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[bookmark: _Toc36812109][bookmark: _Toc97034847][bookmark: _Toc72766993][bookmark: _Toc510696586][bookmark: _Toc97037724][bookmark: _Toc94020317][bookmark: _Toc81242789][bookmark: _Toc72766420][bookmark: _Toc100939933][bookmark: _Toc112937846][bookmark: _Toc114134603][bookmark: _Toc89426532][bookmark: _Toc104546799][bookmark: _Toc120681542][bookmark: _Toc35971378][bookmark: _Toc73042445][bookmark: _Toc133434729][bookmark: _Toc138693912][bookmark: _Hlk138859028][bookmark: _Toc136562650][bookmark: _Toc138754484]4.1	Introduction
The Analytics Data Repository Service is used for the Analytics Data Repository Function (ADRF) to storage and retrieval of data and ML model(s) by e.g. Consumers NF(s) (e.g. NWDAF) which access the data or ML model(s) using Nadrf service. The ADRF offers to other NFs the following services:
-	Nadrf_DataManagement.
Table 4.1-1: Service provided by ADRF
	Service Name
	Description
	Service Operations
	Operation
Semantics
	Example Consumer(s)

	Nadrf_DataManagement
(NOTE 1) 
	This service enables the NF service consumers to store, retrieve and remove the data or analytics in an ADRF.
	StorageRequest
	Request / Response
	DCCF, NWDAF, MFAF

	
	
	StorageSubscriptionRequest
	Request / Response
	DCCF, NWDAF

	
	
	StorageSubscriptionRemoval
	Request / Response
	DCCF, NWDAF

	
	
	RetrievalRequest
	Request / Response
	DCCF, NWDAF

	
	
	RetrievalSubscribe
	Subscribe / Notify
	DCCF, NWDAF

	
	
	RetrievalUnsubscribe
	Subscribe / Notify
	DCCF, NWDAF

	
	
	RetrievalNotify
	Subscribe / Notify
	DCCF, NWDAF

	
	
	Delete
	Request / Response
	DCCF, NWDAF

	Nadrf_MLModelManagement
(NOTE 2)
	This service enables the NF service consumers to store, retrieve and delete ML model(s) in an ADRF.
	StorageRequest
	Request / Response
	NWDAF

	
	
	Retrieval
	Request / Response
	NWDAF

	
	
	Delete
	Request / Response
	NWDAF

	NOTE 1:	The services correspond to the Nadrf_DataManagement service as defined in 3GPP TS 23.288 [14].
NOTE 2:	The services correspond to the Nadrf_MLModelManagement service as defined in 3GPP TS 23.288 [14].



Table 4.1-2 summarizes the corresponding APIs defined for this specification.
Table 4.1-2: API Descriptions
	Service Name
	Clause
	Description
	OpenAPI Specification File
	apiName
	Annex

	Nadrf_DataManagement
	4.2
	API for Nadrf_DataManagement
	
	nadrf_datamanagement
	Annex A.2 Nadrf_DataManagement API

	Nadrf_MLModelManagement
	4.3
	API for Nadrf_MLModelManagement
	
	nadrf_mlmodelmanagement
	Annex A.3 Nadrf_ MLModelManagement API



[bookmark: _Toc85557260][bookmark: _Toc101244645][bookmark: _Toc136562660][bookmark: _Toc98233864][bookmark: _Toc114134053][bookmark: _Toc70550748][bookmark: _Toc94064462][bookmark: _Toc83233232][bookmark: _Toc112951374][bookmark: _Toc85553161][bookmark: _Toc113031914][bookmark: _Toc90656055][bookmark: _Toc104539251][bookmark: _Toc88667770][bookmark: _Toc120702554][bookmark: _Toc138754494]* * * Next Change * * * *
[bookmark: _Toc94020318][bookmark: _Toc73042446][bookmark: _Toc81242790][bookmark: _Toc89426533][bookmark: _Toc72766421][bookmark: _Toc72766994][bookmark: _Toc114134604][bookmark: _Toc112937847][bookmark: _Toc100939934][bookmark: _Toc120681543][bookmark: _Toc97034848][bookmark: _Toc97037725][bookmark: _Toc104546800][bookmark: _Toc133434730][bookmark: _Toc138693913]4.2.1.1	Overview
The Nadrf_DataManagement service as defined in 3GPP TS 23.288 [14], is provided by the Analytics Data Repository Function (ADRF).
This service:
-	allows NF consumers to store data or analytics in the ADRF, and request/receive notifications about data or analytics that are about to be deleted; 
-	allows NF consumers to retrieve data or analytics from an ADRF; and 
-	allows NF consumers to delete data or analytics from an ADRF.
NOTE:	Storage of ML models in ADRF is not specified in this Release of the specification.
* * * Next Change * * * *
4.3	Nadrf_ MLModelManagement Service
[bookmark: _Toc114134605][bookmark: _Toc120681544][bookmark: _Toc100939935][bookmark: _Toc112937848][bookmark: _Toc104546801][bookmark: _Toc97037726][bookmark: _Toc73042447][bookmark: _Toc97034849][bookmark: _Toc72766422][bookmark: _Toc81242791][bookmark: _Toc94020319][bookmark: _Toc72766995][bookmark: _Toc89426534][bookmark: _Toc133434731][bookmark: _Toc138693914]4.3.1	Service Description
4.3.1.1	Overview
The Nadrf_ MLModelManagement service as defined in 3GPP TS 23.288 [14], is provided by the Analytics Data Repository Function (ADRF).
This service:
-	allows NF consumers to store ML model(s) in the ADRF; 
-	allows NF consumers to retrieve ML model(s) from an ADRF; and 
-	allows NF consumers to delete ML model(s) from an ADRF.
[bookmark: _Toc89426536][bookmark: _Toc94020321][bookmark: _Toc97034851][bookmark: _Toc97037728][bookmark: _Toc100939937][bookmark: _Toc104546803][bookmark: _Toc112937850][bookmark: _Toc114134607][bookmark: _Toc120681546][bookmark: _Toc50031911][bookmark: _Toc43563438][bookmark: _Toc34266225][bookmark: _Toc28012755][bookmark: _Toc45133981][bookmark: _Toc36102396][bookmark: _Toc70550541][bookmark: _Toc59017866][bookmark: _Toc68168895][bookmark: _Toc66231734][bookmark: _Toc81244730][bookmark: _Toc73564346][bookmark: _Toc56640898][bookmark: _Toc51762831][bookmark: _Toc133434733][bookmark: _Toc138693916]4.3.1.2	Service Architecture
The 5G System Architecture is defined in 3GPP TS 23.501 [2]. The Network Data Analytics Exposure architecture is defined in 3GPP TS 23.288 [14]. 
The Nadrf_MLModelManagement service is part of the Nadrf service-based interface exhibited by the Analytics Data Repository Function (ADRF).
Known consumers of the Nadrf_MLModelManagement service are:
-	Network Data Analytics Function (NWDAF).
The Nadrf_MLModelManagement service is provided by the ADRF and consumed by the NF service consumers as shown in figure 4.3.1.2-1 for the SBI representation model and in figure 4.3.1.2-2 for the reference point representation model.


