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1
Introduction
Last SA2 meeting agreed to support AMF management. This contribution discusses how to support AMF management in NGAP.

2 Discussion
According to SA2 TS23.501 (), an existing AMF can be removed from an AMF set and association between AMF and GUAMI can be updated. The detailed behavior is slightly different dependent on whether UDSF is deployed. 
· Scenario 1: UDSF is deployed in the network
An AMF shall be able to notify the gNB that the corresponding AMF identified by GUAMI(s) is unavailable for processing UE transactions. 

For CONNECTED UEs: 

· When the instruction from AMF includes an indicator that the AMF will release the NGAP UE associations on a per UE-basis for UE(s) in CONNECTED mode if the gNB supports timer mechanism, the gNB starts a timer to control the NGAP UE association release. When the AMF send the instruction to the NG-RAN node, the AMF may also require the NG-RAN node to release the NGAP UE associations for those UEs that do not have ongoing N1 transaction. 
+ For the duration of the timer or until the AMF releases the NGAP UE association, the gNB continues to use current AMF for subsequent NGAP transactions. 
+ Upon timer is expired, or the gNB receives the NGAP UE association release for a specific UE, the gNB releases the NGAP UE association with the corresponding AMF for the respective UE, while maintaining N3 (user plane connectivity) and UE context information. 

· When the instruction from AMF does not include the indicator for UE in CONNECTED mode, the gNB release the NGAP UE association(s) with the corresponding AMF for the respective UE(s), while maintaining N3 (user plane connectivity) and UE context information. 
· For subsequent gNB initiated NGAP procedures for a specific UE, the gNB should select a different AMF from the same AMF set.
For IDLE UEs: 
· When the UE returns from IDLE, the gNBs may find the AMF pointed by the 5G S-TMSI or GUAMI is marked unavailable, the gNB should select a different AMF from the same AMF set and forward the initial NAS message. 
· Scenario 2: UDSF is not deployed in the network.
An AMF shall be able to notify the gNB that it will be unavailable for processing UE transactions by including GUAMI(s) configured on this the AMF and its corresponding target AMF(s). The target AMF shall be able to update the gNB that the old GUAMI(s) is now served by target AMF, e.g. AMF Configuration Update procedure.  
For CONNECTED UEs: (Same as Scenario 1)
· When the instruction from AMF includes an indicator that the AMF will release the NGAP UE associations on a per UE-basis for UE(s) in CONNECTED mode if the gNB supports timer mechanism, the gNB starts a timer to control the NGAP UE association release. 

+ For the duration of the timer or until the AMF releases the NGAP UE association, the gNB continues to use current AMF for subsequent NGAP transactions. 
+ Upon timer is expired, or the gNB receives the NGAP UE association release for a specific UE, the gNB releases the NGAP UE association with the corresponding AMF for the respective UE, while maintaining N3 (user plane connectivity) and UE context information. 

· When the instruction from AMF does not include the indicator for UE(s) in CONNECTED mode, the gNB release the NGAP UE association(s) with the corresponding AMF for the respective UE(s), while maintaining N3 (user plane connectivity) and UE context information. 

· For subsequent gNB initiated NGAP procedures for a specific UE, the gNB should select a different AMF from the same AMF set.
For IDLE UEs: (Same as Scenario 1)
· When the UE returns from IDLE, the gNBs may find the AMF pointed by the 5G S-TMSI or GUAMI is marked unavailable, the gNB should select a different AMF from the same AMF set and forward the initial NAS message.
So in a summary, the AMF management requires 
· a NGAP function to inform the gNB that an AMF will be unavailable. The NGAP message includes the GUAMI(s) to identify the AMF. The NGAP message may include an optional Indicator indicating whether AMF initiates per-UE association release, and information of target AMF(s) (for no-UDSF deployment). 
· a NGAP function to inform the gNB to release the UE association for a specific UE, while maintaining the user plane connectivity and UE context information. 

2.1
NGAP function for AMF unavailable
There are two options to implement this NGAP function:

· Option 1a: introduce a new NGAP procedure, e.g. AMF Status Indication procedure. 

This is a clean solution. The NGAP AMF STATUS INDICATION message includes 
· GUAMI to identify the AMF








Mandatory 
· AMF Unavailable











Mandatory
· Indicator for per-UE association release
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· GUAMI to identify target AMF








Optional – only for no-UDSF deployment
· Option 1b: enhance current AMF Configuration Update procedure
The AMF CONFIGURATION UPDATE message needs to include
· GUAMI to identify the AMF








Mandatory 
· AMF Unavailable











Mandatory
· Indicator for per-UE association release





Optional

· GUAMI to identify target AMF







Optional – only for no-UDSF deployment

However, the AMF Configuration Update procedure does not align with the scenario here. 1) Current AMF Configuration Update procedure “does not affect existing UE-related contexts.” But the AMF unavailable scenario  here does affect the UE context. 2). current AMF Configuration Update procedure is to update application level configuration data. Informing gNB that an AMF will be unavailable is quite different to update application level configuration data. For these reasons, it is better to use a new procedure, i.e. Option 1a.
Proposal 1: Introduce a new NGAP procedure to inform gNB that an AMF will be unavailable. 
2.2
NGAP function for release UE association

