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Introduction
SA2 has discussed and agreed the concept of AMF relocation to select the appropriate slice or AMF to serve a UE. RAN3 so far has not addressed AMF reallocation except to blindly copy the NAS Redirect message when grabbing relevant procedures from 36.413. The discussion in SA2 was around two methods that involve RAN3, the first method (option A) transfers the NAS registration message from the initial AMF to the target AMF directly, the second method (option B) involves returning the NAS registration message to RAN with enough information so that the RAN can send to the correct target AMF. The figure below is the message sequence chart in TS 23.502 section 4.2.2.2.3:


Discussion
When SA2 discussed this issue during the study item and work item, the two methods shown above were agreed to be included. Method A is a forwarding of the UE’s message from an initial AMF to the target AMF, and Method B is forwarding the message back through the RAN in a known method that copies what was done in LTE for DECOR. Among the advantages discussed for Method A is that the AMF can be changed with some knowledge whether registration can succeed in the Target AMF. 
Method A has been implemented in CT4 TS 29.518 (for message exchange 7a in the above message flow) and both methods are transparent to CT1 and RAN2, so this AMF relocation only affects RAN3. 
RAN3 Impacts for AMF Reallocation
Method B:
This method is basically reusing the Reroute NAS message from S1AP used for DECOR in LTE. The only thing to verify is whether the current message has all of the parameters so that the RAN node can reroute to the correct AMF based on slice selection. This is not addressed further in this paper
Method A:
There are 3 ways for the RAN to process the changing of target AMF when it is changed via AMF-AMF messaging.
A-1 (Downlink NAS Transport/ Initial UE Context Setup directly from Target AMF)	A Downlink NAS Transport message from the target AMF to the RAN is sent when an NAS message needs to be sent during a normal registration, for example an Identity Request, or a registration response. 
The below message flow from the gNB’s perspective on what the flow would look like, there is of course AMF-AMF signalling between the INITIAL UE MESSAGE to the Initial AMF and the Downlink Message from the target AMF
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Since the Initial UE message was sent to the initial AMF and the downlink NAS transport was received from the target AMF it is likely that this will be problematic. In this case only some text in Downlink NAS Transport would probably need to clarified that the Initial UE message can come from another AMF, the current text may only hint at that, therefore we aren’t considering this a solution to the problem.
Options A-2 and A-3 depend on a new class 1 procedure to implement the redirection; it is class 1 because it is important to have a confirmation that procedure was executed.
A-2 (New AMF initiated Redirection message which establishes mapping of NGAP IDs) -New class 1 procedure that establishes the UE context like is done in downlink NAS transport/Initial Context Setup, but allow for a modification of the RAN UE NGAP ID. 
A-3 (New AMF initiated Redirection message which doesn’t establish mapping of NGAP IDs) 	New class 1 procedure that does not establish a UE context it just notifies the NG RAN Node that the AMF has been changed and allows for a modification of the RAN UE NGAP ID. 
Additionally, an Option A-4 would exist where the AMF UE NGAP ID is optional, and based on its inclusion the context is established or not, this would be a combination of the two below pCRs. 
One open issue is whether there needs to be an explicit indication in the AMF REDIRECTION REQUEST to identify the new and old AMF. If so AMF Name IE can be added to the message or an AMF ID IE can be added to the NG Setup Procedure and included in these messages. 
Another open issue is whether there needs to be more assistance data (like NSSAI) added to the message for redirection request or response. 
pCR for Method A-2
8.6.2	Downlink NAS Transport
8.6.2.1	General
Editor’s Note:	Further details are FFS.
8.6.2.2	Successful Operation


Figure 8.6.2.2-1: Downlink NAS transport
If the AMF only needs to send a NAS message transparently via the NG-RAN node to the UE and a UE-associated logical NG-connection exists for the UE or if the AMF has received the RAN UE NGAP ID IE in an INITIAL UE MESSAGE message or in an AMF REDIRECTION RESPONSE message, the AMF shall send a DOWNLINK NAS TRANSPORT message to the NG-RAN node including the NAS message as a NAS-PDU IE. If the UE-associated logical NG-connection is not established, the AMF shall allocate a unique AMF UE NGAP ID to be used for the UE and include that in the DOWNLINK NAS TRANSPORT message; by receiving the AMF UE NGAP ID IE in the DOWNLINK NAS TRANSPORT message, the NG-RAN node establishes the UE-associated logical NG-connection.
8.6.x	AMF Redirection 
8.6.x.1	General
The purpose of the AMF Redirection procedure is to notify the NG-RAN Node that the INITIAL UE MESSAGE messagewas forwarded to a new AMF to handle the UE context
Editor’s Note:	Further details are FFS.
8.6.x.2	Successful Operation