Figure 4.3.1.2-1: Reference Architecture for the Nadrf_MLModelManagement Service; SBI representation


Figure 4.3.1.2-2: Nadrf_MLModelManagement service architecture, reference point representation
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[bookmark: _Toc138693919]4.3.1.3.2	NF Service Consumers
The NWDAF:
-	supports storing of ML model(s) in the ADRF; 
-	supports retrieving of ML model(s) from an ADRF; and 
-	supports deletion of ML model(s) from an ADRF.
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[bookmark: _Toc72766424][bookmark: _Toc72766997][bookmark: _Toc73042449][bookmark: _Toc81242793][bookmark: _Toc89426541][bookmark: _Toc94020326][bookmark: _Toc97034856][bookmark: _Toc97037733][bookmark: _Toc100939942][bookmark: _Toc104546808][bookmark: _Toc112937855][bookmark: _Toc114134612][bookmark: _Toc120681551][bookmark: _Toc133434738][bookmark: _Toc138693921]4.3.2.1	Introduction
Table 4.3.2.1-1: Operations of the Nadrf_MLModelManagement Service
	Service operation name
	Description
	Initiated by

	Nadrf_MLModelManagement_StorageRequest
	This service operation is used by an NF to request the ADRF to store or update ML model(s). ML model(s) or ML model address(es) are provided to the ADRF in the request message.
	NF service consumer (NWDAF)

	Nadrf_MLModelManagement_Retrieval
	This service operation is used by an NF to retrieve stored ML model(s) from the ADRF.
	NF service consumer (NWDAF)

	Nadrf_MLModelManagement_Delete
	This service operation is used by an NF to delete stored ML model(s) or ML model address(es) in the ADRF.
	NF service consumer (NWDAF)



[bookmark: _Toc114134613][bookmark: _Toc120681552][bookmark: _Toc100939943][bookmark: _Toc97037734][bookmark: _Toc112937856][bookmark: _Toc104546809][bookmark: _Toc89426542][bookmark: _Toc94020327][bookmark: _Toc97034857][bookmark: _Toc133434739][bookmark: _Toc138693922][bookmark: _Hlk138939161]4.3.2.2	Nadrf_MLModelManagement_StorageRequest service operation
[bookmark: _Toc97034858][bookmark: _Toc97037735][bookmark: _Toc104546810][bookmark: _Toc112937857][bookmark: _Toc94020328][bookmark: _Toc100939944][bookmark: _Toc120681553][bookmark: _Toc114134614][bookmark: _Toc89426543][bookmark: _Toc133434740][bookmark: _Toc138693923]4.3.2.2.1	General
The Nadrf_MLModelManagement_StorageRequest service operation is used by an NF service consumer to store ML model(s) or ML model address(es).
[bookmark: _Toc112937858][bookmark: _Toc120681554][bookmark: _Toc97037736][bookmark: _Toc89426544][bookmark: _Toc100939945][bookmark: _Toc114134615][bookmark: _Toc104546811][bookmark: _Toc97034859][bookmark: _Toc94020329][bookmark: _Toc133434741][bookmark: _Toc138693924]4.3.2.2.2	Request Storage of ML model(s)
Figure 4.3.2.2.2-1 shows a scenario where the NF service consumer sends a request to the ADRF to store ML model(s).


Figure 4.3.2.2.2-1: NF service consumer requesting to store ML model(s)
The NF service consumer shall invoke the Nadrf_MLModelManagement_StorageRequest service operation to store ML model(s). The NF service consumer shall send an HTTP POST request with "{apiRoot}/nadrf-mlmodelmanagement/<apiVersion>/mlmodel-store-records" as Resource URI representing the "ADRF ML Model Store Records" resource, as shown in figure 4.3.2.2.2-1, step 1, to create an "Individual ADRF ML Model Store Record" according to the information in the message body. The NadrfMLModelStoreRecord data structure provided in the request body shall include the MLModelInfo data structure in the "mlModelInfo" attribute. The MLModelInfo data structure shall include the unique ML model identifier within the "modelUniqueId" attribute, the address of the ML model within the "mlFileAddr" attribute, and the storage size required for each of the ML model(s) in the "mlStorageSize" attribute.
Upon the reception of an HTTP POST request with "{apiRoot}/nadrf-mlmodelmanagement /<apiVersion>/mlmodel-store-records" as Resource URI and NadrfMLModelStoreRecord data structure as request body, the ADRF shall: 
-	create a new ML model store record;
-	assign a storeTransId;
-	download and store the ML model(s).
NOTE 1:	If the ML model(s) are already stored or being stored in the ADRF, the ADRF will still create a new "Individual ADRF ML Model Store Record" resource and assign a new storeTransId if the ADRF intends to not really store the ML model(s) in the memory again based on the implementation.
If the ADRF created an "Individual ADRF ML Model Store Record" resource, the ADRF shall respond with "201 Created" with the message body containing a representation of the created ML model record, as shown in figure 4.3.2.2.2-1, step 2. The ADRF shall include the MLModelInfo data structure in the "mlModelInfo" attribute with the unique ML model identifier in the "modelUniqueId" attribute and the ML model address in "mlFileAddr" attribute within the HTTP POST response. The ADRF may include a Location HTTP header field. The Location header field shall contain the URI of the created record i.e. "{apiRoot}/nadrf- mlmodelmanagement/<apiVersion>/mlmodel-store-records/{storeTransId}".
If an error occurs when processing the HTTP POST request, the ADRF shall send an HTTP error response as specified in clause 5.2.6.
[bookmark: _Toc138693931]4.3.2.3	Nadrf_MLModelManagement_Retrieval service operation
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The Nadrf_MLModelManagement_Retrieval service operation is used by an NF service consumer to retrieve stored ML model(s).
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Figure 4.3.2.3.2-1 shows a scenario where the NF service consumer sends a request to the ADRF to retrieve stored ML model(s).


