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Abstract of the contribution: In this contribution, the AMF services and service operations are normatively specified.
1. Introduction
The discussion paper S2-172942 identifies the design guidelines for NF services. This contribution analyses the services of AMF and then normatively specifies the services and the service operations. The scenarios each service operation is used are presented in the discussion section below. The normative section lists the input and output parameters considering the end to end call flows the service operations may be used.
2. Discussion

The following AMF services are identified.

1. Namf_Communication
2. Namf_UEMobility

3. Namf_MessageEvent

The following sub sections provide a detailed analysis of each of the above service. For clear separation of concerns and detailed specification of each NF service operation, the already identified NF service / service operations are refactored. The goal is to specify the NF services and the NF service operations under each service with enough detail in section 5 of TS 23.502, so that they can be used in end to end call flows in section 4. 
2.1 Namf_Communication
	Service Name: Namf_Communication

	Functionality provided by this service: AMF is the NF that terminates the N1 and N2 interfaces. All other NFs that need to communicate with the UE establish a session with the AMF and use the AMF to send N1 messages to the UE, and to trigger N2 messages to the AN. This NF service allows other NFs to communicate with the UE and the AN. The other NFs establish a session (either implicit or explicit) with the AMF for carrying out the communication.

	Context used by this service: NAS Context, UE Context Information like DRX parameters, SUPI, MEI, UE Network Capability and the sessions towards other NFs like SMF, SMSF, PCF and NEF for communicating N1 and N2 messages.

	Design guidelines used for this NF service: 

· The scope of operation of this service is the communication from and to the UE and AN. This NF service operations on the N1 NAS Context, the UE context information, N2-AP context and the session contexts for the consumer NFs like SMF, SMSF, PCF and NEF for communicating N1 and N2 messages.
· The direct access to the contexts mentioned above are allowed to be done only by the service operations of this NF service.
· N1 and N2 are a non-service based interfaces. These interfaces are coupled only with this service. 
· Service operations (e.g Namf_Communication_N1MessageSubscribe and Notify) are defined generic such that any NF like SMF, SMSF or peer AMF can use it to communicate N1 or N2 messages.

	List of Service Operations:

	Service Operation Name
	Description
	Elementary Operation Semantics
	Consumers
	Used in Procedure

	N1MessageTransfer
	Used to transfer a NAS message to the UE
	Request / Response
	SMF, SMSF, NEF, PCF
	SM procedures(Section 4.3 of TS 23.502): Transfer the SM message from SMF to UE

Section 4.13.3.6 of TS 23.502: MT SMS Transfer

Section 5.2.6.1 of TS 23.502: Device Trigger Messaging towards UE triggered by NEF

PCF initiated AM policy push towards UE

	N1MessageSubscribe and 
N1MessageUnSubscribe
	Used to subscribe / unsubscribe for getting notified about a particular type of NAS message 
	Subscribe / Notify
	SMF, SMSF, NEF, PCF
	For SMF and SMSF the subscription is implicit as it is the AMF that selects the SMF and the SMSF is selected based on UDM subscription. Once a session with SMF / SMSF is established by the AMF, the subscription for transferring respective NAS message types (SM NAS messages and SMS NAS messages respectively) to the SMF and SMSF are made implicitly.
Similarly during registration redirection procedure (section 4.2.2.2.3 of TS 23.502) the AMF selects a target AMF and directly notifies the NAS message. The subscription is implicit.

The NEF can use the explicit N1MessageSusbcribe to get notified of device trigger acknowledgement when the NEF asks the AMF to send a device trigger message to the UE.

UE initiated AM policy authorization request towards PCF.

	N1MessageNotify
	Used to notify received NAS message to explicitly / implicitly subscribed NFs for that message type
	Subscribe / Notify
	SMF, SMSF, NEF
	SM procedures(Section 4.3 of TS 23.502):Transfer the SM message from UE/AN to the corresponding SMF
Section 4.2.2.2.3 of TS 23.502: Registration with AMF Relocation. The NAS message is sent to redirected AMF.
Section 4.13.3 of TS 23.502: MO SMS message or delivery report to SMSF
Section 5.2.6 of TS 23.502: Device trigger delivery report to NEF

	SessionRegistration
	Used by an NF to register a session explicitly with AMF for sending / receiving UE NAS messages
	Request / Response
	All NFs that want to setup a session with AMF for communicating with the UE or the AN.
	For SMF, SMSF and UDM the session registration is implicit. When the AMF selects the SMF / UDM / SMSF and sends the first message towards them the session registration is implicitly made.
The explicit session registration can be used by an NF needs to establish a session binding with the AMF for communicating with the UE. Example for PWS services, the CBC can establish a session with AMF to broadcast the warning message across a geographical area by triggering AMF to send N2 messages to respective AN cells.

