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Abstract of the contribution: Proposes improvements and additional operations in AMF and SMF for existing e2e procedures
Discussion
Based on the service and operations agreed in SA2 #121. The N2 HO procedure may look like below by replacing some p2p messages to service and operations. All mobility related communication between AMF and SMF rely on the Namf_EventExposure_Notify service operation. But it does not really fit all the mobility procedures.
1. Handling of N2 steps controlled by MM with support from SM.
The issue is that when AMF receives HO Required message in step 2 of clause 4.9.1.2.2 (see figure below), it is a cooperation between AMF and SMF to formulate the needed info towards target RAN in step 9 HO Request. It’s not really a simple notification from AMF to SMF (either through the Namf_EventExposure_Notify, or Namf_Communicaiton_N2infoNotify). AMF need an immediate response from SMF with needed SM info to continue with the HO procedure.



[bookmark: _Hlk485668029]It’s the same problem for Service Request procedure in CM-IDLE mode with UP setup request, when AMF receives an N1 Service Request in step 2 of clause 4.2.3.2, it is a cooperation between AMF and SMF to formulate the needed info towards RAN in step 9 N2 Request (e.g. Initial Context Setup Request). It’s not really a simple notification from AMF to SMF (either through the Namf_EventExposure_Notify, or Namf_Communicaiton_N1messageNotify). AMF need, at least one, immediate response from SMF with needed SM info to continue with the Service Request procedure




Based on the examples above, it’s more reasonable to define a service operation from SMF to provide needed SM info for UP setup, which can be requested by AMF during N2 procedure where both MM info and SM info are needed 
Proposal 1:
define a new service operation from SMF to provide needed SM info for UP setup that can be used by AMF when the UP setup is in combination with a mobility context setup towards UE/RAN at the same time.
2. Handling of the AMF change during mobility

During mobility with AMF change (e.g. step 18 of clause 4.2.2.2.2), SMF needs to realize this change immediately to make sure downlink N1 and N2 messages are delivered to the correct AMF that owns the N2 and N1 connection. And AMF also needs an immediate response from SMF with need SMF info to realize that SMF has received the change. Again, it’s not really a simple notification from AMF to SMF (either through the Namf_EventExposure_Notify, or Namf_Communicaiton_N1messageNotify).  




[bookmark: _Hlk485668603]Proposal 2:
define a new service operation from SMF to handle AMF change during inter-AMF mobility procedures.
Note: If SMF can provide a more generic service operation to cover the mobility event (instead of purely rely on the Event exposure service operation to cover all mobility case as in current TS), this proposal can be part of such generic service operation from SMF.
3. Handling of downlink N1 and N2 messages.

In the current 23.502, Namf_Communication_N1MessageTransfer and Namf_Communication_N2infoTrigger are defined to deliver the downlink N1 or N2 message to separately (e.g. step 10 in clause 4.3.2.2.1 will need 2 separate service operations). However, when AMF delivers the N1 SM and N2 SM messages, the AMF may need the correlation between the N1 SM and N2 SM messages and deliver them in a single message towards RAN (e.g. step 11 in clause 4.3.2.2.1). To solve the problem, either extra logic and parameters need to be created between AMF/SMF, or we could simply merge the two operations into one operation, and the AMF can, based on the parameter in the operation, then decide the action to send only downlink N1 message transfer, or only downlink N2 message delivery, or both. The later option is the simplest one.


[bookmark: _MON_1551102453]
Proposal 3:
It’s proposed to merge the Namf_Communication_N1MessageTransfer service operation and Namf_Communication_N2InfoTrigger service operation into one service operation. AMF can use the information in the request to decide if only downlink N1 message, only downlink N2 message or both shall be delivered. 
Proposal
The following changes to the TS 23.502 are proposed. 
[bookmark: _Toc476030922][bookmark: _Toc470196727]***** First Change *****
[bookmark: _Toc484168239][bookmark: OLE_LINK54][bookmark: OLE_LINK53]5.2.2	AMF Services
5.2.2.1	General
The following table illustrates the AMF Services.
Table 5.2.2.1-1: List of AMF Services
	Service Name
	Service Operations
	Known Consumer(s)
	Operation
Semantic
	Reference

	Namf_Communication
	UEContextTransfer
	Peer AMF
	Request/ Response
	Step 4 and 5 of clause 4.2.2.2.2.