Figure 4.3.2.3.2-1: NF service consumer requesting to retrieve stored ML model(s)
The NF service consumer shall invoke the Nadrf_MLModelManagement_Retrieval service operation to retrieve stored ML model(s). The NF service consumer shall send an HTTP GET request with "{apiRoot}/nadrf-mlmodelmanagement/<apiVersion>/mlmodel-store-records" as Resource URI representing the "ADRF ML Model Store Records" resource, as shown in figure 4.3.2.3.2-1, step 1, to request ADRF ML model store records according to the storage transaction identifier within the "store-trans-id" attribute or the unique ML model identifier within the "modelUniqueId" attribute.
Upon the reception of the HTTP GET request, the ADRF shall:
-	find the ML model(s) according to the requested parameters.
If one ore more of the requested ML model(s) are found, the ADRF shall respond with "200 OK" status code with the message body containing the NadrfMLModelStoreRecord data structure. The NadrfMLModelStoreRecord data structure in the response body shall include the MLModelInfo data structure in the "mlModelInfo" attribute with the unique ML model identifier in the "modelUniqueId" attribute and the address of the ML model file stored in the ADRF in the "mlFileAddr" attribute.
If non of the requested ML model(s) exist, the ADRF shall respond with "204 No Content". If an error occurs when processing the HTTP GET request, the ADRF shall send an HTTP error response as specified in clause 5.2.7.
[bookmark: _Toc133434760][bookmark: _Toc138693943]4.3.2.4	Nadrf_MLModelManagement_Delete service operation
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[bookmark: _Hlk83722130]The Nadrf_MLModelManagement_Delete service operation is used by an NF service consumer to delete stored ML model(s) or ML model address(es).
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Figure 4.3.2.4.2-1 shows a scenario where the NF service consumer sends a request to the ADRF to delete stored ML model(s).


Figure 4.3.2.4.2-1: NF service consumer requesting to remove stored ML model(s)
The NF service consumer shall invoke the Nadrf_MLModelManagement_Delete service operation to remove the ML model(s) that are stored in the corresponding storage transaction. The NF service consumer shall send an HTTP DELETE request with "{apiRoot}/nadrf-mlmodelmanagement/<apiVersion>/mlmodel-store-records/{storeTransId}" as Resource URI representing an "Individual ADRF ML Model Store Record" resource, as shown in figure 4.3.2.4.2-1, step 1, where "{storeTransId}" is the transaction identifier of the stored record that is to be deleted.
Upon the reception of an HTTP DELETE request with "{apiRoot}/nadrf-mlmodelmanagement/<apiVersion>/mlmodel-store-records/{storeTransId}" as Resource URI, if the ADRF successfully processed and accepted the received HTTP DELETE request, the ADRF shall: 
-	remove the storage transaction corresponding stored ML model record;
-	respond with HTTP "204 No Content" status code.
If errors occur when processing the HTTP DELETE request, the ADRF shall send an HTTP error response as specified in clause 5.2.7.
If the ADRF determines the received HTTP DELETE request needs to be redirected, the ADRF shall send an HTTP redirect response as specified in clause 6.10.9 of 3GPP TS 29.500 [4].
[bookmark: _Toc97034881][bookmark: _Toc97037758][bookmark: _Toc100939967][bookmark: _Toc104546833][bookmark: _Toc112937880][bookmark: _Toc114134637][bookmark: _Toc120681576][bookmark: _Toc133434763][bookmark: _Toc138693946]4.3.2.4.3	Requesting removal of stored ML model(s) using unique ML model identifier
Figure 4.3.2.4.3-1 shows a scenario where the NF service consumer sends a request to the ADRF to delete stored ML model(s) based on the unique ML model identifier.


Figure 4.3.2.4.3-1: NF service consumer requesting to remove stored ML model(s)
The NF service consumer shall invoke the Nadrf_MLModelManagement_Delete service operation to remove stored ML model(s) based on the unique ML model identifier. The NF service consumer shall send an HTTP POST request with "{apiRoot}/nadrf-mlmodelmanagement/<apiVersion>/remove-stored-mlmodel" as URI, as shown in figure 4.3.2.4.3-1, step 1. The POST request body shall contain a NadrfMLModelStoreRecord data structure. The NadrfMLModelStoreRecord data structure provided in the request body shall include unique ML model identifier in the "modelUniqueId" attribute.
Upon the reception of an HTTP POST request with "{apiRoot}/nadrf-mlmodelmanagement/<apiVersion>/remove-stored-mlmodel" as URI, if the ADRF successfully processed and accepted the received HTTP POST request, the ADRF shall respond with HTTP "204 No Content" status. The ADRF shall remove any stored ML model(s) that match the unique ML model identifier received in the request.
If errors occur when processing the HTTP POST request, the ADRF shall send an HTTP error response as specified in clause 5.2.7.
* * * Next Change * * * *
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The Nadrf_MLModelManagement service shall use the Nadrf_MLModelManagement API.
The API URI of the Nadrf_MLModelManagement API shall be:
{apiRoot}/<apiName>/<apiVersion>
The request URIs used in HTTP requests from the NF service consumer towards the NF service producer shall have the Resource URI structure defined in clause 4.4.1 of 3GPP TS 29.501 [5], i.e.:
{apiRoot}/<apiName>/<apiVersion>/<apiSpecificResourceUriPart>
with the following components:
-	The {apiRoot} shall be set as described in 3GPP TS 29.501 [5].
-	The <apiName> shall be "nadrf-mlmodelmanagement".
-	The <apiVersion> shall be "v1".
-	The <apiSpecificResourceUriPart> shall be set as described in clause 5.2.3.
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HTTP/2, IETF RFC 7540 [11], shall be used as specified in clause 5 of 3GPP TS 29.500 [4].
HTTP/2 shall be transported as specified in clause 5.3 of 3GPP TS 29.500 [4].
The OpenAPI [6] specification of HTTP messages and content bodies for the Nadrf_MLModelManagement API is contained in Annex A.
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[bookmark: _Toc120681584][bookmark: _Toc133434771][bookmark: _Toc138693954]5.2.2.2.2	Content type
JSON, IETF RFC 8259 [12], shall be used as content type of the HTTP bodies specified in the present specification as specified in clause 5.4 of 3GPP TS 29.500 [4]. The use of the JSON format shall be signalled by the content type "application/json".
"Problem Details" JSON object shall be used to indicate additional details of the error in a HTTP response body and shall be signalled by the content type "application/problem+json", as defined in IETF RFC 7807 [13].
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The mandatory HTTP custom header fields specified in clause 5.2.3.2 of 3GPP TS 29.500 [4] shall be applicable.
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This clause describes the structure for the Resource URIs, the resources and methods used for the service.
Figure 5.2.3.1-1 depicts the resource URIs structure for the Nadrf_MLModelManagement API.


