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Abstract of the contribution: In this contribution, the SMF 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 SMF 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 SMF services are identified.

1. Nsmf_PDUSession
2. Nsmf_MessageEvent

The following sections provide a description of each of the above service.

2.1 Nsmf_PDUSession
	Service Name: Nsmf_PDUSession

	Functionality provided by this service: This service is provided by the SMF to operate on and manage the PDU sessions and the associated policy and charging rules of the PDU session. The service operations can be consumed by PCF, OCS and V-SMF (H-SMF is the service provider and V-SMF is the service consumer). 

	Context used by this service: PDU Session, Policy and Charging Rules on the PDU session.

	Design guidelines used for this NF service: 

· This service operates on the PDU session contexts and the associated policy and charging rule.

· All the service operations listed below operate only on the PDU session and the associated policy and charging rules.
· N4 is a non-service based interface. This interface is coupled only with this service. 
· Service operations (e.g Nsmf_PDUSession_EventNotify) are generic such that any NF like PCF, NEF or the OCS can consume it.

	List of Service Operations:

	Service Operation Name
	Description
	Elementary Operation Semantics
	Consumers
	Used in Procedure

	Create
	This service operation is exposed by H-SMF to the V-SMF for creation of a PDU session
	Request / Response
	V-SMF
	Section 4.3.2.2.2 of TS 23.502 UE Requested PDU session establishment – Home routed roaming

	Update
	This service operation is exposed by H-SMF to the V-SMF for modification of PDU sessions initiated by UE in home routed scenarios
	Request / Response
	V-SMF
	Section 4.3.3.2 of TS 23.502, in home routed roaming case (this section still does not explain the PDU session modification in home routed roaming case)

	Release
	This service operation is exposed by H-SMF to the V-SMF for release of PDU sessions initiated by UE in home routed scenarios
	Request / Response
	V-SMF
	Section 4.3.4.2 of TS 23.502, in home routed roaming case (this section still does not explain the PDU session release in home routed roaming case)

	EventNotify
	This service operation is exposed by SMF towards PCF, OCS and NEF to report events like policy and charging rule reporting at set triggers (time based, volume based, event based), PDU session release, PDU session modification, UPF change, AMF change, SDF flow and application detection reports 
	Suscribe / Notify
	PCF, OCF, NEF
	Section 4.3.3.2 of TS 23.502, for UE initiated PDU session modification, the SMF notifies PCF about the PDU session modification request so that the PCF can authorize it. The PCF then notifies the SMF of the authorized policy (through the Npcf policy update notification service it may offer)
Section 4.3.5.2a of TS 23.502, addition of UPF notification towards PCF

Once policy and charging rule notification triggers are defined, this service operation can be used for those as well.

	EventSubscribe
	An NF can explicitly subscribe for notification of specific events
	Suscribe / Notify
	NEF, PCF, NEF
	PCF and OCS subscribe to PDU session events when the SMF fetches the policy and charging rules or when the PCF / OCS notifies the SMF of updates to policy and charging rules.

NEF subscribes for delivering events like UPF change and PDU session statistics.

	EventUnSubscribe
	An NF can explicitly unsubscribe for notification of specific events
	Suscribe / Notify
	NEF, PCF, NEF
	Same as above


For non-roaming scenarios and for home routed roaming scenarios the PDU session creation at the SMF and V-SMF respectively, happens via the notifications provided by AMF services. It works as follows

1. AMF receives N1 NAS PDU session establishment request

2. AMF selects an SMF

3. AMF sends a N1MessageNotify to the SMF

4. SMF processes the message and creates a PDU session. For home routed roaming scenario, the V-SMF invokes the Nsmf_PDUSession_Create service operation on the H-SMF.
5. AMF creates an implicit session registration towards the SMF

6. SMF uses N1MessageTransfer and N2MessageTrigger service operations for sending the NAS SM messages towards the UE and N3 tunnel setup towards the RAN.
For interaction with PCF during PDU session establishment the service operations provided by the PCF are used as follows
1. During PDU session establishment, the SMF uses the Npcf_Policy_Decision service operation to fetch the policy and charging rules for the PDU session. Through this interaction, a session binding is created between the SMF and PCF.

2. If there is a change in policy and charging rules at the PCF, the PCF informs the SMF via Npcf_Policy_UpdateNotify

a. The policy update notification from PCF can either result in PDU session modification or in PDU session release.

