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1. Introduction
The WI on IoT NTN enhancements [1] includes the following objectives for discontinuous coverage enhancement: 

	-	-	Study and specify, if needed, mobility management enhancements and power saving enhancements for discontinuous coverage, taking into account the conclusions from the SA2 study FS_5GSAT_Ph2.  [RAN2, RAN3].



In this contribution we discuss the potential impact.
2. Background
2.1	Discontinuous coverage enhancement in  Rel-17 NB-IoT

In Rel-17, due to lack of time, only the information broadcast in SIB32/SIB32-NB is specified, and it’s up to UE implementation what to do during discontinuous coverage in RRC_IDLE and how to handle running timers and so on. The UE may choose not to perform idle mode tasks while in discontinuous coverage. Since most of the behavior is left to UE implementation the benefit of the information broadcast in SIB32/SIB32-NB is limited.

The following parameters are provided (same IE is used in both SIB32/SIB32-NB)

	SystemInformationBlockType32 field descriptions

	elevationAngleLeft, elevationAngleRight
Leftmost and rightmost (with reference to the satellite direction) elevation angle. Unit in degree.
Step of 5 degree. Actual value = field value * 5.
If the field elevationAngleLeft is absent, the value of field elevationAngleRight applies.

	footprintInfo
Satellite footprint.
E-UTRAN may configure elevationAngles and/or radius for earth moving satellite.
E-UTRAN may configure referencePoint and radius for quasi earth fixed satellite.

	latitude
Latitude of the reference point. Unit in degree.
Step of 360 / 262144 degree. Actual value = field value * (360 / 262144).

	longitude
Longitude of the reference point. Unit in degree.
Step of 360 / 262144 degree. Actual value = field value * (360 / 262144).

	radius
Distance between the reference point and the edge of the satellite or beam coverage. Unit in km.
Step of 10 km. Actual value = field value * 10.

	serviceInfo
Information on when the satellite will provide coverage.
E-UTRAN always configures tle-EphemerisParameters for a satellite with earth moving cell(s) and always configures t-ServiceStart for a quasi-earth fixed satellite.

	tle-EphemerisParameters
Mean values of the satellite orbital parameters based on the TLE set format for estimating in-coverage and out-of-coverage periods for a satellite with earth moving cell(s), see TS 36.304 [4].

	t-ServiceStart
Time information on when the incoming satellite is going to start serving the area for quasi-earth fixed satellite.



3. Discussion
[bookmark: _Hlk110948367]For NB-IoT and eMTC, coverage gap prediction in RRC_IDLE and RRC_INACTIVE may provide an opportunity to save power even in R17, as the UE is allowed to suspend Idle mode tasks. 

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 battery life. 

The other main benefit of suspending idle mode tasks 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. 

In our understanding, the behaviour captured in R17 allows UE not to perform idle mode tasks, therefore this behaviour is already allowed. However, we should consider whether to clarify more explicitly.

Proposal 1: For eMTC and NB-IoT: A UE in R17 is allowed not to perform RRC_IDLE mode tasks during a coverage gap. Consider whether to explicitly clarify that this means that 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, and is 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.

Alternatively it may be possible to redefine the PTW calculation such that UEs are distributed evenly only within the in-coverage H-SFNs. For example, based on the serving cell t-ServiceStart, we can calculate which H-SFNs will be out of coverage. By performing modulo using the UE-ID on the number of in-coverage H-SFNs we can distribute the UE PHs such that even UEs with a very long eDRX will have a PH while in-coverage.

Proposal 2: For eMTC and NB-IoT: RAN2 to consider updating the PH and PO calculations to take into account coverage gaps.

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. 

Currently in 36.304 it is stated “It is up to UE implementation to handle running timers.” but it is not clear whether this refers to RRC_CONNECTED (RRC spec) timers. In order to improve RRC_CONNECTED mode, we should specify how to handle RLF that would normally be declared when out of sync is detected due to out of coverage, to ensure the UE can recover more quickly when back in coverage.

Proposal 3: For eMTC and NB-IoT: RLM, RLF detection, and RRC re-establishment are suspended during 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 4: For eMTC: Introduce an activation time in RRC Reconfiguration to allow handover between cells occurring before and after a coverage gap.

For the earth moving cell case in particular, the coverage gap may be more challenging to estimate at the network. The timing of the gap for any particular UE is not known to the network with accuracy. If we are to take advantage of coverage gap prediction for RRC_CONNECTED, then coverage gap reporting should be introduced so that, for example, the network knows what activation time to set in an RRC Reconfiguration for the earth moving cell case. This could be included if a measurement event is triggered based on existing measurements.

Proposal 5: For eMTC: Consider introducing coverage gap estimate information in RRC measurement reporting.

In addition, time-based and location-based triggers for CHO will be discussed and most likely introduced in R18. If a CHO is provided with a target cell that will come into coverage after a gap, then CHO should take this into account, for example delay attempting to complete the CHO until after the coverage gap. This would be similar to providing an activation time in the RRC Reconfiguration.

Proposal 6: For eMTC: Consider how discontinuous coverage impacts CHO.
4. Conclusion
In this contribution we discuss the potential discontinuous coverage enhancements for R18 IoT-NTN and have the following proposals:

Proposal 1: For eMTC and NB-IoT: A UE in R17 is allowed not to perform RRC_IDLE mode tasks during a coverage gap. Consider whether to explicitly clarify that this means that 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, and is allowed not to attempt to monitor paging occasions which occur during a coverage gap.

Proposal 2: For eMTC and NB-IoT: RAN2 to consider updating the PH and PO calculations to take into account coverage gaps.

Proposal 3: For eMTC and NB-IoT: RLM, RLF detection, and RRC re-establishment are suspended during a coverage gap.

Proposal 4: For eMTC: Introduce an activation time in RRC Reconfiguration to allow handover between cells occurring before and after a coverage gap.

Proposal 5: For eMTC: Consider introducing coverage gap estimate information in RRC measurement reporting.

Proposal 6: For eMTC: Consider how discontinuous coverage impacts CHO.
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