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Background
Ongoing Rel-17 work item description on CT aspects of NB-IoT/eMTC Non-Terrestrial Networks in EPS includes the following objective:

Support for discontinuous coverage (DC) including:
	…
-     Impact of DC on the PLMN search and selection.
This paper discusses how DC impacts PLMN search and selection and proposes a solution.

Problem statement
According to RAN TR, in a PLMN using satellite access with discontinuous coverage (DC), the duration of a satellite flyover over a given location on the ground has a typical value of ~2 minutes. A typical coverage gap between subsequent flyovers extends to hours, e.g. between 9 and 14 hours. This means that the UE in a PLMN using DC finds itself within the coverage less than 1% of the time. Even if this number is an order of magnitude higher (e.g. 10%), it is still much less than a typical terrestrial network deployment, where the NW is supposed to provide coverage ~95% of the time or higher. 

Observation 1: In a PLMN using satellite access with DC, the UE finds itself inside the coverage significantly less time than in the legacy networks.

PLMN search and PLMN selection procedures in 3GPP specs were designed based on the assumption that the coverage of a given PLMN at a given location does not change in time. For example, when the UE performs PLMN selection upon power up/recover from lack of coverage, the UE will select the highest priority PLMN based on the snapshot of PLMNs available at the UE location at a given time. Similarly, the time intervals for higher priority PLMN search are designed based on the trade-off that involves the likelihood of UE moving to a location where a higher priority PLMN may be available; however, the underlying assumption is that all available PLMNs at a given location are available all the time (and vice-versa: PLMNs that are not available at a given time are never available).

Observation 2: PLMN search and selection procedures were designed based on the assumption that a PLMN coverage at a given location does not change. This assumption is not valid for PLMNs using DC.

Based on Observation 1 and Observation 2, the legacy approach to PLMN search and selection is not appropriate. The following scenarios related to the HPLMN are especially important:
1. The UE powers up amid a coverage gap of the HPLMN. A flyover of a VPLMN may come along first. The UE may prefer to wait for the next flyover of the HPLMN rather than selecting a VPLMN only to reselect to the HPLMN later.
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Observation 3: When the HPLMN uses DC, the UE may select a VPLMN even though the HPLMN is available.
2. When the UE is in VPLMN, flyovers of the HPLMN that uses DC may last shorter than the higher priority PLMN search interval. In that case, the UE would not be able to “catch” the coverage of the HPLMN and reselect to it. To avoid this, the UE needs to adjust its higher priority search timer interval to “catch” the flyovers of the HPLMN.
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Observation 4: When the HPLMN uses DC, UE may not be able to re-select to the HPLMN for a long time or not at all.

Solution
It is clear from Section 2 that using the PLMN search and selection procedure in a PLMN using DC may result in a sub-optimal PLMN selection and, in the worst-case scenario, the UE’s inability to select the HPLMN for a very long time, if at all.  

How the UE adjusts its PLMN scan/search to take into consideration the DC deployment should be left to the UE implementation. This includes the mechanism to ensure that the UE finds its HPLMN that uses DC. However, to be able to do that, the UE needs to know that the HPLMN uses DC. Otherwise, the UE does not know whether to use the legacy PLMN scan/search procedure or the one adjusted for DC. Therefore, we propose to have an indication in USIM to let the UE know that the HPLMN uses DC. This indication would be optional. If the UE finds this indication set in USIM, the UE could adjust its PLMN search/scan procedures to:
· maximize the probability of selecting the HPLMN upon power up/recovery from lack of coverage; and
· minimize the probability of “missing” the flyovers of the HPLMN in VPLMN. 

Proposal: It shall be possible for the HPLMN to indicate in USIM that the HPLMN uses discontinuous coverage.

Summary
Observation 1: In a PLMN using satellite access with DC, the UE finds itself inside the coverage significantly less time than in the legacy networks.

Observation 2: PLMN search and selection procedures were designed based on the assumption that a PLMN coverage at a given location does not change. This assumption is not valid for PLMNs using DC.

Observation 3: When the HPLMN uses DC, the UE may select a VPLMN even though the HPLMN is available.
Observation 4: When the HPLMN uses DC, UE may not be able to re-select to the HPLMN for a long time or not at all.

Proposal: It shall be possible for the HPLMN to indicate in USIM that the HPLMN is using discontinuous coverage.

The proposal is implemented in the CR to 23.122 in C1-223550.
