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1. Introduction
This contribution updates solution 22 by providing updates to the architecture impact and API sections and an evaluation for the solution. The mapping of solutions to key issues table is also updated.
2. Reason for Change
Clarify and complete solution 22.
3. Proposal
It is proposed to agree the following changes to 3GPP TR 23.700-82 v0.4.0.


* * * First Change * * *
[bookmark: _Toc160785430][bookmark: _Toc164779272][bookmark: _Toc164779526][bookmark: _Toc164791982]8.22	Solution #22: Horizontal Federated Learning training 
[bookmark: _Toc160785431][bookmark: _Toc164779273][bookmark: _Toc164779527][bookmark: _Toc164791983]8.22.1	Solution description
The following clauses specify procedures, information flows, and APIs for Key Issue #3 to support horizontal federated learning training procedure. 


[bookmark: _Hlk162955645]Figure 8.22.1-1: Procedure for HFL training
1. [bookmark: MCCQCTEMPBM_00000066]A VAL server makes a HFL training subscription request. The request includes: AIML model and model parameters, a model parameter aggregation function, dataset requirements (e.g. list of features, number of data samples), a list of AIML clients as FL members to perform the training (or an AIML client set identifier), number of training rounds, number of AIML clients per round, notification settings.
2. [bookmark: MCCQCTEMPBM_00000067]The AIML enablement server authorizes the request.
3. [bookmark: MCCQCTEMPBM_00000068]The AIML enablement server sends a subscription response to the consumer with a status of the request and a training identifier to track the training status.
4. [bookmark: MCCQCTEMPBM_00000069]The AIML enablement server sends a HFL training request to each of the AIML enablement clients identified as FL members. The HFL training request includes AIML model and model parameters, number of data samples for the training, optional operational scheduling information. Each AIML enablement client provides a response and, if is not able to perform the local training, the procedure skips to step 6.
5. [bookmark: MCCQCTEMPBM_00000070]Each AIML enablement client performs local training using the configured AIML model and model parameters and local data for the specified number of samples according to the operational schedule. If the AIML enablement client is not able to perform the local training, the procedure skips to step 6.
6. [bookmark: MCCQCTEMPBM_00000071]Upon training completion or due to errors in operation, each AIML enablement client sends a HFL training notification to the AIML enablement server. The notification includes a status of the request, the updated model parameters, information about the training data such as age and size, the elapse time of the training, errors that were encountered during training, and a timestamp.
7. [bookmark: MCCQCTEMPBM_00000072]If the AIML enablement server is capable, the AIML enablement server uses the model parameter aggregation function received in step 1 to perform aggregation of the model parameters from all the AIML enablement clients and then it updates the global model parameters. Steps 4 to 7 may be repeated for the configured number of training rounds. If the AIML enablement server is not capable of performing model parameter aggregation, the procedure skips to step 8.
8. [bookmark: MCCQCTEMPBM_00000073]The AIML enablement server sends a HFL training notification to the VAL server, based on the notification settings configured in step 1. The notification includes updated model parameters (either aggregated model parameters for the global model or individual model parameters from the client models), elapse time(s) of model training, and a list of errors encountered during training.
[bookmark: _Toc160785432][bookmark: _Toc164779274][bookmark: _Toc164779528][bookmark: _Toc164791984]8.22.2	Architecture Impacts
This solution is based on client-server architecture as described by clause 7.2does not have architectural impacts.
[bookmark: _Toc160785433][bookmark: _Toc164779275][bookmark: _Toc164779529][bookmark: _Toc164791985]8.22.3	Corresponding APIs
Editor's note:	This clause provides the corresponding APIs for supporting the solution.
[bookmark: _Hlk166160440]Table 8.22.3-1 describes the API for Horizontal FL training subscription request.
Table 8.22.3-1: Horizontal FL training subscription request
	Information element
	Status
	Description

	VAL server ID 
	M

	The VAL server identifier.

	AIML model and model parameters
	M
	Information about the AIML model and model parameters to use for HFL training/inferencing.

	AIML enablement client list
	M
	A list of AIML enablement clients required for HFL training/inferencing.

	Dataset requirements
	M
	Requirements for dataset required for HFL training/inferencing.

	Model parameter aggregation function
	O
	Function to aggregate model parameters during training

	Number training rounds
	O
	Number of training rounds for HFL training

	Number of AIML clients per round
	O
	Minimum number of AIML clients required for each training round

	Notification settings
	O
	Settings for how often to send notifications providing status of HFL training. For example, periodic, event-based, upon completion.



Table 8.22.3-2 describes the API for Horizontal FL training subscription response.
Table 8.22.3-2: Horizontal FL training subscription response
	Information element
	Status
	Description

	Status
	M
	Status for the request

	ML model parameters
	O
(NOTE)
	Updated model parameters from training

	ML model outputs
	O
(NOTE)
	ML model outputs from inferencing

	Training elapse time
	O
	Total elapse time of the training

	Error list
	O
	A list of errors encountered during training

	Timestamp
	O
	A timestamp for the notification

	NOTE: At least one of the information elements shall be provided.



[bookmark: _Toc160785434][bookmark: _Toc164779276][bookmark: _Toc164779530][bookmark: _Toc164791986]8.22.4	Solution evaluation
Editor's note:	This clause provides an evaluation of the solution. The evaluation should include the descriptions of the impacts to existing architectures.
This solution addresses key issues 3, 5, and 6. The solution can be used for both Horizontal FL training,  inferencing,  as well as in split and transfer learning scenarios. 
The solution is different than others for Vertical FL, since HFL clients train with the same model and update the HFL server with model parameters. The HFL server aggregates the model parameters and sends the updated model parameters to HFL clients for the next round of training. 
Since training is repetitive, the AIML enablement server can offer significant benefits to VAL applications by offloading the management and monitoring of horizontal FL training. This solution is feasible and does not introduce any dependency to the 3GPP network system.


* * * Next Change * * *
[bookmark: _Toc164779139][bookmark: _Toc164779393][bookmark: _Toc164791849]8.0	Mapping of solutions to key issues
Table 8.0-1: Mapping of solutions to key issues
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* * * End Change * * *
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