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Abstract of the contribution: Discuss the NF services supported by AMF according the related E2E system procedures.
1. Discussion

In this paper we analyse the existing E2E procedure and focus on how the AMF transfer the message between the UE/RAN to the related CN NF, e.g. SMF, SMSF. Per that consideration we update the "Message Notify/ Transfer" service and also the related service.  
1.1 The analysis for the interaction between AMF and other CN NFs
The NF services “Message Notify” and “Message Transfer” in TS23.502 are the service supported by AMF which acts the entry function for N1 and N2 connection. This type of NF service is involved in multiple system procedures which contains the interaction between AMF and SMF, AMF and SMSF, AMF and PCF, AMF and NEF. 
1.1.1 The interaction between AMF and SMF
In the procedures related to PDU session establishment/modification/release, AMF transfers N1 and N2 SM messages between UE/AN and SMF. 
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In the PDU session establishment procedures, the following steps are interacted between AMF and SMF:
1.
From UE to AMF: NAS Message (S-NSSAI, DNN, PDU Session ID, N1 SM information).


In order to establish a new PDU session, the UE generates a new PDU Session ID.


The UE initiates the UE Requested PDU Session establishment procedure by the transmission of a NAS message containing a PDU Session Establishment Request within the N1 SM information. The PDU Session Establishment Request may include a PDU Type, SSC mode, Protocol Configuration Options.


The NAS message sent by the UE is encapsulated by the AN in a N2 message that should include User location information and Access Technology Type Information.


The SM information may contain SM PDU DN Request Container containing information for the PDU session authorization by the external DN.

2.
The AMF determines that the message corresponds to a request for a new PDU Session based on the PDU Session ID that is not used for any existing PDU Session(s) of the UE. The AMF selects an SMF as described in TS 23.501 [2], clause 6.3.2

3.
From AMF to SMF:  SM Request (Subscriber Permanent ID, DNN, S-NSSAI, PDU Session ID, AMF ID, N1 SM information, User location information, Access Technology Type).


The AMF ID uniquely identifies the AMF serving the UE. The N1 SM information contains the PDU Session Establishment Request received from the UE.
Analysis: 
The information that AMF receives from UE via AN include:
· N1 SM message containing PDU Session Establishment Request, and this message can be encapsulated into one separate container by UE;
· The information to determine which CN NF to be notified. This includes S-NSSAI, DNN, PDU Session ID. 

· N2 message includes User location information and Access Technology Type Information, and this N2 message is encapsulated by the AN when delivering NAS message to AMF. 
Besides information above, the AMF also provides UE permanent ID (i.e. SUPI), AMF NF ID to the SMF to let SMF identify UE. 
Thus in step 3, AMF sends the message containers from UE, information from AN and the UE permanent ID to SMF and there is no special handling in AMF. This step shall utilize “Message Notification” service of AMF in Section 5.2.2.3,and the “Message Notify” message to SMF includes message containers from UE and AN,UE permanent ID, AMF NF ID . 
10.
SMF to AMF:  SM Request Ack (N2 SM information (PDU Session ID, QoS Profile, CN Tunnel Info), N1 SM information (PDU Session Establishment Accept (Authorized QoS Rule, SSC mode))) to the AMF.
Analysis: AMF receives the N1 SM message and N2 SM message from SMF and transferred to the target UE and AN. This step shall utilize “Message Transfer” service of AMF in Section 5.2.2.4.
14.
AMF to SMF: SM Request (N2 SM information).


The AMF forwards the N2 SM information received from (R)AN to the SMF.
Analysis: AMF receives N2 SM message from AN and transferred it to the SMF. This step shall utilize “Message Notify” service of AMF in Section 5.2.2.3.
16.
After this step, the AMF forwards relevant events to the SMF, e.g. at handover where the (R)AN Tunnel Info changes or the AMF is relocated.
Analysis: This step can be regarded that SMF subscribes the established PDU session to AMF, and AMF stores the identity of SMF ID, PDU session ID and UE ID in order to transfer the SM message and mobility event related to this PDU session ID to the SMF. This can be regarded as the session registration service provided by the AMF. 
As indicated in section 5.6.2 AMF-SMF interaction TS23.501:
-
The SMF indicates to AMF when a PDU session has been released.

-
Upon successful PDU session establishment, AMF stores the identification of serving SMF of UE and SMF stores the identification of serving AMF of UE.

When SMF release the PDU session, it also needs to notice AMF to remove the stored information of SMF ID, PDU session ID and UE ID, and the AMF will not further transfer the SM message and mobility event related to this PDU session ID to the SMF. Thus this can be regarded that SMF requests Session Deregistration service from AMF.
Despite the session types, the Session registration and Session deregistration are general functionality of AMF. These can defined as the NF service of AMF: Namf_Session_Registration, Namf_Session_Deregistration.
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In PDU session modification procedures, the following steps are interacted between AMF and SMF:
1a.
The UE initiates the PDU session modification procedure by the transmission of a PDU Session Modification Request (PDU session ID) message. Depending on the access type, if the UE was in CN-IDLE mode, this SM-NAS message is preceded by the Service Request procedure.
Analysis: AMF receives N1 SM message from UE and transferred it to the SMF. This step shall utilize “Message Notify” service of AMF in Section 5.2.2.3.
3.
The SMF sends SM Request (N2 SM information (PDU Session ID), N1 SM Container (PDU Session Modification Command (PDU session ID))) message to the AMF.


The N2 SM information carries information that the AMF shall provide to the (R)AN.


