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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 RAN2#122, the following related agreements have been made:
Agreements:
1. Extend the neighbour cell information in existing SIBs (not SIB31) to include satellite ID
2. The system Information modification procedure is not triggered for an update of new SIB on neighbor-cell assistance information.
3. For NB-IoT, SIBxx is not an essential SIB. UE does not need to consider the cell barred if it is unable to acquire the SIB when scheduled. FFS for eMTC
4. In RRC IDLE, how to (re-)acquire neighbour cell assistance information is up to UE’s implementation.
5. The satellite ID in the new SIB is an integer of X bits wherein X depends on the maximum number of satellites to be considered for mobility.
6. The satellite ID is defined as Radio resource control information element to be used in other configurations.
7. If a parameter in the common TA parameters is absent, then the value of the parameter is assumed zero.
8. If Kmac is absent, then the value of Kmac for the neighbor satellite in the list is assumed zero. FFS on further optimization on signaling, e.g., signalling explicit value 0 of Kmac.
9. Reference location and distanceThresh in SIB31. A change of reference location does not trigger SI modification. A UE does not need to get a new reference location as long as ephemeris and Epoch time are valid (in Connected mode the UE relies on T317)
10. For earth-fixed cells, introduce t-ServiceStart for neighbour cells. If UE is aware of the t-ServiceStart of the neighbour cell then may be used (up to UE implementation) to determine when to start measurements of that neighbor cell
11. If the serving cell t-service expires, stop T310 (if running) and start T311 (i.e. perform cell search and re-establishment without attempting to recover on the current cell for the duration of T310). FFS on discontinuous coverage
12. The distance between the UE and a second reference location (e.g. within a neighbour cell) is not taken into account
13. R18 location and time based trigger for measurements (for connected mode and for idle) apply to both NB-IoT and eMTC.
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: _Toc142642945]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: _Toc142642946]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: _Toc142645350]Specify the use of measurement gaps during coverage gaps in quasi-earth-fixed deployments.

One straightforward action is to suspend the measurement gap pattern configured for performing measurements until time indicated by the parameter t-ServiceStart, if available. It can then also be possible for the network to schedule the UE while the measurement gaps are suspended. The measurements can be resumed or restarted after time t-ServiceStart. This will not only allow the serving network to schedule that UE during suspended gaps but also avoid unnecessary energy consumption in the UE.

[bookmark: _Toc142645351]In a quasi-earth-fixed cell deployment, measurement gap pattern(s) configured for neighbour cell measurements are suspended until time t-ServiceStart, if available.

3	Conclusions
In this paper we discussed gaps for 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, measurement gap pattern(s) configured for neighbour cell measurements are suspended until time t-ServiceStart, if available.
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