	
	UERegistrationCompleteNotify
	Peer AMF
	Subscribe / Notify
	Step 10 of clause 4.2.2.2.2.

	
	N1MessageNotify
	SMF, SMSF, PCF, NEF
	Subscribe / Notify
	Step 3 clause 4.3.2.2.1.

	
	N1MessageSubscribe
	SMF, SMSF, PCF, NEF
	Subscribe / Notify
	Step 5a of clause 4.13.3.6.

	
	N1MessageUnSubscribe
	SMF, SMSF, PCF, NEF
	Subscribe / Notify
	Step 7 of clause 4.13.3.3.
Step 6c of clause 4.13.3.6.

	
	N1MessageTransferN1N2MessageDelivery
	SMF, SMSF, PCF, NEF
	Request/ Response
	Step 10 of clause 4.3.2.2.1.
Step 14 of lause 4.3.2.2.2.
Step 5a of clause 4.13.3.6.

	
	N2MessageTrigger
	SMF
	Request/ Response
	Step 4b of clause 4.2.3.2.

	
	N2InfoSubscribe
	SMF
	Subscribe / Notify
	Step 10 of clause 4.3.2.2.1.
Step 14 of clause 4.3.2.2.2.

	
	N2InfoUnSubscribe
	SMF
	Subscribe / Notify
	

	
	N2InfoNotify
	SMF
	Subscribe / Notify
	Step 14 of clause 4.3.2.2.1.
Step 18 of clause 4.3.2.2.2.
Step 9 of clause 4.2.3.2.

	Namf_EventExposure
	Subscribe
	NEF, SMF, PCF, UDM
	Subscribe / Notify
	Step 10 of clause 4.3.2.2.1.
Step 14 of clause 4.3.2.2.2.

	
	UnSubscribe
	NEF, SMF, PCF, UDM
	Subscribe / Notify
	

	
	Notify
	NEF, SMF, PCF, UDM
	Subscribe / Notify
	Step 4a of clause 4.2.3.2.
Step 3a of clause 4.2.3.3.


Editor's note:	Whether additional NF services can be identified or be decomposed from existing NF services are FFS.