	SessionDeRegistration
	Used by an NF to deregister a session explicitly with AMF 
	Request / Response
	SMSF

Potentially any NF
	Section 4.13.3.3 of TS 23.502: SMSF request to release SMS session. This is used typically in MO SMS scenarios wherein after the UE sent uplink SMS indicating that it no longer wants to receive an SMS, the SMSF requests the AMF to tear down the session with the SMSF.

Potentially for PWS CBC deregistration

	UEContextTransfer
	To initiate transfer of the UE context to requesting NF
	Request / Response
	Peer AMF
	Section 4.2.2.2.2 of TS 23.502: Registration procedure involving inter AMF transfer of context

	TransferComplete
	To inform the AMF that the earlier initiated transfer is complete. 
	Request / Response
	Peer AMF
	Section 4.2.2.2.2 of TS 23.502: Registration procedure involving inter AMF transfer of context

	N2MessageTrigger

Note: This operation is named as “Trigger” and not “Transfer” because for messages to be sent towards AN, it is the AMF that formulates the message as per the N2 protocol. Nodes beyond AMF can just tell what information needs to be sent to RAN. In other words AMF is not a transparent proxy for N2 communication unlike for N1 communication.
	Used to trigger a message towards the RAN
	Request / Response
	SMF

Potentially for PWS
	SM procedures(Section 4.3 of TS 23.502): Trigger the AMF to send a message to the RAN with the specified information – for example to setup the N3 tunnel.
Handover Procedures (Section 4.9 of TS 23.502): Trigger the AMF to send UPF N3 tunnel information to T-RAN in HandoverRequest and to send PDU session status information to S-RAN in the Handover Command N2 messages.

Service Request Procedures: Step 4b of section 4.2.3.2

Section 4.2.3.4 of TS 23.502, for network triggered service request procedure the SMF notifies the AMF about Downlink Data along with N3 tunnel information, and let AMF decide whether to initiate paging or send N3 tunnel setup request to RAN depending on CM state of UE (step 3a).
Potentially for PWS to trigger cell broadcast messages.

	N2InfoSubscribe and 
N2InfoUnSubscribe
	Used to subscribe / unsubscribe for getting notified about a particular type of N2 information
	Subscribe / Notify
	SMF, NEF
Potentially for PWS
	Subscription for SMF is implicit
NEF can subscribe to get notified about UE radio communication failure cause (similar to MONTE RAN/NAS cause failure)

Potentially PWS can subscribe for broadcast message delivery ack in a particular cell.

	N2InfoNotify
	Used to notify received N2 information message to explicitly / implicitly subscribed NFs for that message type
	Subscribe / Notify
	SMF, NEF

Potentially for PWS
	NEF: UE radio communication failure event notification

SMF: N3 tunnel setup (step 14 of section 4.3.2.2.1 of TS 23.502) and tunnel switch information notify (section 4.9.1.1.1 of TS 23.502)

Step 9 of section 4.2.3.2 of TS 23.502 

Step 2 of section 4.2.6 of TS 23.502 (inform N2 release by a particular AN to let SMF tear down the N3 tunnel for PDU sessions towards that AN and set the PDU sessions to deactivated state)

Notification about handover preparation and handover request acknowledge (section 4.9.1.2.2 steps 2, 6, 10 and 16)


2.2 Namf_UEMobility

	Service Name: Namf_UEMobility

	Functionality provided by this service: Other NFs can query / get notified of the current connection management, registration management and mobility related information (e.g location) and events of the UE.

	Context used by this service: CM and RM contexts. UE mobility information.

	Design guidelines used for this NF service: 

· This service operates on the RM and CM state machines, keeps track of the current UE location and plays the security anchor function – by interacting with the AUSF services and based on the authentication vector downloaded, triggers the Namf_Communication service for initiating corresponding authentication procedure with the UE.
· The direct access to the contexts mentioned above are allowed to be done only by the service operations identified below.
· Service operations like Namf_UEMobility_EventSubscribe and Notify are generic such that any NF like SMF, PCF or NEF can use it to receive UE mobility state change events and location change events. 

	List of Service Operations:

	Service Operation Name
	Description
	Elementary Operation Semantics
	Consumers
	Used in Procedure

	EventSubscribe and EventUnSubscribe
	To subscribe / unsubscribe for UE mobility events like registration status change, connection status change, location change
	Subscribe / Notify
	NEF, PCF, SMF
	NEF can subscribe for mobility events like ‘UE reachability’, ‘location report’, ‘UE loss of communication’
PCF can subscribe for mobility events like RAT type change and location change.

