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Introduction

Impact on NG interface of AMF reallocation has been discussed during the past two meetings and two solutions were captured in [1] as below:.

	If Solution 1 (i.e. new procedure) is adopted, the RAN3 specifications will need to be changed to define the new procedure introduced by this solution.

If Solution 2 (i.e. reuse existing procedure) is adopted, RAN3 impact is FFS.

Evaluation of the 2 solutions shall not consider allowed NSSAI presence issue.


The contribution provides further consideration on above solutions especially on specification impacts.

Discussion 

Detail Solution 2 (Reuse existing procedure) 

Detail of Solution 1 has been elaborated in [2]. A preference of solution 1 is provides in the Annex 2.The solution 1 is the method 2 in the [2].

However, the detail of Solution 2 is not clear. Several legacy messages can be reused for re-allocation procedure. These messages includes INITIAL CONTEXT SETUP RESPONSE and DOWNLINK NAS PDU messages. Therefore the solution 2 can further split into two sub-solutions. Solution 2.1 is to reuse INITIAL CONTEXT Setup procedure. As shown in the figure 1, if gNB receive INITIAL CONTEXT SETUP REQUEST from a AMF different from the AMF to which gNB sends INITIAL UE MESSGE, re-allocation related information is carried in the message, then gNB updates the UE context such as UE-associated logical NG-connection for the UE.
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Figure 1 : Solution 2.1

Another solution can be called as Solution 2.2. A couple of DOWNLINK NAS TRANSPORT and UPLINK NAS TRANSPORT messages can be used for re-allocation procedure. As shown in the figure 2.2, when there is downlink NAS PDU needs to be sent to the UE, such as authentication message, then AMF sends DOWNLINK NAS TRANSPORT message to the gNB. When gNB receives the message, gNB then updates the UE context such as UE-associated logical NG-connection. When a response NAS message needs to be transmitted from UE to gNB, the gNB sends the re-allocation related information in the UPLINK NAS TRANSPORT message. In this way, gNB and AMF use legacy messages for re-allocation procedure.
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Figure 2 : Solution 2.2

Observation 1: There are 2 variants (solution 2.1 and solution 2.2 ) corresponding to Solution2：

- Solution 2.1 Reuse INITIAL CONTEXT Setup procedure

- Solution 2.2. Reuse DL NAS TRANSPORT and UL NAS TRANSPORT messages
Several aspects especially on specification impact should be considered which are list as below. 

How does gNB recognize the different situation when modify “UE-associated logical NG-connection” ?

One of the most important object of re-allocation procedure is to change UE-associated logical NG-connection for the UE. In current specification, if RAN receives down link message from core network, RAN needs to setup UE-associated logical NG-connection towards the core network node. An example of RAN node behavior is described below.
	In case of the establishment of a PDU session the 5GC must be prepared to receive user data before the INITIAL CONTEXT SETUP RESPONSE message has been received by the AMF. If no UE-associated logical NG-connection exists, the UE-associated logical NG-connection shall be established at reception of the INITIAL CONTEXT SETUP REQUEST message.


From the description of Figure 4.2.2.2.3-1 in Annex 1, it is shown that the re-allocation procedure starts from step 7, it means that NAS authentication procedure has already enforced. The NAS Authentication procedure will use DOWNLINK NAS TRANSPORT and UPLINK NAS TRANSPORT messages which means that the gNB has already setup UE-associated logical NG-connection for the UE before step7.

In case gNB has already setup UE-associated logical NG-connection towards old AMF for the UE and then receives messages from another “NG-connection” of new AMF. Then gNB does not know whether it is error or normal AMF re-allocation case.Therefore, the gNB needs to distinguish between different scenarios in order to identify different cases and try to modify UE-associated logical NG-connection.
Solution 1 is a new procedure for the case, then the message itself can help the gNB identify this is the re-allocation case.

However for solution 2.1 or 2.2, the situation is unclear. Then at least new IE and new description should be introduced in these solutions. In turn, the new IE and new description introduces the same specification impact as solution 1. 

Compare with solution 1, in solution 2.1 and solution 2.2, multiple legacy message’s content and description need to be updated due to support re-allocation procedure. 

Observation 2: Solution 2.1 and solution 2.2 need to carry re-allocation related information in order to  isolate re-allocation case from error cases. 
Whether solutions can handle error case?