Figure 5.2.3.1-1: Resource URI structure of the Nadrf_MLModelManagement API
Table 5.2.3.1-1 provides an overview of the resources and applicable HTTP methods.
Table 5.2.3.1-1: Resources and methods overview
	Resource name
	Resource URI
	HTTP method or custom operation
	Description

	ADRF ML Model Store Records
	/mlmodel-store-records
	GET
	Retrieve the stored ML model(s).

	
	
	POST
	Create a new Individual ML Model Store resource.

	Individual ADRF ML Model Store Record
	/mlmodel-store-records/{storeTransId}
	DELETE
	Delete an individual ADRF ML Model Store Record identified by {storeTransId}.



[bookmark: _Toc114134649][bookmark: _Toc112937892][bookmark: _Toc104546845][bookmark: _Toc120681588][bookmark: _Toc89426577][bookmark: _Toc73042464][bookmark: _Toc94020362][bookmark: _Toc97034893][bookmark: _Toc72766445][bookmark: _Toc97037770][bookmark: _Toc72767012][bookmark: _Toc81242808][bookmark: _Toc100939979][bookmark: _Toc133434775][bookmark: _Toc138693958]5.2.3.2	Resource: ADRF ML Model Store Records
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The ADRF ML Model Store Records resource represents all ML model storage records to the Nadrf_MLModelManagement Service at a given ADRF. The resource allows an NF service consumer to create a new Individual ADRF ML Model Store Record resource and to retrieve Individual ADRF ML Model Store Record resources that fulfil certain criteria.
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Resource URI: {apiRoot}/nadrf-mlmodelmanagement/<apiVersion>/mlmodel-store-records
The <apiVersion> shall be set as described in clause 5.2.1.
This resource shall support the resource URI variables defined in table 5.2.3.2.2-1.
Table 5.2.3.2.2-1: Resource URI variables for this resource
	Name
	Data type
	Definition

	apiRoot
	string
	See clause 5.2.1
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This method shall support the URI query parameters specified in table 5.2.3.2.3.1-1.
Table 5.2.3.2.3.1-1: URI query parameters supported by the POST method on this resource
	Name
	Data type
	P
	Cardinality
	Description
	Applicability

	n/a
	
	
	
	
	



This method shall support the request data structures specified in table 5.2.3.2.3.1-2 and the response data structures and response codes specified in table 5.2.3.2.3.1-3.
Table 5.2.3.2.3.1-2: Data structures supported by the POST Request Body on this resource
	Data type
	P
	Cardinality
	Description

	NadrfMLModelStoreRecord
	M
	1
	New individual ML Model Store Record to be created



Table 5.2.3.2.3.1-3: Data structures supported by the POST Response Body on this resource
	Data type
	P
	Cardinality
	Response
codes
	Description

	NadrfMLModelStoreRecord
	M
	1
	201 Created
	The creation of an Individual ML Model Store Record resource is confirmed, and a representation of that resource is returned.

	NOTE:	The mandatory HTTP error status code for the POST method listed in Table 5.1.7.1-1 of 3GPP TS 29.500 [4] also apply.



Table 5.2.3.2.3.1-4: Headers supported by the 201 response code on this resource
	Name
	Data type
	P
	Cardinality
	Description

	Location
	string
	O
	1
	Contains the URI of the newly created resource, according to the structure: {apiRoot}/nadrf-mlmodelmanagement/<apiVersion>/mlmodel-store-records/{storeTransId}
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This method shall support the URI query parameters specified in table 5.2.3.2.3.2-1.
Table 5.2.3.2.3.2-1: URI query parameters supported by the GET method on this resource
	Name
	Data type
	P
	Cardinality
	Description

	store-trans-id
	string
	O
	0..1
	Identifies the "Storage Transaction Identifier" of ML model store record in ADRF. (NOTE)

	modelUniqueId
	Uinteger
	O
	0..N
	Identifies the unique ML model identifier of the ML model stored in ADRF. (NOTE)

	NOTE:	Exactly one of "store-trans-id" and "modelUniqueId" shall be provided.



This method shall support the request data structures specified in table 5.2.3.2.3.2-2 and the response data structures and response codes specified in table 5.2.3.2.3.2-3.
Table 5.2.3.2.3.2-2: Data structures supported by the GET Request Body on this resource
	Data type
	P
	Cardinality
	Description

	n/a
	
	
	



Table 5.2.3.2.3.2-3: Data structures supported by the GET Response Body on this resource
	Data type
	P
	Cardinality
	Response
codes
	Description

	NadrfMLModelStoreRecord
	M
	1
	200 OK
	ML Model Store record.

	n/a
	
	
	204 No Content
	If the request ADRF ML Model Store Record does not exist, the ADRF shall respond with "204 No Content".

	NOTE:	The mandatory HTTP error status codes for the GET method listed in table 5.2.7.1-1 of 3GPP TS 29.500 [4] also apply.
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None.
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The Individual ADRF ML Model Store Record resource represents ML model(s) stored via the Nadrf_MLModelManagement_StorageRequest in ADRF.
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Resource URI: {apiRoot}/nadrf-mlmodelmanagement/<apiVersion>/mlmodel-store-records/{storeTransId}
The <apiVersion> shall be set as described in clause 5.2.1.
This resource shall support the resource URI variables defined in table 5.2.3.3.2-1.
Table 5.2.3.3.2-1: Resource URI variables for this resource
	Name
	Data type
	Definition

	apiRoot
	String
	See clause 5.2.1.

	storeTransId
	string
	Identifies an individual data store record.
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This method shall support the URI query parameters specified in table 5.2.3.3.3.1-1.
Table 5.2.3.3.3.1-1: URI query parameters supported by the DELETE method on this resource
	Name
	Data type
	P
	Cardinality
	Description
	Applicability

	n/a
	
	
	
	
	



This method shall support the request data structures specified in table 5.2.3.3.3.1-2 and the response data structures and response codes specified in table 5.2.3.3.3.1-3.
Table 5.2.3.3.3.1-2: Data structures supported by the DELETE Request Body on this resource
	Data type
	P
	Cardinality
	Description

	n/a
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	Data type
	P
	Cardinality
	Response
codes
	Description

	n/a
	
	
	204 No Content
	The Individual ADRF ML Model Store Record resource was deleted successfully.

	RedirectResponse
	O
	0..1
	307 Temporary Redirect
	Temporary redirection, during Individual ADRF ML Model Store Record deletion.

