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1. Introduction
At CT1#103, preliminary concepts for network selection in 5GS were added to TR 24.890 subclause 5.1. These concepts need to be expanded upon based on the SA1 and SA2 progress. Also content needs to be added in the procedure subclause (5.2).
2. Reason for Change
2.1 Updates required to network selection procedures as currently specified for EPC
To meet the 5GS requirements, the following updates need to be made to the network selection procedures as currently specified for EPC:

1) Addition of New Radio (NR) and evolved E-UTRAN as radio access technologies

SA2 has agreed the following definitions in TS 23.501 subclause 3.1:
5G Access Network: An access network comprising a 5G-RAN and/or non-3GPP AN connecting to a 5G Core Network.

5G-RAN: A radio access network that supports one or more of the following options with the common characteristics that it connects to 5GC:

1)
Standalone New Radio.

2)
New Radio is the anchor with E-UTRA extensions.

3)
Standalone E-UTRA.

4)
E-UTRA is the anchor with New Radio extensions
In order to enable an operator that has deployed both NR and E-UTRA connected to 5GC to prioritize e.g. NR over E-UTRA, it is necessary to add "NR" as a radio access technology that can be included in the "User controlled PLMN selector with Access Technology", "Operator controlled PLMN selector with Access Technology" and "HPLMN selector with Access Technology" lists.

Moreover, in order to enable an operator that has deployed both 5GC and EPC to prioritize e.g. E-UTRA connected to 5GC over E-UTRA connected to EPC (ie E-UTRAN), it is also necessary to define a new denomination to refer to “E-UTRAN connected to 5GC”, and to add it as a new radio access technology that can in be included in the "User controlled PLMN selector with Access Technology", "Operator controlled PLMN selector with Access Technology" and "HPLMN selector with Access Technology" lists. For the denomination, it is propose to use "evolved E-UTRAN".
Conclusion 1: "NR" needs to be added to the list of radio access technologies.
Conclusion 2: "evolved E-UTRAN" needs to be added to the list of radio access technologies.
2) New forbidden lists

SA2 defined in TS 23.501 subclause 5.3.4.1.1 the following mobility restrictions:
- RAT restriction:
Defines the 3GPP Radio Access Technology(ies), a UE is not allowed to access. In a restricted RAT a UE is based on subscription not permitted to initiate any communication with the network.

-
Forbidden area:
In a Forbidden area under a given RAT, the UE is based on subscription not permitted to initiate any communication with the network.

-
Service area restrictions:
Defines areas in which the UE may or may not initiate communication with the network as follows:

-
Allowed area:
In an allowed area under a given RAT, the UE is permitted to initiate communication with the network as allowed by the subscription.

-
Non-allowed area:
In a non-allowed area under a given RAT a UE is service area restricted based on subscription. The UE and the network are not allowed to initiate Service Request or SM signalling to obtain user services (both in CM-IDLE and in CM-CONNECTED states). The UE shall perform periodic and mobility registration updates, and if the UE is not already registered, it may also perform initial registration to attach to network in Non-allowed area due to mobility. The UE in a Non-allowed area shall respond to core network paging with Service Request.
Furthermore, SA2 defined a service area in TS 23.501 subclause 5.3.4.1.2 as follows:

A service area restriction may contain one or more (e.g. up to 16) entire tracking areas.

Conclusion 3: the following new lists need to be defined and maintained at the UE:

· List of forbidden RATs

· List of forbidden areas

· List of allowed areas

· List of non-allowed areas
At present, SA2 has not defined any new PLMN-wide mobility restriction. In addition, 5GS does not support CS services or interworking with the CS domain, so there is no need to maintain two separate lists of forbidden PLMNs as was done for GPRS and EPS ("forbidden PLMNs" list and "forbidden PLMNs for GPRS service"). Consequently, one single list of forbidden PLMNs (("forbidden PLMNs" list) is sufficient for 5GS.
Conclusion 4: one single "forbidden PLMNs" list is sufficient for 5GS.
5GS also does not support interworking with cdma2000® 1xRTT and cdma2000® HRPD systems, so the existing "forbidden PLMNs for attach in S101 mode" list is not applicable to 5GS.

