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Abstract of the contribution: In this contribution, UDM services are evaluated and updated, based on the design guidelines proposed in paper S2-172942.
1. Introduction
Based on the design guidelines proposed in S2- 172942, UDM services are evaluated in this contribution. Moreover, UDM services are updated by modifying the service name/service operation name and corresponding description. 
2. Discussion

2.1 
UDM functionality check

3GPP TS 23.501 section 6.2.7 lists the functions provided by UDM:

The UDM-FE accesses subscription information stored in a User Data Repository (UDR) and supports the following functionality:

-
Authentication Credential Processing.

-
User Identification Handling.

-
Access Authorization.

-
Registration/Mobility management.

-
Subscription management.

-
SMS management. 

A front end implements the application logic and does not require an internal user data storage. Several different front ends may serve the same user in different transactions.
2.2 
Group UDM functionalities

The above list can be grouped as follows, based on the context each group owns.

	Group 1: Functionalities related to UE registration context management 
-
User Identification Handling. (stores and provide the mapping for any user/UE temp ID and SUPI)
-
Registration/Mobility management. (store and provide UE’s serving NF)

-
SMS management. (store SMSF address, not include SMS related subscription info retrieval)

	Group 2: Functionalities related to UE subscription management in the UDR
-
Subscription management. (provide any other subscription data)

	Group 3: Functionalities related to authentication and authorization
-
Authentication Credential Processing. (provide AUSF authentication credential)

-
Access Authorization. (provide access info e.g. allowed access area list )


2.3 
UDM Service Evaluation

Based on the principles proposed in paper S2-172942, the following table is proposed for evaluating each UDM service.

2.3.1
“Nudm_RegistrationContext” Service

This NF service of UDM allows a NF to register the information when serving a certain UE. UDM stores the registration context separately from UE’s subscription data because it can be created and removed dynamically but the subscription data is always stored in the UDM.

The registration context is created when AMF registers its information for a UE identified by the SUPI for the first time. It can be updated when the same/other types of NF serving the UE registers their information. When the NF register its information and UDM detects the same type of NF has already registered, the UDM shall overwrite the previous information with the new one. Consequently, the UDM shall notify the NF whose information has been replaced in order that the old NF can remove information related to the UE. The UE context is deleted when the AMF requested purge operation.

2.3.1.1
Service operation

Based on the above description, it can be further worked out the service operation under this service:

1. Nudm_RegistrationContext_Register

2. Nudm_RegistrationContext_Get

3. Nudm_RegistrationContext_EventNotify 

4. Nudm_RegistrationContext_Purge 

5. Nudm_RegistrationContext_EventSubscribe

6. Nudm_RegistrationContext_EventUnSubscribe

2.3.1.2
Detailed evaluation criteria justification

	Service Name: Nudm_RegistrationContext

	Functionality provided by this service: 

1. Allow an NF to register / deregister itself as the serving NF for a UE
2. Provide the NF consumer of the information related to UE’s registration information, e.g. UE’s serving NF identity, UE’s reachability status, etc 

	Context used by this service: 

“Registration context”: in which UDM stores the serving NF information, and UE status related event.

“User subscription data”: UDM may read the information inside the subscription data to determine whether the NF consumer is authorized to a certain service operation.

	Does the service meet the principles of self-containment, reusability and independent management? <Justify how the service meets the identified principles. If there are ambiguities about whether one or more principles being violated, explain the rationale behind why it is believed that the principle is met or not>
Criteria 1: The scope of this service is handling of serving NF registration for a given and the UE’s status through that. This scope is handled through the registration context. 

Criteria 2: All the service operations listed below operate only on the registration context.

Criteria 3: This is not applicable. 

Criteria 4: Service operations like Nudm_RegistrationContext_EventNotify/Subscribe are specified generically for any NF type in future to subscribe and get notified of subscribed events. 