Similarly for UE initiated PDU session modification, the AMF invokes the N1MessageNotify to inform the (V)SMF of the UE SM NAS message which would then trigger the PDU modification procedure in the (V)SMF. The Nsmf_PDUSession_Update service operation is used in home routed roaming scenarios, where the V-SMF can use this service operation from the H-SMF to update the PDU session.

2.2 Nsmf_MessageEvent
This service will be specified once the LI requirements and architecture are clear from SA3. 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 Nsmf_PDUSession_EventNotify may itself be used for this purpose.
3. Proposal
It is proposed to add the normative NF services to TS23.502 for SMF
1. Section 5.2.8.3 is removed as the activation of an existing PDU session, in scenarios like UE initiated service request procedure, can be triggered by a Namf_UEMobility_EventNotify NF service operation. Upon getting a service request from the UE, the AMF sends Namf_UEMobility_EventNotify to the SMF to inform IDLE to CONNECTED state transition for the PDU sessions that are requested to be activated in the service request. Then the SMF invokes the N2MessageTrigger service operation on the AMF to setup the N3 tunnel with the RAN. Hence having the PDU session activation NF service operation at SMF is redundant.
2. Section 5.2.8.5 is updated to imply that PDU session update service operation is invoked for UE requested QoS change and not for N3 tunnel change. The N3 tunnel update is triggered by the N2InfoNotify (for Xn handover Path Switch request).

3. Section 5.2.8.6 is updated to imply that Nsmf_PDUSession_Update is used between the V-SMF and H-SMF and the call flows are updated accordingly.

4. Section numbers are shifted one level as a parent section to describe service was missing. Nsmf_PDUSession is described as section 5.2.8.1 and all the service operations are defined as sub-sections under it.

5. In order to clearly explain the behaviour of each service operation and the subsequent other NF service operations they may invoke, the call flow diagrams in section 5 are kept. Once the behaviour of each service operation is agreed, the end to end call flows in section 4 can be updated with references to corresponding service operation descriptions in section 5, along with necessary cleanup to remove redundant descriptions. Hence this PCR doesn’t focus on the cleanup aspects.

* * * First Change * * *
5.2.8
SMF services
5.2.8.1 Nsmf_PDUSession Service
Service description: This service operates on the PDU sessions and their associated policy and charging rules at the SMF. The service operations exposed by this service allow other NFs to handle the PDU sessions and get notified of events happening on the PDU session. The following are the key functionalities of this NF service
· Creation / Deletion / Modification of PDU sessions upon receiving N1 message notification from AMF carrying the SM NAS messages;
· Notifying events on the PDU session to the subscribed NFs;
· Association of policy and charging rules with PDU sessions and binding the policy and charging rules to flows;
· Interacting with the UPF over N4 for creating and releasing user plane sessions;

· Process user plane events from the UPF and apply the corresponding policy and charging rules.
* * * Next Change * * *
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* * * Next Change * * *
5.2.8.1.4
Nsmf_PDUSession_Create service operation
5.2.8.1.4.1
Description
Service operation name: Nsmf_PDUSession_Create
Description: Create a new PDU session in the H-SMF.
Known NF Consumers: V-SMF.
Concurrent use: Yes, the Nudm_SubscriptionData_Get service and the Npcf_PolicyControl_Get service need be invoked during this process.
Pre-requisite conditions: None
Post conditions: One new PDU session in the H-SMF is established.

Inputs, Required: PDU Session Request Container (DNN, S-NSSAI, PDU type, Protocol Configuration Options), N9 tunnel information of UPF selected by the consumer SMF.
Inputs, Optional: UE location information, AN type.
Outputs, Required: Result Indication, Authorized QoS Rule, H-CN Tunnel Information.
Outputs, Optional: SSC mode .
NOTE:
The information required in Inputs and Outputs may be updated when the new system procedures related to session management is identified in Section 4.
5.2.8.1.4.2
Service/service operation information flow
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Figure 5.2.8.1.4.2-2: Nsmf_PDUSession_Create service

1.
The NF consumer invokes the Nsmf_PDUSession_Create service operation (User Location, PDU Session Request Container, N9 tunnel information of UPF selected by the consumer SMF) on the SMF. For example, V-SMF as NF consumer requests H-SMF in HPLMN to create PDU session for the UE.

