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Abstract of the contribution: the contribution aims at correcting and completing the description of interworking between EPC and 5GC when slicing is deployed in the 5GC.
1
Discussion

The paper is being proposed as a merger of the various solutions being proposed (specifically S2-17248, S2-17318, and S2-17226), to identify the common aspects, and to highlight specific decisions to be made.
The following contains observations and a proposal.
1.1 How to select the DCN/UE Usage Type for a UE registered in 5GC

S2-177248 does not explicitly propose how to select a DCN or UE Usage Type for the UE in mobility from 5GC and EPC. 
Proposals have been made where the source system performs the mapping based on the Allowed NSSAI, since once the AMF determines the Allowed NSSAI it is clear the number and type of slices the UE is registered for, and it is possible to determine the DCN required for the UE (if any is supported in the EPC) to transfer the UE traffic to the EPC.
OBSERVATION 1: Whether the AMF performs this based on local configuration or by interacting with e.g. NRF to select an MME can be discussed, but the key aspect is that it is the source system that decides.

1.2 Use of UE Usage Type vs. DCN ID

It has been proposed that the AMF allocates a DCN ID upon the UE registration in the 5GC, once an Allowed NSSAI has been assigned. Using a DCN ID has the drawback that, for idle mode mobility, it does not help the MME selection when the UE mvoes to EPC if the EPC does not support eDecor (e.g. network only deploys Décor). An alternative solution is needed for the Décor case.

OBSERVATION 2: the various proposals agree that determining the DCN for mobility to EPC must be based on the current set of slices the UE is registered for, i.e. the allocated Allowed NSSAI. This indicates how the choice of the DCN is “dynamic”, i.e. not based solely on a UE Usage Type stored in the HSS, since it must consider the slices the UE is actually currently connected to. 
PROPOSAL 1: it is proposed that 

-
when an Allowed NSSAI is assigned to the UE, the AMF maps the Allowed NSSAI to a UE Usage Type, and provides the mapped UE Usage Type to the UDM/HSS

-
When the HSS provides a UE Usage Type to an MME (e.g. according to Décor procedures in 23.401), if the HSS has received a mapped UE Usage Type from an AMF, the HSS shall provide to the MME the received value instead of the subscribed UE Usage Type.
In this way, the MME (when Décor or eDecor is supported) uses existing procedures defined in TS 23.401 with no modifications and selects the appropriate DCN that corresponds to the Allowed NSSAI of the UE.

1.3 NSSP role

If a 5GC UE supports slicing and is capable of interworking with the EPC, we need to consider the following:

-
in the EPC (independently of whether in case of single radio the UE first registered in 5GC and then moved to EPC, or first registered in EPC), the UE may have a set of PDN connections each corresponding to a DNN/APN. These PDN connections may correspond to PDU sessions transferred from the 5GC, or established directly in the EPC, or a combination of both. 

-
for connections established over the 5GC, the UE uses the NSSP to map applications to slices/DNNs. This is in order to ensure the applications receive the services provided by the required slice

-
for connections established over the EPC and to be transferred to the 5GC, the UE must ensure that the connections are established in such a way that the mapping application ( PDN connection is consistent with the mapping application ( <S-NSSAI, DNN> that would be used for such application in the 5GC, in order to ensure that the EPC PDN connection for the application is transferred to the correct slice in the 5GC. This is particularly true if the operators use generic APNs, or non-slice specific/dedicated APNs, for connectivity to specific slices.

OBSERVATION 3: there must be a correlation between the mapping of applications and APN in the EPC and the mapping of applications to slices/DNN in 5GC, which is driven by the NSSP. 

PROPOSAL 2: In order to ensure the correlation, we propose that a 5GC capable UE uses the NSSP also when in EPC to map applications to APNs when establishing the PDN connections. The UE also uses the NSSP to keep track of what S-NSSAI the PDN connection corresponds to (e.g. for PDU sessions transferred to EPC from 5GC, or created in the EPC).

1.4 How to provide slicing information to the 5GC in mobility from EPC to 5GC

It has been observed that, in case the UE initially registered and established connectivity in 5GC and then moved to the EPC, or the UE initially registered in the EPC, the SM context in the EPC that is provided to the 5GC in case of mobility to the EPC does not contain any slicing information.
The issue this causes is that, even if the correct AMD can be selected when moving from the EPC to the 5GC, the AMF will have no information to create an appropriate PDU session context and assign the PDU sessions to the correct slices. 

Network and UE based mechanisms have been discussed. For the network-based solution, it is proposed that:

· When the AMF receives the UE context, it determine the related S-NSSAI based on the AMF set ID (Allowed NSSAI), and PGW-C/SMF ID. Based on that the AMF select the V-SMF (HR case) and update the PGW-C/SMF. The AMF notify the UE of the S-NSSAI as below:  
· Without N26 deployment:

· In the Registration procedure, the AMF get the PGW-C/SMF ID from the UDM. The AMF notify the (DNN, S-NSSAI) pair to the UE. 
· In the following PDU session establishment Request with request type as "Existing PDU Session", the UE includes the corresponding S-NSSAI.  