Figure 8.6.x.2-1: AMF Redirection: successful operation
The AMF initiates the procedure by sending an AMF REDIRECTION REQUEST message including the appropriate data to the NG RAN node. The NG RAN node responds with an AMF REDIRECTION RESPONSE message including the appropriate data.
If the New RAN UE NGAP ID IE is included in the AMF REDIRECTION RESPONSE message, the AMF shall, use it as the new RAN reference to this UE. 
Upon successful completion of the procedure, the NG-RAN node establishes the UE-associated logical NG-connection.
Editor’s Note:	Further details are FFS.
8.6.x.3	Unsuccessful Operation


Figure 8.7.1.3-1: AMF REDIECTION: unsuccessful operation
If the NG RAN node cannot accept the redirection, it should respond with an AMF REDIRECTION FAILURE message and appropriate cause value.
Editor’s Note:	Further details are FFS.
8.6.x.4	Abnormal Conditions
Editor’s Note:	Further details are FFS.
9.2.5.x	AMF REDIRECTION REQUEST
Editor’s Note:	Message structure and IEs need further checking and completion. Further details FFS.
This message is sent by the AMF and is used for notifying the NG-RAN node that an AMF Redirection has occurred.
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
	ignore

	AMF UE NGAP ID
	M
	
	9.3.3.1
	
	YES
	reject

	RAN UE NGAP ID
	M
	
	9.3.3.2
	
	YES
	reject



9.2.5.y	AMF REDIRECTION RESPONSE
Editor’s Note:	Message structure and IEs need further checking and completion. Further details FFS.
This message is sent by the NG-RAN node and is used to acknowledge a AMF Redirection.
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
	ignore

	AMF UE NGAP ID
	M
	
	9.3.3.1
	
	YES
	reject

	RAN UE NGAP ID
	M
	
	9.3.3.2
	
	YES
	reject

	New RAN UE NGAP ID
	O
	
	RAN UE NGAP ID 9.3.3.2
	
	YES
	reject



9.2.5.z	AMF REDIRECTION FAILURE
Editor’s Note:	Further details FFS.
pCR for Method A-3
[bookmark: _Toc481568436][bookmark: _Toc483414649][bookmark: _Toc483415327][bookmark: _Toc483418846][bookmark: _Toc491324758][bookmark: _Toc505536333]8.6.x	AMF Redirection 
[bookmark: _Toc481568437][bookmark: _Toc483414650][bookmark: _Toc483415328][bookmark: _Toc483418847][bookmark: _Toc491324759][bookmark: _Toc505536334]8.6.x.1	General
The purpose of the AMF Redirection procedure is to notify the NG-RAN Node that the INITIAL UE MESSAGE messagewas forwarded to a new AMF to handle the UE context
Editor’s Note:	Further details are FFS.
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Figure 8.6.x.2-1: AMF Redirection: successful operation
The AMF initiates the procedure by sending an AMF REDIRECTION REQUEST message including the appropriate data to the NG RAN node. The NG RAN node responds with an AMF REDIECTION RESPONSE message including the appropriate data.
If the New RAN UE NGAP ID IE is included in the AMF REDIECTION RESPONSE message, the AMF shall, use it as the new RAN reference to this UE. 
Editor’s Note:	Further details are FFS.
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Figure 8.7.1.3-1: AMF REDIECTION: unsuccessful operation
If the NG RAN node cannot accept the redirection, it should respond with an AMF REDIRECTION FAILURE message and appropriate cause value.
Editor’s Note:	Further details are FFS.
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Editor’s Note:	Further details are FFS.
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Editor’s Note:	Message structure and IEs need further checking and completion. Further details FFS.
This message is sent by the AMF and is used for notifying the NG-RAN node that an AMF Redirection has occurred.
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
	ignore

	RAN UE NGAP ID
	M
	
	9.3.3.2
	
	YES
	reject
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Editor’s Note:	Message structure and IEs need further checking and completion. Further details FFS.
This message is sent by the NG-RAN node and is used to acknowledge a AMF Redirection.
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
	ignore

	RAN UE NGAP ID
	M
	
	9.3.3.2
	
	YES
	reject

	New RAN UE NGAP ID
	O
	
	RAN UE NGAP ID 
9.3.3.2
	
	YES
	reject
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Editor’s Note:	Further details FFS.
Conclusion
There have been stage 2/3 agreements in SA2 and CT4 on the need for a AMF-AMF transfer method, and it has been shown that at least one method to allow for AMF Redirection through direct AMF-AMF communications is doable in RAN3. 
Proposal: Agree to implement AMF Redirection using one of the above methods:
A-1 (Downlink NAS Transport/ Initial UE Context Setup directly from Target AMF)
A-2 (New AMF initiated Redirection message which establishes mapping of NGAP IDs)
A-3 (New AMF initiated Redirection message which doesn’t establish mapping of NGAP IDs)
A-4 (AMF NGAP ID optional, if included the mapping is established)
Also to be decided is whether an AMF identity needs to be included and if other assistance data (for example NSSAI) needs to be included in the messages.
.Agree one as a starting point the corresponding pCR.
InterDigital believes that A-3 is the best solution.
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