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Abstract of the contribution: This pCR proposes one solution for key issue #2, Extend Service Concept into User Plane.
1.	Discussion
In this solution for key issue#2, following are proposed: 
-	In order to replace N4 interactions with service operation, UPF provide service and SMF provide service are defined;
-	Use existing Bootstraps procedure for UPF with service interfaces; 
-	SMF Pause of Charging procedure using service operation illustrated, as one example;
-	FFS some aspects.
2.	Proposal
It is proposed to include following updates to solution#1 in TR23.742: 

*** Start of 1st change ***all new text***
[bookmark: _Toc516410431]6.2	Solutions for key issue 2
[bookmark: _Toc516410432]6.2.X	Solution 2.x: Simply replace N4 with service operations
[bookmark: _Toc516410433]6.2.X.1	Introduction
This solution addresses Key Issue 2 on Extend Service Concept into User Plane.
[bookmark: _Toc516410434]6.2.X.2	High-level Description
[bookmark: _Toc516410396]6.2.X.2.1	General aspects
The basic idea is to replace N4 interface with service based interface. 
[bookmark: _GoBack]The N4 point to point interactions between UPF and SMF are defined in section 4.4 of TS23.502 [3].This solution proposes to replace them by introducing service interface into UPF and SMF, with corresponding services. The service interface on UPF is named as Nupf, and the service interface on SMF is existing one, i.e. Nsmf. 
6.2.X.2.2	Bootstrap procedures
[bookmark: _Toc517095483]The clause 4.17 of TS 23.502 [3] already defined the “Network Function Service Framework Procedure”. In the clause 4.17.6 of TS 23.502 [3], SMF Provisioning of available UPFs using the NRF is defined, and should be used as base line for UPF with service interface. In other words, locally configure UPF with service interface in SMF is not recommended. 
Editor's note: FFS other necessary modifications to existing bootstrap procedure for integrating UPF with service interface.
6.2.X.2.3	UPF Service
The following table shows the UPF Services and UPF Service Operations. 
Note: In the table, the right most column shows the section of TS23.502 which corresponds the point to point procedure.  
Table 6.2.X.3-1: NF services provided by the UPF
	Service Name
	Service Operations
	Operation
Semantics
	Example Consumer(s)
	Mapping from
TS 23.502

	Nupf_Session
	Establishment
	Request/Response
	SMF
	Section 4.4.1.2

	
	Modification
	Request/Response
	SMF
	Section 4.4.1.3

	
	Release
	Request/Response
	SMF
	Section 4.4.1.4

	Nupf_Session_Reporting
	Subscribe
	Subscribe/Notify
	SMF
	See Editor's note 1.

	
	Unsubscribe
	
	SMF
	

	
	Notify
	
	SMF
	Section 4.4.2.2

	Nupf_Node_Association 
	Setup
	Request/Response
	SMF
	Section 4.4.3.1

	
	Update
	Request/Response
	SMF
	Section 4.4.3.2

	
	Release
	Request/Response
	SMF
	Section 4.4.3.3

	Nupf_Node_Reporting
	Subscribe
	Subscribe/Notify
	SMF
	See Editor's note 2.

	
	Unsubscribe
	
	SMF
	

	
	Notify
	
	SMF
	Section 4.4.3.4

	Nupf_PFD_Mgt
	Provision
	Request/Response
	SMF
	Section 4.4.3.5

	
	Remove
	Request/Response
	SMF
	Section 4.4.3.5



Editor's note 1: In order to receive/not receive session level reporting, the SMF needs to subscribe/unsubscribe to UPF. How to do this is FFS.
Editor's note 2: In order to receive/not receive node level reporting, the SMF needs to subscribe/unsubscribe to UPF. How to do this is FFS.
6.2.X.2.4	SMF Service
In order to interact with UPF, the following table shows the SMF Services and SMF Service Operations.
Note: In the table, the right most column shows the section of TS23.502 which corresponds the point to point procedure.  
Table 6.2.X.4-1: NF services provided by the SMF
	Service Name
	Service Operations
	Operation
Semantics
	Example Consumer(s)
	Mapping from
TS 23.502

	Nsmf_Node_Association
	Update
	Request/Response
	UPF
	Section 4.4.3.2

	
	Release
	Request/Response
	UPF
	Section 4.4.3.3

	Nsmf_Data_Reporting
	Subscribe
	Subscribe/Notify
	UPF
	See Editor's note 3.