· With N26 deployment, 
· In the Registration procedure (Idle state mobility), the AMF returns the (DNN, S-NSSAI) pair to the UE in the Registration procedure. 

· In the Handover procedure (Connected state mobility), the AMF returns the (DNN, S-NSSAI) pair to the UE in the following Registration procedure.  

Based on observation 3 and proposal 2, the UE has always an up to date mapping of connections to S-NSSAI, thus the UE can provide such mapping to the AMF in the cases above.
Now, the UE for PDN connections created in the EPC only has a mapping to the subscribed S-NSSAIs, not PLMN-specific S-NSSAI that the AMF would return in the Allowed NSSAI. However, when the UE provides the mapping to the AMF, the AMF can easily convert the S-NSSAIs in the provided mapping to the PLMN-specific S-NSSAI.

Proposal 3: When the UE moves between 5GC and EPC, or when the UE initially connects to the EPC, a 5GC capable UE maintains a slice mapping between the active PDU sessions and the corresponding S-NSSAI, using the NSSP information. For PDN Connections created while connected to the EPC, the UE uses the NSSP to identify the S-NSSAI associated to the APN corresponding to the PDN connection. The UE shall provide to the AMF the slice mapping information containing the S-NSSAIs associated to the PDU Session IDs active in the UE. The AMF may map the S-NSSAI(s) in the slice mapping information, which may be based on UE subscribed S-NSSAI(s), to PLMN specific S-NSSAI(s).

2
Proposals

It is proposed to accept the following changes to TS 23.501.

For this “augmented merger paper”, notes have been added indicating from what papers the text comes from. Yellow text indicates the missing pieces that this paper adds based on the observations above.

START OF CHANGES

5.15.7
Network slicing and Interworking with EPS

A 5GC which supports Network Slicing might need to interwork with the EPS in its PLMN or in other PLMNs. The EPC may support the Dedicated Core Networks (DCN). In some deployments, the 
MME selection may be assisted by a DCN-ID provided by the UE to the RAN (see TS 23.401 [26]).
Mobility between 5GC to EPC does not guarantee all active PDU session(s) can be transferred to the EPC, as some PDU session(s) may be dropped if the AMF is aware that certain PDU sessions belong to slices that cannot be supported by PDN connections in the target EPS.

The AMF in the 5GC is configured with network policies to map a set or subset of the S-NSSAIs that are in the Allowed NSSAI of a UE to UE Usage Type. Upon successful UE registration of a UE, when the AMF allocates an Allowed NSSAI to the UE, the AMF maps the Allowed NSSAI to a UE Usage Type, and provides the mapped UE Usage Type to the UDM/HSS. When the HSS provides a UE Usage Type to an MME, if the HSS has received a mapped UE Usage Type from an AMF, the HSS shall provide to the MME the received value instead of the subscribed UE Usage Type.
5.15.7.1 UE Mapping of connectivity to slices

When the UE moves between 5GC and EPC, or when the UE initially connects to the EPC, a 5GC capable UE maintains a slice mapping between the active PDU sessions and the corresponding S-NSSAI, using the NSSP information. For PDN Connections created while connected to the EPC, the UE uses the NSSP to identify the S-NSSAI associated to the APN corresponding to the PDN connection. The UE shall provide to the AMF the slice mapping information containing the S-NSSAIs associated to the PDU Session IDs active in the UE. The AMF may map the S-NSSAI(s) in the slice mapping information, which may be based on UE subscribed S-NSSAI(s), to PLMN specific S-NSSAI(s).
5.15.7.2 IDLE Mode aspects

For mobility from 5GC to EPS, if the UE is in ECM-IDLE, mobility triggers a TAU (or Attach, if it is the first mobility event in the target system) in EPS. When the UE performs the TAU or Attach in the EPC, the MME determines whether it can serve the UE based on the UE Usage Type it receives from the HSS, as described in see clause 5.19.2 of TS 23.401 does not received any MMEGI or Null-NRI/SGSN Group ID from RAN and does not have sufficient information to determine whether it should serve the UE. The MME selects the AMF using GUMMEI of EPS GUTI provided by the UE and retrieves the UE’s MM and SM context from 5GC if the UE has a PDU session(s) established as described in clause 5.17.2.2.

The source 5GC decides which PDU sessions can be relocated to the target EPC based on knowledge of ability of the deployed EPC to support the corresponding slices. The others are locally released during the TAU procedure as per normal idle mode interworking. 

