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1. Introduction
Key Issue#8: Supporting Federated Learning in 5GC is to study architecture enhancement to support Federated Learning which allows the cooperation of multiple NWDAF containing MTLF to train an ML model in 3GPP network. This document covers the following bullets.
-	Study how to coordinate multiple NWDAFs including selection of participant NWDAF instances in the Federated Learning group, e.g., assistance information (if any) to perform the selection, and decision of role for the participant NWDAF;
-	Study whether and how to perform performance (e.g. network performance and model performance) monitoring of the NWDAF Federated Learning operation.
To address the challenges above for supporting Federated Learning in 5GC, this solution focus on the NWDAF(s) selection in Federated Learning preparation phase, NWDAF(s) monitoring and maintenance in Federated Learning execution phase.
A lot of factors influence Client NWDAF(s) selection in Federated Learning preparation phase. For example, the capability of NWDAF(s), the availability of Client NWDAF(s) to join in Federated Learning, etc. In addition to these aspects, the interoperability between Server and Client NWDAFs for performing Federated Learning operations need to be taken into consideration. 
In Federated Learning execution phase, due to dynamic changes of federation network, current Client NWDAF(s) may leave or new Client NWDAF(s) may join due to different triggers/reasons, the dynamic joining and leaving of Client NWDAF(s) to a Federated Learning multi-round learning/training process in 5GC should be considered. 
This solution proposes mechanisms for selection, monitoring, and maintenance of NWDAF(s) in 5GC. 

2. Proposal
It is proposed to agree the following changes to 3GPP TR 23.700-81 v0.2.1.
* * * First change * * * *
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Table 6.0-1: Mapping of solutions to key issues
	
	Key Issues

	Solutions
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1
	X
	
	
	
	
	
	
	
	
	

	2
	X
	
	
	
	
	
	
	
	
	

	3
	X
	
	
	
	
	
	
	
	
	

	4
	X
	
	
	
	 
	
	
	
	
	

	5
	X
	
	
	
	
	
	
	
	
	

	6
	X
	
	
	
	
	
	
	
	
	

	7
	X
	
	
	
	
	
	
	
	
	

	8
	
	X
	
	
	
	
	
	
	
	

	9
	
	X
	
	
	
	
	
	
	
	

	10
	
	
	X
	
	
	
	
	
	
	

	11
	
	
	X
	
	
	
	
	
	
	

	12
	
	
	
	X
	
	
	
	
	
	

	13
	
	
	
	
	X
	
	
	
	
	

	14
	
	
	
	
	X
	
	
	
	
	

	15
	
	
	
	
	X
	
	
	
	
	

	16
	
	
	
	
	
	X
	
	
	
	

	17
	
	
	X
	
	
	X
	
	
	
	

	18
	
	
	
	
	
	
	X
	
	
	

	19
	
	
	
	
	
	
	X
	
	
	

	20
	
	
	
	
	
	
	X
	
	
	

	21
	
	
	
	
	
	
	
	X
	
	

	22
	
	
	
	
	
	
	
	X
	
	

	23
	
	
	
	
	
	
	
	X
	
	

	24
	
	
	
	
	
	
	
	X
	
	

	25
	
	
	
	
	
	
	
	
	X
	

	26
	
	
	
	
	
	
	
	
	X
	

	27
	
	
	
	
	
	
	
	
	X
	

	x
	
	
	
	
	
	
	
	x
	
	




