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1. 
Introduction

This paper proposes a solution to key issue 1 and 4 in TR 23.726.

2. 
Proposal

It is proposed to update TR 23.726 as follows

**** First Change ****
6
Solutions
6. X
Solution #X: Mobility between service areas

6. X.1
Overview
In this solution the SMF Service Area of an SMF is assumed to constitute of the union of the UPF Service Areas of all UPFs that can be controlled by that SMF. 

This solution applies to Key Issue 1 and 4 and describes how a UE can move in the network between two SMF service areas where the SMF in service area 1 is not connected via N4 to the UPF(s) in service area 2. The service area can for example be an administrative area either within one PLMN, or in different PLMNs.

6.X.2
Description of the solution

6.X.2.1 
Overview
Editor's Note:
This clause outlines solution principles and documents any assumptions made.

In this solution, there are two SMFs introduced and used within a PLMN. The following terminology is used:

· Anchor SMF (A-SMF) is the SMF serving the PDU Session when a single SMF is used as defined for non-roaming and LBO scenarios in rel-15. The A-SMF is thus the SMF that controls the PDU Session Anchor UPF(s) that were allocated before the I-SMF is inserted.. This SMF has the PCC and UDM interfaces, performs UE IP address allocation etc.

· Intermediate SMF (I-SMF) is the SMF that controls a UPF not controlled by A-SMF and has the N3 interface. This is an intermediate UPF between RAN and the PDU Session Anchor UPF. An I-SMF is inserted, relocated or removed as needed.
6.X.2.2 
Non-roaming and LBO network architecture

In the proposed solution, the I-SMF is included “between” the AMF and the A-SMF when the UE is in a location where the A-SMF cannot control UPFs serving that location. The I-SMF is only inserted when needed. When no I-SMF is allocated for the PDU Session, the PDU Session is served by a single SMF (the A-SMF) as described in the non-roaming architecture in TS 23.501. The interface between AMF and I-SMF is the existing N11. This means that the AMF communicates with the I-SMF when an I-SMF is present in the network. Figure 6.X.2-1 shows the non-roaming reference architecture when an I-SMF has been inserted.
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Figure 6.X.2-1. Non-Roaming system architecture in reference point representation
Functionality of I-SMF includes:

-
Session management (e.g. support of Nsmf_PDUSession_CreateSMContext, Nsmf_PDUSession_UpdateSMContext, Nsmf_PDUSession_ReleaseSMContext service operations)

-
N11 termination, incl. termination of SM parts of NAS messages and N2 

-
UPF selection and control

-
Handling of buffering and downlink data notifications in case N3 connection is inactive

The A-SMF supports interfaces to PCF, UDM and charging systems, UE IP address management etc.
6.X.2.3 
Home-routed roaming architecture 

In the proposed solution, inter-PLMN mobility is supported, i.e. mobility between HPLMN and a VPLMN as well as mobility between two VPLMNs for home-routed PDU Sessions. 

The network architecture for these cases re-use the non-roaming and home-routed architectures defined in TS 23.501, clause 4.2.8.2.

In case of mobility within a VPLMN to an area where V-SMF cannot control a UPF serving the UE location, the V-SMF is reallocated
Editor’s note: In case of mobility within VPLMN to an area where V-SMF cannot control a UPF serving the UE location, it is FFS whether an I-SMF can be inserted in VPLMN. 

Editor’s note: Slicing aspects due to inter-PLMN mobility are FFS.

6.X.2.4 
Network architecture and relation to use cases

In use case #1 in clause 5.1.1, an intermediate SMF is inserted between the AMF and anchor SMF, in a similar way as a v-SMF is used between AMF and H-SMF. The I-SMF controls the intermediate UPF(s), while the A-SMF controls the anchor UPF. The I-SMF is optional, and it is added in the path only when it is needed (when the UE is in an area where the A-SMF cannot control the UPF). The I-SMF can be added, changed or removed during the lifetime of the PDU session depending on UE mobility. An example scenario is shown in the figure below, showing mobility from region 1 where the PDU Session was established with a single SMF to region 2 where an I-SMF in the new (serving) region is allocated. In the figure it is assumed that AMF is relocated when moving across the border between regions. The SMF and UPF (PSA) in Region 1 is maintained for the PDU Session.  
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Figure 6.X.2-1. Insertion of I-SMF in case of use case #1

