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1
Discussion

SA2 has defined connectivity for non-3GPP access in TS 23.501. Section 4.2.7 defines the high level aspects, and states that when a UE is simultaneously connected to the same PLMN of 5G core network over 3GPP access and non-3GPP access, the UE shall be served by a single AMF. It is left FFS whether there are scenarios in which a UE is served by different PLMNs simultaneously due to roaming condition, e.g., a UE is roaming and connected over 3GPP access and non-3GPP access through N3IWF located in HPLMN.
In EPC, not every PLMN has deployed ePDGs, and for this reason the ePDG selection algorithm has been designed to enable the UE to select an ePDG in another VPLMN in the visited country, or in the HPLMN.

Similarly, not all the operators deploying a 5G system will deploy N3IWFs, and therefore an inbound roaming UE may need to select an N3IWF in another PLMN. We argue the scenario is realistic.

Conclusion 1: scenarios where the N3IWF is located in a PLMN different from the VPLMN need to be addressed.

Therefore, the system behaviour needs to be designed on how to cope for such scenario. Figure 1 describes connectivity in such scenario.
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Figure 1. Model for connectivity to N3IWF in a different PLMN, 3GPP access first.
Assuming the UE is connected to a 3GPP access in a VPLMN and the UE selects an N3IWF, the N3IWF may be located in a different PLMN (either the VPLMN or the HPLMN). In such scenario, handling of the UE connectivity can happen in two ways:
· the N3IWF will attempt to use the same AMF that the UE is using in the VPLMN, and establish an N2 connection to process the UE registration in AMF1. However, we argue such scenario is unrealistic, since an inter-PLMN N2 interface cannot be supported. Moreover, if the N3IWF is in the HPLMN, routing of signalling would require trombooning and lead to inefficiencies

· the N3IWF selects an AMF in the N3IWF PLMN and forwards the UE signalling to AMF2. AMF2 processes the registration as a normal UE registration. This second option is more realistic and efficient. Each of the AMF can authenticate the UE separately, establish an independent UE context, and manage the UE connectivity separately, without the need to synchronize the functionality between two different PLMNs.
Conclusion 2: if the UE selects an N3IWF in a PLMN different from the PLMN where the UE is already registered for the 3GPP access, the UE is served by separate AMFs in the two PLMNs.
When the UE is already connected to an access (a 3GPP access or a non-3GPP) with a PLMN (either VPLMN or HPLMN) and needs to connect to a second access (a non-3GPP access or a 3GPP respectively), the issue of PLMN selection for the second access needs to be addressed. The following needs to be considered:

· if the UE registers first to a 3GPP access and selects VPLMN1, and then registers to the non-3GPP access, the N3IWF selection needs to consider the UE having selected VPLMN1 for the 3GPP access. This applies as in the case of EPS for the ePDG selection. However, for scenarios where VPLMN1 does not support N3IWF, the UE must be allowed to select an N3IWF in another PLMN (other VPLMN2 or the HPLMN).

· if the UE registers first to a non-3GPP access and selects an N2IWF in VPLMN1, and then registers to the 3GPP access, one could argue that the PLMN selection for the 3GPP access could follow similar rules as the selection of the N3IWF when the UE is already connected to a 3GPP access, i.e. attempt to select the same VPLMN of the N3IWF. However, this would mean modifying the PLMN selection for the 3GPP access to consider existing connectivity to a non-3GPP access. This may lead to the UE being connected in a non-preferred VPLMN just because such VPLMN does not deploy the N3IWF. 
Conclusion 3: When a UE is connected to a PLMN over a non-3GPP access, the UE performs PLMN selection for the 3GPP access independently of the PLMN selected for the non-3GPP access and independently of the PLMN providing the N3IWF.
2
Proposal

It is proposed to adopt the following in TS 23.501. 

* * * * First Change * * * *
4.2.7
Support of non-3GPP access

Editor's note:
This should include non-roaming and roaming reference architecture for support of non-3GPP access. To start with, Rel-15 will include support for untrusted access.

4.2.7.1
General Concepts to Support Non-3GPP Access

The 5G core network supports the connectivity of UE via non-3GPP access networks, e.g. WLAN access.

Only the support of non-3GPP access networks deployed outside the NG-RAN (referred to as "standalone" non-3GPP accesses) is described in this clause.

In this release of specification, 5G core network only supports untrusted non-3GPP accesses.

The N2 and N3 interfaces are used to connect standalone non-3GPP accesses to 5G core network control-plane functions and user-plane functions respectively.

A UE, which accesses the 5G core network over a standalone non-3GPP access, shall support NAS signalling with 5G core network control-plane functions using N1 interface after UE attachment.

When a UE is connected via a 3GPP RAN and via standalone non-3GPP accesses, multiple N1 interfaces shall exist for the UE i.e. one N1 interface over 3GPP RAN and one N1 interface over non-3GPP access.
When a UE is simultaneously connected to the same PLMN of 5G core network over 3GPP access and non-3GPP access, the UE shall be served by a single AMF if the selected N3IWF is located in the same PLMN as the 3GPP access.
When a UE is connected to a 3GPP access of a PLMN, if the UE selects the N3IWF and the N3IWF is located in a PLMN different from the PLMN of the 3GPP access (e.g. a different VPLMN or the HPLMN), the UE is served separately by the two PLMNs. The UE is registered with two separate AMFs. The UE shall not use the Temporary ID allocated by one AMF when communicating with the other. PDU sessions over the 3GPP access are served by V-SMFs different from the V-SMF serving the PDU sessions over the non-3GPP access. 

