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Abstract: This paper proposes how network selection is handled in a 5G system
Background
For a UE to access services, it has to select a network, and register on it. Network selection is described in TS 22.011. There have been several enhancements to network selection over the years, but the basic principles have remained stable for a long time. With the advent of 5G it is once again time to review those principles to understand if new requirements on network selection are needed.
With 5G, several changes are envisaged to the 3GPP system that could impact network selection
· New radio access technology and new frequency bands

· New services

· Network slicing

The default behaviour for a UE is to select the last registered PLMN (RPLMN). If the UE loses coverage and then returns to coverage of RPLMN, and also finds coverage of HPLMN (or any EHPLMN), it may register on the HPLMN (or EHPLMN) and not return to the RPLMN.
If the UE cannot register to the RPLMN (or any PLMN equivalent to it), the UE relies on automatic or manual network selection mode, as described below (cf. TS 22.011)

In automatic network selection mode, The UE shall select and attempt registration on other PLMNs [...] in the following order:
i. An EHPLMN if the EHPLMN list is present or the HPLMN (derived from the IMSI) if the EHPLMN list is not present for preferred access technologies in the order specified. In the case that there are multiple EHPLMNs present then the highest priority EHPLMN shall be selected.
ii. each entry in the "User Controlled PLMN Selector with Access Technology" data field in the SIM/USIM (in priority order).
iii. each entry in the "Operator Controlled PLMN Selector with Access Technology" data field in the SIM/USIM (in priority order).
iv. other PLMN/access technology combinations with sufficient received signal quality (see 3GPP TS 23.122 [3]) in random order.
v. all other PLMN/access technology combinations in order of decreasing signal quality.
There are exceptions: some PLMNs are not considered

· If not available or not allowable

· If LA or TA are forbidden for roaming
· Compatibility reasons, such as

· Voice centric UE may avoid a PLMN that does not support voice service

· UE that only supports Control Plane CIoT EPS Optimisations shall avoid a PLMN that does not support Control Plane CIoT EPS optimisations

In manual network selection mode, any available PLMNs shall be presented in the following order:

i. HPLMN (if the EHPLMN list is not present); or if one or more of the EHPLMNs are available then based on an optional data field on the USIM either the highest priority available EHPLMN is to be presented to the user or all available EHPLMNs are presented to the user in priority order; if the data field is not present, then only the highest priority available EHPLMN is presented;

ii. PLMNs contained in the "User Controlled PLMN Selector" data field in the SIM/USIM (in priority order);

iii. PLMNs contained in the "Operator Controlled PLMN Selector" data field in the SIM/USIM (in priority order);

iv. other PLMN/access technology combinations with sufficient received signal level [...] in random order;

v. all other PLMN/access technology combinations in order of decreasing signal strength.

5G Aspects

For the same reason, as with earlier generations, RPLMN and HPLMN should still have the highest priority in network selection when 5G networks are deployed
· RPLMN was the last highest priority PLMN to serve the UE, and may still be available, allowing the quickest access to services
· HPLMN (and EHPLMN) belong to the home network, providing the subscription.
It also makes sense to add 5G as one of the access technologies in the user and operator controlled PLMN selectors. Through Rel-14, the following radio access technologies have been specified in 3GPP TS 31.102

· E-UTRAN

· UTRAN

· GSM

· GSM Compact (redundant)

· CDMA2000 1xRTT

· CDMA2000 HRPD
The main reason for specifying these RATs is to support the operator option to provide the UEs not only high priority PLMNs, but also a list of prioritised RAT(s) for the initial access.

Among the things that may impact network selection is the introduction of network slices. The network slices may be specific to certain groups of subscribers (e.g., employees of a company, or customers of an MVNO), or they may offer optimised services (e.g., very low latency). It is tempting to think that the UE would consider the available network slices before selecting the network. One solution would be to scan all networks to find the ones that support the slices the user intends to use but this approach would have some obvious shortcomings
· Scanning all available networks takes a long time, compared to relying on the RPLMN

· Broadcasting sufficiently detailed information about the supported slices may easily require a lot more broadcast capacity than what is available even for 4G, which is a scarce resource in 4G, and may be even more limited in 5G
· If the UE supports or the user or subscriber is allowed to access several slices, how would priorities between the slices be determined if none of the available networks supports all of those slices?

· A UE may first select network A in a cell that supports a network slice X, but then move to another cell that does not support this network slice. Should this mean that the UE immediately deregister from network A to register in another network that supports network slice X?

Hence, relying on the legacy network selection principles in 5G has the clear benefit of using tested and well-understood procedures. Moreover, to support the specifics of network slicing, we assume that the following principles apply
· When in the home country, there is no need to select any other than the HPLMN (or EHPLMN), which can be assumed to support all the user-desired network slices (since the HPLMN subscription determines the allowed services)
· For roaming, the HPLMN operator can set up the operator controlled PLMN selector to prioritise those networks that support the network slices the user is expected to use.
· If the user wishes to override the automatic network selection mode (e.g., when another network offers better service than the automatically-selected eMBB slice) that chose the default VPLMN (e.g., the one on the operator controlled PLMN selector), the user can manually select another network, within the limits of roaming agreements, thus implicitly updating the user controlled PLMN selector, that is used in subsequent automatic network selections. Additionally, if the user wants to use, e.g., very-low-latency services later, not available in the serving network, he can manually select yet another network.
Hence, these conform well to the existing network selection principles, making 5G behave similarly to existing network selection mechanisms. However, we should keep an open mind, and if subsequent work in SA1 produces use cases and business scenarios, and in SA2 and RAN WGs uncovers mechanisms that make it feasible to include information about network slices in the network selection, SA1 should revisit network selection.
Proposal

Add a short description on 5G to network selection in TS 22.261.
-------------------- PROPOSED CHANGES ---------------------

------------------------- 1ST CHANGE ----------------------------

6.x
Network selection

6.x.1
Description

The 5G system introduces a new radio access technology, the 5G-RAN. The radio access technology has to be taken into account when selecting the network.

6.x.2
Requirements

The UE shall consider the radio access technology when selecting the network.

-------------------- END OF CHANGES ---------------------

