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1 Introduction

This paper discuss Reset on the NG interface with NG-RAN consideration. The discussion is in particular focusing on the scenario that there is a SMF crash and to only reset the impacted PDU sessions. In LTE it is only possible to reset the entire S1 interface or a list of UE contexts. 
2 Discussion 
2.1 SMF crash

The 5GC has been structured into an AMF, SMF and UPF. There may be different SMFs controlling different PDU sessions. AMF acts as a common function for a UE that uses multiple services and SMFs. The AMF has very little data about PDU sessions in its UE context [1]. There is a separation between UE context in AMF and PDU session context in SMF. 
An SMF crash may imply that the PDU session contexts are gone and needs to be reset in gNBs. Loss of PDU session information in SMF should be expected. The AMF cannot re-establish the PDU sessions. 
Observation 1: AMF cannot recover PDU sessions after a loss of PDU session context at SMF crash.
The reset tool is for the purpose to inform about a failure event, which has resulted in the loss of some (or all) transaction reference information. 

Let assume that an SMF crashes:

Alternative 1: If the AMF uses reset and indicates the UE contexts to be reset over NG interface then all indicated UEs will be deleted from RAN and their DRBs will be deleted as well. UEs that uses multiple PDU sessions may have some PDU sessions controlled in some other SMF that has no issues. Thus a reset would lead to deleting of sessions that were not affected by the SMF crash.
Alternative 2: If AMF uses a reset that indicates the PDU sessions that were impacted then RAN will delete only the impacted sessions. AMF can send one message to RAN and RAN can confirm directly and can clean up locally immediately after. The AMF knows the PDU sessions that are associated to an SMF and the PDU session IDs are part of the UE context in the AMF.
Alternative 3: If AMF wants to send a PDU session release message for each UE context that is impacted by the failure: PDU SESSION RESOURCE RELEASE COMMAND from AMF to gNB, then multiple messages that are not intended for failure handling need to be sent to relevant RAN node or nodes. An SMF crash will affect many PDU sessions of multiple UEs creating potentially a huge amount of messages. 3GPP ought to enable a more efficient service isolation for failure handling over NG interface. 
Observation 2: Loss of PDU session context in the SMF due to SMF crash would benefit from deleting only the lost sessions in RAN by a reset procedure.
2.2 gNB

The gNB may also have common UE context storage but specific PDU session context storage to achieve different service requirements. The benefit with this separation is that PDU session failures become independent. The failures becomes independent if only impacted PDU sessions are released in 5GC. 
Observation 3: The system would also benefit of the gNB being able to reset PDU sessions.
3 Solution proposal
Among the two options given in [2] we propose to go for alternative b). This implies a reset solution that indicates a list of UE contexts and which PDU session IDs in each UE context that should be reset. This is a most flexible solution and supports clean up after SMF crash best.
We propose:

Proposal 1: NG reset should be able to indicate a list of UE contexts and which PDU sessions for each UE context that should be reset.

We also propose the same reset support over F1 and Xn interface so that RAN can delete the PDU sessions that AMF has requested to be reset.

Proposal 2: F1 reset and Xn reset should be able to indicate a list of UE contexts and which PDU sessions for each UE context that should be reset.
Conclusion 
In this paper, we have discussed the NG reset procedure. 
Observation 1: AMF cannot recover PDU sessions after a loss of PDU session context at SMF crash.
Observation 2: Loss of PDU session context in the SMF due to SMF crash would benefit from deleting only the lost sessions in RAN by a reset procedure.

Observation 3: The system would also benefit of the gNB being able to reset PDU sessions.
We propose a reset solution that indicates a list of UE contexts and which PDU session IDs in each UE context that should be reset. This is a most flexible solution and supports clean up after SMF crash best.
We propose:
Proposal 1: NG reset should be able to indicate a list of UE contexts and which PDU sessions for each UE context that should be reset.