Subscription by SMF for events like CM state change and RM state change may be implicit. When AMF selects the SMF, by default AMF may register a subscription.

For location reporting, SMF can explicitly subscribe (for e.g to activate connected mode location tracking towards the RAN and let AMF notify SMF about the change of location so that SMF can use it for UPF change). SMF subscribes with AMF for events at UE level irrespective of how many PDU sessions the SMF has for the UE.

	EventNotify
	To notify UE mobility events like registration status change, connection status change, location change
	Subscribe / Notify
	SMF, NEF, PCF
	To SMF: Notify the UE mobility event (e.g CM-CONNECTED to CM-IDLE state transition) to SMF, and SMF further perform the handling on the PDU sessions
Step 18 of section 4.2.2.2.2 of TS 23.502

Step 4a of section 4.2.3.2 of TS 23.502 (to inform the IDLE to CONNECTED state transition along with PDU Session status)
To NEF: Notify the UE mobility event to NEF (e.g location, UE loss of communication).
To PCF: Notify the UE mobility event to PCF, and PCF may update a new policy to the UE.

	StatusAccess
	To read the UE mobility information
	Request / Response
	NEF, UDM
	NEF: If an application wants to query the current location of the UE, the NEF can invoke this service operation to query the current location information of UE

UDM: If the UDM wants to know the current location of the UE, in order to provide it to application functions directly asking UDM (similar to Sh interface in EPC), the UDM invoke this service operation to query the current location information of UE


2.4 Namf_MessageEvent
This service will be specified after LI requirements and architecture from SA3 are clear. It is possible that the services and service operations defined above may themselves be reused. For example, depending on the LI events agreed by SA3, the Namf_UEMobility_EventNotify may itself be used for this purpose. 
3. Proposal
It is proposed to add the normative NF services to TS23.502
1. The existing section 5.2.2.7 on Namf_N1N2Message_Release is removed as the purpose of that service operation was to terminate the message transfer operation between the requester NF and UE through the AMF. This functionality can be achieved by the session deregistration service operation itself. Hence section 5.2.2.7 is removed.

2. The existing section 5.2.2.6 on “Mobility Stats Event Notification” is removed as the purpose of that service operation is served by the Namf_UEMobility_Notify service operation and hence section 5.2.2.6 is redundant.
3. The existing service operations Namf_N1N2Message_Transfer and Notify are refactored such that N1 and N2 messaging are separate.

4. Section numbers are shifted one level as a parent section to describe service was missing.

* * * First Change * * *
5.2.2
AMF Services

5.2.2.1
Namf_Communication service
Service description: This service enables an NF to establish a session with the AMF for communicating with the UE through N1 NAS messages or for communicating with the AN (both UE and non UE specific). The service operations defined below allow the NF to communicate with the UE and the AN. The following are the key functionalities of this NF service.
· Provide service operations for transporting N1 NAS messages to UE;

· Allow NFs to subscribe and unsubscribe for notifications of specific N1 messages from the UE;
· Allow NFs to subscribe and unsubscribe for notifications about specific information from AN;

· Provide service operations for initiating N2 messages towards the AN;

· Security Context Management;

· UE information management and transfer (including its security context);
· Allow NFs to register and deregister sessions for communication with the UE and the AN.
5.2.2.1.1 Namf_Communication_UEContextTransfer Service Operation
5.2.2.1.1.1 Description

Service operation name: Namf_Communication_UEContextTransfer
Description: Provides the UE context to the consumer NF.
Known NF Consumers: Peer AMF
Concurrent use: No. 
Pre-requisite conditions: UE is registered with the AMF and the UE context information is available in the AMF.

Post conditions: The UE context is returned to the consumer NF.
Inputs, Required: UE temporary ID, Reason.
Inputs, Optional: Integrity protected message from the UE that triggers the context transfer.
Outputs, Required: The UE context of the identified UE. The UE context includes the SUPI, DRX parameters, AM policy information, UE network capability, used N1 security context information and the list of SM PDU session IDs along with the SMF handling the PDU session.
Outputs, Optional: Mobile Equipment Identifier (if available), Accepted NSSAI.
5.2.2.1.1.2 Service operation information flow:
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Figure 5.2.2.1.1.2-1: Namf_Communication_UEContextTransfer Service Operation
1.
The consumer NF invokes the Namf_Communication_UEContextTransfer (UE Temporary ID, Reason) service operation on the AMF which has served the UE. The UE Temporary ID is used to identify the UE context entry in the AMF, and the reason indicates why the consumer NF requests the UE context, e.g. registration.
2.
The AMF accepts the service operation request and if the consumer NF sent an integrity protected message from the UE, the AMF uses it to verify whether this request is permitted to retrieve the UE context of the UE. If it is permitted, the AMF provides UE context to the consumer NF. The UE context includes: the UE permanent ID, the accepted NSSAI (optional), mobile equipment identity (optional),the AM policy information, UE DRX parameters, UE network capability, used N1 security context information and the list of SM PDU session IDs along with the SMF handling the PDU session.

