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1. Introduction

In R3-174716 it has been discussed how an NG RAN node is able to determine the set of slices that should be enabled per TA. This information plays a crucial role in mobility. 
In this contribution mobility procedures for slicing are described taking different cases of slice support into account.
2. Mobility for NG RAN Nodes with Slice Support
The first case to consider is that where NG RAN source and target nodes support network slicing. Namely, these are nodes that will signal a TAI Slice Support List IE in the NG: NG SETUP REQUEST; Xn: Xn SETUP REQUEST and Xn: Xn SETUP RESPONSE message. 
Such NG RAN nodes will be informed of slices available at cells of Xn connected NG RAN nodes via the Xn Setup procedure. With this information it is possible to understand if a UE that has a number of PDU Sessions active for certain slices will find support of such slices in a target cell. Two cases can be foreseen:
1) The UE has active PDU Sessions for slices supported at target cell 
2) The UE has active PDU Sessions for slices not supported, in part or in full, at target cell 
Case 1) is rather straightforward. In this case the source NG RAN node can initiate an Xn mobility procedure. PDU Sessions can be prepared at target node and if, for admission control reason, some PDU Session (with associated S-NSSAI) cannot be admitted, such PDU Session resources will be rejected.

Case 2) needs a more detailed discussion.

2.1 Mobility to a Target NG RAN not Supporting UE Network Slices

If an Xn handover is triggered towards a target cell where active UE slices are not supported two possible consequences can be foreseen:

1) The target NG RAN node would reject admission of the PDU Session resources for the non-supported slice

2) The target NG RAN node would admit the PDU Session resources for the non-supported slice and it would include in PATH SWITCH REQUEST the admitted PDU Sessions with corresponding S-NSSAIs. The 5GC could decide how to handle such PDU Sessions. For example, the 5GC may decide to remove the PDU Session resources or to allow such resources to be allocated at target but without being associated to any S-NSSAI
Scenario 1) above consists of the most drastic approach because it implies that at least some UE services will be dropped.
Scenario 2) has the advantage of attempting to maintain service continuity for slices not supported at target node by letting the 5GC decide how to handle the affected PDU Sessions in the best possible way.

One extra complexity for scenario 2) lays in how to decide to admit PDU Sessions of non-supported slices at target NG RAN before the NG: PATH SWITCH RESPONSE is received. This aspect could be left to implementation, but it anyhow increases complexity to a certain level.
For this reason it seems the most appropriate decision is to let the source NG RAN to trigger an NG handover instead of an Xn handover. Such procedure allows the 5GC to take decisions on how to handle PDU Session resources of network slices not supported at target NG RAN. The latter maximises the possibility to have service continuity for network slices not supported at target NG RAN, while keeping NG RAN complexity at its minimum.

The procedure is described in Figure 1.
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Figure 1: Example of target NG RAN not supporting UE network slices that need to be handed over: use of NG handover 

Proposal 1: it is proposed that, in cases of UE mobility involving PDU Sessions associated to network slices not supported at target NG RAN, the source NG RAN triggers an NG handover 
3. Mobility involving NG RAN Nodes with no Slice Support

This case involves nodes that would not communicate a TAI Slice Support List IE in the NG: NG SETUP REQUEST; Xn: Xn SETUP REQUEST and Xn: Xn SETUP RESPONSE message. 
It is assumed that these nodes are not able to support network slicing. Namely, such nodes would not include S-NSSAI IEs in the PDU Session Resources To Be Setup List IE signalled as part of mobility procedures. Further, for these nodes it should not be assumed that slice information can be interpreted correctly, if received.
Observation 1: an NG RAN node not supporting network slicing does not include network slice information in signalling towards other nodes and should not be expected to correctly interpret network slicing information received
The following cases can be identified:
1) Source and Target NG RAN nodes do not support network slicing

2) Source NG RAN node does not support network slicing and target NG RAN supports network slicing

3) Source NG RAN node supports network slicing and target NG RAN does not support network slicing
Case 1) is relatively simple: neither source or target supports network slicing, therefore mobility is reduced to handovers of PDU Session resources without any specific slicing information

For Case 2) mobility can be described as follows:

· Mobility signalling towards target NG RAN node does not include slice information per PDU Session to be handed over

· Target NG RAN admits, if possible, UE PDU Session resources

· Target NG RAN triggers NG: PATH SWITCH REQUEST towards AMF. Slice information per PDU Session are not included

· AMF responds to target NG RAN with NG: PATH SWITCH RESPONSE where switched PDU Sessions are associated to S-NSSAIs supported by target RAN
This case is described in Figure 2.
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Figure 2: Example of mobility between source NG RAN node not supporting network slicing and target NG RAN node supporting network slicing

Proposal 2: it is proposed to allow the NG: PATH SWITCH RESPONSE to provide slice information per PDU Session to be switched, upon decision of such information by the AMF
Case 3) mobility can be addressed in two ways:

· Either source NG RAN triggers Xn handover signalling towards target NG RAN, without including slicing information. In this case target NG RAN will assume the PDU Sessions handed over do not require any special policy apart from that mandated by QoS configuration

· Or source NG RAN triggers an NG based HO towards target NG RAN. The AMF would then decide whether to remove some PDU Session resources or whether to handover some PDU Session resources without any slice association