(NOTE 2)

	RedirectResponse
	O
	0..1
	308 Permanent Redirect
	Permanent redirection, during Individual ADRF ML Model Store Record deletion.

(NOTE 2)

	NOTE 1:	The mandatory HTTP error status code for the DELETE method listed in Table 5.2.7.1-1 of 3GPP TS 29.500 [4] also apply.
NOTE 2:	The RedirectResponse data structure may be provided by an SCP (cf. clause 6.10.9.1 of 3GPP TS 29.500 [4]).



Table 5.2.3.3.3.1-4: Headers supported by the 307 Response Code on this resource
	Name
	Data type
	P
	Cardinality
	Description

	Location
	string
	M
	1
	Contains an alternative URI of the resource located in an alternative ADRF (service) instance towards which the request is redirected.

For the case where the request is redirected to the same target via a different SCP, refer to clause 6.10.9.1 of 3GPP TS 29.500 [4].

	3gpp-Sbi-Target-Nf-Id
	string
	O
	0..1
	Identifier of the target ADRF (service) instance towards which the request is redirected.



Table 5.2.3.3.3.1-5: Headers supported by the 308 Response Code on this resource
	Name
	Data type
	P
	Cardinality
	Description

	Location
	string
	M
	1
	Contains an alternative URI of the resource located in an alternative ADRF (service) instance towards which the request is redirected.

For the case where the request is redirected to the same target via a different SCP, refer to clause 6.10.9.1 of 3GPP TS 29.500 [4].

	3gpp-Sbi-Target-Nf-Id
	string
	O
	0..1
	Identifier of the target ADRF (service) instance towards which the request is redirected.



[bookmark: _Toc138693970]5.2.3.3.4	Resource Custom Operations
None in this release of the specification.
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The structure of the custom operation URIs of the Nadrf_MLModelManagement service is shown in Figure 5.2.4.1-1.


Figure 5.2.4.1-1: Custom operation URI structure of the Nadrf_MLModelManagement API
Table 5.2.4.1-1 provides an overview of the custom operations and applicable HTTP methods.
Table 5.2.4.1-1: Custom operations without associated resources
	Custom operation URI
	Mapped HTTP method
	Description

	{apiRoot}/nadrf-mlmodelmanagement/<apiVersion>/remove-stored-mlmodel
	POST
	Request the ADRF to remove already stored ML model.
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The operation is used by the NF service consumer to request the ADRF to remove stored ML model(s) based on a unique ML model identifier.
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This operation shall support the request data structures shown in Table 5.2.4.4.2-1 and the response data structures and error codes specified in Tables 5.2.4.4.2-2.
Table 5.2.4.4.2-1: Data structures supported by the POST Request Body on this resource
	Data type
	P
	Cardinality
	Description

	NadrfMLModelStoreRecord
	M
	1..N
	Unique ML model identifier of the ML model stored in ADRF.



Table 5.1.4.4.2-2: Data structures supported by the POST Response Body on this resource
	Data type
	P
	Cardinality
	Response
codes
	Description

	n/a
	
	
	204 No Content
	Successful request to remove ML model in the ADRF based on the unique ML model identifier.

	NOTE:	The mandatory HTTP error status code for the POST method listed in Table 5.1.7.1-1 of 3GPP TS 29.500 [4] also apply.



[bookmark: _Toc94064366][bookmark: _Toc85557168][bookmark: _Toc120702428][bookmark: _Toc85553069][bookmark: _Toc70550695][bookmark: _Toc114133927][bookmark: _Toc51762962][bookmark: _Toc101244530][bookmark: _Toc43563564][bookmark: _Toc90655961][bookmark: _Toc56641031][bookmark: _Toc66231867][bookmark: _Toc68169028][bookmark: _Toc98233753][bookmark: _Toc50032042][bookmark: _Toc112951248][bookmark: _Toc59017999][bookmark: _Toc36102520][bookmark: _Toc83233148][bookmark: _Toc88667676][bookmark: _Toc104539125][bookmark: _Toc28012863][bookmark: _Toc113031788][bookmark: _Toc136562524][bookmark: _Toc34266349][bookmark: _Toc45134110][bookmark: _Toc138754358]5.2.5	Notifications
None in this release of the specification.
5.2.6	Data Model
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This clause specifies the application data model supported by the Nadrf_MLModelManagement API.
Table 5.2.6.1-1 specifies the data types defined for the Nadrf_MLModelManagement service based interface protocol.
Table 5.2.6.1-1: Nadrf_MLModelManagement specific Data Types
	Data type
	Clause defined
	Description
	Applicability

	NadrfMLModelStoreRecord
	5.2.6.2.2
	Represents an Individual ADRF ML Model Store Record resource.
	

	MLModelInfo
	5.2.6.2.3
	Represents informatiom of the ML Model.
	



Table 5.2.6.1-2 specifies data types re-used by the Nadrf_MLModelManagement service based interface protocol from other specifications, including a reference to their respective specifications and when needed, a short description of their use within the Nadrf_MLModelManagement service based interface.
Table 5.2.6.1-2: Nadrf_MLModelManagement re-used Data Types
	Data type
	Reference
	Comments
	Applicability

	MLModelAddr
	3GPP TS 29.520 [15] 
	Address of ML model file
	

	NfInstanceId
	3GPP TS 29.571 [16]
	NF instance identifier.
	

	NfSetId
	3GPP TS 29.571 [16]
	NF set identifier.
	

	SupportedFeatures
	3GPP TS 29.571 [16]
	Used to negotiate the applicability of the optional features defined in table 5.2.8-1.
	

	Uinteger
	3GPP TS 29.571 [16]
	Unsigned Integer, i.e. only value 0 and integers above 0 are permissible.
	



