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1	Introduction
In Release 18, a work item on IoT NTN was approved in [1] including the objective highlighted below on mobility enhancements:

4.1.2	Mobility enhancements

The following mobility enhancements objectives are listed.
-	Support of neighbour cell measurements and corresponding measurement triggering before RLF, using Rel‑17 (TN) NB-IoT, eMTC as a baseline. [RAN2]
-	Re-use the solutions introduced in Rel-17 NR NTN for mobility enhancements for eMTC, with minimum necessary changes to adapt them to eMTC [RAN2]
· Define UE RRM core requirements for the above mobility enhancement features [RAN4].
In this contribution we discuss gaps for neighbour cell measurements in IoT NTN.
[bookmark: _Ref178064866]2	Discussion
2.1	Measurement gaps for neighbour cell measurements
2.1.1	Background
An LTE-M UE in RRC_CONNECTED state needs measurement gaps to perform measurements on neighbour cells, e.g., for handover. Sometimes measurement gaps are also needed to perform serving cell measurements due to reduced channel bandwidth. For example, parameter intraFreq-CE-NeedForGaps indicates the need for measurement gaps when operating in CE on the E-UTRA band given in supportedBandListEUTRA. Gap patterns ID#0 and ID#1 can be configured for this purpose. The UE is not available for any scheduling in the serving cell during the gaps as it is retuned to different parts of the frequency band.

[bookmark: _Toc149903578]An LTE-M UE requires measurement gaps for neighbour cell measurements in RRC CONNECTED state.

When in quasi-earth-fixed cell deployment, there may be coverage gaps in between serving and neighbour cells, e.g., the serving satellite may stop serving the cell before incoming neighbour satellite takes over. In RAN2#122, it was agreed to introduce parameter t-ServiceStart so that a UE would be able to determine when to start measurements of that neighbour cell.

[bookmark: _Toc149903579]When in quasi-earth-fixed cell deployment, there may be coverage gaps in between serving and neighbour cells, e.g., the serving satellite may stop serving the cell before incoming neighbour satellite takes over.

2.1.2	Measurement gaps during no coverage
t-ServiceStart indicates the time instance when incoming satellite starts serving the area. The measurement gaps which UE has been configured with in order to perform measurements may be wasted leading to unnecessary energy consumption in the UE if there is a coverage gap. It would be beneficial if UE behaviour is specified regarding how such measurement gaps are used.

[bookmark: _Toc149903582]Specify the use of measurement gaps during coverage gaps in quasi-earth-fixed deployments.

One straightforward action is to stop performing neighbour cell measurements for NTN cells until time indicated by the parameter t-ServiceStart, if available. It can then also be possible for the network to schedule the UE in case measurement gaps configured for performing measurements for NTN frequencies are skipped. The measurements should resume or restart after time t-ServiceStart. This will not only allow the serving network to schedule that UE during such gaps, if possible, but also avoid unnecessary energy consumption in the UE.

[bookmark: _Toc149903583]In a quasi-earth-fixed cell deployment, UE may skip measurement gaps if configured for performing measurements for neighbour cell NTN frequencies until time t-ServiceStart, if available.

2.2	Neighbour cell measurements and RLF
In a post email discussion after RAN2#123bis, there was a discussion on which frequencies an eMTC UE would perform measurements prior to a potential RLF indicated by time/location based measurements triggers configured in system information broadcast. wSimilar to what was specified for NB-IoT UEs in Rel-17, it should be up to UE implementation which frequencies are to be measured. If an eMTC UE in connected mode is already performing measurements on frequencies configured in MeasObject(s), there should not be any need to perform additional measurements on those particular frequencies unless the UE considers those measurements stale prior to a potential RLF. Note that whether a measurement can be considered “stale” is specified in RAN4 specifications.
If the network has configured MeasObject(s), the UE may as well decide to skip performing measurements for any other frequency, e.g., provided in SIB(s) assuming that it is not very likely to re-establish an RRC connection to a cell operating in one of those frequencies prior to a potential RLF. It may as well be the case that no MeasObject(s) have been configured since changes in signal strength may be insignificant in an NTN cell regardless of whether the UE is in the centre or edge. In that case the UE would follow the guidance provided in system information broadcast.
Note that the intention with this feature was not to trigger any reporting, similar to what was specified in Rel-17 NB-IoT. The eMTC UE should only report for what is configured by the network via MeasObject(s).

[bookmark: _Toc149903584]It is up to UE implementation on which frequencies neighbour cell measurements are to be performed if location or time based triggers for measurements are fulfilled.

3	Conclusions
In this paper we discussed neighbour cell measurements in IoT NTN. We made the following observations: 
Observation 1	An LTE-M UE requires measurement gaps for neighbour cell measurements in RRC CONNECTED state.
Observation 2	When in quasi-earth-fixed cell deployment, there may be coverage gaps in between serving and neighbour cells, e.g., the serving satellite may stop serving the cell before incoming neighbour satellite takes over.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Specify the use of measurement gaps during coverage gaps in quasi-earth-fixed deployments.
Proposal 2	In a quasi-earth-fixed cell deployment, UE may skip measurement gaps if configured for performing measurements for neighbour cell NTN frequencies until time t-ServiceStart, if available.
Proposal 3	It is up to UE implementation on which frequencies neighbour cell measurements are to be performed if location or time based triggers for measurements are fulfilled.
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