	
	Unsubscribe
	
	UPF
	

	
	Notify
	
	UPF
	Section 4.4.4



Editor's note 3: In order to receive/not receive data reporting, the SMF needs to subscribe/unsubscribe to UPF. How to do this is FFS.
6.2.X.2.5	Co-existing of UPF using PtP interface and UPF using service based interface
Editor's note: It is FFS that within the mix deployment of both the UPF using PtP interface and UPF using service based interface e.g. within a single PLMN, how to handle session management procedures e.g. UPF selection, UPF relocation, etc?
[bookmark: _Toc516410435]6.2.X.3	Illustrated Procedures
Editor's note:	This clause describes related high-level procedures for the solution.
6.2.X.3.1 SMF Pause of Charging procedure
The details of this procedure using N4 interface could be found in section 4.4.4 of TS23.502 [3]. Below is the procedure showing with the service operations. 

 
Figure 6.2.X.3.1-1: SMF Pause of charging procedure
1.	The UPF receives downlink data packets for a PDU Session that does not have an N3 tunnel and the UPF sends Nsmf_Data_Reporting_Notify to the SMF. The packets are buffered or discarded in the UPF based on operator policy.
2.	Based on operator policy/configuration the SMF triggers the procedure to pause PDU Session charging. Triggering criteria are based on SMF operator policy/configuration.
3.	SMF invoke the Nupf_Session_Modification_Requet service of the UPF where the Usage Reporting is configured, modifying the Usage Reporting Rules for the PDU Session so that the usage collection for charging is stopped. In home routed roaming scenarios, the V-SMF sends a Nsmf_PDUSession_Update request to the H-SMF with a "Start Pause of Charging" Indication. The H-SMF then requests the H-UPF to stop usage collection as mentioned before.
4.	UPF confirms with a Nupf_Session_Modification_Response.
[bookmark: _Toc516410436]6.2.X.4	Impacts on existing NFs, NF services and interfaces
Editor's note:	This clause describes impacts to existing services and interfaces.
[bookmark: _Toc516410437]6.2.X.5	Evaluation
Editor's note:	This clause provides an evaluation of the solution.

*** End of changes ***



---------For your convenience ---------Section 4.4 of TS23.502------------
[bookmark: _Toc517095297]4.4	SMF and UPF interactions
[bookmark: _Toc517095298]4.4.1	N4 session management procedures
[bookmark: _Toc517095299]4.4.1.1	General
N4 session management procedures are used to control the functionality of the UPF. The SMF can create, update and remove the N4 session context in the UPF, which is described in clause 5.8.2 of TS 23.501 [2].
The following N4 session management procedures exist: N4 Session Establishment procedure, N4 session Modification procedure and N4 session release procedure. All of them are initiated by the SMF.
[bookmark: _Toc517095300]4.4.1.2	N4 Session Establishment procedure
The N4 Session Establishment procedure is used to create the initial N4 session context for a PDU Session at the UPF. The SMF assigns a new N4 Session ID and provides it to the UPF. The N4 Session ID is stored by both entities and used to identify the N4 session context during their interaction. The SMF also stores the relation between the N4 Session ID and PDU Session for a UE.


Figure 4.4.1.2-1 N4 Session Establishment procedure
1.	SMF receives the trigger to establish a new PDU Session or cange the UPF for an established PDU Session.
2.	The SMF sends an N4 session establishment request message to the UPF that contains the structured control information which defines how the UPF needs to behave.
3.	The UPF responds with an N4 session establishment response message containing any information that the UPF has to provide to the SMF in response to the control information received.
4.	The SMF interacts with the network function which triggered this procedure (e.g. AMF or PCF).
[bookmark: _Toc517095301]4.4.1.3	N4 Session Modification procedure
The N4 Session Modification procedure is used to update the N4 session context of an existing PDU Session at the UPF, which is executed between SMF and UPF whenever PDU Session related parameters have to be modified.


Figure 4.4.1.3-1 N4 Session Modification procedure
1.	SMF receives the trigger to modify the existing PDU Session.
2.	The SMF sends an N4 session modification request message to the UPF that contains the update for the structured control information which defines how the UPF needs to behave.
3.	The UPF identifies the N4 session context to be modified by the N4 Session ID. Then, the UPF updates the parameters of this N4 session context according to the list of parameters sent by the SMF. The UPF responds with an N4 session modification response message containing any information that the UPF has to provide to the SMF in response to the control information received.
4.	The SMF interacts with the network entity which triggered this procedure (e.g. AMF or PCF).
[bookmark: _Toc517095302]4.4.1.4	N4 Session Release procedure
The N4 session release procedure is used to remove the N4 session context of an existing PDU Session at the UPF.