* * * Next Change * * *
5.2.2.1.2 Namf_Communication_TransferComplete Service Operation
5.2.2.1.2.1 Description

Service operation name: Namf_Communication_TransferComplete
Description: This service operation is used by the consumer NF to inform the AMF that a prior UE context transfer has resulted in the UE successfully registering with it. The UE context is marked inactive in the AMF.
Known NF Consumers: Peer AMF

Concurrent use: No.
Pre-requisite conditions: A prior UE context transfer service operation was executed for the UE by the Consumer NF.

Post conditions: The UE context is marked as inactive.
Inputs, Required: UE temporary ID, Reason.
Inputs, Optional: None.
Outputs, Required: A confirmation that UE context transfer is marked as complete.
Outputs, Optional: None.
5.2.2.1.2.2 Service operation information flow:
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Figure 5.2.2.1.2.2-1: Namf_Communication_TransferComplete Service Operation
1.
The consumer NF invokes the Namf_Communication_TransferComplete (UE Temporary ID, Reason) service operation on the AMF which has served the UE. The UE Temporary ID is used to identify the UE context in the AMF, and the reason indicates whether the earlier transfer initiated by the consumer NF is successfully handled at the NF or not.
2.
If a prior UE context transfer was invoked for the UE, the AMF successfully accepts the Namf_Communication_TransferComplete service operation and marks the UE context information as inactive.
* * * Next Change * * *
5.2.2.1.3
Namf_Communication_N1MessageNotify service operation
5.2.2.1.3.1
Description
Service operation name: Namf_Communication_N1MessageNotify

Description: AMF notifies the N1 message received from the UE to a destination CN NF.
Known NF Consumers: SMF, SMSF, PCF, NEF
Concurrent use: No.
Pre-requisite conditions: None
Post conditions: AMF transfers the received N1 message to the destination CN NF.

Inputs, Required: AMF ID, N1 Message(s)

Inputs, Optional: local time zone, UE's current location, AN type.
Outputs, Required: None.
Outputs, Optional: None.
5.2.2.1.3.2
Service operation information flow
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Figure 5.2.2.1.2.2-1: Namf_Communication_N1MessageNotify service operation
0.  The destination NF type to be notified is determined based on one of the following criteria
· The N1 message type is always known to be consumed by one particular NF type or;

· An NF had explicitly subscribed for the particular N1 message type to be notified towards it or;

· An NF had temporarily created a binding with AMF for the specific message type to be notified during an earlier Namf_Communication_N1MessageTransfer service operation invocation. See sub-clause 5.2.2.1.5.
1.
The AMF invokes the Namf_Communication_N1MessageNotify service operation (AMF ID, Message Info, Message Container) towards the target CN NF. The Message Info and the Container provide corresponding information for subsequent handling. Message Info contains message type. Message Container is CN NF specific (e.g., NAS SM information, NAS SMS information etc.) and may not be readable for AMF. According to message type, AMF may provide other information such as local time zone, UE's current location, AN type.
NOTE: whether notification Ack need a separate message or be realized in the transport layer will be determined in stage 3.

* * * Next Change * * *
5.2.2.1.4 Namf_Communication_N1MessageSubscribe service operation

5.2.2.1.4.1 Description

Service operation name: Namf_Communication_N1MessageSubscribe
Description: An NF can subscribe with the AMF to get notified of a particular N1 message type from the UE.
Known NF Consumers: SMF, SMSF, PCF, NEF
Concurrent use: No.
Pre-requisite conditions: None
Post conditions: AMF creates a binding of the consumer CN NF to notify whenever the N1 message type for which subscription is indicated is received.

Inputs, Required: CN NF ID, N1 Message Type
Inputs, Optional:  None.
Outputs, Required: None.
Outputs, Optional: None.
5.2.2.1.4.2 Service operation information flow
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Figure 5.2.2.1.4.2-1: Namf_Communication_N1MessageSubscribe service operation

1. The consumer NF invokes the Namf_Communication_N1MessageSubscribe service operation (NF ID, N1 message type to subscribe) on the AMF. If the consumer NF is allowed to subscribe for the type of N1 message requested, the AMF creates a binding for the consumer NF to deliver subsequent Namf_Communication_N1MessageNotify towards that NF.
NOTE: Whether Subscription Ack need a separate message or be realized in the transport layer will be determined in stage 3.