Conclusion 5: the existing "forbidden PLMNs for attach in S101 mode" list is not applicable to 5GS.
3) Support for network slicing

Support of network slicing in network selection is FFS and dependent on SA1’s response to CT1 LS C1-171940.
2.2 Proposed improvements to network selection procedures as currently specified for EPC
The following improvements to the network selection procedures as currently specified for EPC can be considered:
1) Common framework for 3GPP and non-3GPP access network selection
In order to follow SA2’s decision to have a converged access-agnostic core network which integrates different 3GPP and non-3GPP access types, it is desirable to define a common framework for 3GPP and non-3GPP access network selection. Non-3GPP access technologies such as cdma2000® 1xRTT and cdma2000® HRPD can already be included in the "User controlled PLMN selector with Access Technology", "Operator controlled PLMN selector with Access Technology" and "HPLMN selector with Access Technology" data files. Since the main other non-3GPP access technology deployed is WLAN, it is beneficial to add WLAN as well as an access technology that can be included in these files, so as to allow an operator operating WLAN to prioritize WLAN access relative to 3GPP access technologies.

This will require extending the meaning of the PLMN field in these lists to be able to contain an SSID in addition to a PLMN ID.
Proposal 1: the existing concept of ranking the available candidate networks in automatic network selection is extended to cover also WLAN RAT.

Proposal 2: For entries in the "User controlled PLMN selector with Access Technology", "Operator controlled PLMN selector with Access Technology" and "HPLMN selector with Access Technology" data files, the "PLMN" field contains an SSID instead of a PLMN ID if the associated RAT is set to "WLAN".
2) Taking into account UE location

In the network selection procedures currently specified in TS 23.122, at switch-on or recovery from lack of coverage in automatic network selection mode, the UE is mandated to look for the registered PLMN or equivalent PLMN first, then the HPLMN or an EHPLMN, then the PLMN/access technology combinations in the "User Controlled PLMN Selector with Access Technology" and "Operator Controlled PLMN Selector with Access Technology" data files.

However looking for the registered PLMN is not useful if the UE is powered up in a country different from the country of the registered PLMN. Also, looking for the HPLMN is not useful if the UE is powered up in a country different from the country of the HPLMN. This can be generalized by stating that looking for PLMNs with an MCC that does not match the country in which the UE is located is not useful. In order to speed up PLMN selection, if is proposed that if the UE can determine its location, the UE may skip searching for PLMNs whose MCC is not among the MCC(s) of the country in which the UE is located.

Proposal 3: As an implementation option, if the UE can determine its location, the UE may skip the search for PLMNs whose MCC maps to a country which is different from the country in which the UE is located.
3. Proposal

It is proposed to agree the following changes to 3GPP TR 24.890 v0.1.0
* * * First Change * * * *

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

N1 mode: A mode of a UE allowing access to the 5G core network via the 5G access network.
evolved E-UTRAN: E-UTRA connected to the 5G core network.
For the purposes of the present document, the following terms and definitions given in 3GPP TS 23.501 [4] apply:

5G access network
5G core network
5G System
5G-RAN
For the purposes of the present document, the following terms and definitions given in 3GPP TS 22.261 [3] apply:

Network slides
* * * Next Change * * * *

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

5GCN
5G Core Network

5GS
5G System
NR
New Radio
* * * Next Change * * * *

5
Network selection procedures

5.1
Concepts

The 5GS supports both 3GPP and non-3GPP access networks as specified in 3GPP TS 22.261 [3].

As per 3GPP TS 22.261 [3] the 5G system supports the concept of "network slices" where different 5G radio access networks potentially are connected to network slices of different SSTs.

Editor's note:
It is for further study how to support the concept of "network slices" of 5G radio access networks.

For 3GPP access network selection requirements in 3GPP TS 22.011 [2], clause 3.2 apply together with new requirements specified by 3GPP TS 22.261 [3] subclause 6.19.2.

PLMN selection defines a UE-based procedure, whereby candidate PLMNs are selected, one at a time, for attempted registration. 
New Radio (NR) and evolved E-UTRAN are new RAT (Radio Access Technology) for PLMN selection procedures different from GERAN, UTRAN and E-UTRAN (see 3GPP TS 22.011 [44]).

New lists need to be specified for 5GS for the purpose of mobility restriction: "forbidden RATs" list, "forbidden areas" list, "allowed areas" list and "non-allowed areas" list. The "forbidden RATs" list will contain one or more RATs. The "forbidden areas" list, "allowed areas" list and "non-allowed areas" list will contain one or more tracking area identities.
One single list of forbidden PLMNs ("forbidden PLMNs" list) is sufficient for 5GS. The existing "forbidden PLMNs for GPRS service" and "forbidden PLMNs for attach in S101 mode" lists are not used for 5GS.