Figure 4.4.1.4-1 N4 Session Release procedure
1.	SMF receives the trigger to remove the N4 session context for the PDU Session.
2.	The SMF sends an N4 session release request message to the UPF.
3.	The UPF identifies the N4 session context to be removed by the N4 Session ID and removes the whole session context. The UPF responds with an N4 session release response message containing any information that the UPF has to provide to the SMF.
4.	The SMF interacts with the network entity which triggered this procedure (e.g. AMF or PCF).
[bookmark: _Toc517095303]4.4.2	N4 Reporting Procedures
[bookmark: _Toc517095304]4.4.2.1	General
The N4 reporting procedure is used by the UPF to report events to the SMF.
[bookmark: _Toc517095305]4.4.2.2	N4 Session Level Reporting Procedure
This procedure is used by the UPF to report events related to an N4 session for an individual PDU Session. The triggers for event reporting were configured on the UPF during N4 Session Establishment/Modification procedures by the SMF.


Figure 4.4.2.2-1: N4 Session Level Reporting procedure
1.	The UPF detects that an event has to be reported. The reporting triggers include the following cases:
(1)	Usage report.
	Usage information shall be collected in the UPF and reported to the SMF as defined in clause 5.8 and clause 5.12 of TS 23.501 [2].
(2)	Start of traffic detection.
	When traffic detection is requested by SMF and the start of traffic is detected for a Packet Detection Rule (PDR) as described in clause 5.8 of TS 23.501 [2], the UPF shall report the start of traffic detection to the SMF and indicate the corresponding PDR rule ID.
(3)	Stop of traffic detection.
	When traffic detection is requested by SMF and the end of traffic is detected for a PDR as described in clause 5.8 of TS 23.501 [2] , the UPF shall report the stop of traffic detection to the SMF and indicate the corresponding PDR rule ID.
(4) Detection of 1st downlink data for UE in CM-IDLE state.
	When UPF receives the downlink packet but no N3/N9 tunnel for downlink data transmission exists and the buffering is performed by the UPF, it shall report the detection of 1st downlink data to SMF for the purpose of downlink data notification. The UPF shall also report the DSCP of the packet if the PDU Session type is IP (to support the Paging Policy Differentiation feature described in clause 5.4.3 of TS 23.501 [2]).
(5) Detection of PDU Session Inactivity for a specified period.
	When an Inactivity Timer for a PDU Session is provided by SMF during N4 Session Establishment/Modification procedure, and the UPF detects the PDU Session has no data transfer for a period specified by the Inactivity Timer, it shall report PDU Session Inactivity to the SMF.
2.	The UPF sends an N4 report message (N4 Session ID, list of [Reporting trigger, Measurement information]) to the SMF.
	The Reporting trigger parameter contains the name of the event which triggered the report and the Measurement information parameter contains the actual information that the SMF requested to be informed about.
3.	The SMF identifies the N4 session context based on the received N4 Session ID and applies the reported information for the corresponding PDU Session. The SMF responds with an N4 report ACK message.
[bookmark: _Toc517095306]4.4.3	N4 Node Level Procedures
[bookmark: _Toc517095307]4.4.3.1	N4 Association Setup Procedure
The N4 Association Setup procedure is used to setup an N4 association between the SMF and the UPF, to enable the SMF to use the resources of the UPF subsequently to establish N4 Sessions. The SMF and UPF may exchange the supported functionalities on each side during this procedures.
The setup of an N4 association is initiated by the SMF.
The SMF initiates the N4 Association Setup procedure to request to setup an N4 association towards a UPF prior to establishing a first N4 session on this UPF.
When receiving an N4 Association Setup Request, the UPF shall send an N4 Association Setup Response.
[image: ]
Figure 4.4.3.1-1: N4 association setup procedure
[bookmark: _Toc517095308]4.4.3.2	N4 Association Update Procedure
The N4 Association Update procedure shall be used to modify an existing N4 association between the SMF and the UPF. It may be initiated by the UPF or by the SMF to update the supported features or available resources of the UP function.
[image: ]
Figure 4.4.3.2-1: SMF initiated N4 association update procedure
[image: ]
Figure 4.4.3.2-2: UPF initiated N4 association update procedure
[bookmark: _Toc517095309]4.4.3.3	N4 Association Release Procedure
The N4 Association Release procedure shall be used to terminate the N4 association between the SMF and the UPF due to e.g. OAM reasons. The N4 Association Release Request may be initiated by the SMF or UPF.
[image: ]
Figure 4.4.3.3-1: SMF initiated N4 association release procedure
[image: ]
Figure 4.4.3.3-2: UPF initiated N4 association release procedure
[bookmark: _Toc517095310]4.4.3.4	N4 Report Procedure
The N4 Node Report procedure shall be used by the UPF to report information to the SMF which is not related to a specific N4 session, e.g. to report a user plane path failure affecting all the N4 sessions towards a remote GTP-U peer.
[image: ]
Figure 4.4.3.4-1: N4 report procedure
The UPF detects that an event has to be reported and starts the procedure by sending an N4 Report message (UPF ID, list of [event, status]) to the SMF. The SMF responds with an N4 report ACK message (SMF ID). The event parameter contains the name of the event and UPF ID. The status parameter contains the actual information the control plane function is interested in.
[bookmark: _Toc517095311]4.4.3.5	N4 PFD management Procedure
This N4 procedure is used by the SMF to provision or remove all PFD(s) belonging to an Application ID in the UPF. PFD sets belonging to different Application IDs can be managed with the same PFD management request message.
The N4 PFD management procedure is a node level procedure, i.e. independent of any PDU Session.