Re-allocation procedure is kind of configuration update from AMF to gNB.Then It is possible that gNB may not support such change. Therefore, the failure procedure is also needed. A similar case can be seen in the AMF CONFIGURATION UPDATE which copied below for easy reference. With the same principal, the reallocation procedure also need to support the failure case.
	Unsuccessful Operation
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Figure 8.7.3.3-1: AMF configuration update: unsuccessful operation

If the NG-RAN node cannot accept the update, it shall respond with an AMF CONFIGURATION UPDATE FAILURE message and appropriate cause value.

Editor’s Note:
Further details are FFS.




Observation 3:Solution 2.2 can not support failure case.

Potential mis-delivery for uplink NAS message  

Time sequence of each solutions are list below. It can be seen another main difference among the solutions are the trigger time.
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Figure 3: Time trigger of each solutions

After receiving the reallocation message from the old AMF, the new AMF can start solution 1 (not to wait for DL NAS PDU). Then if UE have another Uplink NAS PDU to be sent short after the procedure, the gNB will delivery it to the right AMF(new AMF). 

However, if solution 2.1 or 2.2 used for NR, gNB waits Downlink NAS PDU to used it as re-allocation procedure or wait to the time when AMF needs to sends INITIAL UE CONTEXT MESSAGE. As described in the [3], solution 2.1 or solution 2.2 maybe triggered very late (because AMF need to go through step 4 to 22 in registration procedure). During the wait period ,UE may send another uplink NAS message to AMF. If the UE-associated logical NG-connection can not be updated in time, then the gNB delivery the UL NAS message to the wrong AMF. 

Observation 4: Solution 2.1 and 2.2 can not support to update the UE context immediately, which will lead to mis-delivery of the UL NAS messages.

Proposal 1: Solution 1 (i.e. in the Annex 2) does not have too much specification impacts compared with other solutions and has more advantages on other aspects. Then it is proposed to use solution 1 for re-allocation procedure in NR.
Conclusion

In this contribution, we propose:

Observation 1: There are 2 variants (solution 2.1 and solution 2.2 ) corresponding to Solution2：

- Solution 2.1 Reuse INITIAL CONTEXT Setup procedure

- Solution 2.2. Reuse DL NAS TRANSPORT and UL NAS TRANSPORT messages.

Observation 2: Solution 2.1 and solution 2.2 need to carry re-allocation related information in order to  isolate re-allocation case from error cases.

Observation 3: Solution 2.2 can not support failure case.
Observation 4: Solution 2.1 and 2.2 can not support to update the UE context immediately, which will lead to mis-delivery of the UL NAS messages.

Proposal 1: Solution 1 (i.e. in the Annex 2) does not have too much specification impacts compared with other solutions and has more advantages on other aspects. Then it is proposed to use solution 1 for re-allocation procedure in NR.
References

R3-184227 
R3-181719  Registration with AMF Reallocation based on Slice Suitability , Interdigital, ZTE

3GPP TS 23.501 vf.0.0
3GPP TS 23.502.vf.0.0
Annex 1: Registration with AMF re-allocation procedure from TS23.502
4.2.2.2.3
Registration with AMF re-allocation

When an AMF receives a Registration request, the AMF may need to reroute the Registration request to another AMF, e.g. when network slicing is used and the initial AMF is not the appropriate AMF to serve the UE. The Registration with AMF re-allocation procedure, described in figure 4.2.2.2.3-1, is used to reroute the NAS message of the UE to the target AMF during a Registration procedure.
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Figure 4.2.2.2.3-1: Registration with AMF re-allocation procedure
Annex 2 pCR on TS 38.413

8.6.2 Downlink NAS Transport

8.6.2.1 General

Editor’s Note:
Further details are FFS.

8.6.2.2 Successful Operation
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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 message was forwarded to a new AMF to handle the UE context.
Editor’s Note:
Further details are FFS.

8.6.x.2 Successful Operation
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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 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.The NG-RAN node shall delete UE-associated logical NG-connection towards the old AMF.
Editor’s Note:
Further details are FFS.

8.6.x.3 Unsuccessful Operation
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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.

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 an 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:
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 inform an AMF Redirection failure.
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

	Cause
	O
	
	9.3.1.2
	
	YES
	reject
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8. Steps 4-22 of figure 4.2.2.2.2-1 or



Steps 8-22 of figure 4.2.2.2.2-1











3b. Nudm_SubscriberDataManagement_Get response







3a. Nudm_SubscriberDataManagement_Get(slice specific info request)







Nudm_SubscriberData_Get(slice specific info request)



















5 Namf_Communication_RegistrationCompleteNotify







7b. Initial UE message



 











7a. Reroute NAS message 











6b. NF Discovery Response 







4b. Slice Selection Response 
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7c. N2 message
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2. Optionally steps 4-9a of figure 4.2.2.2.2-1.
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