Proposal 2: F1 reset and Xn reset should be able to indicate a list of UE contexts and which PDU sessions for each UE context that should be reset.
A TP for NG reset update is provided below.
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5 Text proposal
Beginning of Text Proposal to TS 38.413
8.7.4
NG Reset

Editor’s Note:
Further details are FFS.

8.7.4.1
General

The purpose of the NG Reset procedure is to initialise or re-initialise the RAN, or part of RAN NGAP UE-related contexts, in the event of a failure in the 5GC or vice versa. This procedure does not affect the application level configuration data exchanged during, e.g., the NG Setup procedure. The procedure uses non-UE associated signalling.

8.7.4.2
Successful Operation

8.7.4.2.1
NG Reset initiated by the AMF


[image: image1.emf]NG-RAN node

NG RESET

NG RESET ACKNOWLEDGE

AMF


Figure 8.7.4.2.1-1: NG reset initiated by the AMF: successful operation

In the event of a failure at the AMF or SMF which has resulted in the loss of some or all transaction reference information, an NG RESET message shall be sent to the NG-RAN node.

If the NG RESET message contains the Reset All IE or the UE-associated logical NG-connection list IE, then:
· At reception of the NG RESET message the NG-RAN node shall release all allocated resources on NG and Uu related to the UE association(s) indicated explicitly or implicitly in the NG RESET message and remove the indicated UE contexts including NGAP ID.
· After the NG-RAN node has released all assigned NG resources and the UE NGAP IDs for all indicated UE associations which can be used for new UE-associated logical NG-connections over the NG interface, the NG-RAN node shall respond with the NG RESET ACKNOWLEDGE message. The NG-RAN node does not need to wait for the release of radio resources to be completed before returning the NG RESET ACKNOWLEDGE message.

If the NG RESET message contains the UE-associated Logical NG-connection List IE, then:

-
The NG-RAN node shall use the AMF UE NGAP ID IE and/or the RAN UE NGAP ID IE to explicitly identify the UE association(s) to be reset.

-
The NG-RAN node shall include in the NG RESET ACKNOWLEDGE message, for each UE association to be reset, the UE-associated Logical NG-connection Item IE in the UE-associated Logical NG-connection List IE. The UE-associated Logical NG-connection Item IEs shall be in the same order as received in the NG RESET message and shall include also unknown UE-associated logical NG-connections. Empty UE-associated Logical NG-connection Item IEs, received in the NG RESET message, may be omitted in the NG RESET ACKNOWLEDGE message.

-
If the AMF UE NGAP ID IE is included in the UE-associated Logical NG-connection Item IE for a UE association, the NG-RAN node shall include the AMF UE NGAP ID IE in the corresponding UE-associated Logical NG-connection Item IE in the NG RESET ACKNOWLEDGE message.

-
If the RAN UE NGAP ID IE is included in the UE-associated Logical NG-connection Item IE for a UE association, the NG-RAN node shall include the RAN UE NGAP ID IE in the corresponding UE-associated Logical NG-connection Item IE in the NG RESET ACKNOWLEDGE message.

If the NG RESET message contains the PDU session-context list IE, then: 

· The NG-RAN shall use the AMF UE NGAP ID IE, the RAN UE NGAP ID IE and PDU session ID IE to explicitly identify the PDU sessions to be reset. The NG-RAN shall release all allocated resources on NG and Uu related to the identified PDU sessions.

· The NG-RAN shall respond with the NG RESET ACKNOWLEDGE message, and include for each PDU session to be reset, the PDU session-context Item IE in the PDU session-context list IE. The PDU session-context Item IEs shall be in the same order as received in the NG RESET message and shall include also unknown PDU sessions.
Interactions with other procedures:
If the NG RESET message is received, any other ongoing procedure (except for another NG Reset procedure) on the same NG interface related to a UE association, indicated explicitly or implicitly in the NG RESET message, shall be aborted.

8.7.4.2.2
NG Reset initiated by the NG-RAN node
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Figure 8.7.4.2.2-1: NG reset initiated by the NG-RAN node: successful operation

In the event of a failure at the NG-RAN node which has resulted in the loss of some or all transaction reference information, an NG RESET message shall be sent to the AMF.

