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Abstract of the contribution: This paper relates to OI#4c and proposes to update clause 6.3.5 ‘AMF selection’ and clause 5.15 ‘Network slicing’ to include handover with and without slice support.
Discussion
[bookmark: _Hlk495419274][bookmark: _Hlk495419533]Note: the discussion and summary sections provided in this pCR are identical with the discussion and summary sections provided in the companion pCR S2-176981 addressing the changes in 23.502
From TS 23.501 clause 5.15.1 Network slicing:
“Network slices may differ for supported features and network functions optimisations. The operator may deploy multiple Network Slice instances delivering exactly the same features but for different groups of UEs, e.g. as they deliver a different committed service and/or because they may be dedicated to a customer.
And from TS 23.502 clause 4.9, stipulating that handover within 5GS is supported, it is clear that network slicing a handover may take place in different slice supporting 5GS scenarios.
In the context of slicing, two actions shall be to be taken into considerations at handover: the selection of the best suited target AMF and the related preservation or deactivation of PDU sessions.
Let us consider first the handover when both source and target AMF are slice supporting (the intra AMF case is trivial). 
At intra PLMN inter AMF N2 based handover (see 23.502 clause 4.9.1.3) the source AMF needs to select the best suitable target AMF considering the network slice(s) (S-NSSAI(s)) the UE is registered to. Based on the UE’s registered network slice(s), subscribed NSSAI and target TAI, the source AMF may, similarly as for registration with AMF relocation (see 23.502 clause 4.2.2.2.3), request the NSSF to select a target AMF. To further aid the selection of a target AMF the source AMF may provide the NSSF with an indication on network slice(s) with established/activated PDU sessions. 
From current text in TS 23.501 clause 5.15.5.2.2:
If the UE enters an area where a network slice is no longer available, the CN releases the PDU sessions for to the S-NSSAI corresponding to the slice that is no longer available via a network-triggered PDU session release procedure, as defined in TS 23.502 section 4.3.4.
Proposal 1: At intra PLMN inter AMF N2 based handover let the source AMF request selection of target AMF(s) by indicating S-NSSAI(s) the UE is registered to, subscribed NSSAI and target TAI in a query to the NSSF. The source AMF may also indicate to NSSF slices with established/activated PDU session. Let the NSSF respond with possible AMF(s) and an indication of S-NSSAI(s) not supported by selected AMF(s) in target TAI. 
Proposal 2: At intra PLMN inter AMF N2 based handover let the source AMF indicate to source RAN the PDU sessions not being subjects for handover (i.e. PDU sessions with activated User Plane connections for S-NSSAI(s) not supported at target location). And let source AMF, after handover, indicate to the corresponding SMF(s) if a UE is outside of the area the S-NSSAI is configured to cover. The SMF(s) shall then deactivate the PDU session(s) for the no longer supported S-NSSAI(s).
After conclusion of the handover procedure the UE and the target AMF may exchange PDU session status information by using the Registration procedure (see 23.502 clause 4.2.2.2). The UE removes locally any internal resources related to PDU sessions that are not marked as established in the received PDU session status.

With slicing being an optional feature there is also a need to support the cases of:
A. Handover from a non-slice supporting 5GC network to a slice supporting 5GC network.
B. Handover from a slice supporting 5GC network to a non-slice supporting 5GC network. 
Selecting target AMF when going to a non-slice supporting 5GC network (case B) is already described as part of the inter AMF handover procedure (see TS 23.502 clause 4.9.1.3). However, how to select target AMF when going from a non-slice supporting 5GC network to a slice supporting 5GC network (case A) is not yet described. 
In respect to the preservation of the PDU session at handover, for case (B) the PDU sessions are kept if the N2 handover for the PDU session(s) is accepted by the respective SMF (see 23.502 clause 4.9.1.3 step 6). For case (A), to keep the PDU session(s), the network slice (S-NSSAI) associated to the respective PDU session, should also be supported at the target location by the selected target network (including target AMF). PDU sessions belonging to, at target location, non-supported network slices shall be released according to TS 23.501 clause 5.15.5.2.2 (see above). However, how to associate a PDU session with an S-NSSAI when going from a non-slice supporting 5GC network to a slice supporting 5GC network (case A) is not yet described.
Observation1: Case (A), handover from a non-slice supporting 5GC network to a slice supporting 5GC network, needs to be described. Case (B), handover from a slice supporting 5GC network to a non-slice supporting 5GC network, is already handled by current specifications.