[bookmark: _Toc114134694][bookmark: _Toc120681633][bookmark: _Toc112937937][bookmark: _Toc100940024][bookmark: _Toc104546890][bookmark: _Toc97034939][bookmark: _Toc97037815][bookmark: _Toc81242837][bookmark: _Toc89426620][bookmark: _Toc94020405][bookmark: _Toc73042493][bookmark: _Toc72766474][bookmark: _Toc72767041][bookmark: _Toc133434820][bookmark: _Toc138694003][bookmark: _Toc120681635][bookmark: _Toc114134696][bookmark: _Toc104546892][bookmark: _Toc112937939][bookmark: _Toc100940026][bookmark: _Toc97034941][bookmark: _Toc97037817][bookmark: _Toc94020407][bookmark: _Toc81242839][bookmark: _Toc89426622][bookmark: _Toc73042495][bookmark: _Toc72766476][bookmark: _Toc72767043][bookmark: _Toc133434822][bookmark: _Toc138694005][bookmark: _Hlk138946652]5.2.6.2	Structured data types
[bookmark: _Toc104546891][bookmark: _Toc120681634][bookmark: _Toc114134695][bookmark: _Toc112937938][bookmark: _Toc73042494][bookmark: _Toc100940025][bookmark: _Toc97034940][bookmark: _Toc97037816][bookmark: _Toc94020406][bookmark: _Toc89426621][bookmark: _Toc81242838][bookmark: _Toc72767042][bookmark: _Toc72766475][bookmark: _Toc133434821][bookmark: _Toc138694004]5.2.6.2.1	Introduction
This clause defines the structures to be used in resource representations.
5.2.6.2.2	Type: NadrfMLModelStoreRecord
Table 5.2.6.2.2-1: Definition of type NadrfMLModelStoreRecord
	Attribute name
	Data type
	P
	Cardinality
	Description
	Applicability

	nfInstanceId
	NfInstanceId
	C
	1
	NF instanceIdentifier of the NWDAF containing MTLF.(NOTE)
	

	nfSetId
	NfSetId
	C
	1
	NFset identifier of the NWDAF containing MTLF.(NOTE)
	

	mlModelInfo
	array(MLModelInfo)
	M
	1..N
	ML Model information
	

	suppFeat
	SupportedFeatures
	C
	0..1
	This IE represents a list of Supported features as described in clause 5.2.7.
It shall be present if at least one feature defined in clause 5.2.7 is supported.
	

	NOTE:	One of "nfInstanceId" and "nfSetId" attributes shall be provided.



5.2.6.2.3	Type: MLModelInfo
Table 5.2.6.2.2-1: Definition of type MLModelInfo
	Attribute name
	Data type
	P
	Cardinality
	Description
	Applicability

	modelUniqueId
	Uinteger
	M
	1
	Unique ML Model identifier
	

	mlFileAddr
	MLModelAddr
	M
	1
	Address (e.g. a URL or an FQDN) of the ML model file.
	

	mlStorageSize
	Uinteger
	M
	1
	Storage size in octets required for each of the ML model.
	

	



* * * Next Change * * * *
[bookmark: _Toc138694013]5.2.6.3	Simple data types and enumerations
[bookmark: _Toc97034953][bookmark: _Toc94020419][bookmark: _Toc89426632][bookmark: _Toc81242846][bookmark: _Toc73042502][bookmark: _Toc72767050][bookmark: _Toc72766483][bookmark: _Toc97037825][bookmark: _Toc100940035][bookmark: _Toc104546901][bookmark: _Toc112937948][bookmark: _Toc114134705]None.
[bookmark: _Toc120681644][bookmark: _Toc133434831][bookmark: _Toc138694014]5.2.6.4	Data types describing alternative data types or combinations of data types
[bookmark: _Toc72767055][bookmark: _Toc72766488][bookmark: _Toc73042507][bookmark: _Toc81242851][bookmark: _Toc89426637][bookmark: _Toc94020424][bookmark: _Toc97034958][bookmark: _Toc97037826][bookmark: _Toc100940036][bookmark: _Toc104546902][bookmark: _Toc112937949][bookmark: _Toc114134706]None.
[bookmark: _Toc120681645][bookmark: _Toc133434832][bookmark: _Toc138694015]5.2.7	Error Handling
[bookmark: _Toc72766489][bookmark: _Toc72767056][bookmark: _Toc73042508][bookmark: _Toc81242852][bookmark: _Toc89426638][bookmark: _Toc94020425][bookmark: _Toc97034959][bookmark: _Toc97037827][bookmark: _Toc100940037][bookmark: _Toc104546903][bookmark: _Toc112937950][bookmark: _Toc114134707][bookmark: _Toc120681646][bookmark: _Toc133434833][bookmark: _Toc138694016]5.2.7.1	General
[bookmark: _Hlk141195725]For the Nadrf_MLModelManagement API, HTTP error responses shall be supported as specified in clause 4.8 of 3GPP TS 29.501 [5]. Protocol errors and application errors specified in table 5.1.7.2-1 of 3GPP TS 29.500 [4] shall be supported for an HTTP method if the corresponding HTTP status codes are specified as mandatory for that HTTP method in table 5.1.7.1-1 of 3GPP TS 29.500 [4].
In addition, the requirements in the following clauses are applicable for the Nadrf_MLModelManagement API.
[bookmark: _Toc72766490][bookmark: _Toc72767057][bookmark: _Toc73042509][bookmark: _Toc81242853][bookmark: _Toc89426639][bookmark: _Toc94020426][bookmark: _Toc97034960][bookmark: _Toc97037828][bookmark: _Toc100940038][bookmark: _Toc104546904][bookmark: _Toc112937951][bookmark: _Toc114134708][bookmark: _Toc120681647][bookmark: _Toc133434834][bookmark: _Toc138694017]5.2.7.2	Protocol Errors
No specific procedures for the Nadrf_MLModelManagement service are specified.
[bookmark: _Toc72766491][bookmark: _Toc72767058][bookmark: _Toc73042510][bookmark: _Toc81242854][bookmark: _Toc89426640][bookmark: _Toc94020427][bookmark: _Toc97034961][bookmark: _Toc97037829][bookmark: _Toc100940039][bookmark: _Toc104546905][bookmark: _Toc112937952][bookmark: _Toc114134709][bookmark: _Toc120681648][bookmark: _Toc133434835][bookmark: _Toc138694018]5.2.7.3	Application Errors
The application errors defined for the Nadrf_MLModelManagement  service are listed in Table 5.2.7.3-1.
Table 5.2.7.3-1: Application errors
	Application Error
	HTTP status code
	Description

