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1. Introduction
The solution proposes to add subscribe-notify procedure to receive split operation pipeline related events.
2. Reason for Change
In Solution #19, it is specified that the AIML enablement server sends notification to the node which are added into the split operation pipeline, Quote: “request or notify the determined inference nodes of their enrolment in the AIML split operation pipeline instance”
However, the subscription and notification procedure is not specified. It is proposed to enhance the solution to specify subscribe-notify procedure.
Further, the solution only covers scenario where AIML enablement server selects the nodes to be added into the pipeline. However, it is also possible for the VAL server to perform the selection. Added EN to cover such aspect. 
3. Conclusions
<Conclusion part (optional)>
4. Proposal
It is proposed to agree the following changes to 3GPP TR 23.700-82 v0.3.0.


* * * First Change * * * *
[bookmark: _Toc161046080]8.19	Solution #19: Support for AIML operation splitting
[bookmark: _Toc161046081]8.19.1	Solution description
This solution is for Key Issue #5 and addresses AIML operation splitting management and configuration.
In this solution, the term "split operation pipeline" is used to represent distributed compute nodes configured sequentially. Data can be provided at the entry point of the pipeline, and sequentialy processed through each node of the pipeline. Figure 8.19.1-1 illustrates an example of a split operation pipeline for AIML.


Figure 8.19.1-1: Example of a split operation pipeline

This solution introduces the discovery of an AIML split operation pipeline for performing inference via the AIML enablement layer and addresses aspects related to consumption of the pipeline’s inference results.
In the procedure, an AIML VAL application of a UE requires support of the network to perform AIML inference that cannot be performed locally on the UE. The AIML VAL client interacts with the AIML enablement client to provide information needed to discover or establish (e.g., create, configure) split AIML operation pipeline in the network, obtain information about the split AIML operation pipeline, and use the split AIML operation pipeline.
[bookmark: _Toc161046082]8.19.2	Procedure for AIML operation splitting establishment
Pre-conditions:
-	AIML inference models are available in the ML model repository or A-ADRF;
-	the AIML enablement server is aware of or can discover compute nodes available for performing AIML inference using available models;



Figure 8.19.2-1: Support for Split AIML operation
0.	An AIML VAL client needs support from the network for performing split AIML operation. The AIML VAL client provides split operation requirements to the AIML enablement client. The requirement may include information about inference stages (e.g., number, order, etc.), information about the trained AIML models (e.g., identifiers, versions, etc.) to be used at each stage, information about the planned usage of the AIML split operation (e.g., predicted inputs frequency/size, requested output frequency/size, etc.). 
NOTE 1:	Split operation requirements may be further defined in the normative phase.
1.	The AIML enablement client requests split AIML operation discovery to the AIML enablement server; the request may be based on a VAL client requirement(s). The split operation request may include information in Table 8.19.3-1.
Upon receiving the request, the AIML enablement server validates if the requestor is authorized to request discovery of split AIML operation. If the requestor is authorized, the AIML enablement server may determine if an existing AIML split operation pipeline is available based on the request parameters. If an existing AIML split operation pipeline is available, the AIML enablement server may proceed to step 3. 
If no AIML split operation pipeline satisfies the request parameters, the AIML enablement server:
-	determines if an AIML split operation pipeline can be created. The determination for AIML split operation pipeline creation may be based on availability of ML inference models in a ML model repository/A-ADRF and may be based on determination of available inference nodes (e.g., VAL server(s), NWDAF(s), etc.) to execute such ML inference models.
NOTE 2:	the AIML enablement server may discover available inference nodes if it has that capability.
NOTE 3:	inference nodes may register with the AIML enablement server and indicate their capabilities for AIML split operation.
Editor's Note: Whether and how the AIML enablement server or AIML enablement consumer determines if an AIML split operation pipeline can be created or not, is FFS.
-	request or notify the determined inference nodes of their enrolment in the AIML split operation pipeline instance as specified in clause 8.19.2.1; the request or notification may include configuration information.
-	create a AIML split operation profile if needed. The AIML split operation profile may contain information about the AIML split operation pipeline nodes, configuration and expected usage.
2.	The AIML enablement server sends a split operation response to the AIML enablement client. If the AIML enablement server has determined an AIML split operation profile (e.g., existing, or newly formed), the response includes the AIML split operation profile. Otherwise, the response may include a failure and reason for failure.
3.	Upon receiving a response including an AIML split operation profile, the AIML enablement client may store the AIML split operation profile and provide the discovered split operation information (e.g., endpoints) to the VAL client.
4.	The VAL client may use the provided information to access the AIML split operation pipeline. 
If the VAL client is a data provider to the pipeline (e.g., if the VAL client participates in the pipeline), the VAL client may use the split operation discovery information to send data towards the AIML split operation pipeline head node. 
If the VAL client is a data consumer of the AIML split operation inference results from the pipeline (e.g., if the VAL client is a consumer of the pipeline final inference), the VAL client may use the split operation discovery information to request results or subscribe to results from the pipeline tail node.
8.19.2.1	Procedure for subscribe-notify for split operation pipeline events