For mobility from EPS to 5GC, if the UE is CM-IDLE the UE triggers a Registration procedure in the 5GC and shall provide to the AMF the slice mapping information containing the S-NSSAIs associated to the PDU Session IDs active in the UE. The UE performs registration procedure with the 5G GUTI that is mapped from EPS GUTI. The NG-RAN node derives the AMF address from the GUTI contained in RRC message. The NG-RAN node forwards the Registration Request message to the AMF. The AMF and SMF retrieve the UE's MM and SM context from EPC as described in clause 5.17.2.2. 

When performing these procedure, redirection may take place for the MME (when the MME determines it should not serve the UE) or AMF (when the AMF cannot serve the slices indicated by the UE in the Slice Mapping Information).



5.15.7.3 CONNECTED Mode aspects

For Connected mode mobility/interworking 5GC to EPC and vice versa using N26:

-
When a UE is CM-CONNECTED in 5GC and a handover to EPS occur, the AMF selects the target MME which is based on target location information, e.g. TAI, DCN-ID mapped from the AMF set ID
, and forwards the UE context to the selected MME over the N26 Interface. The handover procedure is executed as documented in TS 23.502 [3]. When the Handover completes the UE performs a Tracking Area Update. This completes the UE registration in the target EPS and as part of this the UE obtains a DCN-ID if the target EPS uses it. The AMF selects the target MME <PLACEHOLDER
> and the target location.



-
When a UE is ECM-CONNECTED in EPC, and performs a handover to 5GS, the MME selects the target AMF based on target location information, e.g. TAI, AMF set mapped from DCN-ID 
and forwards the UE context to the selected AMF over the N26 interface. The selected AMF must be capable to support temporarily all the slices corresponding to the UE PDU sessions, since the AMF selection is not based on slicing information associated to the active PDU session. 
The handover procedure is executed as documented in TS 23.502 [3]. When the Handover completes the UE performs a Registration procedure and provides the slice mapping information containing to enable the AMF to determine whether it can serve the UE or whether an AMF relocation is required. 
After the completion of the UE registration in the target 5GS and as part of this the UE obtains an Allowed NSSAI, which includes S-NSSAI of the successful updated PDU Session.

For interworking without N26 deployment case, in PDU session establishment Request sent to the 5GC to move connections from the EPS to the 5GC, the UE provides the S-NSSAI in the slice mapping information corresponding to the PDU session. 


NEXT CHANGE
5.15.5.3
Establishing connectivity PDU session to the required Network Slice Instance(s)

The establishment of a PDU session in a Network Slice to a DN allows data transmission in a Network Slice. A Data Network is associated to an S-NSSAI and a DNN.
The network operator (HPLMN) may provision the UE with Network Slice selection policy (NSSP). A 5GC capable UE uses the NSSP both when connected to the 5GC and when connected to the EPC. The NSSP includes one or more NSSP rules each one associating an application with a certain S-NSSAI, the corresponding DNN to be used in the 5GC, and the corresponding APN to be used in the EPC if different form the DNN. A default rule which matches all applications to a S-NSSAI may also be included. When a UE application associated with a specific S-NSSAI requests data transmission, then:

-
If the UE has one or more PDU sessions established corresponding to the specific S-NSSAI, the UE routes the user data of this application in one of these PDU sessions, unless other conditions in the UE prohibit the use of these PDU sessions. If the application provides a DNN, then the UE considers also this DNN to determine which PDU session to use.

The UE shall store the NSSP until a new NSSP is provided to the UE by the HPLMN.

If the UE does not have a PDU session established with this specific S-NSSAI, the UE requests a new PDU session corresponding to this S-NSSAI and with the DNN that may be provided by the application. In order for the RAN to select a proper resource for supporting network slicing in the RAN, RAN needs to be aware of the Network Slices used by the UE.
If a Network Slice instance was not selected during the Registration procedure for this specific S-NSSAI, the AMF may query the NSSF with this specific S-NSSAI, location information, PLMN ID of the SUPI to select the Network Slice instance to serve the UE and to determine the NRF to be used to select NFs/services within the selected Network Slice instance.
The AMF queries the NRF to select an SMF in a Network Slice instance based on S-NSSAI, DNN and other information e.g. UE subscription and local operator policies, when the UE triggers the establishment of a PDU session. The selected SMF establishes a PDU session based on S-NSSAI and DNN.
When the AMF belongs to multiple Network Slices, based on configuration, the AMF may use an NRF at the appropriate level for the SMF selection.
END OF CHANGES
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�A decision is needed. Two options: 





1) Nokia S2-177248: “AMF selects the target MME by querying the NRF with the allowed NSSAI assigned to the UE �” 





2) Alternatively, Huawei proposal in S2-177318 can be used (i.e. MME selection based on target location information, e.g. TAI, DCN-ID mapped from the AMF set ID). 
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�A decision is needed. If we can accept Huawei proposal in S2-177318 (“For idle-mode mobility from EPC to 5GC, the routing information included at the RRC message is derived from 4G-GUTI, 5G AN should be able to select the AMF based on that information”) to ensure an appropriate AMF can be selected, this is not needed. 
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