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Abstract of the contribution: This pCR proposes to update of Sol #56 in TR 23.700-91.
Discussion
This pCR proposes to introduce the following service and associated input and output parameters using S2-2005375 (postponed from SA2#140e meeting) as baseline (all new changes highlighted in green): 

1) For the provision and ModelInfo service input parameter we include optional parameters – Time stamp (indicates the version of the current ML model), Indication of local model update capability, e.g. for federated learning, Indication of online learning data update capability. Since the producer NWDAF does not know the consumer NWDAF capability, the rationale to include these two optional capability indicators is to enable the consumer NWDAF to indicate its capabilities (if supported) when it subscribes for ML model provision service of the ML Model provider NWDAF.
2) Introduced a new service i.e., Nnwdaf_LocalTrainingDataUpdate . Updated step 7 in the clause 6.56.1.2 to include the option where ML Model Provider NWDAF can also subscribe to LocalTrainingDataUpdate notification of the ML Model Consumer NWDAF if ML Model Consumer NWDAF is with both local training data update capability and inference capability. 

3) The procedure for Online learning data update is added in clause 6.56.1.2 i.e., steps 12-15. If the Consumer ML model NWDAF indicates online learning data update capability, then the producer ML Model NWDAF can subscribe for LocalTrainingDataUpdate notification of the ML Model Consumer NWDAF if ML Model Consumer NWDAF is with both local training data update capability and inference capability (Step 7). The ML Model Consumer NWDAF would collect training data information when conducting inference operation and send the result of the local update of training data information to the ML Model Producer NWDAF. The ML Model producer NWDAF uses this training data from the ML Model Consumer NWDAF, if needed, and updates the ML Model and then ML Model Provider NWDAF sends the updated model to the ML Model Consumer NWDAF by invoking “Nnwdaf_ModelProvision_Notify”.  This optional additional step in the procedure would allow to support online learning. Note that if online learning update is not indicated, the offline learning is by default i.e., no LocalTrainingDataUpdate would happen from the consumer to the producer NWDAF. However if the consumer NWDAF indicates support for local model update capability, the ML Model update would be performed as already shown in the procedure from step 8 to step 11.
Proposal
It is proposed to update the following text proposal in TR 23.700-91.
*** Start of change ***
6.56
Solution #56: Trained Model Sharing between NWDAF instances

6.56.1
Description

This is a solution for KI #19. It is also related to KI #2- Multiple NWDAF instances and KI #1- Logical decomposition of NWDAF and possible interactions between logical functions.

6.56.1.1
General

This contribution provides a solution for NWDAF instance to share a trained data model to other NWDAF instances.

A provider NWDAF instance provides the trained model to consumer NWDAF instances via model provision service. It registers its capability to expose a trained data model in the NRF. A consumer NWDAF instance discovers the address of the provider NWDAF instance by inquiring the NRF.

Table 6.56.1.1-1: NWDAF services for model provision

	Service Name
	Service Operations
	Operation

Semantics
	Example Consumer(s)

	Nnwdaf_ModelProvision
	Subscribe
	Subscribe / Notify
	NWDAF
(Model Consumer)

	
	Unsubscribe
	
	

	
	Notify
	
	

	Nnwdaf_ModelInfo
	Request
	Request / Response
	NWDAF
(Model Consumer)

	Nnwdaf_ModelUpdate
	Notify
	Subscribe / Notify
	NWDAF
(Model Provider)

	Nnwdaf_ LocalTrainingDataUpdate
	Notify
	Subscribe / Notify
	NWDAF

(Model Provider)


The Nnwdaf_ModelProvision service or Nnwdaf_ModelInfo service should include the following input and output.

Input:

-
Analytics ID(s)
-
Optional: Timestamp
- 
Optional: Indication of local model update capability, e.g. for federated learning
-
Optional: Indication of online learning data update capability.
-
Optional: area of interests, UE types, application ID, NSSAI, time


NOTE: Timestamp is used to indicate the version of current Model if available.
NOTE: Indication of local model update capability may be skipped if the local NWDAF profile has indicated both inference and training capabilities at NRF and Producer NWDAF has knowledge of this local NWDAF capabilities.