The second option of triggering an NG based HO allows the 5GC to control what PDU Sessions are handed over and what not. On the contrary, letting all PDU Sessions to be admitted at target RAN via Xn HO may lead to the undesirable effect of service deterioration because those PDU Sessions cannot be treated with the policy that is appropriate for the network slice they belong to. For example, a PDU Session belonging to a slice that requires ultra reliability via a special radio resource allocation policy may be admitted at target NG RAN without that desired reliability. This may render the service unreliable and unacceptable.
Proposal 3: It is proposed to use NG based mobility in cases of handovers of UEs with active network slices from NG RAN nodes supporting network slicing to NG RAN nodes not supporting network slicing
4
Conclusions
In this paper different cases of mobility involving UEs with active network slices are described. The following proposals are presented as consequence of the analysis outlined in the paper:
Proposal 1: it is proposed that, in cases of UE mobility involving PDU Sessions associated to network slices not supported at target NG RAN, the source NG RAN triggers an NG handover 

Proposal 2: it is proposed to allow the NG: PATH SWITCH RESPONSE to provide slice information per PDU Session to be switched, upon decision of such information by the AMF
Proposal 3: It is proposed to use NG based mobility in cases of handovers of UEs with active network slices from NG RAN nodes supporting network slicing to NG RAN nodes not supporting network slicing
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TP to TS 38.413
------------------------------Start of Changes------------------------------

8.4.4
Path Switch Request

8.4.4.1
General

The purpose of the Path Switch Request procedure is to request the switch of a downlink GTP tunnel towards a new GTP tunnel endpoint.
Editor’s Note:
Further details are FFS.
8.4.4.2
Successful Operation
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Figure 8.4.4.2-1: Path switch request: successful operation

The NG-RAN node initiates the procedure by sending the PATH SWITCH REQUEST message to the AMF.

After all necessary updates including the UP path switch have been successfully completed in the 5GC for at least one of the PDU Session Resources included in the PATH SWITCH REQUEST, the AMF shall send the PATH SWITCH REQUEST ACKNOWLEDGE message to the NG-RAN node and the procedure ends.
If the Paging Assistance Information IE is included in the PATH SWITCH REQUEST ACKNOWLEDGE message, the NG-RAN node shall, if supported, store this information in the UE context and use it for RAN paging if any for a UE in RRC-INACTIVE state. [FFS]
If the S-NSSAI IE is included in the PATH SWITCH REQUEST ACKNOWLEDGE message, the NG-RAN node shall, if supported, store this information in the UE context and use it for management of resources for the associated PDU Sessions.
Editor’s Note:
Further details are FFS.
------------------------------Second Change------------------------------

9.2.3.9
PATH SWITCH REQUEST ACKNOWLEDGE

Editor’s Note:
Message structure and IEs need further checking and completion. Further details FFS.

This message is sent by the AMF to inform the NG-RAN node that the path switch has been successfully completed in the 5GS.

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

	AMF UE NGAP ID
	M
	
	9.3.3.1
	
	YES
	reject

	RAN UE NGAP ID
	M
	
	9.3.3.2
	
	YES
	reject

	Security Context
	M
	
	<ref>
	
	YES
	ignore

	PDU Session To Be Switched in Uplink List
	
	0..1 
	
	
	YES
	reject

	>PDU Session To Be Switched in Uplink Item IEs
	
	1..<maxnoofPDUSessionResources> 
	
	
	EACH
	reject

	>>PDU Session ID 
	M
	
	<ref>
	
	-
	

	>>S-NSSAI 
	O
	
	<ref>
	
	-
	

	>>PDU Session Path Switch Request Ack Transfer
	M
	
	9.3.1.22
	
	YES
	ignore

	PDU Session Released List
	O
	
	PDU Session List

9.3.1.13
	
	YES
	reject

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	ignore


------------------------------No More Changes------------------------------

AMF
NG RAN Node2
NG RAN Node1
UE
1. UE has active PDU Sessions for network slices at the time of HO towards NG RAN Node2
3. NG HO REQUIRED/NG HO COMMAND (list of PDU Session Resources and associated S-NSSAI)  
5. NG HO REQUEST/NG HO REQUEST ACK (list of PDU Session Resources and associated S-NSSAI)  
4. AMF handles non-supportd slices, e.g. removes PDU Session Resources or admits PDU Session Resources with no slice associated
2. If target supports all slices that are active for the UE, select Xn HO; if not select NG HO
0. Xn Setup Request/Response (TAI Slice Support List )  
6. Maximum number of services are handed over to target NG RAN



AMF
NG RAN Node2
NG RAN Node1
UE
1. UE has active PDU Sessions at the time of mobility
3. Xn HO REQUEST/RESPONSE (list of PDU Session Resources to be Setup, no slice information)   
6. NG PATH SWITCH RESPONSE(list of PDU Sessions to be switched with associated S-NSSAI)  
5. AMF may map PDU Sessions to be switched with S-NSSAIs supported at target NG RAN
0. Xn Setup Request/Response (NG RAN Node 1 does not include TAI Slice Support List )   
7. UE served at target NG RAN y PDU Sessions associated to netowk slices supported at target NG RAN
4. NG PATH SWITCH REQUEST (list of PDU Sessions to be switched – no network slice information) 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