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

Per the conclusion of S2#119, it needs to analyse the interaction between AMF and SMF in the E2E procedures and identify the involved NF services. The E2E system procedures includes: UE Registration/De-registration, Service Request and Handover in TS23.502. 
1. The UE Registration 
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Figure 4.2.2.2.2-1: Registration procedure in TS23.502
18.
[conditional] AMF to SMF: N11 Request ().


If the AMF is changed, the new AMF notifies each SMF of the new AMF serving the UE.


The AMF verifies PDU session status from the UE with the available SMF information. In case the AMF has changed the available SMF information has been received from the old AMF. The AMF requests the SMF to release any network resources related to PDU sessions that are not active in the UE.
Analysis: 
This can be regarded that new AMF provide the “UE Mobility Event Notification” to SMF.
19.
SMF to AMF: N11 Response ().


The SMF may decide to trigger e.g. UPF relocation as described in clause x.


If the Registration type indicated by the UE is periodic registration update, then steps 20 and 21 may be omitted.
2. UE-De-registration: 
When handling UE De-registration indicated by UE, AMF or UDM, the AMF notices SMF to release PDU session.
Analysis: This can be regarded that new AMF provide the “UE Mobility Event Notification” to SMF.
Summary: above two interaction is belonged to the service provided by the AMF. 
3. Service request: 
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Figure 4.2.3.2-1: UE triggered Service Request procedure in TS23.502
4a.
[Conditional] AMF to SMF: N11 Message(PDU session ID(s)).


If the MM NAS Service Request message includes PDU session ID(s), or this procedure is triggered by SMF but PDU session IDs from UE correlates to other SMFs than the one triggering the procedure, the AMF sends N11 message to SMF(s) associated with the PDU session ID(s).
Analysis: In this step, AMF generates one request message including UE ID, PDU session ID and AN information (UE location, AN type) to SMF to request SMF activate the specified PDU session. This can be regarded that SMF provides “PDU session activate” service to AMF, which can be invoked by the AMF.
4b.
[Conditional]SMF to AMF: N11 Message (N2 SM information (QoS profile, CN N3 Tunnel Info)) to the AMF.


After receive the N11 Message in 4a, each SMF sends N11 Message to the AMF to establish the user plane(s) for the PDU sessions. The N2 SM information contains information that the AMF shall provide to the RAN.
Analysis: This step is that AMF provides “Message Transfer” service to SMF.
9.
[Conditional] AMF to SMF: N11 Message (N2 SM information (RAN Tunnel info), RAT Type) per accepted PDU Session to the SMF. 
Analysis: This step is that AMF provides “Message Notification” service to SMF.

12.
[Conditional]SMF to AMF: N11 Message ACK.
Analysis: In this step, SMF notice whether the PDU Session is activated, and it can be regarded as the response message to the request in step 4a.
4. Xn based Handover: 
Path Switch Request is MM message and also contains the PDU session ID to be switched or removed;
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2.
The AMF sends a N11 Message to each SMF associated with the list of PDU Sessions received in the N2 Path Switch Request. 


Upon receipt of the N11 Message, each of these SMFs determines whether the existing UPF can continue to serve the UE. If the existing UPF cannot continue to serve the UE and it is not a PDU session anchor, steps 3-11 of clause 4.9.1.2 are performed. Otherwise, the following steps 3 to 6 are performed by each of these SMFs if their existing UPFs can continue to serve the UE:
Analysis: In this step, AMF generates one separate request message including UE ID, PDU session ID and AN information (UE location, AN type) to SMF to request SMF update the active PDU session. Further SMF will further update the PDU session. This can be regarded that SMF provides “PDU Session Update” service to AMF.
6.
The SMF sends an N11 Message Ack (CN Tunnel Information) to the AMF for PDU Sessions which have been switched successfully.
Analysis: In this step, SMF notice AMF whether the PDU Session Path is already updated, and it can be regarded as the response message to the request in step 2. The CN Tunnel Information in response will be sent to target AN via N2 connection. 
7.
Once the N11 Message Response is received from all the SMFs, the AMF aggregates received CN Tunnel Information from these responses and sends this aggregated information as a part of N2 SM Information in N2 Path Switch Request Ack to the Target RAN. If none of the requested PDP Sessions have been switched successfully, the AMF shall send an N2 Path Switch Request Failure message to the Target RAN.
Analysis: Currently, the handover procedure is still not completed, for example, the serving AMF or SMF changes. Thus more NF services supported by SMF needs further analysis when the handover procedures are specified.
5. UE-requested PDU Session Establishment for home-routed roaming
Besides the interaction between AMF and SMF, the interaction between V-SMF and H-SMF exists in PDU Session Establishment for home-routed roaming.
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Figure 4.3.2.2.2-1: UE-requested PDU Session Establishment for home-routed roaming scenarios in TS23.502
6.
V-SMF to H-SMF: Create PDU Session Request (Subscriber Permanent Identity, DNN, S-NSSAI, PDU Session ID, V-SMF ID, V-CN-Tunnel-Info, PDU type, Protocol Configuration Options, User location information, SM PDU DN Request Container).
Analysis: V-SMF request H-SMF to create PDU session in HPLMN, the information that V-SMF provides includes:
- UE information: Subscriber Permanent Identity, User location information
- The characteristic of PDU session: DNN, S-NSSAI, PDU type, Protocol Configuration Options, SM PDU DN Request Container.
- PDU session information in VPLMN: PDU Session ID, V-SMF ID, V-CN-Tunnel-Info. This information is required to let H-SMF know the PDU session information in VPLMN. 
Thus this step can be regarded that SMF provides PDU Session Create service to the requester (SMF in VPLMN). To let PDU Session Create service can be one general service, the mandatory information included in the request message include: UE information, the characteristic of PDU session, and the reason indication i.e. session in HPLMN, and the optional information include: the PDU session information in VPLMN, the PDU session information in old UP. 
13.
H-SMF to V-SMF: Create PDU Session Response (Authorized QoS Rule, SSC mode), H-CN Tunnel Info)


The H-CN Tunnel Info contains the tunnel information for up-link traffic towards H-UPF.


Multiple Authorized QoS Rules may be included in the Create PDU Session Response.


The H-SMF shall send to the V-SMF the indication, if the VPLMN is allowed to insert an UL CL or a Branching Point for a PDU session towards this DNN.
Analysis: this is the response to the service request in step 6, and the information of PDU session in HPLMN is provided to V-SMF. The response information includes: Result indication, the information of the established PDU session.
2. Proposal

Based on the analysis on the system procedures, the NF services supported by SMF include: Session Activate, Session Create, Session Update, Session Release. 
The related NF services supported by SMF are added to TS 23.502.
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4b. N11 Message
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