2.
If the SMF has not yet retrieved the SM-related subscription data for the UE, the SMF requests this subscription data from UDM via Nudm_SubscriptionData_Get service operation. See sub-clause 5.2.3.6.
3.
The SMF performs PCF selection.
4.
The SMF requests PCF to get the PCC Rules for the Session via Npcf_UEPolicy_Get service operation. See sub-clause 5.2.5.
5.
SMF selects an UPF as described in TS 23.501 [2] clause 6.3.3.
6.
SMF initiates an N4 Session Establishment procedure with the UPF.
7.
The UPF provides a N4 Session Establishment Response to the SMF.

8.
The SMF sends a Nsmf_PDUSession_Create Response message including Authorized QoS Rule, SSC mode (optional), H-CN Tunnel Info to the NF consumer.
* * * Next Change * * *
5.2.8.1.5
"Nsmf_Session_Update" service operation
5.2.8.1.5.1
Description
Service operation name: Nsmf_PDUSession_Update
Description: Update the active PDU session, e.g. UE requested PDU session modification. This service operation can also be used by V-SMF to inform the H-SMF about UPF change in the VPLMN.
Known NF Consumers: V-SMF.
Concurrent use: Yes. This service operation may trigger either Nsmf_PDUSession_EventNotify service operation towards the PCF.
Pre-requisite conditions: The PDU session should have been created already.
Post conditions: the PDU session is updated.

Inputs, Required: PDU session ID, Requested PDU session parameters (QoS), AN tunnel information .
Inputs, Optional: UE location information, AN type.
Outputs, Required: Result indication, Authorized QoS, CN tunnel information.
Outputs, Optional: None.
5.2.8.1.5.2
Service operation information flow
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Figure 5.2.8.1.5.2-1: Nsmf_Session_Update service procedure
1. The Consumer invokes the Nsmf_PDUSession_Update (PDU session ID, Requested QoS information, AN tunnel information) service operation on the SMF to update the PDU session with the requested QoS information or with the requested N9 tunnel information change for change of UPF in the VPLMN. 
2. If the update request is for a requested QoS, the SMF notifies the PCF about the PDU session update event by invoking the Nsmf_PDUSession_EventNotify service operation towards the PCF. If the update request is for a UPF change in the VPLMN, the SMF requests the UPF to modify the session with the provided N9 tunnel information.
3. PCF authorizes the QoS and invokes a policy update service operation towards the SMF.
Editor’s Note: The exact name of the PCF service operation and the reference to sub-clause needs to be updated after the PCF services are agreed.

4.
The SMF provides the CN Tunnel Information and/or the authorized QoS information to the Consumer.









* * * Next Change * * *
5.2.8.1.6
"Nsmf_PDUSession_Release" service operation
5.2.8.1.6.1
Description
Service operation name: Nsmf_PDUSession_Release
Description: Release the indicated PDU session of the UE.
Known NF Consumers:  V-SMF. When the SMF receives the PDU session release message from the UE, it invokes the PDU session release service operation towards the H-SMF.
Concurrent use: Yes. The H-SMF may invoke a Npcf_PolicyControl_Delete towards the PCF to inform the release of PDU session so that the associated policy and charging rule binding are removed at the PCF. 
Pre-requisite conditions: None
Post conditions: The PDU session of the UE is released.

Inputs, Required: PDU session ID.
Inputs, Optional: UE location information, AN type.
Outputs, Required: Result Indication.
Outputs, Optional: None.
5.2.8.1.6.2
Service operation information flow
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Figure 5.2.8.1.6.2-1: Nsmf_Session_Release service procedure in non-roaming scenario
1.
The Consumer NF invokes the Nsmf_PDUSession_Release (PDU session ID) service operation on the H-SMF to release the PDU session for the UE.
2-3. The SMF requests UPF as session anchor to terminate the UE's session.
4. The SMF invokes the Npcf_PolicyControl_Delete service operation to inform the PCF about the release of the PDU session. The PCF releases the associated policy and charging session.

5. The SMF responds to the requesting NF that the UE's session is released.
6-7. The SMF requests V-UPF to terminate the UE's session.

.