The PLMN selection for the 3GPP access is independent of the N3IWF selection. 
 
Non-3GPP access networks are connected to 5G core network via a Non-3GPP InterWorking Function (N3IWF). The N3IWF interfaces to 5G core network control-plane functions and user-plane functions via N2 interface and N3 interface, respectively.

A UE establishes IPSec tunnel with a N3IWF to attach to 5G core network over untrusted non-3GPP access. The UE is authenticated by and attached to the 5G core network during the IPSec tunnel establishment procedure. Further details for UE attachment to 5G core network over untrusted non-3GPP access are described in clause 5.2.4.

Editor's note:
it is FFS whether the UE attaches to non-3GPP access without establishing any PDU sessions, or if the UE always performs an attach with a PDU session establishment.

Editor's note:
it is FFS what the UE status the AMF maintains when the UE moves all the PDU sessions to a 3GPP access and whether the N2 connection to the N3IWF is maintained.

N1 NAS signalling over standalone non-3GPP accesses is protected with the same security mechanism applied for N1 over a 3GPP access.

Editor's note:
Name of N3IWF may need to be changed.
Editor's note:
How QoS is supported via the N3IWF and untrusted non-3GPP accesses is FFS.
4.2.7.2
Architecture Reference Model for Non-3GPP Accesses

4.2.7.2.1
Non-roaming Architecture for LBO for Non-3GPP Accesses
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Figure 4.2.7.2.1-1: Non-roaming architecture for 5G core network with non-3GPP access
NOTE 1:
The reference architecture in figure 4.2.7.2.1-1 only shows the architecture and the network functions directed connected to non-3GPP access, and other parts of the architecture are the same as defined in section 4.2.
NOTE 2:
The reference architecture in figure 4.2.7.2.1-1 supports both the point-to-point and service based model reference point between AMF, SMF and other NFs not represented in the figure.

NOTE 3:
The two N2 instances in Figure 4.2.7.2.1-1 apply to a single AMF for a UE which is simultaneously connected to the same 5G core network over 3GPP access and non-3GPP access.
NOTE 4
The two N3 instances in Figure 4.2.7.2.1-1 may apply to different UPFs when different PDU sessions are activated over 3GPP access and non-3GPP access.
4.2.7.2.2
Roaming Architecture for LBO for Non-3GPP Accesses, N3IWF in same PLMN as 3GPP access
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Figure 4.2.7.2.2-1: Roaming architecture for 5G core network with non-3GPP access - N3IWF in the VPLMN

NOTE 1:
The reference architecture in figure 4.2.7.2.2-1 only shows the architecture and the network functions directed connected to support non-3GPP access, and other parts of the architecture are the same as defined in section 4.2 with involvement of an SMF and of UPF(s) in HPLMN in case of Home Routed.
NOTE 2:
The reference architecture in figure 4.2.7.2.2-1  supports both the point-to-point and service based model reference point between AMF, SMF and other NFs not represented in the figure.

NOTE 3:
The two N2 instances in Figure 4.2.7.2.2-1  apply to a single AMF for a UE which is connected to the 5G core network over 3GPP access and non-3GPP access simultaneously.
NOTE 4:
The two N3 instances in Figure 4.2.7.2.2-1  may apply to different UPFs when different PDU sessions are activated over 3GPP access and non-3GPP access.
4.2.7.2.3
Roaming Architecture for LBO for Non-3GPP Accesses, N3IWF in different PLMN from 3GPP access
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Figure 4.2.7.2.3-1: Roaming architecture for 5G core network with non-3GPP access - N3IWF in the different PLMN from the 3GPP access
NOTE 1:
The reference architecture in figure 4.2.7.2.3-1 only shows the architecture and the network functions directed connected to support non-3GPP access, and other parts of the architecture are the same as defined in section 4.2 with involvement of an SMF and of UPF(s) in HPLMN in case of Home Routed.
NOTE 2:
The reference architecture in figure 4.2.7.2.2-1  supports both the point-to-point and service based model reference point between AMF, SMF and other NFs not represented in the figure.
NOTE 3:
The two N2 instances in Figure 4.2.7.2.2-1  apply to two different AMFs for a UE which is connected to the 5G core network over 3GPP access and non-3GPP access simultaneously.
* * * * Next Change * * * *
5.5
Non-3GPP access specific aspects

Editor's note:
Non-3GPP access specific aspects e.g. involvement of NG-N3IWF function.
When the UE is successfully registered to an access (e.g. a 3GPP access or a non-3GPP access respectively) and the UE registers to a second access:

· if the second is located in the same PLMN (e.g. the UE is registered to a 3GPP access and selects a N3IWF located in the same PLMN), the UE shall use for the registration to the new access the Temporary UE identifier that the UE was provided at the first registration. 
· if the second access is located in a PLMN different from the PLMN of the first access (e.g. the UE is registered to a 3GPP access and selects a N3IWF located in a PLMN different from the PLMN of the 3GPP access, or the UE is registered over non-3GPP and registers to a 3GPP access in a PLMN different from the PLMN of the N3IWF), the UE shall not use for the registration to the new access the Temporary UE identifier that the UE was provided at the first registration.
* * * * End Of Changes * * * *
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