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1. Introduction
In RAN2#115-e the following agreements were made: 

	Agreements:
•	RAN2 confirms that the following will be supported: discontinuous coverage without excessive UE power consumption and without excessive failures / recovery actions. It is expected that this need to be taken into account at least for Idle mode. The requirement is applicable for all reference scenarios (GEO, MEO and LEO).
•	Sattelite assistance information will be used by the UE for predicting coverage discontinuity. The details of the assistance information is FFS. FFS whether any applicable agreements made in NR-NTN can be reused.
•	The details of UEs actions when predicted to be out of coverage is FFS, e.g. stopping unnecessary cell search in the Idle mode, and FFS to what extent this need to be specified. 
•	It is FFS to what extent it need to be specified the details of UE’s prediction of discontinuous coverage and its ability to detect when it is back in coverage.
•	RAN2 sends an LS to SA2 and CT1 (cc: RAN3) for the possible alignment work in their specification due to the support of discontinuous coverage.



In this contribution we discuss what may be needed to support discontinuous coverage for IoT-NTN.
2. Discussion
An NTN satellite can support multiple cells, where each cell consists of one or more satellite beams. Satellite beams cover a footprint on earth (like a terrestrial cell) and can range in diameter from 100 – 1000 km in LEO deployments, and 200 – 3500 km diameter in GEO deployments. Beam footprints in GEO deployments remain fixed relative to earth, and in LEO deployments the area covered by a beam/cell changes over time due to satellite movement. This beam movement can be classified as “earth moving” where the LEO beam moves continuously across the earth, or “quasi-earth fixed” where the beam is steered to remain covering a fixed location until a new cell overtakes the coverage area in a discrete and coordinated change.

Considering satellites move with very high velocity, a satellite footprint may only provide coverage to an area for a short time. To provide continuous coverage, many satellites must follow the same orbit to ensure continuous coverage. Considering many orbits are necessary to provide global coverage, a typical LEO satellite constellation would require on the order of several thousand satellites to provide continuous global coverage. In early NTN deployments, especially in deeply rural locations (e.g. high arctic or ocean), it is expected that there will be coverage gaps due to the lack of satellites within an orbit. This is illustrated below in Figure 1.
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Figure 1: UE within an NTN network with discontinuous coverage.
2.1	Coverage gap detection

For the earth-fixed scenario, the change of satellite coverage (i.e. the times at which coverage gaps occur) would be the same for all UEs in the cell, however for the earth-moving case this would differ per UE as the coverage of the cell moves continuously across the earth. This implies potentially different mechanisms for coverage gap detection depending on whether the NTN uses earth-fixed or earth-moving cells. 

Observation 1: The discontinuous coverage prediction/detection mechanism may need to be different for earth moving and quasi-earth fixed cell.

For the case of earth-fixed cells, since the coverage situation would be common for all the UEs in a cell, it makes sense to have a cell specific configuration, which would be provided in broadcast signalling. As a baseline, we would assume that the stop time of the current cell, along with the start time of the neighbouring cell, would be sufficient for all UEs in that cell to determine when the coverage gap takes place.

Proposal 1: Quasi-earth fixed cells provide the stop time of the current cell and the start time of the neighboring cell to inform UEs of the start and duration of the next coverage gap.

Proposal 2: Quasi-earth fixed cells broadcast the cell start/stop time information in system information.

This approach may not be suitable for the earth-moving cell case, because each UE would need to be provided with UE-specific information, based on up to date location information, regarding the start/stop times of the current and neighouring cell. Especially for Idle mode, this implies an unreasonable amount of signalling overhead and power consumption. Therefore, for the earth-moving scenario, we would need to rely on the UE using location-based or measurement-based methods to detect discontinuous coverage.

Proposal 3: For earth moving cells, UEs use location-based or measurement-based techniques to detect discontinuous coverage.

Use of idle mode measurements alone (RSRP, RSRQ) may not be sufficient to reliably distinguish whether there is a coverage gap or whether the UE has entered poor coverage for another reason. Use of location estimation by the UE can assist in the prediction of when a coverage gap occurs, and therefore provides additional information to the UE such that it can more reliably determine whether e.g. a drop in RSRP or an RLF is due to a gap in satellite coverage. Therefore we propose that for the earth-moving case the network provides a reference point location of the current and upcoming neighbor cell and satellite ephemeris data of current and upcoming neighbour cell.

Proposal 4: For earth moving cells, network provides coverage gap information consisting of a reference point location of the current and upcoming neighbor cell and satellite ephemeris data of current and upcoming neighbour cell.

As previously mentioned, providing up to date UE-specific information introduces too much overhead, therefore we propose that assistance information for coverage gap prediction by the UE is provided in system information.

Proposal 5: Earth moving cells broadcast the coverage gap information in system information.



2.2	Coverage gap handling

For NB-IoT and eMTC, coverage gap prediction in RRC_IDLE and RRC_INACTIVE may provide an opportunity to save power, for example because UEs may choose not to perform measurements of the serving cell or the neighbour cells during a coverage gap. The UE may avoid going to “any cell selection” state and start performing a scan of supported carriers/RATs during a coverage gap. Rather, the UE may choose to suspend measurements and reselection and rather “sleep” during the coverage gap in order to save precious battery life. 