	
	
	



[bookmark: _Toc72766492][bookmark: _Toc72767059][bookmark: _Toc73042511][bookmark: _Toc81242855][bookmark: _Toc89426641][bookmark: _Toc94020428][bookmark: _Toc97034962][bookmark: _Toc97037830][bookmark: _Toc100940040][bookmark: _Toc104546906][bookmark: _Toc112937953][bookmark: _Toc114134710][bookmark: _Toc120681649][bookmark: _Toc133434836][bookmark: _Toc138694019]5.2.8	Feature negotiation
The optional features in table 5.2.8-1 are defined for the Nadrf_MLModelManagement API. They shall be negotiated using the extensibility mechanism defined in clause 6.6 of 3GPP TS 29.500 [4].
[bookmark: _Toc97034963][bookmark: _Toc81242856][bookmark: _Toc73042512][bookmark: _Toc89426642][bookmark: _Toc94020429][bookmark: _Toc72767060][bookmark: _Toc72766493][bookmark: _Toc97037831][bookmark: _Toc100940041][bookmark: _Toc104546907][bookmark: _Toc112937954][bookmark: _Toc114134711]Table 5.2.8-1: Supported Features
	Feature number
	Feature Name
	Description

	
	
	



[bookmark: _Toc120681650][bookmark: _Toc133434837][bookmark: _Toc138694020]5.2.9	Security
[bookmark: _Hlk141195963]As indicated in 3GPP TS 33.501 [8] and 3GPP TS 29.500 [4], the access to the Nadrf_MLModelManagement API may be authorized by means of the OAuth2 protocol (see IETF RFC 6749 [9]), based on local configuration, using the "Client Credentials" authorization grant, where the NRF (see 3GPP TS 29.510 [10]) plays the role of the authorization server.
As indicated in 3GPP TS 33.501 [8] and 3GPP TS 29.500 [4], the access to the Nadrf_MLModelManagement API may be authorized by means of the OAuth2 protocol (see IETF RFC 6749 [9]), based on local configuration, using the "Client Credentials" authorization grant, where the NRF (see 3GPP TS 29.510 [10]) plays the role of the authorization server.
If OAuth2 is used, an NF Service Consumer, prior to consuming services offered by the Nadrf_MLModelManagement API, shall obtain a "token" from the authorization server, by invoking the Access Token Request service, as described in 3GPP TS 29.510 [10], clause 5.4.2.2.
NOTE:	When multiple NRFs are deployed in a network, the NRF used as authorization server is the same NRF that the NF Service Consumer used for discovering the Nadrf_MLModelManagement service.
The Nnwdaf_MLModelManagement API defines a single scope "nnwdaf-mlmodelmanagement" for the entire service, and it does not define any additional scopes at resource or operation level.
* * * Next Change * * * *
[bookmark: _Toc114134714][bookmark: _Toc120681653][bookmark: _Toc112937957][bookmark: _Toc100940044][bookmark: _Toc104546910][bookmark: _Toc97037834][bookmark: _Toc97034966][bookmark: _Toc94020432][bookmark: _Toc81242859][bookmark: _Toc89426645][bookmark: _Toc73042515][bookmark: _Toc72766496][bookmark: _Toc72767063][bookmark: _Toc133434840][bookmark: _Toc138694023]A.3	Nadrf_MLModelManagement API
openapi: 3.0.0
info:
  version: 1.0.0-alpha.1
  title: Nadrf_MLModelManagement
  description: |
    ADRF ML Model Management Service.  
    © 2023, 3GPP Organizational Partners (ARIB, ATIS, CCSA, ETSI, TSDSI, TTA, TTC).  
    All rights reserved.
externalDocs:
  description: 3GPP TS 29.575 V18.2.0; 5G System; Analytics Data Repository Services; Stage 3.
  url: 'https://www.3gpp.org/ftp/Specs/archive/29_series/29.575/'
#
servers:
  - url: '{apiRoot}/nadrf-mlmodelmanagement/v1'
    variables:
      apiRoot:
        default: https://example.com
        description: apiRoot as defined in clause 4.4 of 3GPP TS 29.501.
#
security:
  - {}
  - oAuth2ClientCredentials:
    - nadrf-mlmodelmanagement
#
paths:
  /mlmodel-store-records:
    post:
      summary: Creates a new Individual ADRF ML Model Store Record resource.
      operationId: CreateADRFMLModelStoreRecord
      tags:
        - ADRF ML Model Store Records (Collection)
      requestBody:
        content:
          application/json:
            schema:
              $ref: '#/components/schemas/NadrfMLModelStoreRecord'
        required: true
        description: ADRF ML model store record to be stored.
      responses:
        '201':
          description: Successful creation of new Individual ADRF ML Model Store Record resource.
          headers:
            Location:
              description: >
                Contains the URI of the newly created resource, according to the structure
                {apiRoot}/nadrf-mlmodelmanagement/<apiVersion>/mlmodel-store-records/{storeTransId}
              required: true
              schema:
                type: string
          content:
            application/json:
              schema:
                $ref: '#/components/schemas/NadrfMLModelStoreRecord'
        '400':
          $ref: 'TS29571_CommonData.yaml#/components/responses/400'
        '401':
          $ref: 'TS29571_CommonData.yaml#/components/responses/401'
        '403':
          $ref: 'TS29571_CommonData.yaml#/components/responses/403'
        '404':
          $ref: 'TS29571_CommonData.yaml#/components/responses/404'
        '411':
          $ref: 'TS29571_CommonData.yaml#/components/responses/411'
        '413':
          $ref: 'TS29571_CommonData.yaml#/components/responses/413'
        '415':
          $ref: 'TS29571_CommonData.yaml#/components/responses/415'
        '429':
          $ref: 'TS29571_CommonData.yaml#/components/responses/429'
        '500':
          $ref: 'TS29571_CommonData.yaml#/components/responses/500'
        '502':
          $ref: 'TS29571_CommonData.yaml#/components/responses/502'
        '503':
          $ref: 'TS29571_CommonData.yaml#/components/responses/503'
        default:
          $ref: 'TS29571_CommonData.yaml#/components/responses/default'
    get:
      summary: Retrieves existing Individual ADRF ML Model Store Record.
      operationId: GetAdrfMLModelStoreRecord
      tags:
        - ADRF ML Model Store Records (Collection)
      parameters:
        - name: store-trans-id
          description: A storage transaction identifier of a ML model store record in ADRF.
          in: query
          required: false
          schema:
            type: string
        - name: modelUniqueId
          description: Unique Model identifier of a ML model.
