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Abstract of the contribution: The discussion paper investigates current and alternative solutions for handover from EPS to a 5GS network slicing supporting network, as well as intra 5GS inter PLMN handover with network slicing.
Background

In previous SA WG2 meeting #124 it was decided, for handover from EPS to 5GS, that if the initial target AMF selected by the MME, due to network slicing aspects, wasn’t suitable to serve the UE then the AMF, after concluded handover, may select a different AMF. From 23.501 clause 5.15.7.3:
When the Handover completes the UE performs a Registration procedure including the list of PDU session IDs and related S-NSSAIs. The AMF may select a different AMF as specified in clause 4.2.2.2.3 in TS 23.502 [3]. This completes the UE registration in the target 5GS and as part of this the UE obtains an Allowed NSSAI.
It was also decided, for inter PLMN handover within 5GS, that if the initial target AMF selected by the source AMF, due to network slicing aspects, after concluded handover, wasn’t suitable to serve the UE then the initially selected target AMF may select a different AMF. From 23.501 clause 6.3.5:
At inter PLMN mobility, the source AMF selects an AMF in the target PLMN via the PLMN level NRF. After the handover procedure the AMF may select a different AMF as specified in clause 4.2.2.2.3 in TS 23.502 [3].
In both cases TS 23.501 stipulates that the re-selection of serving AMF shall be performed by using the “Registration with AMF re-allocation” procedure as described in TS 23.502 clause 4.2.2.2.3. But using this procedure for a UE in connected mode is not possible since the “Registration with AMF re-allocation” procedure is not defined for AMF re-allocation of a UE with active payload paths, as: 
· The “Registration with AMF re-allocation” procedure is initiated by a UE in Idle mode sending a Registration request (i.e. using Initial UE message), not a Registration request in connected mode (i.e. using Uplink NAS Transport message) as it is in the end of the handover procedure. 
· Using the Registration request at the end of the handover procedure to trigger an AMF re-allocation means that that the UE will not get registered in the initial target AMF, yet the UE has been served by the initial target AMF and V-SMF, V-UPF and/or I-UPF may have been allocated for the UE. Based on the AMF re-allocation procedure the initial target AMF will not get a trigger from the final target AMF indicating when the payload paths have been reallocated. Clean-up by initial target AMF will thus not be triggered. 

· New procedures for rebinding of NGAP UE association, for a UE in connected mode, to a new TNLA to a different AMF is also needed as this is currently only defined for use within the same AMF set. 
· Evaluation of PDU Session IDs and related S-NSSAIs versus possible final target AMF set is not done until the UE has arrived in the target network. This means that the initial target AMF will have to take a decision whether to serve the UE or to detach the UE after the execution phase in the case an appropriate final target AMF set cannot be found. At HO such a decision should be taken by the source network during the preparation phase.
· It is not specified how Direct or Indirect forwarding of data shall be taken care of in case of AMF re-allocation in connected mode. To handle Indirect forwarding of data in a scenario involving three parts, source network, initially selected target network and final target network, and on top of that possible error scenarios would be a rather complex task.
Observation1:

The “Registration with AMF re-allocation” procedure as described in TS 23.502 clause 4.2.2.2.3 is in its current form not usable in case of connected mode mobility.
Discussion

To avoid the problems with using the “Registration with AMF re-allocation” procedure for a UE in connected mode, a possible solution could be to re-use the principle from the network initiated reselection procedure as specified for DECOR in 23.401 clause 5.19.3.  That is, after concluded handover the serving AMF initiates a UE Configuration Update procedure with an indication that the UE’s 5G-GUTI is invalid and then the AMF releases the NAS signalling connection for the UE, sending the UE into CM-IDLE state. After the UE entered CM-IDLE a Registration Request is initiated whereby the “Registration with AMF re-allocation” procedure may be used to get the UE served by an appropriate AMF based on the UE’s Requested NSSAI. The obvious problem with this solution is that the HO procedure would anyhow imply a transition to idle mode and that the service for the UE is interrupted because of the NAS signalling connection release. For service types like URLLC requiring service continuity this is not a suitable solution. 
Observation 2:

Re-using the network initiated reselection procedure as specified for DECOR is not suitable due to services requiring service continuity e.g. for service types like URLLC.
Another possible solution would be to define a completely new procedure overcoming the obstacles identified above with using the “Registration with AMF re-allocation” procedure for a UE in connected mode. New procedures for rebinding of NGAP UE association, for a UE in connected mode, to a new TNLA to a different AMF is also needed as this is currently only defined for use within the same AMF set. To handle Indirect forwarding of data in a scenario involving three parts, source network, initially selected target network and final target network with possible SGW and V-UPFs, and on top of that possible error scenarios would be a rather complex task.
Observation 3:

Defining a completely new procedure to handle AM re-allocation for a UE in connected mode would require many changes and seems like a too complex task.

