

SA WG2 Temporary Document
Page 1

[bookmark: bmS2-154-AH-e--2023-01-16]3GPP TSG-WG SA2 Meeting #160-Ad hoc-e	S2-2400360
Electronic, Jan 22-29, 2024	

Source:	Ericsson
Title:	Discussion on discovery aspects of ML Model Interoperability Indicator
Document for:	Discussion
Agenda Item:	9.23.2
Work Item / Release:	eNA_Ph3 / Rel-18
Abstract: An analysis of the use of ML Model interoperability indicator, considering stage 3 implementation, and an editorial proposal for clarification
1. Introduction	 
1.1 ML Model Interoperability indicator in NRF
The ML Model Interoperability indicator was introduced in TS 23.288 Release 18 for allowing the exchange of ML models in the same format, i.e., in a format that the consumer of the ML model would understand. This is because 3GPP does not standardize the format of ML models generated by NWDAFs containing MTLF, and consumed by NWDAFs containing AnLF. Additionally, the ML Model Interoperability Indicator plays a role in the authorization for a consumer to download ML Models.
As such, the ML Model Interoperability indicator allows NWDAFs containing AnLF to discover NWDAFs containing MTLF that produce ML Models in a format that the NWDAF containing AnLF is able to parse and use. The ML Model Interoperability Indicator is also used for retrieval authorization purposes of ML Models.

Discussion item #1: Ml Model Interoperability Indicator is a list.
TS 23.288 defines, in clause 5.2, the ML Model Interoperability Indicator:
The ML Model Interoperability indicator comprises a list of NWDAF providers (vendors) that are allowed to retrieve ML models from this NWDAF containing MTLF. It also indicates that the NWDAF containing MTLF supports the interoperable ML models requested by the NWDAFs from the vendors in the list.

For each Analytics ID, an NWDAF containing MTLF registers in NRF the list of supported ML Model Interoperability Indicator.
Observation #1: there can be more than one value in the list of ML Model Interoperability Indicator, for each Analytics ID, registered in NRF.

Discussion item #2: the values included in the ML Model Interoperability Indicator are of type VendorId.
TS 29.510 specifies the Nnrf_NFManagement service, which is used by NFs for registering/updating/de-registering from NRF. Table 6.1.6.2.45-1 in TS 29.510 describes the specific attributes that NWDAF can register in NRF.
Table 6.1.6.2.45-1: Definition of type NwdafInfo
	Attribute name
	Data type
	P
	Cardinality
	Description

	eventIds
	array(EventId)
	C
	1..N
	EventId(s) supported by the Nnwdaf_AnalyticsInfo service, if none are provided the NWDAF can serve any eventId.

	mlAnalyticsList
	array(MlAnalyticsInfo)
	C
	1..N
	ML Analytics Filter information supported by the Nnwdaf_MLModelProvision service.



For the purpose of this document, we focus on the mlAnalyticsList attribute, which is of type MlAnalyticsInfo. This type is defined in Table 6.1.6.2.84-1 in TS 29.510:


Table 6.1.6.2.84-1: Definition of type MlAnalyticsInfo
	Attribute name
	Data type
	P
	Cardinality
	Description

	mlModelInterInfo
	MlModelInterInfo
	O
	0..1
	ML Model Interoperability indicator, if none are provided the ML models are not allowed to be retrieved by any NWDAF vendors.



And the MlModelInterInfo type is specified in table 6.1.6.2.115-1 in TS 29.510:
Table 6.1.6.2.115-1: Definition of type MlModelInterInfo
	Attribute name
	Data type
	P
	Cardinality
	Description

	vendorList
	array(VendorId)
	O
	1..N
	When present, this IE shall include the list of NWDAF vendors that are allowed to retrieve ML models from the NWDAF containing MTLF.



Finally, the VendorId type is specified in table 6.1.6.3.2-1 in TS 29.510.
Table 6.1.6.3.2-1: Simple data types
	Type Name
	Type Definition
	Description

	VendorId
	string
	Vendor ID, according to the IANA-assigned "SMI Network Management Private Enterprise Codes" [38].
It shall be formatted as a fixed 6-digit string, padding with leading digits "0" to complete a 6-digit length.

Pattern: "^[0-9]{6}$"



Therefore, for each Analytics ID, a list of vendorIds specifies the NWDAF vendors that are allowed to retrieved ML models. 
Observation #2: the ML Model Interoperability indicator contains a list of VendorId values per Analytics ID.