          in: query
          required: false
          schema:
            type: array
            items:
              $ref: 'TS29571_CommonData.yaml#/components/schemas/Uinteger'
            minItems: 1
      responses:
        '200':
          description: ML model store records are returned.
          content:
            application/json:
              schema:
                $ref: '#/components/schemas/NadrfMLModelStoreRecord'
        '204':
          description: No matching ADRF ML Model were found.
        '400':
          $ref: 'TS29571_CommonData.yaml#/components/responses/400'
        '401':
          $ref: 'TS29571_CommonData.yaml#/components/responses/401'
        '403':
          $ref: 'TS29571_CommonData.yaml#/components/responses/403'
        '404':
          $ref: 'TS29571_CommonData.yaml#/components/responses/404'
        '406':
          $ref: 'TS29571_CommonData.yaml#/components/responses/406'
        '429':
          $ref: 'TS29571_CommonData.yaml#/components/responses/429'
        '500':
          $ref: 'TS29571_CommonData.yaml#/components/responses/500'
        '502':
          $ref: 'TS29571_CommonData.yaml#/components/responses/502'
        '503':
          $ref: 'TS29571_CommonData.yaml#/components/responses/503'
        default:
          $ref: 'TS29571_CommonData.yaml#/components/responses/default'
  /mlmodel-store-records/{storeTransId}:
    delete:
      summary: Delete an existing Individual ADRF ML Model Store Record.
      operationId: DeleteADRFMLModelStoreRecord
      tags:
        - Individual ADRF ML Model Store Record (Document)
      parameters:
        - name: storeTransId
          in: path
          description: String identifying a ML Model Store Record in ADRF.
          required: true
          schema:
            type: string
      responses:
        '204':
          description: >
            No Content. The Individual ADRF ML Model Store Record resource matching the
            storeTransId was deleted.
        '307':
          $ref: 'TS29571_CommonData.yaml#/components/responses/307'
        '308':
          $ref: 'TS29571_CommonData.yaml#/components/responses/308'
        '400':
          $ref: 'TS29571_CommonData.yaml#/components/responses/400'
        '401':
          $ref: 'TS29571_CommonData.yaml#/components/responses/401'
        '403':
          $ref: 'TS29571_CommonData.yaml#/components/responses/403'
        '404':
          $ref: 'TS29571_CommonData.yaml#/components/responses/404'
        '429':
          $ref: 'TS29571_CommonData.yaml#/components/responses/429'
        '500':
          $ref: 'TS29571_CommonData.yaml#/components/responses/500'
        '502':
          $ref: 'TS29571_CommonData.yaml#/components/responses/502'
        '503':
          $ref: 'TS29571_CommonData.yaml#/components/responses/503'
        default:
          $ref: 'TS29571_CommonData.yaml#/components/responses/default'
  /remove-stored-mlmodel:
    post:
      summary: Remove stored ML model based on unique ML model identifier.
      operationId: DeleteADRFMLModel
      tags:
        - ADRF Stored ML Model
      requestBody:
        content:
          application/json:
            schema:
              type: array
              items:
                $ref: '#/components/schemas/NadrfMLModelStoreRecord'
              minItems: 1
        required: true
      responses:
        '204':
          description: No Content. The ADRF ML model matching the provided unique ML model identifier is deleted.
        '400':
          $ref: 'TS29571_CommonData.yaml#/components/responses/400'
        '401':
          $ref: 'TS29571_CommonData.yaml#/components/responses/401'
        '403':
          $ref: 'TS29571_CommonData.yaml#/components/responses/403'
        '404':
          $ref: 'TS29571_CommonData.yaml#/components/responses/404'
        '411':
          $ref: 'TS29571_CommonData.yaml#/components/responses/411'
        '413':
          $ref: 'TS29571_CommonData.yaml#/components/responses/413'
        '415':
          $ref: 'TS29571_CommonData.yaml#/components/responses/415'
        '429':
          $ref: 'TS29571_CommonData.yaml#/components/responses/429'
        '500':
          $ref: 'TS29571_CommonData.yaml#/components/responses/500'
        '502':
          $ref: 'TS29571_CommonData.yaml#/components/responses/502'
        '503':
          $ref: 'TS29571_CommonData.yaml#/components/responses/503'
        default:
          $ref: 'TS29571_CommonData.yaml#/components/responses/default'
#
components:
  securitySchemes:
    oAuth2ClientCredentials:
      type: oauth2
      flows:
        clientCredentials:
          tokenUrl: '{nrfApiRoot}/oauth2/token'
          scopes:
            nadrf-mlmodelmanagement: Access to the nadrf-mlmodelmanagement API
#
  schemas:
#
    NadrfMLModelStoreRecord:
      description: Represents an Individual ADRF ML Model Store Record.
      type: object
      allOf:
        - oneOf:
          - required: [nfInstanceId]
          - required: [nfSetId]
        - required: [mlModelIdnfo]
      properties:
        nfInstanceId:
          $ref: 'TS29571_CommonData.yaml#/components/schemas/NfInstanceId'
        nfSetId:
          $ref: 'TS29571_CommonData.yaml#/components/schemas/NfSetId'
        mlModelInfo:
          type: array
          items:
            $ref: '#/components/schemas/MLModelInfo'
          minItems: 1
          description: List of ML Model Information.
        suppFeat:
          $ref: 'TS29571_CommonData.yaml#/components/schemas/SupportedFeatures'
#
    MLModelInfo:
      description: Represents informatiom of the ML Model.
      type: object
      allOf:
        - required: [modelUniqueId]
        - required: [mlFileAddr]
        - required: [mlStrorageSize]
      properties:
        modelUniqueId:
          $ref: 'TS29571_CommonData.yaml#/components/schemas/Uinteger'
        mlModelAddr:
          $ref: 'TS29520_Nnwdaf_MLModelProvision.yaml#/components/schemas/MLModelAddr'
        mlStrorageSize:
          $ref: 'TS29571_CommonData.yaml#/components/schemas/Uinteger'
#
* * * End Change * * * *
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