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Abstract of the contribution: This contribution proposes a new solution for KI#4 to support Enhancing External Parameter Provisioning.
1. Discussion 
As agreed in SA2#149-E, as part of KI#4:
“As outlined in clause 4.15.6 of TS 23.502 [4], provisioning capability allows an external party to provision the information, such as expected UE behaviour and service specific parameters to 5G network functions. For example, the expected UE behavioural information consists of information on expected UE movement and communication characteristics. Provisioned data can be used by the other NFs. The Expected UE Behaviour parameters characterise the foreseen behaviour of a UE or a group of UEs.”,

However,
“In order to enhance external parameter provisioning to 5GC for the assistance to Application AI/ML operation, the following needs to be studied:

-
Whether and what additional parameters can be provisioned to 5GC by an external party for the assistance to Application AI/ML operation.

-
How additional parameters are provisioned to 5GC by an external party.

-
How provisioned parameters are retrieved or maintained or used by 5GC NFs (e.g. UDM, AMF or SMF).”
This contribution proposes a new solution for KI#4 to support Enhancing External Parameter Provisioning.
2. Proposal

It is proposed to adopt the following text within TR 23.700-80.   

*** Start of the changes ***

6.0
Mapping Solutions to Key Issues

Table 6.0-1: Mapping of Solutions to Key Issues
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*** Next change ***

6.X
Solution #X: Enhancing External Parameter Provisioning

6.X.1
Description

As outlined in clause 4.15.6 of TS 23.502 [4], provisioning capability allows an external party to provision the information, such as expected UE behaviour and service specific parameters to 5G network functions. As part of this, currently the AF may subscribe to the NWDAF for UE mobility and/ or UE communication analytics for a UE or group of UEs. 
The AI/ML AF may additionally leverage other sources of data in order to update or refine existing parameters provisioned (see clause 4.15.6 of TS 23.502 [4]). To do so, the AI/ML AF may use AI/ML traffic from the UE(s) (e.g. intermediate data, local training data, inference results or model performance) that are exchanged over the User Plane PDU session established between AI/ML AF and the UE (or the AI/ML application client on the UE) to derive AI/ML-related data. The AI/ML AF may also subscribe to the NWDAF for existing collective behaviour information as part of NF load analytics.
The AI/ML AF may provide AI/ML related data i.e. a new (set of) parameter(s), ML model(s) or AI/ML assisted model(s) as shown in Table 6.X.1-1. An enhanced external parameter provisioning procedure is depicted in clause 6.X.2.
Table 6.X.1-1: Description of AI/ML assisted UE Behaviour models and data
	AI/ML assisted models
	Description

	Expected UE mobility Model


	Identifies at least one UE expected mobility model or at least one expected geographical movement (NOTE 1).
Example: Parameters characterising a random waypoint model or a reference point group model

	Stationary model


	Identifies at least one model on how the UE transitions between stationary or mobile and whether the UE is strictly stationary, strictly mobile, or transitions between stationary and mobile modes. For the latter, there may be at least one model for transitioning between being mobile and stationary associated with information such as the time of transition, the location of transition, the frequency of transition, etc. (NOTE 1).
Example: Parameters of a Stochastic model.           
[optional]

	Communication model


	Indicates at least one model on how the UE transitions between CM-Connected and CM-Idle for data transmission. Optionally how much data is expected to be sent while in connected mode (NOTE 1). 

Example: Parameters of a Markov model.         
[optional]

	Scheduled Communication model


	Characterises at least one model on how the UE availability for communication changes across a certain period of time e.g. a certain time duration, day of the week, etc. (NOTE 1).

[optional]

	Power consumption model


	Identifies at least one parameter/description/model on how the battery is depleted on the UE. This may also identify how the UE battery consumption is expected to vary over time (NOTE 1).

[optional]

	Scheduled Communication model


	Characterises at least one model on how the Scheduled Communication Type changes between Downlink only or Uplink only or Bi-directional including Scheduled Communication Time between per mode (NOTE 1).

[optional] 

	Presence model 


	Characterises at least one presence model across the time and day of week for the UE based on Expected UE mobility model (NOTE 1). 
[optional]

	NOTE 1:
When a set of parameters or models are provided, each entry can be associated with a probability assertion (i.e. confidence) and optionally other the AI/ML parameters and/or algorithms that were used to derive each entry. 


6.X.2
Procedures
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Figure 6.X.2-1: External Parameter Provisioning via AI/ML AF  
1. 
The NF (e.g. AMF, SMF, NWDAF containing MTLF) can subscribe to Group Subscription data from UDM. The NF may request AI/ML-related data as a set of external provisioning parameters or ML models or AI/ML assisted models. The subscription may include a request for probability assertion (i.e. confidence) depending on the AI/ML algorithm used to derive the parameter or the model. Other evaluation metrics can be requested such as the level of accuracy, precision or other ML-specific evaluation metrics that may be defined as needed.

2. 
The AI/ML AF may configure the AIML transport configuration information using partly the procedure to influence the traffic routing as defined by clause 4.3.6, TS 23.502 [3] (see also enhancements in Solution #13). This is to establish User Plane PDU session(s) by UE or by group of UEs to the AI/ML AF. The PDU session can be used by AI/ML AF to collect AI/ML traffic from the UE(s) (e.g. intermediate data, local training data, inference results or model performance). This is in addition to the subscription to the NWDAF for UE mobility and/ or UE communication analytics for a UE or group of UEs.

The AI/ML AF may also subscribe to the NWDAF for existing collective behaviour information as part of NF load analytics (e.g. by setting an area of interest for the group of UEs as part of analytics filters).

3. 
The AI/ML AF collects, validates, aggregates and normalises the collected AI/ML traffic and analytics related to different UEs from multiple sources (e.g. AI/ML application client on the UE, NWDAF or DCAF). 