The release is per UE basis. There are two options:
· Option 2a: introduces a new NGAP procedure, i.e. UE NGAP Association Release procedure 
This is a cleaner solution. The UE NGAP ASSOCIATION RELEASE message includes
· gNB/AMF NGAP UE ID to identify the UE. 
Alternatively, the UE NGAP ASSOCIATION RELEASE message may include a list of gNB/AMF NGAP UE ID to identify a list of UEs. Considering the number of CONNECTED UE to be affected, this may be a better solution.
· Option 2b: enhance current UE Context Modification procedure by adding a new UE NGAPAssociation Release indicator. 
Upon the gNB receives the UE CONTEXT MODIFICATION REQUEST message including the UE-NGAP Association Release IE, the gNB NGAP release the UE associationwith the corresponding AMF, while maintaining N3 (user plane connectivity) and UE context information.
Proposal 2: Introduce a new NGAP procedure to remove the UE association for a list of UEs
3
Conclusions
In this paper, we analyzed the support for AMF management in NGAP. Our proposal is:
Proposal 1: Introduce a new NGAP procedure to inform gNB that an AMF will be unavailable. 
Proposal 2: Introduce a new NGAP procedure to remove the UE association for a list of UEs
The proposed Stage-3 TP can be found at the end of this contribution.
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Stage-3 TP

8.1
List of NGAP Elementary Procedures
In the following tables, all EPs are divided into Class 1 and Class 2 EPs (see subclause 3.1 for explanation of the different classes):

Table 8.1-1: Class 1 procedures

	Elementary Procedure
	Initiating Message
	Successful Outcome
	Unsuccessful Outcome

	
	
	Response message
	Response message

	AMF Configuration Update
	AMF CONFIGURATION UPDATE
	AMF CONFIGURATION UPDATE ACKNOWLEDGE
	AMF CONFIGURATION UPDATE FAILURE

	RAN Configuration Update
	RAN CONFIGURATION UPDATE
	RAN CONFIGURATION UPDATE ACKNOWLEDGE
	RAN CONFIGURATION UPDATE FAILURE

	Handover Cancellation
	HANDOVER CANCEL
	HANDOVER CANCEL ACKNOWLEDGE
	

	Handover Preparation
	HANDOVER REQUIRED
	HANDOVER COMMAND
	HANDOVER PREPARATION FAILURE

	Handover Resource Allocation
	HANDOVER REQUEST
	HANDOVER REQUEST ACKNOWLEDGE
	HANDOVER FAILURE

	Initial Context Setup
	INITIAL CONTEXT SETUP REQUEST
	INITIAL CONTEXT SETUP RESPONSE
	INITIAL CONTEXT SETUP FAILURE

	NG Reset
	NG RESET
	NG RESET ACKNOWLEDGE
	

	NG Setup
	NG SETUP REQUEST
	NG SETUP RESPONSE
	NG SETUP FAILURE

	Path Switch Request
	PATH SWITCH REQUEST
	PATH SWITCH REQUEST ACKNOWLEDGE
	PATH SWITCH REQUEST FAILURE

	PDU Session Resource Modify
	PDU SESSION RESOURCE MODIFY REQUEST
	PDU SESSION RESOURCE MODIFY RESPONSE
	

	PDU Session Resource Modify Indication
	PDU SESSION RESOURCE MODIFY INDICATION
	PDU SESSION RESOURCE MODIFY CONFIRM
	

	PDU Session Resource Release
	PDU SESSION RESOURCE RELEASE COMMAND
	PDU SESSION RESOURCE RELEASE RESPONSE
	

	PDU Session Resource Setup
	PDU SESSION RESOURCE SETUP REQUEST
	PDU SESSION RESOURCE SETUP RESPONSE
	

	UE Context Modification
	UE CONTEXT MODIFICATION REQUEST
	UE CONTEXT MODIFICATION RESPONSE
	UE CONTEXT MODIFICATION FAILURE

	UE Context Release
	UE CONTEXT RELEASE COMMAND
	UE CONTEXT RELEASE COMPLETE
	

	NGAP Association Release
	NGAP ASSOCIATION RELEASE REQUEST
	NGAP ASSOCIATION RELEASE ACKNOWLEDGE
	

	AMF Status Indication
	AMF STATUS INDICATION
	AMF STATUS INDICATION ACKNOWLEDGE
	


8.7.x
NGAP Association Release
8.7.x.1
General

The purpose of the NGAP Association Release procedure is to ask NG-RAN node to release the NGAP UE association, while request the NG-RAN node to maintain NG-U (user plane connectivity) and UE context information. The procedure uses non-UE associated signalling.