Figure 8.19.2.1-1: Split operation pipeline event subscription
1.	The AIML enablement client sends a request to subscribe to split operation pipeline events to the AIML enablement server. The request includes requestor identifier, security credentials, events for which the requestor is subscribing and pipeline identifier.
2.	Upon receiving the request, the AIML enablement server validates if the requestor is authorized to subscribe for split operation events. If the requestor is authorized, the AIML enablement server creates the subscription and subscription identity.
3.	The AIML enablement server sends subscription response message to the AIML enablement client indicating success or failure of the request. In case of success, the response includes the subscription identity. In case of failure, the response includes the failure cause.
4.	The AIML enablement server detects the event, that is, the AIML enablement client is either added to the pipeline or removed from the pipeline or the pipeline is modified. The AIML enablement server sends notification message to the AIML enablement client indicating the event. The notification includes pipeline identifier and AIML split operation profile if the new pipeline is created or existing pipeline is modified.
NOTE: More Split Operation events may be determined in the normative phase
[bookmark: _Toc161046083]8.19.3	Architecture Impacts 
Editor's note:	Architecture impacts of the solution and possible new SA6 capabilities and interfaces are FFS. 
The solution architecture impacts are:
-	The AIML Enablement Server and AIML Enablement Client are introduced to support split operation discovery.
[bookmark: _Toc161046084]8.19.4	Corresponding APIs
Table 8.19.4-1 shows the request sent by a AIML enablement client to the AIML enablement server for split operation discovery request. 
Table 8.19.4-1: Split operation discovery request
	Information element
	Status
	Description

	Requestor identifier
	M
	The identity of the requestor (e.g., VAL client ID, AIML client ID, UE identifier)

	Security credentials
	M
	The security credentials of the requestor.

	Split operation requirements
	M
	Split operation requirements

	> pipeline stage information
	M
	Information about the pipeline stages (e.g., number, order, etc.)

	> model information
	M
	Information about the AIML models to be used in each stage (e.g., identifiers, versions, etc.)

	>  usage information
	O
	Information about the planned usage of the AIML split operation pipeline (e.g., inputs frequency/size, output frequency/size, etc.)



Table 8.19.4-2 shows the response sent by sent by the AIML enablement server to the AIML enablement client for split operation discovery response.
Table 8.19.4-2: Split operation discovery response
	Information element
	Status
	Description

	Status
	M
	The status for the request (e.g., success or fail), including failure reason if needed.

	AIML split operation profile
	O
	The information about the split AIML split operation pipeline..

	> pipeline identifier
	M
	Identifier of the split operation pipeline

	> pipeline head endpoint
	M
	Endpoint of the pipeline head node (e.g., for providing inference data).

	> pipeline tail endpoint
	M
	Endpoint of the pipeline head node (e.g., for obtaining inference results).

	> pipeline expected usage
	O
	Information about usage of the AIML split operation pipeline (e.g., inputs frequency/size, output frequency/size, etc.)