Figure 4.4.3.5-1 PFD management in the UPF
1.	The SMF is triggered to provision or remove the PFD set belonging to an Application ID in the following case:
	When the caching timer expires and there's no active PCC rule that refers to the corresponding application identifier, the SMF informs the UPF to remove the PFD(s) identified by the application identifier.
	When a PCC rule is provided for an Application ID corresponding to the PFD(s) that are not already provided to the UPF, the SMF shall provide the PFD(s) to the UPF (if there are no PFD(s) cached, the SMF retrieves them from the UDR).
	When any update of the PFD(s) is received from UDR, and there are still active PCC rules in UPF for the Application ID.
2.	The SMF sends a PFD management request to the UPF to provision/remove the PFD(s) corresponding to the Application ID(s).
3.	The UPF updates the PFD(s) according to the request and acknowledges by responding with a PFD management response message.
[bookmark: _Toc517095312][bookmark: _Hlk500791524]4.4.4	SMF Pause of Charging procedure
The SMF Pause of Charging procedure aims for the SMF charging and usage monitoring data to more accurately reflect the downlink traffic actually sent to the AN.
The following are example triggers for the SMF to enable the pause of charging
-	Operator specified criteria/threshold (e.g. number/fraction of packets/bytes dropped at UPF in downlink since last time the N3 tunnel towards the AN was released). The SMF requests the UPF to notify the SMF whenever the criteria/threshold is met.
-	Indication of "Radio Link Failure" (see clause 4.2.6).
Based on operator policies, if the trigger for the SMF to enable the pause of charging is met, the SMF shall pause the charging. When the SMF pauses charging the following applies:
-	Towards the UPF(s) where the Usage Reporting is configured, the SMF shall modify the Usage Reporting Rules for the PDU Session so that the usage collection for charging is stopped.
-	The SMF may request the UPF to limit the rate of downlink traffic sent to the downstream UPF or the AN.
NOTE 1:	A consequence of using this procedure is that SMF charging data does not correspond to the volume that traversed the UPF, and it is therefore not possible to count the downlink packets dropped between the PDU Session Anchor (PSA) UPF and the downstream UPF.
NOTE 2:	In this release of the specification, pause of charging procedure does not address the issue of packets dropped by the NG-RAN.
In home routed roaming scenarios, based on operator's policy, the H-SMF may indicate to the V-SMF if the feature is to be enabled on a per PDU Session basis. This is indicated to the V-SMF by a "PDU Session Charging Pause Enabled" Indication in the Nsmf_PDUSession_Create Response during the PDU Session Establishment procedure. This is an indication to the V-SMF that when the criteria for pause of SMF charging are met at the VPLMN (as described further down in this clause) charging at the H-SMF can be paused.
The H-SMF shall stop any charging and usage monitoring actions for the PDU Session upon receiving a "Start Pause of Charging" Indication in a Nsmf_PDUSession_Update request from the V-SMF. When the H-SMF receives a Nsmf_PDUSession_Update request for a PDU Session with a "Stop Pause of Charging" Indication, then the H-SMF shall resume charging for the PDU Session.
Regardless of operator policy/configuration, the downlink user plane packets received at the (V-)UPF shall trigger Data Notifications as described in clause 4.2.3.4.
When the (V-)SMF receives a Nsmf_PDUSession_UpdateSMContext request or a Namf_EventExposure_Notify about UE reachability, the (V-)SMF shall consider the PDU Session charging as being unpaused if it had been paused previously.


Figure 4.4.4-1: SMF Pause of charging procedure
1.	The UPF receives downlink data packets for a PDU Session that does not have an N3 tunnel and the UPF sends data notification to the SMF. The packets are buffered or discarded in the UPF based on operator policy.
2.	Based on operator policy/configuration the SMF triggers the procedure to pause PDU Session charging. Triggering criteria are based on SMF operator policy/configuration.
3.	SMF sends a N4 Session Modify Request message to the UPF where the Usage Reporting is configured, modifying the Usage Reporting Rules for the PDU Session so that the usage collection for charging is stopped. In home routed roaming scenarios, the V-SMF sends a Nsmf_PDUSession_Update request to the H-SMF with a "Start Pause of Charging" Indication. The H-SMF then requests the H-UPF to stop usage collection as mentioned before.
4.	UPF confirms with a N4 Session Modify Response message.
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