Proposal 6: If a UE in RRC_IDLE or RRC_INACTIVE determines it is in a coverage gap, the UE may choose not to perform measurements of the serving cell or neighbour cells, and may postpone moving to “any cell selection” state.

The other main consideration in idle mode would of course be DRX/eDRX and paging monitoring. If the UE is configured with a relatively short DRX (i.e. not eDRX) then it is likely that the paging cycle is shorter than a coverage gap. In this case the UE should simply be allowed not to monitor the paging occasions that fall within the coverage gap - this would anyway be impossible and allowing the UE to save power by avoiding trying to synchronise to a cell during this time would be beneficial. 

Proposal 7: A UE in RRC_IDLE or RR_INACTIVE should be allowed not to attempt to monitor paging occasions which occur during a coverage gap.

In case the UE is configured with a long DRX (i.e. eDRX) then it may be the case that the UE is configured with a paging cycle which is longer than a coverage gap. In some cases, the PTW may fall within the coverage gap, and in extreme cases e.g. when there are many relatively long coverage gaps this may result in the UE being unreachable for long periods of time (i.e. much longer than the configured eDRX cycle due to missed PTWs). It may be possible by configuration to avoid this some of the time, however this may not be possible in all cases. We should consider whether the PTW should be updated for UEs which would have no usable PTW during an eDRX cycle – for example, if the PTW falls within a coverage gap, to monitor for paging before or after the coverage gap. The PTW could be extended or shifted to accommodate the gap in coverage so that the UE can still be paged in a reasonable amount of time.

Proposal 8: RAN2 to discuss whether the PTW of a UE configured with eDRX should be adjusted if it falls within a coverage gap.

For RRC_CONNECTED, a gap in coverage would obviously impact mobility. For eMTC, the network may prefer to perform a handover from one cell to the new cell. However, assuming that the handover command could be provided before the current cell coverage ends, a gap in coverage would result in RLF on the target cell as the UE would not be able to synchronise. To support this we would suggest (similar to UMTS!) that for NTN the RRC Reconfiguration message could be enhanced to include an “activation time” to accommodate the coverage gap. If the UE receives an RRC Reconfiguration providing reconfiguration to a new cell and including an activation time, the UE should be allowed to not detect/declare RLF on the source cell, and delay the reconfiguration procedure until the activation time (i.e. coverage gap end time).

Proposal 9: For eMTC introduce an activation time in RRC Reconfiguration to allow handover between cells occurring before and after a coverage gap.

For NB-IoT, there is no support of connected mode mobility. As we know, mobility between cells relies on RLF and re-establishment to the new cell. In case of a coverage gap, the current procedure would cause the UE to start T310 upon detection of N310 out-of-sync indications from layer 1. Then, during T310 the UE would (unsuccessfully due to coverage gap) attempt to obtain in-sync with the current cell. Upon T310 expiry the UE would then attempt RRC re-establishment and (unsuccessfully due to coverage gap) attempt a cell selection. The UE would eventually declare RRC connection failure and enter idle mode, performing any cell selection until the coverage gap ends. Performing this frequently would result in unnecessarily high power consumption. It would also mean the UE is never able to re-establish on the new cell in the case that the coverage gap is longer than the maximum T310+T311 values because timers T310 and T311 would always expire. To avoid this, it should be allowed to suspend RLF and re-establishment for the duration of a coverage gap. 

Proposal 10: RLM, RLF detection, and RRC re-establishment are suspended during a coverage gap.

3. Conclusion
In this contribution we have discussed how to detect and handle coverage gaps in IoT-NTN and have the following observation and proposals:

Observation 1: The discontinuous coverage prediction/detection mechanism may need to be different for earth moving and quasi-earth fixed cell.

Proposal 1: Quasi-earth fixed cells provide the stop time of the current cell and the start time of the neighboring cell to inform UEs of the start and duration of the next coverage gap.

Proposal 2: Quasi-earth fixed cells broadcast the cell start/stop time information in system information.

Proposal 3: For earth moving cells, UEs use location-based or measurement-based techniques to detect discontinuous coverage.

Proposal 4: For earth moving cells, network provides coverage gap information consisting of a reference point location of the current and upcoming neighbor cell and satellite ephemeris data of current and upcoming neighbour cell.

Proposal 5: Earth moving cells broadcast the coverage gap information in system information.

Proposal 6: If a UE in RRC_IDLE or RRC_INACTIVE determines it is in a coverage gap, the UE may choose not to perform measurements of the serving cell or neighbour cells, and may postpone moving to “any cell selection” state.

Proposal 7: A UE in RRC_IDLE or RR_INACTIVE should be allowed not to attempt to monitor paging occasions which occur during a coverage gap.

Proposal 8: RAN2 to discuss whether the PTW of a UE configured with eDRX should be adjusted if it falls within a coverage gap.

Proposal 9: For eMTC introduce an activation time in RRC Reconfiguration to allow handover between cells occurring before and after a coverage gap.

Proposal 10: RLM, RLF detection, and RRC re-establishment are suspended during a coverage gap.
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