* * * Next Change * * *
5.2.2.1.5 Namf_Communication_N1MessageUnSubscribe service operation

5.2.2.1.5.1 Description

Service operation name: Namf_Communication_N1MessageUnSubscribe
Description: An NF can unsubscribe with the AMF to stop notifying a particular N1 message type from the UE.
Known NF Consumers: SMF, SMSF, PCF, NEF
Concurrent use: No.
Pre-requisite conditions: The NF should have done a prior Namf_Communication_N1MessageSubscribe service operation with the AMF for the same N1 message type.
Post conditions: AMF deletes the binding of the consumer CN NF for the N1 message.

Inputs, Required: CN NF ID, N1 Message Type
Inputs, Optional:  None.
Outputs, Required: None.
Outputs, Optional: None.
5.2.2.1.5.2 Service operation information flow
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Figure 5.2.2.1.5.2-1: Namf_Communication_N1MessageUnSubscribe service operation

1. The consumer NF invokes the Namf_Communication_N1MessageUnSubscribe service operation (NF ID, N1 message type to subscribe) on the AMF. The AMF deletes the binding for the consumer NF for the requested N1 message type.
NOTE: Whether UnSubscription Ack need a separate message or be realized in the transport layer will be determined in stage 3.

* * * Next Change * * *
5.2.2.1.6
Namf_Communication_N1MessageTransfer service operation
5.2.2.1.6.1
Description
Service operation name: Namf_Communication_N1MessageTransfer

Description: CN NF request to transfer downlink N1 message to the UE through the AMF.

Known NF Consumers: SMF, SMSF, PCF, NEF
Concurrent use: Yes, when the subscribe indication for the N1 response message type is indicated, the Namf_Communication_N1MessageNotify is to be invoked towards the CN NF for later response notification sent back by the UE.
Pre-requisite conditions: None

Post conditions: CN NF transfers the N1 message to the UE through the AMF.

Inputs, Required: CN NF ID, Message Container (s)

Inputs, Optional:  One subscribe Indication on whether the transferring creates a temporary binding on the AMF for later notification of response message.
Outputs, Required: Result indication.
Outputs, Optional: None.
5.2.2.1.6.2
Service operation information flow
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Figure 5.2.2.1.6.2-1: Namf_Communication_N1MessageTransfer service operation
1.
The CN NF invokes the Namf_Communication_N1MessageTransfer service operation (CN NF ID, Message Container,  Notification Indication) to AMF. The Message Container contains the message (e.g., N1 SM information) to be sent towards the UE. The Notification indicates to the AMF that it creates a temporary binding between the CN NF ID and the transferring message for later notification of the response message. After the notification is sent back to the CN NF, the temporary binding is released. If the AMF does not have a N1 NAS context for the UE and if the UE is in CM-IDLE state, the AMF initiates the network triggered service request procedure as specified in sub-clause 4.2.3.4.
2.  The AMF responds to the consumer NF providing a result indication of whether the AMF was able to successfully transfer the N1 message towards the UE. 
.
NOTE:  Whether subscription for the N1 response message type needs to be carried as an indication within the Namf_Communication_N1MessageTransfer service operation invocation or instead to piggy back the Namf_Communication_N1MessageSubscribe over the Namf_Communication_N1MessageTransfer service operation invocation will be determined in stage 3.

* * * Next Change * * *
5.2.2.1.7
Namf_Communication_Registration service operation
5.2.2.1.7.1
Description

Editor's note: the procedure of this service need to be aligned with the call flow.
Service operation name: Namf_CommunicationRegistration

Description: CN NF registers with the AMF a session for sending or receiving N1 messages towards the UE or N2 messages towards the AN. If the CN NF is selected by the AMF (e.g SMF selection by the AMF for PDU session establishment), the target NF session is registered implicitly by the AMF. For such implicit registrations, the session ID is the ID used between the UE and the target NF (e.g PDU session ID). If a CN NF wants to initiate communication with the UE or the AN and it does not have a session with the AMF yet, the CN NF shall use this service operation to create a session. 
Known NF Consumers: . All NFs that want to setup a session with the AMF for communicating with the UE or the AN. Example – for public warning services, to transport a cell broadcast message the PWS NF may need to initiate explicit session setup towards AMF.
Concurrent use: No.
Pre-requisite conditions: None.
Post conditions: AMF creates the binding between the CN NF ID and the indicated Session ID.

