative ratio can help the consumer to know if the model can represent the group of UEs or any UE, thus whether the model is useful or not.

-	A container for information to the NWDAF containing MTLF including:
- Wanted Output format from NWDAF containing MTLF (In this solution an OCI image)
- The environment the AnLF is running on (e.g. K8s version)
- What APIs the model shall have and make use of. Example of such APIs are API for requesting Analytics from model. 
NOTE 1:	Representative ratio is used when NWDAF trains a Model for a group of UEs or any UE, where it can only use the data of the related UEs who grant the User consent. The representative ratio can help the consumer to know if the model can represent the group of UEs or any UE, thus whether the model is useful or not.
NOTE 32:	The parameters listed for the container are only for information and will not require any 3GPP work. The content of the container is not to be specified by 3GPP. 
2.	NWDAF containing MTLF notifies service consumer according to existing procedure in TS 23.288 [5].
	The ML Model File includes the wanted output (in this solution an OCI image) and a manifest on how to unpack into a runtime and what APIs are available.
NOTE 3:	The content of the manifest is not to be specified by 3GPP. The manifest e.g. may contain helm chart and API description, when the wanted output is an OCI image.
	No further information is needed from the NWDAF containing MTLF.
Editor's note: How ML model privacy is supported when NWDAF containing MTLF and NWDAF containing AnLF belong to different vendors is in scope of SA WG3.

[bookmark: _Toc97546140]6.X.3	Impacts on services, entities and interfaces
Editor's note:	This clause captures impacts on existing 3GPP nodes and functional elements.


* * * End of changes * * * *
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