Discussion item #3: On doing an NWDAF discovery, a consumer of NRF services can include its VendorID value as ML Model Interoperability Indicator of interest in order to filter the results from NRF.
When doing a service discovery, a consumer of ML models discovers, in NRF, an NWDAF containing MTLF that has included in its ML Model Interoperability Indicator the ML Model Interoperability Indicator of interested to the consumer, i.e., specified by the consumer in the request to NRF. This is specified in TS 23.288 clause 5.2:
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), Area(s) of Interest of the Trained ML Model required, ML Model Interoperability indicator and NF consumer information. The NRF returns one or more candidate instances of NWDAF containing MTLF to the NF consumer and each candidate instance of NWDAF containing MTLF includes the Analytics ID(s), possibly the ML Model Filter Information for the available trained ML models and ML Model Interoperability indicator, if available.
TS 29.510 specifies the Nnrf_NFDiscovery service PI, which allows an NF consumer to discover a service producer. When querying NRF for a Discovery:
The NF Service Consumer shall send an HTTP GET request to the resource URI "nf-instances" collection resource. The input filter criteria for the discovery request shall be included in query parameters.
Table 6.2.3.2.3.1-1 in TS 29.510 specifies the list of URI query parameters supported by the Discovery operation:
Table 6.2.3.2.3.1-1: URI query parameters supported by the GET method on this resource
	Name
	Data type
	P
	Cardinality
	Description
	Applicability

	target-nf-type
	NFType
	M
	1
	This IE shall contain the NF type of the target NF being discovered.
	

	nwdaf-event-list
	array(NwdafEvent)
	O
	1..N
	If present, this attribute shall contain the list of events requested to be supported by the Nnwdaf_EventsSubscription service, the NRF shall return NF which support all the requested events.
	Query-Param-Analytics

	ml-analytics-info-list
	array(MlAnalyticsInfo)
	O
	1..N
	If present, this attribute shall contain the list of ML Analytics Filter information per Analytics ID(s) requested to be supported by the Nnwdaf_MLModelProvision Service. The NRF shall return NWDAF profiles that support at least one of the MlAnalyticsInfo in this list.
	Query-eNA-PH2



Therefore, when the consumer of ML models sends a query to the NRF, it includes an ml-analytincs-info-list URI parameter that includes, per Analytics ID, a list of MlAnalytincsInfo that contains a list of VendorId supported by the consumer. The NRF uses the URI parameters specified by the consumer as a filter, so that the returned list of Network Functions include the URI Parameters specified by the consumer.
Observation #3: the consumer of NRF discovery services can include a list of MlAnalyticsInfo that contains the list of VendorIds it supports. Therefore, the VendorIds are values included in the MlAnalyticsInfo URI parameter of the NRF query.

Discussion item #4: redundant NF consumer information in the NRF Discovery services.
TS 23.288 clause 5.2 refers to an “NF consumer information” in the NRF discovery services.
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), Area(s) of Interest of the Trained ML Model required, ML Model Interoperability indicator and NF consumer information. The NRF returns one or more candidate instances of NWDAF containing MTLF to the NF consumer and each candidate instance of NWDAF containing MTLF includes the Analytics ID(s), possibly the ML Model Filter Information for the available trained ML models and ML Model Interoperability indicator, if available.
This parameter was first introduced by tdoc S2-2211260, prior to introducing the “ML Model Interoperability indicator”, but actually with the same meaning: the consumer has the capability of indicating the VendorIDs it supports in order to filter the response from NRF. It is believed that the NF consumer information is redundant, since it expresses the same concept as the ML Model Interoperability Indicator.
Observation #4: The NF consumer Information is now redundant in section 5.2 of TS 23.288 for the NRF discovery.

Discussion item #5: ML Model Interoperability Indicator in Federated Learning
Before the addition of Federated Learning in Release 18, the NWDAF containing MTLF exposed the Nnwdaf_MLModelProvision API. The only consumer of this service was the NWDAF containing AnLF. Therefore, the NWDAF containing AnLF was able to discover, with the help of NRF, an NWDAF containing MTLF.
In Release 18, a new use case allows an NWDAF containing MTLF, participating in a Federated Learning operation, as FL server, discover another NWDAF containing MTLF as FL client, for retrieving ML Models. In this case the ML Model Interoperability indicator plays a role in determining the format of the ML model and the authorization.
TS 23.288 specifies, in clause 5.2, the discovery of an NWDAF containing MTLF:
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), Area(s) of Interest of the Trained ML Model required, ML Model Interoperability indicator and NF consumer information. The NRF returns one or more candidate instances of NWDAF containing MTLF to the NF consumer and each candidate instance of NWDAF containing MTLF includes the Analytics ID(s), possibly the ML Model Filter Information for the available trained ML models and ML Model Interoperability indicator, if available.
NOTE 5:	NF consumer information such as Vendor ID is defined in stage 3.

The above paragraph applies independently of whether the discovery is done within an FL operation or not. The specification of a consumer is outdated, and rather than “i.e.,” it should be “e.g.”, and NWDAF containing MTLF acting as FL server could also be added.
Observation #5: The discovery of an NWDAF containing MTLF must apply no matter whether the consumer is an NWDAF containing AnLF or an NWDAF containing MTLF participating in FL.
3. Conclusions and Proposals
Proposal #1: It is proposed to modify the discovery of the NWDAF containing MTLF in the following way (a formal CR 0938 to TS 23.288 is accompanied).
During the discovery of NWDAF containing MTLF, a consumer (i.e. e.g., an NWDAF containing AnLF, an NWDAF containing MTLF as FL server or FL client) may include in the request the target NF type (i.e. NWDAF), the Analytics ID(s), the S-NSSAI(s), Area(s) of Interest of the Trained ML Model required, and ML Model Interoperability indicator and NF consumer information. The NRF returns one or more candidate instances of NWDAF containing MTLF to the NF consumer and each candidate instance of NWDAF containing MTLF includes the Analytics ID(s), possibly the ML Model Filter Information for the available trained ML models and ML Model Interoperability indicator, if available.