	List of Service Operations:

	Service Operation Name
	Description
	Elementary Operation Semantics (Request / Response or Subscribe / Notify)
	Consumers
	Used in Procedure

	Nudm_RegistrationContext _Register
	This service operation is exposed by UDM to UE’s serving NF to register its information in the UDM
	Request / Response
	AMF, SMF, PCF
	Clause 4.2.2.2, Registration procedures, consumed by AMF

Clause 4.3.2.2.1, non-roaming and Roaming with Local Breakout procedure, consumed by SMF

	Nudm_RegistrationContext _Get
	This service operation is exposed by UDM to UE’s serving NF to get the information of serving NF of other type of the UE
	Request / Response
	AMF, SMF, PCF
	TBD

	Nudm_RegistrationContext _Purge
	This service operation is exposed by UDM to UE’s serving NF to remove its information
	Request / Response
	AMF, SMF, PCF
	Clause 4.5.2 “Purge of subscriber data from AMF”

	Nudm_RegistrationContext _EventNotify
	This service operation is exposed by UDM to the subscribed NF consumer of the requested information
	Subscribe / Notify
	AMF, SMF, PCF, SMSF
	TBD

	Nudm_RegistrationContext _EventSubscribe
	This service operation is exposed by UDM to allow NF consumer to subscribe to a certain type the event
	Subscribe / Notify
	AMF, SMF, PCF, SMSF
	TBD

	Nudm_RegistrationContext _EventUnsubscribe
	This service operation is exposed by UDM to allow NF consumer to unsubscribe to a certain type the event
	Request / Response
	AMF, SMF, PCF, SMSF
	TBD


2.3.2
“Nudm_Subscriptiondata” Service

Naturally user subscription data can be considered as a type of context. This service enables UDM to provide user subscription data to the NF requester on request or triggered by subscription data update. Note that this service does not provide subscription data related to authentication of a UE / PDU session.

2.3.2.1
Service operation

Based on the above description, it can be further worked out the service operation under this service:

7. Nudm_Subscriptiondata_Get
8. Nudm_Subscriptiondata_Update
2.3.1.2
Detailed evaluation criteria justification
	Service Name:  Nudm_Subscriptiondata

	Functionality provided by this service: <Briefly describe the functionality provided by this service>
1. Allow NF consumer to retrieve user subscription data;
2. Provide updated user subscriber data to the subscribed NF consumer;

	Context used by this service: <List all the context / state information used by this service – even if a particular context is used only as read-only>
“User subscription data”: once receiving request / trigged by the update, UDM “read” the information and provide it to NF consumer accordingly.

	List of Service Operations:

	Service Operation Name
	Description
	Elementary Operation Allowed
	Consumers
	Used in Procedure

	Nudm_Subscriptiondata_Get
	This service operation is exposed by UDM to allow NF consumer to retrieve UE’s subscription data
	Request / Response
	AMF, SMF, PCF
	Clause 4.2.2.2, Registration procedures, consumed by AMF
Clause 4.3.2.2.1, non-roaming and Roaming with Local Breakout procedure, consumed by SMF

	Nudm_Subscriptiondata_Update
	This service operation is exposed by UDM to notify the NF consumer of the updated UE’s subscription data
	Subscribe / Notify
	AMF, SMF, PCF
	Clause 4.5.1,  Subscriber Data Update Notification to AMF, consumed by AMF

	Does the service meet the principles of self-containment, reusability and independent management? <Justify how the service meets the identified principles. If there are ambiguities about whether one or more principles being violated, explain the rationale behind why it is believed that the principle is met or not>

Criteria 1: The scope of this service is handling of UE subscription data. 

Criteria 2: All the service operations listed below operate only on the UE subscription.

Criteria 3: This is not applicable. 

Criteria 4: Service operations like Nudm_SubscriberData_Get are specified generically for any NF type to get the subscription information. For example both AMF and SMF can use this service operation to fetch UE specific and PDU specific subscriptions respectively.


2.3.3
“Nudm_Authentication” Service

Authentication processing is a very important functionality of UDM when UE initially register to the network and establish a PDU session to a certain DN. Authentication related subscription data may be maintained in a separate manner from other subscription data. Therefore, it is proposed to make the authentication / authorization functionalities of UDM as a separate service. 

2.3.2.1
Service operation

Based on the above description, it can be further worked out the service operation under this service:

9. Nudm_Authentication_Get
10. Nudm_Authentication_Update
2.3.1.2
Detailed evaluation criteria justification
	Service Name:  Nudm_Authentication

	Functionality provided by this service: <Briefly describe the functionality provided by this service>
1. Allow NF consumer to retrieve authenticate related subscription data for a UE/PDU session;
2. Provide updated authenticate related subscriber data to the subscribed NF consumer;

	Context used by this service: <List all the context / state information used by this service – even if a particular context is used only as read-only>
“User subscription data”: once receiving request / trigged by the update, UDM “read” the information and provide it to NF consumer accordingly.