8.7.x.2
Successful Operation
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Figure 8.7.x.2-1: NGAP Association Release procedure. Successful operation.

At reception of the NGAP ASSOCIATION RELEASE REQUEST message, the NG-RAN node shall release the NGAP UE association related to the UEs indicated in the NGAP ASSOCIATION RELEASE REQUEST message. The NG-RAN node shall keep the NG-U (user plane connectivity) and UE context information for those UEs.

After the NG-RAN node has released the NGAP UE association for all indicated UEs, the NG-RAN node shall respond with the NGAP ASSOCIATION RELEASE ACKNOWLEDGE message.

Interactions with other procedures:
If the NGAP ASSOCIATION RELEASE REQUEST message is received, any other ongoing procedure (except for Reset procedure or another NGAP Association Release procedure) on the same NG interface related to a UE indicated in the NGAP ASSOCIATION RELEASE REQUEST message, shall be aborted.

8.7.x.3
Unsuccessful Operation
Not applicable.
8.7.x.4
Abnormal Conditions

Not applicable.
8.7.y
AMF Status indication
8.7.y.1
General

The purpose of the AMF Status Indication procedure is to inform the NG-RAN node about the AMF’s status, e.g. the AMF will be unavailable. The procedure uses non-UE associated signalling.

8.7.y.2
Successful Operation
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Figure 8.7.Y.2-1: AMF Status Indication procedure. Successful operation.

At reception of the AMF STATUS INDICATION message, the NG-RAN node shall consider the AMF status for further NGAP transaction. If the AMF Status IE is set to “unavailable”, 
· The NG-RAN node shall consider that the AMF indicated by the GUAMI IE will be unavailable, and act as defined in TS23.501([xx]). If the Target GUAMI IE is included in the message, the NG-RAN node may use it as defined in TS23.501 ([xx]). 

· If the UE List IE is included in the AMF UNAVAILABLE message, the NG-RAN node shall release the NGAP UE association related to the UEs indicated in the AMF UNAVAILABLE message. The NG-RAN node shall keep the NG-U (user plane connectivity) and UE context information for those UEs.

The NG-RAN node shall reply with AMF STATUS INDICATION ACKNOWLEDGE message to the AMF.
8.7.x1.3
Unsuccessful Operation
Not applicable.
8.7.x1.4
Abnormal Conditions

Not applicable.
9.2.6.a
NGAP ASSOCIATION RELEASE REQUEST 
This message is sent by the AMF to inform the NG-RAN node to release the NGAP UE association.
Direction: AMF ( NG-RAN node
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	UE List 
	
	1 .. <maxnoofConnectedUEs>
	
	
	YES
	reject

	>UE-associated logical NG-connection Item
	
	
	
	
	EACH
	reject

	>>AMF UE NGAP ID
	O
	
	9.2.3.3
	
	-
	

	>>RAN UE NGAP ID
	O
	
	9.2.3.4
	
	-
	


	Range bound
	Explanation

	maxnoofConnectedUEs
	Maximum no. of Connected UEs allowed to release UE association in one message. Value is FFS.


9.2.6.b
NGAP ASSOCIATION RELEASE ACKNOWLEDGE

This message is sent by NG-RAN node as a response to a NGAP ASSOCIATION RELEASE REQUEST message.

Direction: NG-RAN node ( AMF.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	Criticality Diagnostics
	O
	
	
	
	YES
	ignore


9.2.6.c
AMF STATUS INDICATION
This message is sent by the AMF to inform the NG-RAN node about the AMF status.
Direction: AMF ( NG-RAN node
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	GUAMI
	M
	
	
	
	YES
	reject

	AMF Status
	M
	
	ENUMERATED (unavailable, …)
	
	YES
	reject

	UE Association Release Indicator
	O
	
	
	
	YES
	Ignore

	Target GUAMI
	O
	
	
	
	YES
	ignore

	UE List 
	
	1 .. <maxnoofConnectedUEs>
	
	
	YES
	reject

	>UE-associated logical NG-connection Item
	
	
	
	
	EACH
	reject

	>>AMF UE NGAP ID
	O
	
	9.2.3.3
	
	-
	

	>>RAN UE NGAP ID
	O
	
	9.2.3.4
	
	-
	


	Range bound
	Explanation

	maxnoofConnectedUEs
	Maximum no. of Connected UEs allowed to release UE association in one message. Value is FFS.


9.2.6.d
AMF STATUS INDICATION ACKNOWLEDGE
This message is sent by NG-RAN node as a response to a AMF STATUS INDICATION message.

Direction: NG-RAN node ( AMF.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	Criticality Diagnostics
	O
	
	
	
	YES
	ignore


_1567941820.vsd
NG-RAN node


AMF


NGAP ASSOCIATION RELEASE REQUEST


NGAP ASSOCIATION RELEASE ACKNOWLEDGE



_1568011313.vsd
NG-RAN node


AMF


AMF STATUS INDICATION


AMF STATUS INDICATION ACKNOWLEDGE