Proposal #2: It is proposed to remove the NF consumer information in sections 6.2A.2, 7.5.2, and 7.6.2, since it is redundant with the ML Model Interoperability Indicator (a formal CR 0938 to TS 23.288 is accompanied). A note is added indicating that additional requirements exist in TS 33.501 Clause X.10 for authorization purposes.
[bookmark: _Toc153794435]6.2A.2	Contents of ML Model Provisioning
The consumers of the ML model provisioning services (i.e. an NWDAF containing AnLF) as described in clause 7.5 and clause 7.6 may provide the input parameters as listed below:
-	Information of the analytics for which the requested ML model is to be used, including:
-	A list of Analytics ID(s): identifies the analytics for which the ML model is used.
-	[OPTIONAL] NF consumer information: identifies the vendor of NWDAF containing AnLF.
NOTE 1:	NF consumer information such as Vendor ID is defined in Stage 3.
-	[OPTIONAL] Use case context: indicates the context of use of the analytics to select the most relevant ML model ML model.
NOTE 12:	The NWDAF containing MTLF can use the parameter "Use case context" to select the most relevant ML model, when several ML models are available for the requested Analytics ID(s). The values of this parameter are not standardized.
-	[OPTIONAL] ML Model Interoperability Information. This is vendor-specific information that conveys, e.g., requested model file format, model execution environment, etc. The encoding, format, and value of ML Model Interoperable Information is not specified since it is vendor specific information, and is agreed between vendors, if necessary for sharing purposes.
NOTE 2: additional information elements are defined in TS 33.501 [xx] Clause X.10.


[bookmark: _Toc153794607]7.5.2	Nnwdaf_MLModelProvision_Subscribe service operation
Service operation name: Nnwdaf_MLModelProvision_Subscribe.
Description: Subscribes to NWDAF ML model provision with specific parameters.
Inputs, Required: (set of) Analytics ID(s) defined in Table 7.1-2, Notification Target Address (+ Notification Correlation ID).
Inputs, Optional: Subscription Correlation ID (in the case of modification of the ML model subscription), ML Model Filter Information to indicate the conditions for which ML model for the analytics is requested and Target of ML Model Reporting to indicate the object(s) for which ML model is requested (e.g. specific UEs, a group of UE(s) or any UE (i.e. all UEs)), NF consumer information, Requested representative ratio, ML Model Reporting Information (including e.g. ML Model Target Period), Expiry time, Use case context, Inference Input Data information, indication of support for multiple ML models, multiple ML models Filter Information to indicate the conditions for which multiple ML models are requested, ML Model Interoperability Information, Time when model is needed, ML Model Monitoring Information (including e.g. ML Model metric, ML model monitoring reporting mode, ML Model Accuracy Threshold, DataSetTag and ADRF ID, ML Model Identifier).
NOTE: Additional information elements are defined in TS 33.501 [xx] Clause X.10.
Outputs Required: When the subscription is accepted: Subscription Correlation ID (required for management of this subscription), Expiry time (required if the subscription can be expired based on the operator's policy).
Outputs, Optional: None.


[bookmark: _Toc153794612]7.6.2	Nnwdaf_MLModelInfo_Request service operation
Service operation name: Nnwdaf_MLModelInfo_Request
Description: The consumer requests NWDAF ML Model Information.
Inputs, Required: (Set of) Analytics ID(s) defined in Table 7.1-2.
Inputs, Optional: ML Model Filter Information to indicate the conditions for which ML model for the analytics is requested and Target of ML Model Reporting to indicate the object(s) for which ML model is requested (e.g. specific UEs, a group of UE(s) or any UE (i.e. all UEs)), NF consumer information, Requested representative ratio, ML Model Reporting Information (including e.g. ML Model Target Period), Use case context, Inference Input Data Information, indication of support for multiple ML models, multiple ML models Filter Information to indicate the conditions for which multiple ML models are requested, ML Model Interoperability Information, ML Model Accuracy Monitoring Information.
Outputs, Required: Set of:
-	the tuple (Analytics ID, one or more tuples of unique ML Model identifier and ML Model Information as defined in clause 6.2A.2.
Outputs, Optional: ML Model Accuracy Information.
NOTE: Additional information elements are defined in TS 33.501 [xx] Clause X.10.


Proposal #3: It is proposed to clarify that the procedures for discovering NWDAF participating in an FL operation apply in addition to the regular procedures for discovering NWDAFs.
In order to discover an NWDAF containing MTLF with Federated Learning (FL) capability via NRF, in addition to the procedures described above for discovering NWDAF containing MTLF:
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