4. 
The AI/ML AF provides one or more parameter(s), ML model(s) or AI/ML assisted model(s) to be created, updated or deleted at the UDR using existing NEF services (e.g. in case of untrusted AI/ML AF). Alternatively, a trusted AI/ML AF may directly interact with UDM / UDR without NEF intervention. If the request or subscription in step 1 is associated with a probability assertion (i.e. confidence) or other evaluation metrics as described above, they will be also included within the UDR entries when provided.  
(When applicable) NEF checks whether the requestor is allowed to perform the requested service operation by checking requestor's identifier (e.g. the AI/ML AF Identifier). The payload of the request is covered in Table 6.X.1-1 in addition to other existing parameters from 4.15.6.3, TS 23.502 [4].

5.
If the AI/ML AF is authorised by the NEF to provision the parameter(s), ML model(s) or AI/ML assisted model(s), the NEF requests to create, update and store, or delete the provisioned parameter(s), ML model(s) or AI/ML assisted model(s) as part of existing UDM services.

If the AI/ML AF is not authorised to provision the parameter(s), ML model(s) or AI/ML assisted model(s), then the NEF continues in step 8 indicating the reason for failure in NEF response message. Steps 9 and 10 can also be skipped.

The NEF can translate the AI/ML AF Identifier to DNN and/or S-NSSAI of the AI/ML AF or any associated AI/ML Application Server(s) when applicable for an untrusted AF.

6. 
UDM interacts with UDR to create, update and store, or delete the AI/ML-related data based on the existing services (subject to authorisation). The UDM classifies the received AI/ML-related data (e.g. parameters or ML models or AI/ML assisted models), into e.g. AMF associated, SMF associated, NWDAF associated parameters or models (including validity time) and then stores them under the corresponding data model within the UDR.

7.
UDM responds the request with existing UDM services. If the procedure fails, the cause value indicates the reason.

8.
NEF responds the request with existing NEF services. If the procedure fails, the cause value indicates the reason.

9. 
UDM notifies to the subscribed Network Function (e.g., AMF, SMF, NWDAF containing MTLF) of the updated UE and/or Group subscription data via UDM Notify message.

10. If the NF is AMF, the AMF identifies whether there are overlapping parameter set(s) and model(s) and merges the parameter set(s) and model(s), e.g. in the Expected UE Behaviour or AI/ML assisted UE Behaviour models, if necessary. The AMF uses the received AI/ML-related data (e.g. parameters or ML models or AI/ML assisted models) to derive the appropriate UE configuration of the NAS parameters and to derive Core Network assisted RAN parameters. 

As an example, the AMF may determine a Registration area based on parameterizing the Stationary model or Expected UE mobility model. In one alternative, if the AMF receives more than one model, the AMF may choose one of the received models based on the associated probability assertion (e.g. the model with the highest probability is chosen) or based on the evaluation metrics that are received for each model (e.g. level of accuracy, precision, etc.). The AMF may also choose a model based on local policies and/or subscription information. The AMF may then act as described above once a model has been selected.

If the NF is SMF, the SMF stores the received parameters or AI/ML assisted UE Behaviour models and associates them with a PDU Session based on the DNN and S-NSSAI included in the message from UDM. The SMF identifies whether there are overlapping parameter set(s) and model(s), e.g. in the Expected UE behaviour or AI/ML assisted parameters and merges the parameter set(s) and model(s), if necessary. The SMF may use the received AI/ML-related data as follows:

-
SMF configures the UPF accordingly. The SMF can use the Scheduled Communication model to configure the UPF to autonomously adjust the downlink packets to buffer depending on the time and day of the week. The SMF may use the Communication model to determine a pattern of deactivating UP connection and to perform CN-initiated selective deactivation of UP connection of an existing PDU Session. If the SMF receives more than one model, the SMF may choose one of the received models based on an associated probability assertion (e.g. the model with the highest probability is chosen) or based on the evaluation metrics that are received for each model (e.g. the level of accuracy, precision, etc.). The SMF may also choose a model based on local policies and/or subscription information. The SMF may then act as described above once a model has been selected.

-
The SMF may derive SMF derived CN-assisted RAN information for the PDU Session. The SMF provides the SMF derived CN assisted RAN information to the AMF as described in PDU Session establishment procedure or PDU Session modification procedure.

If the NF is NWDAF containing MTLF, the NWDAF containing MTLF identifies whether there are overlapping parameter set(s) and model(s) and merges the parameter set(s) and model(s), e.g. in AI/ML assisted UE Behaviour models, if necessary. The NWDAF containing MTLF shares the related AI/ML assisted UE Behaviour models with AMF and/ or SMF. This can be as a response or a notification based on an earlier request or subscription from the AMF and/ or the SMF. The AMF and/ or SMF then derive the associated UE Behaviour parameters via parameterizing the ML models shared via NWDAF containing MTLF. They may also accordingly update UPF, or CN-assisted RAN information based on parameterizing the models shared. 

6.X.3
Impacts on services, entities and interfaces
AI/ML AF

- 
To collect AI/ML-related traffic from the UE(s)

- 
To derive AI/ML-related data 
- 
To provision AI/ML-related data (e.g. AI/ML assisted UE Behaviour models and data) to 5GC 
UDM/UDR

- 
To classify, store or notify AI/ML- related data in addition to other existing parameters.   
AMF
- 
To request or subscribe for AI/ML-related data 
SMF

-
To request or subscribe for the AI/ML-related data
NWDAF containing MTLF
- 
To request or subscribe for the AI/ML-related data
- 
To share the models via existing MTLF services to 5GC NFs (e.g. AMF and/ or the SMF)
*** End of the changes ***
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