	List of Service Operations:

	Service Operation Name
	Description
	Elementary Operation Allowed
	Consumers
	Used in Procedure

	Nudm_Authentication_Get
	This service operation is exposed by UDM to allow NF consumer to retrieve authentication related subscription data
	Request / Response
	AMF, SMF
	Clause 4.2.2.2, Registration procedures, consumed by AMF

Clause 4.3.2.2.1, non-roaming and Roaming with Local Breakout procedure, consumed by SMF

	Nudm_Authentication_Update
	This service operation is exposed by UDM to notify the NF consumer of the updated authentication related subscription data
	Subscribe / Notify
	AMF, SMF
	Clause 4.5.1,  Subscriber Data Update Notification to AMF, consumed by AMF

	Does the service meet the principles of self-containment, reusability and independent management? 
Criteria 1: The scope of this service is handling of UE subscription data (whether the authentication related subscription data is maintained separately leaves for implementation). 

Criteria 2: All the service operations listed below operate only on the UE subscription data.

Criteria 3: This is not applicable. 

Criteria 4: Service operations like Nudm_Authentication_Get are specified generically for any NF type to get the subscription information. For example both AMF and SMF can use this service operation to fetch UE specific and PDU specific authentication info respectively.


3. Proposal

It is proposed to update the UDM services to TS 23.502
* * * Start of Change * * *
5.2.3
UDM Services

Editor's note:
How to define a service based procedure for "Purge of subscriber data from AMF" is to be determined.
5.2.3.1
Nudm_RegistrationContext service
5.2.3.1.1
General description
This service enables UDM to provide information related to UE’s serving NF to the NF consumer.
5.2.3.1.2
“Nudm_RegistrationContext_Register” service operation
5.2.3.1.2.1
Description
Service operation name: Nudm_RegistrationContext_Register
Description: NF consumer register its information for a certain UE on the UDM
Known NF Consumers: AMF, SMF, PCF, SMSF
Concurrent use: yes.
Pre-requisite conditions: No
Post conditions: UDM stores the NF consumer ID in the UE context.
Inputs, Required: NF consumer ID, SUPI.
Inputs, Optional: APN, subscription data retrieval indication.
Outputs, Required: Result indication.
Outputs, Optional: UE subscription data is retrieved by the NF consumer ID, if the subscription data retrieval indication is included.
5.2.3.1.2.2
Service operation information flow
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Figure 5.2.3.1.2.2-1: Nudm_RegistrationContext_Register
1.
The NF consumer wants to register the UE's serving NF in the UDM. It sends the  Nudm_RegistrationContext_Register Request (SUPI, NF ID) message to the UDM. The NF ID indicate the NF type and identity of the serving NF.

Optionally, depending on the NF type of the Requester, the Request message may contain additional data to be stored in the UDM. For example if the NF type is the SMF, the NF type also includes the associated APN.

Optionally, if the subscription data retrieval indication is included, NF consumer asks the UDM to return UE subscription data associated to the NF type in the response message. The indication also implicitly subscribes to be notified (by Nudm_SubscriptionData_Update, clause 5.2.3.3) when these data change or no longer be in sync.

When the NF consumer sends the Nudm_RegistrationContext  Request message to the UDM, it also implicitly subscribes to the notification of the change of the UE’s serving NF, i.e. subscription to Nudm_RegistrationContext_EventNotify implicitly.

2.
The UDM stores the registered serving NF in the UE context. The NF type associated subscription data is returned to the Requester NF if the subscription data retrieval indication is included in the request message.

5.2.3.1.3
“Nudm_RegistrationContext_EventNotify” service operation
5.2.3.1.3.1
Description

Service operation name: Nudm_UEContext_EventNotify
Description: UDM notifies the NF consumer, which has subscribed to the event notification before, e.g. a certain type of UE’s serving NF has been updated in the UDM.
Known NF Consumers: AMF, SMF, PCF, SMSF
Concurrent use: No.
Pre-requisite conditions: UDM detects UE's serving NF is removed and NF consumer has subscribed to such event notification
Post conditions: None.
Inputs, Required: none (the subscription can be done implicitly via registration service operation)
Inputs, Optional: notify ID, NF consumer explicitly subscribes to a certain event, e.g. NF of a certain type is updated
Outputs, Required: , event container e.g. serving NF change reason, SUPI
Outputs, Optional: notify ID
5.2.3.1.3.2
Service operation information flow
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Figure 5.2.3.2.2-1: Nudm_RegistrationContext_EventNotify
1. The subscription may be implicitly executed via registration operation. In other cases, NF consumer sends Nudm_RegistrationContext_EventSubscribe (notify ID, subscribed event) to the UDM (same as in clause 5.2.3.1.6).
2. In case that UDM detects the event which has been subscribed by NF consumer happens, e,g, UE serving NF is updated, e.g. a new AMF is registered to the UDM, the UDM notifies theNF consumer, which has subscribed to the event before, by sending a Nudm_RegistrationContext_EventNotify (notify ID, event container including e.g. SUPI, serving NF remove reason) message. The serving NF remove reason indicates the reason of the NF remove, e.g. update due to a new serving NF is registered.