Table 8.19.4-3 shows the request sent by a AIML enablement client to the AIML enablement server to subscribe for split operation events.
Table 8.19.4-3: Split operation event subscription request
	Information element
	Status
	Description

	Requestor identifier
	M
	The identity of the requestor (e.g., VAL client ID, AIML client ID, UE identifier)

	Security credentials
	M
	The security credentials of the requestor.

	Events
	M
	Indicates the list of pipeline event (e.g. created, modified, removed)

	pipeline identifier
	O
	Identifier of the split operation pipeline if the requestor is subscribing to the specific pipeline related events



Table 8.19.4-4 shows the response sent by the AIML enablement server to the AIML enablement client for Split operation event subscription response.
Table 8.19.4-4: Split operation event subscription response
	Information element
	Status
	Description

	result
	M
	Indicates success or failure of the request

	Subscription identifier
	O
	Identifier of the subscription (when result indicates success)

	Failure cause
	O
	Indicates failure cause



Table 8.19.4-5 shows the notification sent by the AIML enablement server to the AIML enablement client to notify the client about pipeline events.
Table 8.19.4-5: Split operation event notification
	Information element
	Status
	Description

	Event
	M
	Indicates the pipeline event (e.g. created, modified, removed)

	model information
	M
	Information about the AIML models to be used in each stage (e.g., identifiers, versions, etc.)

	usage information
	O
	Information about the planned usage of the AIML split operation pipeline (e.g., inputs frequency/size, output frequency/size, etc.)

	Pipeline information
	O
	The information about the split AIML split operation pipeline.

	> pipeline identifier
	M
	Identifier of the split operation pipeline

	> pipeline previous endpoints
	O
	Endpoint of the previous nodes in the pipeline from where the node (receiving this notification) will get the intermediate inference.

	> pipeline next endpoints
	O
	Endpoint of the next nodes in the pipeline to which the node (receiving this notification) will send the intermediate inference.
If the node is the last node in the pipeline, this IE includes notification target address of the requestor node who created pipeline and collects the final inference.

	> pipeline expected usage
	O
	Information about usage of the AIML split operation pipeline (e.g., inputs frequency/size, output frequency/size, etc.)

	> notification target
	O
	Endpoint information where the result of the split operation is sent by the nodes




[bookmark: _Toc161046085]8.19.5	Solution evaluation
Editor's note:	Solution evaluation is FFS.
The proposed solution addresses Key Issue #5 for AIML operation splitting management and configuration. The solution introduces a procedure for discovery AIML split operation based on VAL client requirements and subscribe/notify procedures for split operation events. The solution allows a VAL client to consume results from a discovered split operation pipeline, to produce intermediate inference results into a discovered split operation pipeline or both.
The solution is based on the AIML enablement layer architecture, including an AIML enablement client and AIML enablement server.

* * * End of Change * * * *

Microsoft_Visio_Drawing.vsdx
AIML enablement server
AIML enablement client
1. Split operation discovery request
2. Split operation
request processing
3. Split operation discovery response
VAL Client
0. Split operation requirements
4. Split operation discovery information



image3.emf
AIML enablement 

server

AIML enablement 

client

1. Split operation event subscribe 

request

2. Authorize and 

create subscription

3. Split operation Event subscribe 

response

4. Event occurs

4a. Split operation Event Notify


Microsoft_Visio_Drawing1.vsdx
AIML enablement server
AIML enablement client
1. Split operation event subscribe request
2. Authorize and create subscription
3. Split operation Event subscribe response
4. Event occurs
4a. Split operation Event Notify



image1.emf
 


Microsoft_Word_Document.docx
[image: ]

image1.jpeg

End device partition Network partition 1 Network partition 2

(partial Al/ML operation/model) (partial AI/ML operation/model) (partial Al/ML operation/model)
( . / »
/ — > O >\ q e
Inlermedlale Intermediate 7R —
data data

Network Al/ML Network Al/ML

End device endpoint 1 endpoint 2







image2.emf
AIML enablement 

server

AIML enablement 

client

1. Split operation discovery request

2. Split operation

request processing

3. Split operation discovery response

VAL Client

0. Split operation requirements

4. Split operation discovery information