The N1 SM Container carries the PDU Session Modification Command that the AMF shall provide to the UE.
Analysis: AMF receives the N1 SM message and N2 SM message from SMF and transferred to the UE and AN. This step shall utilize “Message Transfer” service of AMF in Section 5.2.2.4.
7.
The AMF forwards NAS message to the SMF via SM Request Ack.
Analysis: AMF receives N1 SM message from UE and transferred it to the SMF. This step shall utilize “Message Notify” service of AMF in Section 5.2.2.3.
1.1.2 The interaction between AMF and SMSF
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In MO SMS over NAS procedures, the following steps are interaction between AMF and SMSF:
2.
The UE builds the SMS message to be sent as defined in TS 23.040 [7] (i.e. the SMS message consists of CP-DATA/RP-DATA/TPDU/SMS-SUBMIT parts). The SMS message is encapsulated in an NAS message with an indication indicating that the NAS message is for SMS transporting. The UE send the NAS message to the AMF. AMF forwards the SMS message and SPUI to the SMSF serving the UE over N17 using uplink unit data message to permit the SMSF to create an accurate charging record, the AMF adds the IMEISV, the local time zone, and the UE's current TAI and x‑CGI.  The AMF forwards the SMS ack message from the SMSF to the UE using downlink unit data message.
Analysis: 
AMF receives N1 SMS message from UE and transferred it to the serving SMSF. This step can utilize “Message Notify” service of AMF in Section 5.2.2.3. When transferring the message, AMF adds information such as IMEISV, the local time zone, and the UE's current TAI and x‑CGI to Message Notify message sent to SMSF. 
6.
SMSF forwards the delivery report to AMF via downlink unit data message which is forwarded to UE via Downlink NAS transport.
Analysis: AMF receives SMS delivery report from SMSF and transferred to the UE. This step utilize “Message Transfer” service of AMF in Section 5.2.2.4.
7.
When no more SMS data is to be forwarded to UE, SMSF request the AMF to terminate this SMS transaction. 

Analysis: This step is to notice AMF that SMSF does not require the message transfer service for the UE, and AMF may further remove the related context for the message transfer between UE and SMSF. This can be regarded that AMF provides “Message Transfer Release” service to SMSF.
1.1.3 The interaction between AMF and PCF: UE policy provisioning 

According to Section “A.3.1.3.1 General” in TS23.501:
“The 5G core network shall be able to provide policy information from the PCF to the UE.”

“The SSCMSP and NSSP shall be provided from the PCF to the UE via the N1 interface.”
Analysis: when provisioning UE policy, PCF will send UE Policy Provision message to AMF, and AMF transfer the UE provision message to the target UE via N1 message. Once UE accept and provisioning UE policy from PCF, the UE send the ACK message to AMF, and further AMF transfer the ACK message to the serving PCF. This step utilize “Message Transfer” service in Section 5.2.2.4 and “Message Notify” service in Section 5.2.2.3.
1.1.4 The interaction between AMF and NEF: UE triggering message
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3.
The NEF sends the Device Trigger Request (UE permanent ID, NAS Container) to the AMF. The NAS container includes the Application Port ID and trigger payload received in step 1.
Analysis: NEF encapsulates Device Trigger message in one NAS message container and provides this message container within “Message Transfer Request” message to AMF to request AMF transfer it to the target UE. 
As the NEF needs receive Device Trigger Response message in step 5 and the Device Trigger type message may be sent by multiple type of CN NFs, AMF can’t correctly identify the target NEF only according to UE ID and “Device Trigger” message type in Device Trigger Response.  
To solve this issue, the NEF need one time message notification subscription on the AMF. This can be done via a one time notification indication from the NEF When the NEF requests the Message Transfer Request service from the AMF.  
4.
The AMF send the Device Trigger Request (NAS container) to the UE. If the UE is not connected, the AMF pages the UE. When the UE receives the NAS container, the trigger payload identifies which application(s) is to be notified and the information to be notified to the application, e.g. PDU session establishment is requested.


The corresponding response message is send back to the AMF to confirm the receiving the request message.
Analysis: When the AMF receives the one time subscription indication from NEF, and transfers the Trigger Message to the target UE, the AMF allocates one Connection ID and includes this Connection ID in N1 message sending to the UE. The AMF also maintain the binding information among UE ID, Connection ID and NEF ID to correctly transfer the message between UE and NEF. When UE sends Trigger Response Message to AMF, the Connection ID is included in Trigger Response message.
5.
The NEF receive the Device Trigger Response from the AMF.

Analysis: AMF determines the NEF according to UE ID, Connection ID in Trigger Response message, and further transfer the UE ID, Connection ID to NEF. This step utilize “Message Notify” service of AMF in Section 5.2.2.3.
As the Message notification is one time message notification service, when the AMF finish the Message Notify Service, the binding information stored on the AMF is released.  
1.2 Other related service 

To support CN NF receives the session message and mobility event related to this data session from AMF, the CN NF shall be able to register and de-register the UE’s data session by Namf_Session_Registration and Namf_Session_Deregistration service from AMF.
2. Proposal

It is proposed: 
Message Transfer/Notify Service
· The consumer of “Message Transfer” and “Message Notify” service of AMF include: SMF, SMSF, PCF, NEF

· To support the one time message notify Service, AMF allocate one Connection ID and includes this Connection ID in N1 message sending to the UE. The AMF also maintain the binding information among UE ID, Connection ID and NEF ID to correctly transfer the message between UE and NEF.
Message Release service
· To support the N1/N2 message transfer per transaction, the CN NF can notice AMF that the requested message transfer is completed by the “Namf_N1N2Message_Release” NF service from AMF
Session Registration/Deregistration
· To support CN NF receives the session message and mobility event related to this data session from AMF, the CN NF shall be able to register and de-register the UE’s data session by Namf_Session_Registration and Namf_Session_Deregistration service from AMF.
The related changes to TS 23.502 are proposed.
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