The existing concept of ranking the available candidate networks in automatic network selection is extended to cover also WLAN RAT.

Once the PLMN selection has been performed, the UE follows the signalling procedures defined for the selected RAT.


5.2
Procedures

5.2.1
General

The Radio Access Technology identifier (RAT) associated with each entry in the "User controlled PLMN selector with Access Technology", "Operator controlled PLMN selector with Access Technology" and "HPLMN selector with Access Technology" data files can indicate any combination of the values: GSM, GSM COMPACT, UTRAN, E-UTRAN, cdma2000® 1xRTT, cdma2000® HRPD, NR, evolved E-UTRAN and WLAN access technologies.

Any signalling procedures after PLMN selection are defined in the specifications related with the radio access technology of the selected PLMN.

5.2.2
Procedures for 3GPP radio access networks
The same procedures for PLMN selection applicable for the GSM, UTRAN and E-UTRAN access technologies as described in 3GPP TS 22.011 [47] and 3GPP TS 23.122 [22] also apply for NR and evolved E-UTRAN, with the following additions and exceptions:
-
at switch-on or recovery from lack of coverage, the UE needs not searching for the registered PLMN or equivalent PLMN if the UE determines itself located in a country different from the country of the registered PLMN;
-
in automatic network selection mode, the UE needs not searching for the HPLMN or highest priority EHPLMN if the UE determines itself located in a country different from the country of the HPLMN or highest priority EHPLMN;
-
in automatic network selection mode, when searching for the PLMN/access technology combinations in the "User Controlled PLMN Selector with Access Technology" data file or the "Operator Controlled PLMN Selector with Access Technology" data file in the SIM and the UE can determine its location, the UE may skip the combinations for PLMNs in countries different from the country in which the UE is located;
-
when the UE is informed that a RAT is forbidden, this RAT is added to a list of "forbidden RATs" which is stored in the UE. The UE shall not send any signalling or user data using this RAT and shall attempt to select a RAT which is not in the list of "forbidden RATs" in the same PLMN. The list of "forbidden RATs" is deleted when the UE is switched off or the USIM is removed;

-
when the UE is informed that an area is forbidden, the tracking area identity for this area is added to a list of "forbidden areas" which is stored in the UE. The UE shall not send any signalling or user data in this area and shall search for a suitable cell in the same PLMN but belonging to a tracking area which is not in the list of "forbidden areas". The list of "forbidden areas" is deleted when the UE is switched off or the USIM is removed;

-
when the UE is informed that an area is allowed, the tracking area identity for this area is added to a list of "allowed areas" which is stored in the UE. The UE may send signalling or user data in this area. The list of "allowed areas" is deleted when the UE is switched off or the USIM is removed; and
-
when the UE is informed that an area is non-allowed, the tracking area identity for this area is added to a list of "non-allowed areas" which is stored in the UE. The UE shall not send any signalling or user data in this area and shall search for a suitable cell in the same PLMN but belonging to a tracking area which is not in the list of "non-allowed areas". The list of "non-allowed areas" is deleted when the UE is switched off or the USIM is removed.
5.2.3
Procedures for non-3GPP access networks

5.2.3.1
Procedures for access networks defined by 3GPP2

The procedures for PLMN selection applicable for the cdma2000® 1xRTT and cdma2000® HPRD access technologies as described in 3GPP TS 22.011 [47] and 3GPP TS 23.122 [22] apply.
5.2.3.2
Procedures for WLAN access networks
The same procedures for PLMN selection applicable for the GSM, UTRAN and E-UTRAN access technologies as described in 3GPP TS 22.011 [47] and 3GPP TS 23.122 [22] also apply for WLAN, with the following additions and exceptions:
-
in the "User controlled PLMN selector with Access Technology", "Operator controlled PLMN selector with Access Technology" and "HPLMN selector with Access Technology" data files, the PLMN field of any PLMN associated with WLAN RAT is set to an SSID instead of a PLMN ID (MCC+MNC).
5.2.3.3
Procedures for other non-3GPP access networks

Editor's note: Currently there are no requirements available.


* * * End of Changes * * * *