* * * Second change (All new text) * * * *
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[bookmark: _Toc500949101][bookmark: _Toc97052458][bookmark: _Toc97057840][bookmark: _Toc97052786][bookmark: _Toc97057913]This solution is proposed to address Key Issue #8: Supporting Federated Learning in 5GC. The study bullets of this Key Issues include
-	Study how to coordinate multiple NWDAFs including selection of participant NWDAF instances in the Federated Learning group, e.g., assistance information (if any) to perform the selection, and decision of role for the participant NWDAF;
-	Study whether and how to perform performance (e.g. network performance and model performance) monitoring of the NWDAF Federated Learning operation.
To address the challenges in the above bullets for supporting Federated Learning in 5GC, this solution focus on the NWDAF(s) selection in Federated Learning preparation phase, NWDAF(s) monitoring and maintenance in Federated Learning execution phase.
A lot of factors influence Client NWDAF(s) selection in Federated Learning preparation phase. For example, the capability of NWDAF(s), the interoperability and availability of Client NWDAF(s) to join in Federated Learning. 
In Federated Learning execution phase, due to dynamic changes of federation network, current Client NWDAF(s) may leave or join, the dynamic joining and leaving of Client NWDAF(s) to a Federated Learning multi-round learning/training process in 5GC should be considered. In addition, methods may be applied for Server NWDAF to monitoring the status changes (e.g., changes of capabilities and availability) of Client NWDAF(s). 
Editor’s note: it is FFS if the existing SBA service can be resued for the procedures proposed in this solution or new SBA services should be defined.
[bookmark: _Toc97546139]6.X.2	Procedures
6.X.2.1	Client NWDAF(s) Selection in Federated Learning Preparation Phase
[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc97057914][bookmark: _Toc97052459][bookmark: _Toc97052787][bookmark: _Toc97057841]In Federated Learning preparation phase, Server and (potential) Client NWDAFs are discovered via NRF, and Client NWDAF(s) are selected by the method for handshake pattern. The Client NWDAF(s) selection is based on the availability, capability, etc. 


Figure 6.X.2.1-1: Procedure for Client NWDAF(s) selection in Federated Learning preparation phase
Figure 6.X.2.1-1 illustrates the procedures of Client NWDAF(s) selection in Federated Learning preparation phase. 
The procedure for NWDAFs selection is as follows: 
0. NWDAFs register into NRF with Federated Learning capability. Server NWDAF discovers Client NWDAFs based on e.g., Federated Learning capability, Analytics ID, etc.
1. Server NWDAF sends Federated Learning preparation request with Interoperability information to Client NWDAF(s). In the preparation request, indication of the role for the NWDAF(s), i.e., act as Client NWDAF(s), may be contained.
NOTE 1:	The Interoperability information indicates what abilities (e.g., able to run certain models) are needed for the client NWDAF to support this FL procedure, e.g., if the server NWDAF and the client NWDAF can share model and how to share model. The Interoperability information is determined among different vendors and its content is not to be specified by 3GPP.  
2. Client NWDAF(s) decides whether to join the Federated Learning process based on its availability, capability and Interoperability information.

3. Client NWDAF(s) send the response to server NWDAF indicating if it wants to join the FL procedure.
4. The Server NWDAF may send test tasks to the Client NWDAF(s) that want to join the FL procedure. The Client NWDAF(s) run the test tasks and send the results to the Server NWDAF.
NOTE 2:	The test tasks may be micro computation or training tasks, the requirement for completing the micro tasks is the same as or is similar to the main tasks. The test task could be a small task to let the client NWDAF collect local data and sends the local model weights back to the server; or some test to make sure that the server and client NWDAF can communicate if they use the same FL framework or library. How to retrieve and run the test tasks is out of scope of 3GPP.
5. Server NWDAF selects the Client NWDAF(s), the result of the test tasks may be taken into account by the Server NWDAF for the selection of Client NWDAF(s).
6.X.2.2	NWDAFs Monitoring and Re-selection in Federated Learning Execution Phase
In Federated Learning execution phase, Server NWDAF monitors the status changes of Client NWDAF(s). Client NWDAF(s) may be re-selected based on the updated status, availability, and/or capability, etc., of the Client NWDAF(s) for the FL tasks.


Figure 6.X.2.2-1: Procedure for NWDAFs monitoring and re-selection in Federated Learning execution phase
Figure 6.X.2.2-1 illustrates the procedure of monitoring and re-selection of Client NWDAF(s) in Federated Learning execution phase. 
The procedure for monitoring and re-selection of Client NWDAF(s) is as follows: 
1. Server NWDAF monitoring the status of Client NWDAF(s) during the Federated Learning execution process, receives the updated status of the Client NWDAF(s). 

Server NWDAF may perform monitoring and obtain the updated status of Client NWDAF(s) directly and/or via NRF. 
NOTE 1:	The status of client NWDAF could be the NF load, NF availability, its capability changes, e.g. it does not support FL anymore

2. Server NWDAF checks Client NWDAF(s) status based on the received information, judges whether re-selection of Client NWDAF(s) for the next round(s) of Federated Learning is needed. The judgement is based on the updated status of the Client NWDAF(s), including the availability, capability, etc.
Editor’s note: it is FFS if step 2 can be optimized, e.g., whether for every round in FL, the server NWDAF need to check every client’s status.