Inputs, Required: CN NF ID, Session ID

Inputs, Optional: None

Outputs, Required: Result indication.
Outputs, Optional: None.
5.2.2.1.7.2
Service operation information flow
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Figure 5.2.2.1.7.2-1: "Namf_CommunicationRegistration" service

1.
The CN NF as NF consumer sends Session Registration Request (CN NF ID, Session ID) to AMF in case that this CN NF establishes the session for this UE.
2. The AMF acknowledges the registration request and creates the binding between the CN NF ID and the indicated Session ID, i.e. notify the Session ID related message to the indicated CN NF ID.

* * * Next Change * * *
5.2.2.1.8
Namf_CommunicationDeregistration service operation
5.2.2.1.8.1
Description
Service operation name: Namf_CommunicationDeregistration

Description: AMF removes the binding between the CN NF ID and the indicated Session ID, i.e. the CN NF requests the AMF to not send any message related to the indicated Session ID.

Known NF Consumers: SMF, SMSF, All NFs that want to explicitly tear down a session with the AMF to stop communicating with the UE or the AN.
Concurrent use: No.
Pre-requisite conditions: AMF maintains the binding between the CN NF ID and the indicated Session ID.

Post conditions: AMF removes the binding between the CN NF ID and the indicated Session ID.

Inputs, Required: CN NF ID, Session ID

Inputs, Optional: None

Outputs, Required: Result indication.
Outputs, Optional: None.
5.2.2.1.8.2
Service/service operation information flow
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Figure 5.2.2.1.8.2-1: "Namf_Session_De-registration" service

1.
The CN NF sends Session De-registration Request (CN NF ID, Session ID) to AMF when the UE's session is released.
2. The AMF acknowledges the request and removed the stored binding between the CN NF ID and the indicated Session ID.
* * * Next Change * * *


















* * * Next Change * * *
5.2.2.1.9 Namf_Communication_N2MessageTrigger service operation
5.2.2.1.9.1 Description

Service operation name: Namf_Communication_N2MessageTrigger
Description: An NF can invoke this service operation to trigger the AMF to send an N2 message towards the AN. 
NOTE: The N2 messages are encoded by the AMF. Hence a consumer NF can only trigger the AMF and not initiate a transfer of the N2 message itself.
Known NF Consumers: SMF, Potentially PWS
Concurrent use: Yes. This service operation can be invoked along with the Namf_Communication_N1MessageTransfer service operation.
Pre-requisite conditions: The AMF should have an N2 association with the AN.
Post conditions: AMF forms the requested N2 message and sends it to the AN.

Inputs, Required: CN NF ID, Session ID for UE towards the NF (e.g PDU Session ID), RAN Node ID, N2 message type, Information needed for N2 message to be formed by AMF. 
Inputs, Optional:  UE ID.
Outputs, Required: None.
Outputs, Optional: None.
5.2.2.1.9.2 Service operation information flow
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Figure 5.2.2.1.9.2-1: Namf_Communication_N2MessageTrigger service operation

1. The consumer NF invokes the Namf_Communication_N2MessageTrigger service operation (CN NF ID, RAN Node ID, UE ID (optional), PDU Session ID (optional), N2 message type, Information needed for N2 message) on the AMF. The AMF forms the N2 message using the information provided by the consumer NF and sends the N2 message to the AN. If the UE ID is not included the N2 message to be formed is not UE specific.
5.2.2.1.10 Namf_Communication_N2InfoSubscribe

5.2.2.1.10.1 Description

Service operation name: Namf_Communication_N2InfoSubscribe
Description: An NF invokes this service operation to subscribe for the delivery of information contained in a specific N2 message type. The AMF can implicitly maintain a subscription towards an NF for certain specific N2 message types for which the consumer NF is required to be notified (e.g notification of SMF about N3 tunnel setup information and path switch requests). Explicit use of this service operation is used by NEF to subscribe for AN communication failure events.
Known NF Consumers: SMF, NEF
Concurrent use: No.
Pre-requisite conditions: The AMF should have an N2 session with the RAN.
Post conditions: AMF creates a binding for the consumer NF for the requested N2 information to be notified.