At the SA WG2 meeting #124 a solution was presented (S2-178551, S2-178552, S2-178553, S2-178554 and S2-178555) solving the issues. The proposal was however not accepted, mainly due to that changes in the MME was required. But by using the principles agreed at SA WG2 meeting #124 and described in 23.501 clause 5.15.7.1: 

An S-NSSAI associated with the PDN connection is determined based on the operator policy by the PGW-C+SMF, e.g. based on a combination of PGW-C+SMF address and APN, and is sent to the UE in PCO. The UE stores this S-NSSAI associated with the PDN connection. 
and extend that requirement also to a standalone SMF (to cover inter PLMN handover within 5GS), would mean that a PGW-C+SMF and a standalone SMF should have the capability to determine the S-NSSAI for an established PDN connection and PDU session respectively. An intermediate AMF may then in the preparation phase of the handover procedure request each associated S-NSSAI from the respective SMF. By that a solution is achieved without requiring update of the MMEs nor is any network slice functionality required in an otherwise slice agnostic source 5GS network. And at the same time the drawbacks of the above presented solutions are avoided. The continuation of the handover procedure follows the solution as outlined in the previous contributions S2-178551-55. 
Observation 4:

By using the ability of the PGW-C+SMF to determine S-NSSAI(s) and extend this ability to a standalone SMF, selection of final target AMF may be performed in the target network during the handover preparation phase. Network slice functionality is thus not required in the source MME or source AMF.
The drawback of AMF requesting the PGW-C+SMF to provide the S-NSSAI(s) is that it adds latency to the handover procedure. It can however be noted that the delay introduced when the AMF retrieves the slice information from the PGW-C+SMF, occurs in the preparation phase of the handover procedure. Additionally, handover from EPS to 5GS would typically not occur because of a coverage loss, but rather motivated by a request of improving the connectivity service provided in EPS, and therefore be more delay tolerant. But for situations where very low latency in the preparation phase of handover is required an optional enhancement of the solution would be to use the transparent HO container as described in the previous contributions S2-178551-55 and only if the HO container isn’t provided would the AMF request information from the PGW-C+ SMF(s).

Observation 5:
By combining the proposal in observation 4 with an optional use of the transparent HO container as described in the previous contributions S2-178551-55 a solution is provided where the UE in the target network is only given service by the final target AMF. The basic solution does not require any update of a source MME but optionally, to achieve lower latency, a way forward is provided.
Evaluation of solutions
	
	Solution
	Pros
	Cons

	1
	A reworked solution based on
Re-selection of serving AMF using “Registration with AMF re-allocation”
	No changes required in EPS.
	Considerable rework required to make it usable. 
Indirect forwarding becomes complicated with three parties involved. 
Latency added until UE served by final target AMF due to AMF reselection or extra “handover” depending on final solution. 
Slice isolation not achieved.

	2
	Re-selection of serving AMF using similar principles as for DECOR
	No changes required in EPS. A simple solution based on known principles.
UE only served by AMFs in which it is registered (simplifies e.g. LI).
	Service continuity is not achieved. 
Latency added until UE served by final target AMF due re-selection of AMF. 
Slice isolation not achieved.

	3
	Completely new procedure: 
Re-selection of serving AMF by using network initiated HO without changing RAN node.
	No changes required in EPS.

	A complex solution with two consecutive handovers.
Indirect forwarding becomes complicated with three parties involved. 
Latency added until UE served by final target AMF due to extra handover.
Slice isolation not achieved.

	4
	Final target AMF selection according to S2-178551-55.
	Slice isolation achieved. 
UE only served by AMFs in which it is registered (simplifies e.g. Indirect Forwarding and LI).
	Requires upgrade of MME.

	5
	Final target AMF selection aided by S-NSSAI(s) from PGW-C+SMF(s)
	Slice isolation achieved. 
UE only served by AMFs in which it is registered (simplifies e.g. Indirect Forwarding and LI).
	Latency added in preparation phase of handover.

	6
	Combination of solution 5 & 4.
	Slice isolation achieved. 
UE only served by AMFs in which it is registered (simplifies e.g. Indirect Forwarding and LI).
	Latency added in preparation phase of handover in cases when source MME is not upgraded.


Proposal

Based on the evaluation above it is proposed that solution 4 is accepted for intra 5GS inter PLMN handover and that solution 6 is accepted for EPS to 5GS handover. Solution 4 is described in the corresponding CRs S2-180110 (23.501) and S2-180111. (23.502). Solution 6 is described in the corresponding CRs S2-180107 (23.501), S2-180108 (23.502) and S2-180109. (23.401).
If none of the above presented solutions 1-6 can be accepted it is proposed that clauses 5.15.7.3 and 6.3.5 in TS 23.501 are updated to reflect that EPS to 5GS handover with slicing and intra 5GS inter PLMN handover with slicing, is not supported in the current release.
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