The NF consumer may further perform the related handling e.g. remove the UE context it maintains when it no longer serves the UE.
5.2.3.1.4
“Nudm_RegistrationContext_Get” service operation
5.2.3.1.4.1
Description

Service operation name: Nudm_ RegistrationContext_Get
Description: NF consumer requests to retrieves the information of the NF serving a given UE to the UDM.
Known NF Consumers: NEF, AF
Concurrent use: No.
Pre-requisite conditions: none
Post conditions: none.
Inputs, Required: UE ID, NF type
Inputs, Optional: none
Outputs, Required: SUPI, Serving NF ID of the NF type requested by Requester NF.
Outputs, Optional: none
5.2.3.1.4.2
Service operation information flow
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Figure 5.2.3.1.4.2-1: Nudm_RegistrationContext_Get
1.
The NF consumer sends the Nudm_RegistrationContext_Get Request (UE ID, NF type) message to the UDM to get the UE serving NF. The NF type indicates which type of NF is to be queried, e.g. AMF, SMF.

2.
The UDM authorizes whether the NF consumer is allowed to retrieve the required NF information i.e. FQDN or address. The UE SUPI is also returned to the NF consumer.
5.2.3.1.5
“Nudm_RegistrationContext_Purge” service operation
5.2.3.1.5.1
Description

Service operation name: Nudm_ RegistrationContext_Purge
Description: UDM deletes the information related to the NF consumer in the UE context.
Known NF Consumers: AMF, SMF, PCF, SMSF
Concurrent use: No.
Pre-requisite conditions: none
Post conditions: UDM deletes the information related to the Requester NF in the UE context.
Inputs, Required: SUPI
Inputs, Optional: none
Outputs, Required: Result Indication.

Outputs, Optional: none
5.2.3.1.5.2
Service operation information flow


[image: image5.emf] 

UDM  

NF consumer  

1.  Nudm_RegistrationContext_Purge  r equest   (SUPI)  

2 .  Nudm_RegistrationContext_Purge   r esponse  


Figure 5.2.3.1.5.2-1: Nudm_ RegistrationContext_Purge
1.
The NF consumer sends a Nudm_RegistrationContext_Purge request (SUPI) message to the UDM, to delete the NF consumer information stored in the UE context.

2.
The UDM remove the NF consumer from the UE context and acknowledges with a Nudm_RegistrationContext_Purge response message. After that there are no any further subscription data update notifications to the NF consumer.
5.2.3.1.6
“Nudm_RegistrationContext_EventSubscribe” service operation
5.2.3.1.6.1
Description
Service operation name: Nudm_UEContext_EventSubscribe
Description: NF consumer subscribes to a certain event to the UDM e.g. a certain type of UE’s serving NF has been updated.
Known NF Consumers: AMF, SMF, PCF, SMSF
Concurrent use: No.
Pre-requisite conditions: NF consumer intends to get notified of a certain event by the UDM 
Post conditions: None.
Inputs, Required: notify ID, a certain event, e.g. NF of a certain type is updated
Inputs, Optional: none
Outputs, Required: same as in clause 5.2.3.1.3.1
Outputs, Optional: same as in clause 5.2.3.1.3.1
5.2.3.1.6.2
Service operation information flow
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Figure 5.2.3.1.6.2-1: Nudm_RegistrationContext_EventSubscribe
11. NF consumer sends Nudm_RegistrationContext_EventSubscribe (notify ID, subscribed event) to the UDM.

12. Same as step 2 clause 5.2.3.1.2.2
5.2.3.1.7
“Nudm_RegistrationContext_EventUnSubscribe” service operation
5.2.3.1.7.1
Description
Service operation name: Nudm_UEContext_EventUnSubscribe
Description: NF consumer Unsubscribes to a certain event to the UDM if has subscribed to before.
Known NF Consumers: AMF, SMF, PCF, SMSF
Concurrent use: No.
Pre-requisite conditions: NF consumer intends to stop being notified of a certain event by the UDM 
Post conditions: None.
Inputs, Required: notify ID
Inputs, Optional: none
Outputs, Required: none
Outputs, Optional: none

5.2.3.1.7.2
Service operation information flow
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Figure 5.2.3.1.7.2-1: Nudm_RegistrationContext_EventUnSubscribe
1. NF consumer sends Nudm_RegistrationContext_EventUnSubscribe (notify ID) to the UDM.