If the NG RESET message contains the Reset All IE or the UE-associated logical NG-connection list IE, then:
· At reception of the NG RESET message the AMF shall release all allocated resources on NG related to the UE association(s) indicated explicitly or implicitly in the NG RESET message and remove the NGAP ID for the indicated UE associations.

· After the AMF has released all assigned NG resources and the UE NGAP IDs for all indicated UE associations which can be used for new UE-associated logical NG-connections over the NG interface, the AMF shall respond with the NG RESET ACKNOWLEDGE message.

If the NG RESET message contains the UE-associated Logical NG-connection List IE, then:

-
The AMF shall use the AMF UE NGAP ID IE and/or the RAN UE NGAP ID IE to explicitly identify the UE association(s) to be reset.

-
The AMF shall include in the NG RESET ACKNOWLEDGE message, for each UE association to be reset, the UE-associated Logical NG-connection Item IE in the UE-associated Logical NG-connection List IE. The UE-associated Logical NG-connection Item IEs shall be in the same order as received in the NG RESET message and shall include also unknown UE-associated logical NG-connections. Empty UE-associated Logical NG-connection Item IEs, received in the NG RESET message, may be omitted in the NG RESET ACKNOWLEDGE message.

-
If the AMF UE NGAP ID IE is included in the UE-associated Logical NG-connection Item IE for a UE association, the AMF shall include the AMF UE NGAP ID IE in the corresponding UE-associated Logical NG-connection Item IE in the NG RESET ACKNOWLEDGE message.

-
If the RAN UE NGAP ID IE is included in a UE-associated Logical NG-connection Item IE for a UE association, the AMF shall include the RAN UE NGAP ID IE in the corresponding UE-associated Logical NG-connection Item IE in the NG RESET ACKNOWLEDGE message.

If the NG RESET message contains the PDU session-context list IE, then: 

· The AMF shall use the AMF UE NGAP ID IE, the RAN UE NGAP ID IE and PDU session ID IE to explicitly identify the PDU sessions to be reset. The AMF shall release all allocated resources in 5GC related to the identified PDU sessions.
· The AMF shall respond with the NG RESET ACKNOWLEDGE message, and include for each PDU session to be reset, the PDU session-context Item IE in the PDU session-context list IE. The PDU session-context Item IEs shall be in the same order as received in the NG RESET message and shall include also unknown PDU sessions.
Interactions with other procedures:

If the NG RESET message is received, any other ongoing procedure (except for another NG Reset procedure) on the same NG interface related to a UE association, indicated explicitly or implicitly in the NG RESET message, shall be aborted.

8.7.4.3
Unsuccessful Operation

Not applicable.

8.7.4.4
Abnormal Conditions

8.7.4.4.1
Abnormal Condition at the 5GC

If the NG RESET message includes the UE-associated Logical NG-connection List IE, but neither the AMF UE NGAP ID IE nor the RAN UE NGAP ID IE is present for a UE-associated Logical NG-connection Item IE, then the AMF shall ignore the UE-associated Logical NG-connection Item IE. The AMF may return the empty UE-associated Logical NG-connection Item IE in the UE-associated Logical NG-connection List IE in the NG RESET ACKNOWLEDGE message.

8.7.4.4.2
Abnormal Condition at the NG-RAN

If the NG RESET message includes the UE-associated Logical NG-connection List IE, but neither the AMF UE NGAP ID IE nor the RAN UE NGAP ID IE is present for a UE-associated Logical NG-connection Item IE, then the NG-RAN node shall ignore the UE-associated Logical NG-connection Item IE. The NG-RAN node may return the empty UE-associated Logical NG-connection Item IE in the UE-associated Logical NG-connection List IE in the NG RESET ACKNOWLEDGE message.