Inputs, Required: CN NF ID, Session ID for UE towards the NF (e.g PDU Session ID), N2 information type to be subscribed. 
Inputs, Optional: None.
Outputs, Required: None.
Outputs, Optional: None.
5.2.2.1.10.2 Service operation information flow
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Figure 5.2.2.1.10.2-1: Namf_Communication_N2InfoSubscribe service operation

1. The consumer NF invokes the Namf_Communication_N2InfoSubscribe service operation (CN NF ID, Session ID for UE towards the NF (e.g PDU Session ID), N2 information type to subscribe) on the AMF. The AMF creates a binding for the consumer NF to notify the requested information on the UE session.
5.2.2.1.11 Namf_Communication_N2InfoUnsubscribe

5.2.2.1.11.1 Description

Service operation name: Namf_Communication_N2InfoUnSubscribe
Description: An NF can invoke this service operation to unsubscribe for the delivery of information contained in a specific N2 message type.
Known NF Consumers: SMF, NEF
Concurrent use: No.
Pre-requisite conditions: The AMF should have an N2 session with the AN. The AMF should have a previous subscription binding for the information requested to be unsubscribed.
Post conditions: AMF deletes the binding for the consumer NF for the requested N2 information.

Inputs, Required: CN NF ID, Session ID for UE towards the NF (e.g PDU Session ID), N2 information type to unsubscribe. 
Inputs, Optional: None.
Outputs, Required: None.
Outputs, Optional: None.
5.2.2.1.11.2 Service operation information flow
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Figure 5.2.2.1.11.2-1: Namf_Communication_N2InfoUnSubscribe service operation

1. The consumer NF invokes the Namf_Communication_N2InfoUnSubscribe service operation (CN NF ID, N2 information type to unsubscribe, Session ID for UE towards the NF (e.g PDU Session ID)) on the AMF. The AMF deletes the binding for the consumer NF to for the requested information to unsubscribe.

5.2.2.1.12 Namf_Communication_N2InfoNotify

5.2.2.1.12.1 Description

Service operation name: Namf_Communication_N2InfoNotify
Description: The AMF uses this service operation to notify a particular N2 message information towards the NFs that have subscribed (implicitly or explicitly) for the specific information.
Known NF Consumers: NEF
Concurrent use: No.
Pre-requisite conditions: The AMF should have an N2 session with the AN. The AMF should have a binding of the subscription of the N2 information type against a particular NF.
Post conditions: AMF notifies the N2 information towards the subscribed NF.

Inputs, Required: AMF ID, Session ID for UE towards the NF (e.g PDU Session ID), N2 information. 
Inputs, Optional: None.
Outputs, Required: None.
Outputs, Optional: None.
5.2.2.1.12.2 Service operation information flow
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Figure 5.2.2.1.12.2-1: Namf_Communication_N2InfoNotify service operation

1. The AMF upon getting an N2 message, checks if any NF has subscribed either explicitly or implicitly for the information in the message to be notified. If there is a subscription, the AMF notifies the CN NF with the N2 message information.
* * * Next Change * * *
5.2.2.2 Namf_UEMobility service
Service description: This service enables an NF to query or get notified about a UE’s following UE mobility related information.
· Location

· UE loss of communication
· Service request for CM state change and / or user plane path activation
· Registration state updates

The following service operations are defined for the Namf_UEMobility service.
5.2.2.2.1 Namf_UEMobility_EventSubscribe
5.2.2.2.1.1 Description
Service operation name: Namf_UEMobility_EventSubscribe
Description: The consumer NF uses this service operation to subscribe for a specific UE mobility information.
Known NF Consumers: NEF, SMF, PCF
Concurrent use: No.
Pre-requisite conditions: The AMF should have the UE in registered state.
Post conditions: AMF creates the binding for the consumer NF to notify the NF of UE mobility events.

Inputs, Required: NF ID, UE ID, Event Filter, Notify ID. 
Inputs, Optional: None.
Outputs, Required: None.
Outputs, Optional: None.
5.2.2.2.1.2 Service operation information flow
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Figure 5.2.2.2.1.2-1: Namf_UEMobility_EventSubscribe service operation

1. The consumer NF subscribes to the UE mobility notification service by sending UE mobility event notification subscribe (NF ID, UE ID, Event filter, Notify ID) to the AMF. UE ID identifies the UE, a valid UE ID includes SUPI. Event filter identifies the events that the consumer NF is interested with along with optional event specific parameter data value to match that should be checked for a match to trigger the event notification. The following are some example event filters.
· CM state change

· RM state change

· Service Request for user plane establishment

· Location change

· Periodic mobility statistics (e.g how long the UE was in CM-CONNECTED state vs CM-IDLE state in the last periodic interval, number of cell changes in the last periodic interval)

The following are some examples of the event specific parameter data value to match
· For event type Service request for user plane establishment – the list of PDU session IDs to match. AMF sends a Namf_UEMobility_EventNotify to the consumer NF only if the service request procedure from the UE contains one of the PDU session IDs in the list to activate.