5.2.3.2
Nudm_Subscription Data_ Service

5.2.3.2.1
General description
This service allows NF consumer to retrieve user subscription data, and get notified of the updated user subscriber data.
5.2.3.2.2
Nudm_Subscription Data_Update service operation
5.2.3.2.2.1
Description
Service operation name: Nudm_Subscription Data_Update
Description: The UDM notifies NF consumer of the updates of UE's Subscriber Data.
Known NF Consumers: AMF, SMF, SMSF
Concurrent use: No.
Pre-requisite conditions: UDM detects UE's subscription data is updated, NF once retrieved UE’s subscription data automatically subscribes to the update
Post conditions: None.
Inputs, Required: none.
Inputs, Optional: None.
Outputs, Required: SUPI, Updated subscription Data
Outputs, Optional: None
5.2.3.2.2.2
service operation information flow
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Figure 5.2.3.2.2-1: Nudm_Subscription Data_Update
1.
The UDM sends a Nudm_Subscription Data_Update (SUPI, Subscription Data) message to the NF consumer which has been registered to the UDM.





































5.2.3.2.3
Nudm_Subscriber Data_Get service operation
5.2.3.2.3.1
Description
Service operation name: Nudm_Subscriber Data_Get

Description: NF consumer gets the subscriber data from UDM
Known NF Consumers: PCF, SMF, SMSF, AMF, AUSF
Concurrent use: No.
Pre-requisite conditions: None
Post conditions: None
Inputs, Required: SUPI, NF type.
Inputs, Optional: DNN if the NF type is SMF.

Outputs, Required: requested subscription data.

Outputs, Optional: None

5.2.3.2.3.2
Service operation information flow
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Figure 5.2.3.2.3.2-1: Nudm_Subscription data_Get 
1.
The NF consumer requests to get the corresponding subscriber data from UDM, providing UE ID (e.g., SUPI) and NF type information on to the UDM. The DNN is also included if the NF type is SMF.

2.
The UDM checks the UE ID and NF type to retrieve corresponding subscriber data and provids the data to the NF consumer. In case of NF consumer is SMF, the subscriber data may contain e.g., PDU type(s), authorized SSC mode(s), Default QoS profile.
5.2.3.3
Nudm_Authentication_Service

5.2.3.3.1
General description
This service allows NF consumer to retrieve authentication related subscription data, and get notified of the updated subscriber data.

5.2.3.3.2
Nudm_Authentication_Update service operation

5.2.3.3.2.1
Description
Service operation name: Nudm_Authentication_Update
Description: The UDM notifies NF consumer of the updates of authentication related Subscriber Data.
Known NF Consumers: AMF, SMF
Concurrent use: No.
Pre-requisite conditions: UDM detects UE's subscription data is updated, NF once retrieved authentication related subscription data automatically subscribes to the update
Post conditions: None.
Inputs, Required: none.
Inputs, Optional: None.
Outputs, Required: SUPI, Updated subscription Data
Outputs, Optional: None
5.2.3.3.2.2
Service operation information flow
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Figure 5.2.3.3.2-1: Nudm_Authentication_Update
1.
The UDM sends a Nudm_Authentication_Update (SUPI, Subscription Data) message to the NF consumer which has been registered to the UDM.

5.2.3.3.3
Nudm_ Authentication_Get service operation
5.2.3.3.3.1
Description
Service operation name: Nudm_ Authentication_Get

Description: NF consumer gets the authentication related subscriber data from UDM
Known NF Consumers: SMF, AMF
Concurrent use: No.
Pre-requisite conditions: None
Post conditions: None
Inputs, Required: SUPI, NF type.
Inputs, Optional: DNN if the NF type is SMF
Outputs, Required: requested authentication related subscription data.

Outputs, Optional: None

5.2.3.3.3.2
Service operation information flow
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Figure 5.2.3.3.3.2-1: Nudm_Authentication_Get 
1.
The NF consumer requests to get the authentication related subscriber data from UDM, providing UE ID (e.g., SUPI) and NF type information on to the UDM. The DNN is also included if the NF type is SMF
2.
The UDM checks the UE ID and NF type and provides the authentication related data to the NF consumer.



















* * * End of Changes * * *
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