8.7.4.4.3
Crossing of NG RESET Messages

If an NG Reset procedure is ongoing in the NG-RAN node and the NG-RAN node receives an NG RESET message from the peer entity on the same NG interface related to one or several UE associations previously requested to be reset, indicated explicitly or implicitly in the received NG RESET message, the NG-RAN node shall respond with the NG RESET ACKNOWLEDGE message as described in 8.7.4.2.1.
If an NG Reset procedure is ongoing in the AMF and the AMF receives an NG RESET message from the peer entity on the same NG interface related to one or several UE associations previously requested to be reset, indicated explicitly or implicitly in the received NG RESET message, the AMF shall respond with the NG RESET ACKNOWLEDGE message as described in 8.7.4.2.2.

<<<<<<<<<<<<<<<<<<<< Next Text Proposal >>>>>>>>>>>>>>>>>>>>
9.2.6.11
NG RESET

This message is sent by both the NG-RAN node and the AMF to request that the NG interface, or parts of the NG interface, be reset.

Direction: NG-RAN node ( AMF and 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

	Cause
	M
	
	9.3.1.2
	
	YES
	ignore

	CHOICE Reset Type
	M
	
	
	
	YES
	reject

	>NG interface
	
	
	
	
	
	

	>>Reset All
	M
	
	ENUMERATED (Reset all, …)
	
	-
	

	>Part of NG interface
	
	
	
	
	
	

	>>UE-associated Logical NG-Connection List
	
	1
	
	
	-
	

	>>>UE-associated Logical NG-Connection Item
	
	1..<maxnoofNGConnectionsToReset>
	
	
	EACH
	reject

	>>>>AMF UE NGAP ID
	O
	
	9.3.3.1
	
	-
	

	>>>>RAN UE NGAP ID
	O
	
	9.3.3.2
	
	-
	

	>NG PDU session contexts
	
	
	
	
	
	

	>>PDU session-context list
	
	1
	
	
	-
	

	>>>PDU session-context Item
	
	1 .. <maxnoofIndividualPDUsessionsToReset>
	
	
	EACH
	reject

	>>>>AMF UE NGAP ID
	M
	
	9.3.3.1
	
	-
	

	>>>>RAN UE NGAP ID
	M
	
	9.3.3.2
	
	-
	

	>>>>PDU Session ID
	M
	
	9.3.1.50
	
	-
	


	Range bound
	Explanation

	maxnoofNGConnectionsToReset
	Maximum no. of UE-associated logical NG-connections allowed to reset in one message. Value is FFS.

	maxnoofIndividualPDUSessionsToReset
	Maximum no. of PDU sessions allowed to reset in one message. Value is FFS.


9.2.6.12
NG RESET ACKNOWLEDGE

This message is sent by both the NG-RAN node and the AMF as a response to an NG RESET message.

Direction: NG-RAN node ( AMF and 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-associated Logical NG-Connection List
	
	0..1
	
	
	YES
	ignore

	>UE-associated Logical NG-Connection Item
	
	1..<maxnoofNGConnectionsToReset>
	
	
	EACH
	ignore

	>>AMF UE NGAP ID
	O
	
	9.3.3.1
	
	-
	

	>>RAN UE NGAP ID
	O
	
	9.3.3.2
	
	-
	

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	ignore

	PDU session-context list
	
	0..1
	
	
	-
	

	>PDU session-context Item
	
	1 .. <maxnoofIndividualPDUsessionsToReset>
	
	
	EACH
	reject

	>>AMF UE NGAP ID
	M
	
	9.3.3.1
	
	-
	

	>>RAN UE NGAP ID
	M
	
	9.3.3.2
	
	-
	

	>>PDU Session ID
	M
	
	9.3.1.50
	
	-
	


	Range bound
	Explanation

	maxnoofNGConnectionsToReset
	Maximum no. of UE-associated logical NG-connections allowed to reset in one message. Value is FFS.

	maxnoofIndividualPDUSessionsToReset
	Maximum no. of PDU sessions allowed to reset in one message. Value is FFS.


End of Text Proposal to TS 38.413
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