* * * Next Change * * *
5.2.8.1.1 The Nsmf_PDUSession_EventNotify service operation
5.2.8.1.1.1 Description

Description: Report UE PDU session related event(s) to the NF which has subscribed to the event report service. The events that will be reported by this service operation includes: start of application traffic detection and stop of application traffic detection, SMF change, UPF change, Usage report, Out of credit.
Editor's note:
The full list of the events that can be reported by Event Report service will be defined later.
Editor's note:
To support the on line charging function, it is FFS whether the additional action is required for the event of usage report and out of credit event report.
Known NF Consumers: PCF, OCS, NEF
Concurrent use: No.
Pre-requisite conditions: Either an implicit or explicit subscription for the event notification towards the consumer NF exists.
Post conditions: The PDU session event is notified to the consumer.
Input: UE ID, PDU Session ID, Event Trigger, Notify ID
Output: The consumer is notified of the events it subscribed to.

5.2.8.1.1.2 Service operation information flow
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Figure 5.2.8.1.1.2-1: PDU Session Event Report Service Operation
1.
See sub-clause 5.2.8.1.3.2 step 1..
2.
The SMF detects one or more events that the consumer NF has subscribed happened, for example, the SMF detected that new application traffic has started, the SMF decides to report event(s) to the consumer. The SMF sends PDU Session event Report which includes the event(s) to the Consumer. The Notify ID indicates to the NF the specific event notification subscription made by the consumer NF
* * * Next Change * * *















* * * Next Change * * *
5.2.8.1.2 Nsmf_PDUSession_EventSubscribe service operation

5.2.8.1.2.1 Description
Service operation name: Nsmf_PDUSession_EventSubscribe
Description: This service operation is used by an NF to subscribe for event notifications on a specified PDU session. The following are the types of events for which a subscription can be made.
· AMF change

· UPF change

· Charging rule specific report like volume based and time based accounting information reporting
· Application detection

· Flow detection
· Session statistics
Editor's note:
The full list of the events that can be reported by Event Report service will be defined later.
Known NF Consumers: PCF, OCS, NEF
Concurrent use: No.
Pre-requisite conditions: PDU session exists at the SMF.

Post conditions: SMF creates a binding towards the subscribing NF for the specified events.

Inputs, Required: NF ID, PDU Session ID, UE ID (SUPI or IP address and DNN), Notify ID, Event filter along with event notification method (periodic, one time, on event detection).
Inputs, Optional: None.
Outputs, Required: None.
Outputs, Optional: None.
5.2.8.1.2.2 Service operation information flow
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Figure 5.2.8.1.2.2-1: PDU Session Event Subscribe Service Operation

1. The consumer NF subscribes to event report by invoking the Nsmf_PDUSession_EventSubscribe (NF ID, UE ID, PDU Session ID, Notify ID and event trigger) to SMF. The UE ID is a unique UE identity, e.g. the UE SUPI or UE IP address + DNN, the PDU session ID identifies the PDU session that the consumer NF is interested with, and the event trigger identifies the events that the consumer NF is interested with. The notify ID identifies the ID to be used by the SMF 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 PDU Session event report subscription is authorized by the SMF, the SMF records the association of the event trigger and the consumer identity. The subscription to event report may be implicit, when the subscription is implicit, this step is skipped.

2. See sub-clause 5.2.8.1.1.2
* * * Next Change * * *
5.2.8.1.3 Nsmf_PDUSession_EventUnSubscribe service operation

5.2.8.1.3.1 Description

Service operation name: Nsmf_PDUSession_EventUnSubscribe
Description: This service operation is used by an NF to unsubscribe for event notifications on a specified PDU session. 
Known NF Consumers: PCF, OCS, NEF
Concurrent use: No.
Pre-requisite conditions: PDU session exists at the SMF and a prior subscription for the events specified exist on the PDU session.

Post conditions: SMF removes the binding towards the unsubscribing NF for the specified events.

Inputs, Required: NF ID, PDU Session ID, UE ID (SUPI or IP address and DNN), Notify ID, Event filter.
Inputs, Optional: None.
Outputs, Required: None.
Outputs, Optional: None.
5.2.8.1.3.2 Service operation information flow
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Figure 5.2.8.1.3.2-1: PDU Session Event UnSubscribe Service Operation

1. The consumer NF unsubscribes to event report by invoking the Nsmf_PDUSession_EventUnSubscribe (UE ID, PDU Session ID, event trigger) to SMF. The UE ID is a unique UE identity, e.g. the UE SUPI or UE IP address + DNN, the PDU session ID identifies the PDU session. 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 SMF removes the association of the consumer NF for the specified events on the PDU session.
* * * End of Changes * * *
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