· For event type location change – the list of cell IDs to match. AMF sends a Namf_UEMobility_EventNotify to the consumer NF only if the UE enters one of the cells in the list.
The notify ID identifies the ID to be used by the AMF whenever it is notifying the subscribed events to the consumer NF. The Notify ID helps the consumer NF to co-relate a notification against a corresponding event subscription. If the UE mobility event notification subscription is authorized by the AMF, the AMF records the association of the event trigger and the consumer NF identity. The subscription can be implicit or explicit, if the subscription is implicit, this service operation is not invoked.
5.2.2.2.2 Namf_UEMobility_EventUnSubscribe

5.2.2.2.2.1 Description
Service operation name: Namf_UEMobility_EventUnSubscribe
Description: The consumer NF uses this service operation to unsubscribe for a specific UE mobility information.
Known NF Consumers: NEF, SMF, PCF
Concurrent use: No.
Pre-requisite conditions: The AMF should have the UE in registered state and the consumer NF should have subscribed for the event notification.
Post conditions: AMF deletes the binding for the consumer NF to notify the NF of UE mobility events.

Inputs, Required: NF ID, UE ID, Event Filter, Notify ID. 
Inputs, Optional: None.
Outputs, Required: None.
Outputs, Optional: None.
5.2.2.2.2.2 Service operation information flow
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Figure 5.2.2.2.2.2-1: Namf_UEMobility_EventUnSubscribe service operation

1. The consumer NF unsubscribes for the UE mobility notification service by sending UE mobility event notification unsubscribe (NF ID, UE ID, Event filter) to the AMF. UE ID identifies the UE, a valid UE ID includes SUPI. The notify ID identifies a prior subscription that the consumer NF has made. Event filter identifies the events that the consumer NF is no longer interested with on the specific notify ID. The unsubscription can be implicit or explicit. If the unsubscription is implicit, this service operation is not invoked.
* * * Next Change * * *
5.2.2.2.3
Namf_UEMobility_Notify service operation
5.2.2.2.3.1 Description

Service operation description: Provides the UE mobility event to the Consumer NF which has subscribed to the UE mobility event before. The mobility event includes: Location change (serving cell change when UE is in CM-CONNECTED state, serving AMF change), CM state change.
Editor's note:
The full list of the events that can be reported by Event Report service will be defined later.
Input: UE ID, Event filter
Output: The consumer has been notified the UE mobility event.
Known NF Consumers: NEF, PCF, SMF
Concurrent use: No.
Pre-requisite conditions: The AMF should have a prior subscription for the mobility event by the consumer NF for the UE.
Post conditions: AMF notifies the UE mobility information towards the subscribed NF.

Inputs, Required: AMF ID, UE ID, Notify ID, Mobility information. 
Inputs, Optional: Event specific parameter list.
Outputs, Required: None.
Outputs, Optional: None.
5.2.2.2.3.2 Service operation Information flow:
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Figure 5.2.2.2.3.2-1: UE Mobility Notification service

1.
The consumer NF subscribes to the UE mobility notification service by sending UE mobility event notification subscribe (UE ID, Event filter) to the AMF. See sub-clause 5.2.2.2.1.
2.
The AMF detects the UE mobility event happens and sends the UE Mobility Event Notification (mobility event container) message to the Consumer NF which has subscribed to the UE mobility event before. The Notify ID indicates to the NF the specific event notification subscription made by the consumer NF. The mobility event container indicates the type of mobility event and related information, e.g. Registration Area Update/new Registration Area. The optional event specific parameter list (e.g PDU session status for each PDU session ID in case of Service Request procedure) may be included depending on the mobility event type reported. The consumer NF uses this event specific parameter list for carrying out subsequent event specific actions.
* * * Next Change * * *
5.2.2.2.4
Namf_UEMobility_StatusAccess service operation
5.2.2.2.4.1 Description
Service operation name: Namf_UEMobility_StatusAccess
Service operation description: Provide the current UE mobility information to the consumer NF. No further information update from AMF is expected.


Known NF Consumers: NEF, UDM
Concurrent use: No.
Pre-requisite conditions: None.
Post conditions: The requested mobility information is returned to the consumer if the MM context of the UE is available. Failure response otherwise.
Input: UE identity, information type.

Output: the consumer has been provided with the UE mobility information.

5.2.2.2.4.2 Service operation information flow:
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Figure 5.2.2.2.4.2-1: Get UE mobility information Service

1.
The consumer NF invokes the Namf_UEMobility_StatusAccess service operation (UE ID, information type) to AMF. The UE ID is a unique UE identity, e.g. SUPI, the information type indicates the type of requested mobility information, e.g. UE's location.

2.
The AMF reports UE mobility information to the consumer NF according to information type.
* * * Next Change * * *
















* * * End of Changes * * *
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