3. [If re-selection is needed as judged in step 2.] Server NWDAF re-select Client NWDAF(s) as steps 1-5 in Figure 6.X.2.1-1. 

The procedure for discovery of new Client NWDAF(s) in Federated Learning execution phase is given in clause 6.X.2.3.

4. Client NWDAF(s) terminates operations for the Federated Learning if it receives termination request from the Server NWDAF.

6.X.2.3	Dynamic Discovery and Joining of New NWDAF(s) in Federated Learning Execution Phase
There are two possible cases for Server NWDAF to get the information of the new Client NWDAF(s), i.e., from the new Client NWDAF(s) directly or via NRF.
6.X.2.3.1 New Client NWDAF(s) Inform Server NWDAF Directly



Figure 6.X.2.3.1-1: Procedure for dynamic discovery of new NWDAFs in Federated Learning execution phase when the information about the Server NWDAF is known at the new Client NWDAF(s)
Client NWDAFs 1 to N are selected by Server NWDAF for participating the current round of Federated Learning. Client NWDAFs N+1 to N+X, which are the new ones, have the capability to join in the next rounds of training processes. 
New Client NWDAF(s), which are available and/or have the capability to join in the Federated Learning processes, know the information about the Server NWDAF and inform Server NWDAF directly. The procedure is the following:
0. Server NWDAF registers into NRF about the Federated Learning procedure with the following parameters:
· Federated Learning (FL) Correlation ID
· Analytics ID
· Client NWDAF(s) information
NOTE 1: FL Correlation ID is used to identify a specific FL procedure. For example, an server NWDAF or a client NWDAF can join different FL procedures at the same time, then when they receive messages or data from other NWDAF, they have to know the message or data is for which FL procedure.
When a server NWDAF starts a FL procedure, it registers the FL procedure in the NRF with FL Correlation ID, Analytics ID. When later a client NWDAF wants to join a FL dynamically, e.g. it wants to update its local model using global information, it will query NRF if there is an ongoing FL for the analytics ID. Then NRF will provide the server NWDAF ID and FL Correlation ID to the client NWDAF, then the client NWDAF can contact the server NWDAF to join the FL procedure. With the FL correlation ID, the server NWDAF knows which FL procedure the client NWDAF wants to join and which model it should provide to the client.
Editor’s note:	It is FFS if server NWDAF registers/updates client NWDAFs info into NRF

1. If the information about the Server NWDAF and the corresponding FL procedure is known via NRF, new Client NWDAF(s) inform Server NWDAF about their interoperability and availability to join the Federated Learning process during the Federated Learning training processes. 
2. Before starting next round of training, Server NWDAF selects Client NWDAF(s) from NWDAFs 1 to N+X based on the updated information of the Client NWDAF(s). The procedure is the same as steps 1-5 in figure 6.X.2.1-1.

6.X.2.3.2	Server NWDAF Gets the Information of New Client NWDAF(s) via NRF 



Figure 6.X.2.3.2-1: Procedure for dynamic discovery of new NWDAFs in Federated Learning execution phase when the information about the Server NWDAF is unknown at the new Client NWDAF(s)
Client NWDAFs 1 to N are selected by Server NWDAF for participating the current round of Federated Learning. Client NWDAFs N+1 to N+X, which are the new ones, have the capability to join in the next rounds of training processes. 
Server NWDAF gets the information of the new Client NWDAF(s) dynamically via NRF by either subscribing to the event that a new Client NWDAF registers or discovering NRF when it needs to reselect Client NWDAFs.
[bookmark: _Toc97546140]6.X.3	Impacts on services, entities and interfaces
NWDAF:
· Register FL procedure information into NRF dynamically during the Federated Learning processes
· Selection of Client NWDAF(s)
· Monitoring Client NWDAF status updates
· Dynamic discovery of new Client NWDAF(s)
NRF:
· Server NWDAF and Client NWDAF(s) registration for the Federated Learning procedure
· Registers FL procedure information dynamically during the Federated Learning processes
· Receive and notify information about Client NWDAF(s) updates to Server NWDAF  

* * * End of changes * * * *
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