Selecting any AMF (regardless of the network slices supported by the AMF) serving the target location and using a similar method as described in EPS (see 23.401 clause 5.19.2a and 5.19.3) to redirect the UE to an appropriate AMF, violates network slice isolation as PDU sessions are handled by non-dedicated network slices until the handover procedure is concluded. The general principle for the above-mentioned EPS method is to conclude the handover procedure and then afterwards move the UE handling to the appropriate DCN, meaning that an appropriate dedicated network is only guaranteed to be used after handover is concluded.
To not violate network slice isolation the UE shall, at target location, only be served by an appropriate AMF, and a PDU sessions shall only be kept if it is associated to a network slice (S-NSSAI) supported at the target location by the selected appropriate AMF. 
But since the source network doesn’t support network slicing it will not be possible for the source AMF to directly select an appropriate target AMF based on target AMF supported network slices and network slices to be associated, at target location, to PDU sessions established by the UE.
Observation 2:  Selecting any target AMF at handover violates network slice isolation. An AMF that doesn’t support network slicing is not able to directly select an appropriate target AMF at inter AMF handover. 

It is proposed that a non-slice supporting source AMF shall select an intermediate slice supporting AMF, in the target location, and that the intermediate AMF, by help from NSSF, performs the selection of the appropriate target AMF, and then relay the request from the source AMF to the selected target AMF. Network slices (S-NSSAI(s)) associated to PDU sessions established by the UE and not supported by the selected AMF(s) in target location is also provided by the NSSF to the intermediate AMF and indicated to the selected target AMF together with the relayed request. In response to source AMF, target AMF indicates PDU sessions belonging to not supported slices as PDU sessions IDs in the PDU session failed to be setup list. By this the UE will not get registered in and served by an inappropriate AMF and only PDU sessions belonging to supported network slices will be kept at target location.
Observation 3:  Using an intermediate slice supporting AMF at the target location, without registering the UE, enables selection of an appropriate target AMF, if the intermediate AMF is provided with information on slices (S-NSSAIs) to be associated, at target location, to PDU sessions established by the UE, subscribed NSSAI and target TAI. The intermediate AMF may also be provided with an indication of slices with activated PDU session.

To provide the intermediate AMF with information on slices (S-NSSAI(s)) to be associated, at target location, to PDU sessions established by the UE and the UE’s subscribed S-NSSAI(s) it is proposed that the UE, based on provisioned NSSP, at creation of a PDU session associates an S-NSSAI to the PDU session ID and provides that information in a transparent container to the non-slice supporting source AMF. At handover, the source AMF includes the transparent container in the Forward Relocation Request message to the intermediate slice supporting AMF which uses the content in the transparent container as described above. The source AMF also provides the UE’s subscribed NSSAI, if available, otherwise subscribed NSSAI is retrieved by the intermediate slice supporting AMF from UDM. 
Proposal 3: At intra PLMN inter AMF N2 based handover from a non-slice supporting 5GC network to a slice supporting 5GC network let the source AMF select an intermediate AMF (which has been configured, in NRF, to perform AMF selection). Let the intermediate AMF, by help from NSSF, perform the selection of the appropriate target AMF based on S-NSSAIs associated to PDU sessions established by the UE, S-NSSAIs with activated PDU session, subscribed NSSAI and target TAI. 
Proposal 4: At creation of a PDU session by a UE in a non-slice supporting 5GC network, the UE shall, based on NSSP, associate an S-NSSAI with the PDU session ID for the created PDU session. The UE shall provide the serving AMF with a transparent container including a pair of PDU session ID and associated S-NSSAI per each created PDU session. The serving source AMF shall at inter AMF handover include the transparent container in the Forward Relocation Request message to the target AMF. Subscribed NSSAI shall also be included in the Forward Relocation Request message, if available at the serving source AMF.
Note: The corresponding proposed updates to TS 23.502 are provided in S2-176981
Summary

Proposal 1: At intra PLMN inter AMF N2 based handover let the source AMF request selection of target AMF(s) by indicating S-NSSAI(s) the UE is registered to, subscribed NSSAI and target TAI in a query to the NSSF. The source AMF may also indicate to NSSF slices with established/activated PDU session. Let the NSSF respond with possible AMF(s) and an indication of S-NSSAI(s) not supported by selected AMF(s) in target TAI. 
Proposal 2: At intra PLMN inter AMF N2 based handover let the source AMF indicate to source RAN the PDU sessions not being subjects for handover (i.e. PDU sessions with activated User Plane connections for S-NSSAI(s) not supported at target location). And let source AMF, after handover, indicate to the corresponding SMF(s) if a UE is outside of the area the S-NSSAI is configured to cover. The SMF(s) shall then deactivate the PDU session(s) for the no longer supported S-NSSAI(s).