[bookmark: _Toc484168241][bookmark: OLE_LINK78][bookmark: OLE_LINK77]5.2.2.2	Namf_Communication service
[bookmark: _Toc484168242]5.2.2.2.1	General
Service description: This service enables an NF to communicate with the UE through N1 NAS messages or 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 messages to the 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; and
-	UE information management and transfer (including its security context);
[bookmark: _Toc484168243]5.2.2.2.2	Namf_Communication_UEContextTransfer service operation
Service operation name: Namf_Communication_UEContextTransfer
Description: Provides the UE context to the consumer NF.
Known NF Consumers: Peer AMF
Inputs, Required: 5G-GUTI, 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.
See clause 4.2.2.2.2 step 4 and 5 for the details of usage of this service operation. As part of step 4, 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 in the Namf_Communication_UEContextTransfer response.
[bookmark: _Toc484168244]5.2.2.2.3	Namf_Communication_RegistrationCompleteNotify service operation
Service operation name: Namf_Communication_RegistrationCompleteNotify
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
Inputs, Required: 5G-GUTI, Reason.
Inputs, Optional: None.
Outputs, Required: None.
Outputs, Optional: None.
See clause 4.2.2.2.2 step 10 for the details of usage of this service operation. When the consumer NF (AMF) receives this notification, it marks the UE context information as inactive since the UE context has been successfully transferred to the peer NF and the UE has successfully registered there. The AMF sends a Namf_Communication_TransferComplete ack to the consumer NF.
[bookmark: _Toc484168245]5.2.2.2.4	Namf_Communication_N1MessageNotify service operation
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.
Inputs, Required: AMF ID, N1 Message(s)
Inputs, Optional: local time zone, UE's current location, AN type.
Outputs, Required: None.
Outputs, Optional: None.
See step 3 clause 4.3.2.2.1 for details of this service operation.
The destination NF type to be notified is determined based on one of the following:
-	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.
NOTE:	Whether notification Ack need a separate message or be realized in the transport layer will be determined in stage 3.
[bookmark: _Toc484168246]5.2.2.2.5	Namf_Communication_N1MessageSubscribe service operation
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
Inputs, Required: CN NF ID, N1 Message Type
Inputs, Optional:  None.
Outputs, Required: None.
Outputs, Optional: None.
See step 5a of clause 4.13.3.6 for details on the use of this service operation. This service operation is used along with Namf_Communication_N1MessageTransfer in this step to subscribe for the notification of SMS delivery ack message from UE.
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.
[bookmark: _Toc484168247]5.2.2.2.6	Namf_Communication_N1MessageUnSubscribe service operation
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
Inputs, Required: CN NF ID, N1 Message Type
Inputs, Optional:  None.
Outputs, Required: None.
Outputs, Optional: None.
See step 7 of clause 4.13.3.3 and step 6c of 4.13.3.6 for details on the use of this service operation.
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.
[bookmark: _Toc484168248]5.2.2.2.7	Namf_Communication_N1MessageTransfer N1N2MessageDelivery service operation
Service operation name: Namf_Communication_N1MessageTransferN1N2MessageDelivery.
Description: CN NF request to transfer downlink N1 or (and) N2message to the UE or (and) RAN through the AMF.
Known NF Consumers: SMF, SMSF, PCF, NEF
Inputs, Required: CN NF ID, Message Container (s), Routing information (e.g. PDU session ID)
Inputs, Optional:  UE ID, 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.
See step 10 of clause 4.3.2.2.1, step 14 of clause 4.3.2.2.2 and step 5a of clause 4.13.3.6 for details of this service operation. 
The consumer NF invokes the Namf_Communication_N1N2MessageDelivery service operation (CN NF ID, RAN Node ID (optional), UE ID (optional), PDU Session ID (optional), N1 or (and) N2 message type, Information needed for N1 or (and) N2 message) on the AMF. The AMF transfer, or forms the N1 and N2 message using the information provided by the consumer NF and sends the N1 or (and) N2 message to the UE or (and) RAN. If the UE ID is not included the N2 message to be formed is not UE specific.
If the AMF does not have a N1 or N2 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 clause 4.2.3.4. The AMF responds to the consumer NF, with a Namf_Communication_N1N2MessageTransfer response, providing a result indication of whether the AMF was able to successfully transfer the N1 or (and) message towards the UE or RAN.
NOTE:	Whether an explicit subscription (Namf_Communication_N1MessageSubscribe, or Namf_Communication_N2MessageSubscribe) for the N1 or N2 response message type needs to piggyback Namf_Communication_N1MessageTransfer N1N2MessageDelivery service operation invocation will be determined in stage 3.

[bookmark: _Toc484168249]5.2.2.2.8	Namf_Communication_N2MessageTrigger service operation
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.
Known NF Consumers: SMF
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: Result indication.
Outputs, Optional: None.
See step 4b of clause 4.2.3.2 for details on the usage of this service operation. The following are the sequence of actions that happen when this service operation is invoked.
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.
2.	The AMF responds to the consumer NF indicating the whether the N2 message is successfully sent towards the AN or not.
[bookmark: _Toc484168250]5.2.2.2.9	Namf_Communication_N2InfoSubscribe service operation
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 (e.g notification of SMF about N3 tunnel setup information and path switch requests).
Known NF Consumers: SMF, NEF.
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.
See step 10 of clause 4.3.2.2.1 and step 14 of clause 4.3.2.2.2 for details of this service operation. Along with transferring SM NAS message to UE using the Namf_Communication_N1MessageTransfer service operation, the SMF subscribes with AMF to get notified about the N3 tunnel setup information from the AN.
[bookmark: _Toc484168251]5.2.2.2.10	Namf_Communication_N2InfoUnsubscribe service operation
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
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.
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.
[bookmark: _Toc484168252]5.2.2.2.11	Namf_Communication_N2InfoNotify service operation
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
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.
See step 14 of clause 4.3.2.2.1, step 18 of clause 4.3.2.2.2 and step 9 of clause 4.2.3.2 for details on this service operation.