In use case #2 in clause 5.1.1, a V-SMF is allocated in the serving PLMN. The V-SMF controls the UPF(s) in the VPLMN while the H-SMF controls the anchor UPF, as specified for home-routed roaming cases. An example scenario is shown in the figure below, showing mobility from PLMN A where the PDU Session was established with a single SMF to PLMN B where a V-SMF in the new (serving) PLMN is allocated. In the figure it is assumed that AMF is relocated when moving across the PLMNs. The SMF and UPF (PSA) in HPLMN is maintained for the PDU Session. 
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Figure 6.X.2-1. Insertion of I-SMF in case of use case #1

Editor’s Note: Whether there is any relation assumed between SMF service areas and AMF service areas is FFS. 

Editor’s Note: Further clarification and details on how SMF areas relate to regions (use case #1) and PLMN (use case #2) are FFS.

6.X.3
Impact of the solution to existing entities

Editor's Note: This clause describes impacts to existing entities and interfaces.

6.X.4
Evaluation of the solution

Editor's Note: This clause provides an evaluation of the solution.

6. Y
Solution #Y: Selection of I-SMF and V-SMF
6.Y.1
Overview

The solution is an extension of Solution X, addressing the following two aspects: 

1) 
Triggering: which entity is determining that an I-SMF is needed and 

2) 
Selection: which entity selects the I-SMF. 

6.Y.2 
Description of the solution
In this solution it is proposed that the AMF is responsible for I-SMF and V-SMF selection, in line with SMF selection in rel-15. In order for the AMF to select an I-SMF/V-SMF serving a certain location, there are different options: 

-
An option is that the NF profile for the SMF is extended to include also a SMF Service Area (SMF SA). When the SMF registers its services with the NRF, the SMF also provides the SMF SA. When a AMF is sending a request to the NRF to discover available SMFs, the AMF provides also location information (TA) for which the request is intended. The NRF returns a list of SMFs supporting the requested location. Another option is that AMF is explicitly configured with the SMF service area of available SMFs

Even though AMF is responsible for I-SMF/V-SMF selection, there can be different options for triggering the selection, i.e. determining that a new I-SMF/V-SMF is needed (item 1 in 6.Y.1):

-
Alternative 1: AMF determines that a new I-SMF/V-SMF is needed: 

-
In this case the AMF determines that an I-SMF/V-SMF is needed. In order for the AMF to determine when an I-SMF has to be inserted or relocated, the AMF may need to explicitly know the SMF Service Area. Alternatively, the AMF need to query the NRF whenever the UE appears in a new location (e.g. Tracking Area) to determine whether the existing SMF can continue to serve the PDU Session without the need for I-SMF insertion/relocation.

-
Alternative 2: SMF decides that selection of I-SMF/V-SMF is needed 

-
In this case, the SMF serving the N11 interface (i.e. the Nsmf_PDUSession SM Context service operations) determines that a new I-SMF/V-SMF is needed (e.g. based on its coverage area) and replies to AMF with an indication implying that the AMF needs to select and contact a new I-SMF/V-SMF.

Benefits with Alternative 1 include that AMF does not need to contact the SMF serving N11 in order to know whether a new I-SMF/V-SMF needs to be selected.

Benefits with Alternative 2 include that AMF is not required to keep track of the SMF service area, or frequently query the NRF during e.g. mobility registration to determine whether the existing SMF can continue to serve the PDU Session without the need for I-SMF/V-SMF insertion/relocation. 

Editor’s note: It is FFS whether one or both alternatives are needed to fulfil the different use cases.

Editor’s note: It is FFS if and how alternative 2 can work in all procedures.

6.Y.3
Impact of the solution to existing entities

Editor's Note: This clause describes impacts to existing entities and interfaces.

6.Y.4
Evaluation of the solution

Editor's Note: This clause provides an evaluation of the solution.

**** End of Changes ****
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