Observation1: Case (A), handover from a non-slice supporting 5GC network to a slice supporting 5GC network, needs to be described. Case (B), handover from a slice supporting 5GC network to a non-slice supporting 5GC network, is already handled by current specifications.
Observation 2:  Selecting any target AMF at handover violates network slice isolation. An AMF that doesn’t support network slicing is not able to directly select an appropriate target AMF at inter AMF handover. 
Observation 3:  Using an intermediate slice supporting AMF at the target location, without registering the UE, enables selection of an appropriate target AMF, if the intermediate AMF is provided with information on slices (S-NSSAIs) to be associated, at target location, to PDU sessions established by the UE, subscribed NSSAI and target TAI. The intermediate AMF may also be provided with an indication of slices with activated PDU session.
Proposal 3: At intra PLMN inter AMF N2 based handover from a non-slice supporting 5GC network to a slice supporting 5GC network let the source AMF select an intermediate AMF (which has been configured, in NRF, to perform AMF selection). Let the intermediate AMF, by help from NSSF, perform the selection of the appropriate target AMF based on S-NSSAIs associated to PDU sessions established by the UE, S-NSSAIs with activated PDU session, subscribed NSSAI and target TAI. 
Proposal 4: At creation of a PDU session by a UE in a non-slice supporting 5GC network, the UE shall, based on NSSP, associate an S-NSSAI with the PDU session ID for the created PDU session. The UE shall provide the serving AMF with a transparent container including a pair of PDU session ID and associated S-NSSAI per each created PDU session. The serving source AMF shall at inter AMF handover include the transparent container in the Forward Relocation Request message to the target AMF. Subscribed NSSAI shall also be included in the Forward Relocation Request message, if available at the serving source AMF.

Proposal
The following changes are proposed:
***** 1st Change *****
[bookmark: _Toc494348595]5.15.1	General
A Network Slice is defined within a PLMN and shall include:
-	the Core Network Control Plane and User Plane Network Functions, as described in clause 4.2,
and, in the serving PLMN, at least one of the following:
-	the NG Radio Access Network described in 3GPP TS 38.300 [27],
-	the N3IWF functions to the non-3GPP Access Network described in clause 4.2.7.2.
Network slicing support for roaming is described in clause 5.15.6.
Network slices may differ for supported features and network functions optimisations. The operator may deploy multiple Network Slice instances delivering exactly the same features but for different groups of UEs, e.g. as they deliver a different committed service and/or because they may be dedicated to a customer.
A single UE can simultaneously be served by one or more Network Slice instances via a 5G-AN. A single UE may be served by at most eight Network Slices at a time. The AMF instance serving the UE logically belongs to each of the Network Slice instances serving the UE, i.e. this AMF instance is common to the Network Slice instances serving a UE.
The selection of the set of Network Slice instances, where each of the Network Slice instances can correspond to one or more Allowed S-NSSAIs, for a UE is triggered by the first contacted AMF in a registration procedure normally by interacting with the NSSF, and it may lead to change of AMF. The selection of target AMF at handover is triggered by the network slice supporting source AMF interacting with the NSSF. This is further described in clause 5.15.5.
SMF discovery and selection within the selected Network Slice instance is initiated by the AMF when a SM message to required establish a PDU session is received from the UE. The NRF is used to assist the discovery and selection tasks of the network functions for the selected Network Slice instance.
A PDU session belongs to one and only one specific Network Slice instance per PLMN. Different Network Slice instances do not share a PDU session, though different slices may have slice-specific PDU sessions using the same DNN.
[bookmark: _Toc494348693][bookmark: _Toc476030922][bookmark: _Toc470196727][bookmark: _Toc493684473][bookmark: _Toc493684476]***** End of 1st Change *****

