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1. Introduction
Over the past couple of generations (2G, 3G, 4G), the principles of network selection as specified in TS 23.122 have remained largely unchanged, with only incremental updates made on a case-by-case basis to accommodate new features (e.g. ProSe in Rel-12, CIOT in Rel-13, eCall over IMS and V2X in Rel-14). With the start of the CT1 work on the next generation (5G), it is time to take a fresh look at network selection to determine whether any changes are needed to meet the 5GS requirements.

It is the view of the authors that there are several new aspects in 5GS which require updates to the network selection procedures to ensure optimal operation. The purpose of this paper is to identify these aspects and to propose a way forward.
2. 5GS aspects with impact on network selection 
2.1 SA1 requirements

As part of their work on SMARTER, SA1 has added the following requirements on the 5G system in TS 22.261 [1]:

· Support of network slicing (see subclause 6.1), including:

The 5G system shall allow the operator to create, modify, and delete a network slice. (Requirement 1)
The 5G system shall allow the operator to define and update the set of services and capabilities supported in a network slice. (Requirement 2)
· Support of a mechanism for the network to direct a UE onto a partnership network for certain services (see subclause 5.1.2.1), aka “in-network roaming”:

The 5G system shall provide a mechanism for a network operator to direct a UE onto a partnership network for routing all or some of the UE user plane and associated control plane traffic over the partnership network, subject to an agreement between the operators. (Requirement 3)
SA1 has also added the following descriptive text about support of network slicing in network selection in subclause 6.19.1 of TS 22.261 [1]):

A 5G network operator controls and is responsible for what SSTs [Slice/Service Types] that should be available to a specific UE and subscription combination, based on associated subscription type, network operator policies, network capabilities and UE capabilities. The network operator can populate the Operator Controlled PLMN Selector list with associated access technology identifiers, stored in the 5G UE, with the PLMN/RAT combinations enabling access to the SSTs that are available to the 5G UE with associated subscription. (Description 1)
2.2 SA2 requirements

SA2 has discussed access selection for PDU session establishment in the case when the UE is registered over multiple accesses, and agreed the following requirement in TS 23.501 [2]:

· The UE chooses over which access to establish a PDU session based at least n network-provided policies, service requirements and user subscription (see subclause 5.6.1):

An UE that is registered over multiple accesses chooses over which access to establish a PDU session.

Editor's note:
The choice of the access to use for a PDU session is based at least on network policy, service requirements and user subscription. The definition of policy for selecting the access to route the PDU Sessions (e.g. service requirements, user subscription, etc.) and how it is used are FFS. (Requirement 4)
Additionally, the key principles of the 5GS architecture listed by SA2 in TS 23.501 [2] include:

· a converged access-agnostic core network which integrates different 3GPP and non-3GPP access types (see subclause 4.1):
· Minimize dependencies between the Access Network (AN) and the Core Network (CN). The architecture is defined with a converged access-agnostic core network with a common AN - CN interface which integrates different 3GPP and non-3GPP access types. (Requirement 5)
3. Considerations on network selection evolution
3.1 Support of network slicing
As mentioned in the introduction section of this document, network selection has been specified in TS 23.122 since the 2G days. However it is to note that over the past couple of years, the procedures in that specification have had to be updated or to allow for special exceptions to accommodate specific features on a case-by-case basis: 
· in Rel-12, a procedure for “PLMN selection triggered by ProSe direct communication” was added in subclause 3.1B, by which a UE can, under certain conditions, trigger PLMN selection when the user wants to use the ProSe direct communication service.

· in Rel-13, the automatic network selection mode procedure for was updated to take into account the CIoT features supported at the UE and at the network. 
· In Rel-14, the automatic network selection mode procedure was further updated to take into account support of eCall over IMS at the network for the UE in eCall only mode. 
· In Rel-14, a procedure for “PLMN selection triggered by V2X communication over PC5” was added in subclause 3.1C, by which a UE can, under certain conditions, trigger PLMN selection when the user wants to use the V2X communication over PC5 service.

These changes were done in a piecemeal manner without a systematic design. The fact that they were required shows that one single network may no longer fit all the needs of a UE: a given UE which supports multiple features may need to select a different network depending on which feature(s) the user wants to exercise. 

For 5GS, taking into account supported features will be even more crucial due to the requirement to support network slicing (cf Requirement 1 and Requirement 2 in section 2). It would be sub-optimal to simply re-use “legacy” network selection” since with “legacy” network selection”, the UE would not take into account whether a network can support the slice(s) that the UE wants to use, and the UE would also not be able to perform network selection in case it wants to start using a slice not supported by the current serving network.

It could be inferred from Description 1 that it is sufficient to populate the Operator Controlled PLMN Selector list with PLMN/RAT combinations that somehow guarantee that the highest priority PLMN always provides the UE with the slice(s) that the UE wants to use. However this will not be sufficient for the following reasons:

· It assumes that the set of slices supported by each network is static, whereas in practice it is likely that networks will deploy new slices as new services emerge. 
· It assumes that the set of slices the UE needs to use is static, whereas UEs could start to request the use of a new slice after e.g. installing a new application or a SW upgrade. 
· It assumes that the set of supported slices is homogeneous in a given PLMN, whereas an operator might deploy certain slices in only specific TAs, in which case there would be a need for the UE to perform “TA reselection” when moving to a TA that does not support the slice(s) that the UE wants to use.

· It would not allow the operator to redirect the UE onto a partnership network for certain services (see Requirement 3) 
· It would not allow the operator to provision the UE to use a certain access for a specific service only (see Requirement 4).

Here are examples of problem scenarios that can occur if “legacy” network selection is reused unmodified:
Problem scenario #1:
A UE that intends to use a service requiring URLLC is roaming and selects the highest priority VPLMN based on the UE’s provisioning in the USIM. After the UE registers to that VPLMN, the UE finds out that URLLC is not supported on that VPLMN. Since this is the highest priority VPLMN, the UE is “stuck” there without being able to use the service requiring URLLC, until the user moves out of coverage of that VPLMN.
Problem scenario #2:

A UE is registered on PLMN A (its HPLMN). The user starts an application to receive digital TV contents, but the HPLMN does not support this network slice type. Even though PLMN B is available in the same area and supports this network slice type, the UE is “stuck” on PLMN A and cannot reselect to PLMN B to satisfy the user’s request.
To avoid these issues and meet the 5GS requirements, CT1 needs to study how to integrate the network slicing aspects and per-PDU session access selection into the network selection procedure in a holistic manner.
3.2 Network selection for non-3GPP access

Since one of the key principles of the 5GS architecture is a converged access-agnostic core network which integrates different 3GPP and non-3GPP access types (see Requirement 5), one question that CT1 will need to discuss is whether a common network selection framework should be defined for 3GPP and non-3GPP access. Currently TS 23.122 only addresses PLMN selection for 3GPP access, however with the tighter integration between 3GPP and non-3GPP access, and the use of a common core, there could be some benefits to adopting a unified approach and a single way of provisioning the UE for network selection on all access types.
4. Proposed way forward
It is proposed that CT1 study the changes needed to network selection procedures to meet the 5GS requirements, in particular:
· how to integrate the network slicing aspects and per-PDU session access selection into the network selection procedure in a holistic manner

· whether to define a common network selection framework applicable to both 3GPP access and non-3GPP access
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