***** End of 1st Change *****
***** 2nd Change *****

[bookmark: _Toc484168297]5.2.8	SMF services
[bookmark: _Toc484168298]5.2.8.1	General
The following table illustrates the SMF Services.
Table 5.2.8.1-1: NF Services provided by the SMF
	Service Name
	Service Operations
	Known Consumer(s)
	Operation
Semantic
	Reference

	Nsmf_PDUSession
	Create
	V-SMF
	Request/ Response
	Step 6 of clause 4.3.2.2.2.

	
	Update
	V-SMF
	Request/ Response
	

	
	Release
	V-SMF
	Request/ Response
	Step 1a of clause 4.3.4.3.

	
	ResourceInfoForAN
	AMF
	Request/
Response
	Step 2 and 6 of clause 4.9.1.2.2, Step 4 and 8 of clause 4.2.3.2

	
	AMFChangehandler
	AMF
	Request/Response
	Step 18 and 19 of clause 4.2.2.2

	Nsmf_EventExposure
	Subscribe
	PCF, NEF
	Subscribe / Notify
	Step 8 of clause 4.3.2.2.

	
	UnSubscribe
	PCF, NEF
	Subscribe / Notify
	Step 8 of clause 4.3.2.2.

	
	Notify
	PCF, NEF
	Subscribe / Notify
	Step 1b and step 2 of clause 4.3.3.2.



Editor's note:	Whether additional NF services can be identified or be decomposed from existing NF services are FFS.
[bookmark: _Toc484168299]5.2.8.2	Nsmf_PDUSession Service
[bookmark: _Toc484168300]5.2.8.2.1	General
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. 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;
-	Providing PDU session resource info needed for user plane setup in 5G AN;
-	Handle AMF change
-	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.
[bookmark: _Toc484168301]5.2.8.2.2	Nsmf_PDUSession_Create service operation
Service operation name: Nsmf_PDUSession_Create
Description: Create a new PDU session in the H-SMF.
Known NF Consumers: V-SMF.
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 clause 4.
See step 6 of clause 4.3.2.2.2 for details on the usage of this service operation.
[bookmark: _Toc484168302]5.2.8.2.3	Nsmf_PDUSession_Update service operation
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.
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.
Editor's note:	Once clause 4.3.3 is updated with PDU modification for home routed roaming case, update the reference to that call flow here.
[bookmark: _Toc484168303]5.2.8.2.4	Nsmf_PDUSession_Release service operation
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.
Inputs, Required: PDU session ID.
Inputs, Optional: UE location information, AN type.
Outputs, Required: Result Indication.
Outputs, Optional: None.
See step 1a of clause 4.3.4.3 for details on the use of this service operation.
5.2.8.2.x	Nsmf_PDUSession_ResourceInfoForAN service operation
Service operation name: Nsmf_PDUSession_ResourceInfoForAN
Description: providing SM related info for user plane setup in RAN.
Known NF Consumers:  AMF.
Inputs, Required: PDU session ID.
Inputs, Optional: UE location information, AN type.
Outputs, Required: Result Indication, Authorized QoS Rule, CN Tunnel Information .
Outputs, Optional: None.
See step 2 and 6 of clause 4.9.1.2.2 for details on the use of this service operation.

5.2.8.2.y	Nsmf_PDUSession_AMFChange service operation
Service operation name: Nsmf_PDUSession_AMFChange
Description: handle AMF change of the PDU session
Known NF Consumers: AMF
Inputs, Required: AMF ID, Session ID for UE towards the NF (e.g PDU Session ID), N1 Message(s)
Inputs, Optional: local time zone, UE's current location, AN type.
Outputs, Required: None.
Outputs, Optional: None.
See step 18 and 19 of clause 4.2.2.2 for details of this service operation.

***** End of 2nd Change *****
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