***** 2nd Change *****
[bookmark: _Toc494348606]5.15.5.2.3	AMF Relocation due to Network Slice(s) Support
During a Registration procedure in a PLMN, in case the network decides that the UE should be served by a different AMF based on Network Slice(s) aspects, then the AMF that first received the Registration Request shall redirect the Registration request to another AMF via the RAN or via direct signalling between the initial AMF and the target AMF. The redirection message sent by the AMF via the RAN shall include information for selection of a new AMF to serve the UE.
For a UE that is already registered, the system shall support a redirection initiated by the network of a UE from its serving AMF to a target AMF due to Network Slice(s) considerations (e.g. the operator has changed the mapping between the Network Slice instances and their respective serving AMF(s)). Operator policy determines whether redirection between AMFs is allowed.
5.15.5.2.4	AMF selection at handover due to Network Slice(s) Support
During inter AMF handover in a PLMN the network slice supporting source AMF selects a target AMF by interacting with the NSSF. At inter AMF handover in a PLMN to a network slice supporting target AMF, a source AMF not supporting network slicing selects a slice supporting intermediate AMF in the target location which has been configured to perform AMF selection. The intermediate AMF interacts with the NSSF, selects a network slice supporting target AMF and relays the initial signalling from the source AMF to the target AMF. Target AMF responds directly to the source AMF. The handover procedure continues without involving the intermediate AMF.
***** End of 2nd Change *****

***** 3rd Change *****
6.3.5	AMF selection
The AMF selection functionality is applicable to both 3GPP access and non-3GPP access. The AMF selection functionality can be supported by the 5G-AN (e.g. RAN, N3IWF) and is used to select an AMF for a given UE. An AMF supports the AMF selection functionality to select an AMF for relocation or because the initially selected AMF was not an appropriate AMF to serve the UE (e.g. due to change of Allowed NSSAI). Other CP NF(s), e.g. SMF, supports the AMF selection functionality to select an AMF from the AMF set when the original AMF serving a UE is unavailable.
5G AN selects an AMF Set and an AMF from the AMF Set under the following circumstances:
1)	When the UE provides no 5G-S-TMSI nor the GUAMI to the 5G-AN.
2)	When the UE provides 5G-S-TMSI or GUAMI but the routing information (i.e. AMF identified based on AMF Set ID, AMF pointer) present in the 5G-S-TMSI or GUAMI is not sufficient and/or not usable (e.g. UE provides 5G-S-TMSI with an AMF region ID from a different region).
3)	AMF has instructed AN that the AMF (identified by GUAMI(s)) is unavailable and no target AMF is identified and/or AN has detected that the AMF has failed.
Other CP NFs selects an AMF from the AMF Set under the following circumstances:
4)	When the AMF has instructed AN that a certain AMF identified by GUAMI(s) is unavailable and the CP NF was not notified of target AMF, and/or CP NF has detected that the AMF has failed.
The AMF selection functionality in the 5G-AN may consider the following factors for selecting the AMF Set:
-	Requested NSSAI.
-	Local operator policies.
Editor's note:	whether the N3IWF also considers N3IWF support for specific slices is FFS.
AMF selection functionality in the 5G AN or CP NFs considers the following factors for selecting an AMF from AMF Set:
-	Availability of candidate AMFs.
-	Load balancing across candidate AMFs (e.g. considering weight factors of candidate AMFs in the AMF Set).
When 5G-S-TMSI or GUAMI is provided by the UE to the 5G-AN contains an AMF Set ID that is usable, and the AMF identified by AMF pointer that is not usable (e.g. AN detects that the AMF has failed) or the corresponding AMF indicates it is unavailable (e.g. out of operation) then the 5G-AN uses the AMF Set ID for selecting another AMF from the AMF set considering the factors above.
The AMF selection functionality in the AMF or other CP NFs shall utilize the NRF to discover the AMF instance(s) unless AMF information is available by other means, e.g. locally configured on AMF or other CP NFs. The NRF provides the IP address or the FQDN of AMF instance(s) to the AMF or other CP NFs. In the context of Network Slicing, the AMF selection is described in clause 5.15.5.2.1.
[bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK36]-	AMF selection functionality in AMF or other CP NFs use GUAMI to discover the AMF instance, the NRF provides the IP address, or the FQDN of an AMF instance, or a list of candidate AMF instances in the same AMF Set together with additional information (e.g. priority) if the indicated GUAMI cannot be found;
-	AMF selection functionality in AMF use AMF Set ID to discover the AMF instance(s), the NRF provides a list of AMF instances in the same AMF Set together with additional information (e.g. priority).
-     AMF selection functionality in AMF at handover use Target TAI to discover the AMF instance(s), the NRF provides a list of AMF instances serving the target location together with additional information (e.g. priority). In the context of Network Slicing, the AMF selection at handover is described in clause 5.15.5.2.4.

***** End of 3rd Change *****
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