NOTE: Indication of online learning data update capability may be skipped if the local NWDAF profile has indicated this capability at NRF and Producer NWDAF has knowledge of this local NWDAF capabilities.
Output:

-
Model description with model configuration of ML algorithm, e.g. Convolutional Neural Networks (CNN), Recurrent Neural Networks (RNNs), Reinforcement Learning, etc., and model parameters.
-
Timestamp
- 
Optional: Model ID
-
Optional: indication to subscribe local model update with update conditions, e.g. indicating periodic update time, start and end update, number of training iterations, etc.
-
Optional: indication to subscribe online learning data update with update conditions, e.g. indicating periodic update time, start and end update time, number of training data sets per update, etc.
- 
Optional: descriptions of the requested parameters for model update
NOTE:
The Model ID are not globally unique information but local information in Model Provider NWDAF.
NOTE: Timestamp is used to indicate the version of the provisioned Model.
NOTE: if online learning update is not indicated, the offline learning is by default. 
The Nnwdaf_ModelUpdate_Notify service operation should include the following input and output.
Input:

-
Analytics ID 
-
Timestamp

-
Local Model parameters
-
Optional: Model ID 
Output:

-
Success or failure indication

After the service discovery, the consumer NWDAF instances can either subscribe to the data model provision service (to get always the updated model/model parameter) using Nnwdaf_ModelProvision service or request a data model/model parameter (one time request) using Nnwdaf_ModelInfo service.
When the provider NWDAF provides trained model to the consumer NWDAF by invoking Nnwdaf_ModelProvision_Notify, the provider NWDAF can indicate to subscribe to Nnwdaf_ModelUpdate service of the consumer NWDAF to get the results of locally updated model parameters, if the consumer NWDAF can train the model. Unless the consumer NWDAF unsubscribes the subscription of model provision, the consumer NWDAF continues to notify its updated model to the provider NWDAF.
When the provider NWDAF provides trained model to the consumer NWDAF by invoking Nnwdaf_ModelProvision_Notify, the provider NWDAF can provide indication to subscribe to Nnwdaf_LocalTrainingDataUpdate service of the consumer NWDAF to get the results of locally collected training data set (input parameters and output parameters of the inference). Unless the consumer NWDAF unsubscribes the subscription of localTrainingDataUpdate, the consumer NWDAF continues to notify its training data sets to the provider NWDAF.
Detailed procedures for trained model registration, discovery, consumption and update are described in clause 6.56.1.2.

6.56.1.2
Procedures
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Figure 6.56.1.2-1: Procedures for trained model registration, discovery, consumption and update
1.
Provider NWDAF registers its trained model provision capability (i.e. "ModelProvision service" with a list of supported Analytics ID(s)) as part of its profile in the NRF.

2.
NRF stores the NWDAF profile.

3.
NRF sends registration response to provider NWDAF.

4.
Consumer NWDAF sends discovery request of "ModelProvision service" with a list of service parameters (e.g. Analytics ID, etc.) to NRF.

5.
NRF response with the NWDAF instance which provides the requested "ModelProvision service".

6.
Consumer NWDAF requests/subscribes to the "ModelProvision service" of the discovered provider NWDAF instance.

7.
The discovered provider NWDAF instance response with the requested trained model/model configuration of algorithms and model parameters. At this point, the provider NWDAF can determine to subscribe to model update notification of the consumer NWDAFif consumer NWDAF is with both training capability of local model update and inference capability. If consumer NWDAF has only inference capability, the step 8-11 can be skipped.
The provider NWDAF can also determine to subscribe LocalTrainingDataUpdate notification of the consumer NWDAF if consumer NWDAF is with both local training data update capability and inference capability. If consumer NWDAF has only inference capability, the step 12-14 can be skipped.
NOTE:
The Model itself is provided to the consumer NWDAF instances in a file/transparent container.
8.
The consumer NWDAF locally updates the model and the model parameter, if NWDAF can train the model.
9.
The consumer NWDAF sends the results of local model update in step 8 by invoking “Nnwdaf_ModelUpdate_Notify” service operation, if the provider NWDAF subscribed to be notified in step 7.
10.
The provider NWDAF aggregates the results of local update information from the consumer NF(s), if needed, and updates the model. 
11.
The provider NWDAF sends the updated model to the consumer NFs by invoking “Nnwdaf_ModelProvision_Notify”
12.
The consumer NWDAF locally collects training data information when conducting inference operation as well as related situational information during inferencing, e.g. inference timestamp, UE types, UE location, application ID, NSSAI, time, etc.

13.
The consumer NWDAF sends the results of local update of training data information and related situational parameters in step 12 by invoking “Nnwdaf_LocalTrainingDataUpdate_Notify” service operation, if the subscription is made at step 7.
14.
The provider NWDAF uses the results of local update information as training data from the consumer NF(s), if needed, and updates the model. 

15.
The provider NWDAF sends the updated model to the consumer NFs by invoking “Nnwdaf_ModelProvision_Notify”.
6.56.2
Impacts on services, entities and interfaces
NWDAF:

-
Service base interface for exposing a trained model/parameters.

-
Service base interface for receiving a trained model/parameters.

-
Service base interface for updating a trained model/parameters.
-
Service based interface for updating training data sets.
-
Extended NWDAF profile with also trained model provision capability.
*** End of change***
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