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1. Introduction

In the last RAN2 meeting, the support of discontinuous coverage for IoT over NTN was discussed, and it has already agreed with the agreements mentioned in the table below:
	RAN2#115-e 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 provide our views on the support of discontinuous coverage for IoT over NTN to proceed the study.
2. Discussion 
2.1 General 
In RAN2#115-e meeting, it was already approved with the agreement mentioned below:
	· 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).


For IoT device in the scenario of discontinuous coverage, in our understanding, the key issue is the unnecessary UE power consumption when UE is located in the out-of-coverage area. For NB-IoT/eMTC in NTN, UE usually stays in idle mode for most of time, and rarely leaves idle mode to connected mode for data transmission. Hence, the time period in idle mode for IoT NTN UE would be far longer than that in connected mode. Considering the limitation of the timeline for Rel-17, we propose to focus on the enhancement for idle mode power saving, and the enhancement for connected mode can be considered in future releases.
Observation 1 For IoT NTN UE, since the time period in idle mode is far longer than that in connected mode, enhancement for idle mode can contribute more to the UE power saving. 
Proposal 1 RAN2 focus on idle mode power saving enhancement to support discontinuous coverage for IoT over NTN in Rel-17.
2.2 Discussion on the satellite assistance information
In RAN2#115-e meeting, it has been already discussed and agreed that UE can predict discontinuous coverage based on satellite assistance information, with the agreement mentioned in the table below:
	RAN2#115-e agreement:

· 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.


Regarding to the satellite assistance information, for idle mode UE, the satellite assistance information, e.g., ephemeris info, etc., is usually sent by NW in broadcast manner, and UE could predict discontinuous coverage based on its GNSS capability and the satellite assistance information. In our understanding, the design of satellite assistance information needs to well balance between signalling overhead and updating frequency. 

Proposal 2 RAN2 discuss the detail of satellite assistance information for LEO with moving cell and earth-fixed cell.
For different scenarios of LEO, several useful configuration methods on satellite assistance information could be considered.
For the scenario of LEO with moving cell, if PVT format ephemeris is used, the assistance information could include the ephemeris info, the coordinate of cell reference point on ground, and the cell footprint size (e.g. cell radius). In particular, if satellite transmits the beam perpendicular to the earth ground, the cell reference point on ground is the sub satellite point which can be derived based on ephemeris info, hence, ephemeris info and the cell footprint size are enough for prediction. 

Proposal 3 For LEO with moving cell, if PVT format ephemeris is used, satellite assistance information for the prediction of discontinuous coverage could include the ephemeris info, the coordinate of cell reference point on ground, and the cell footprint size (e.g. cell radius).
Proposal 4 For LEO with moving cell, if satellite always transmits the beam perpendicular to the earth ground, ephemeris info and the cell footprint size (e.g. cell radius) are enough for the prediction of discontinuous coverage.
For the scenario of LEO with earth-fixed cell, satellite assistance information could include the time period information, i.e., the start and end time that the satellite can provide service, as well as the cell reference point on ground and the cell footprint size.
Proposal 5 For LEO with earth-fixed cell, satellite assistance information could include the start and end time that the satellite can provide service, the cell reference point on ground, and the cell footprint size.
2.3 The behaviour during discontinuous coverage
Based on the satellite assistance information above, whether UE is out of coverage or not can be predicted by the UE. Here we further discuss the UE’s cell search behaviour when UE is out of coverage, i.e., how to use the satellite assistance information.

In legacy, since UE doesn’t have and utilize the knowledge of discontinuous coverage information, idle mode UE needs to do cell search in out-of-coverage area. In detail, when an idle mode UE in Camped normally state comes to an out-of-coverage area, UE will transit to Any Cell Selection state due to no suitable cell found. For an idle mode UE in Any Cell Selection state, even though there is no any suitable cell in the area (which UE does not know), UE will keep cell search in order to find a suitable cell. However, if this out-of-coverage information can be known to the UE in advance, the unnecessary cell search can be stopped, and in this case, UE will not have any serving cell to camp on and thus no need to monitor any paging message or receive SI messages. With this, UE power can be saved.
Proposal 6 When UE detects out of coverage using discontinuous coverage information, UE may stop cell search in Any Cell Selection state.

3. Conclusion
Based on the discussion above, we made the following observations:

Observation 1 For IoT NTN UE, since the time period in idle mode is far longer than that in connected mode, enhancement for idle mode can contribute more to the UE power saving. 
Based on the discussion above, we give the following proposals:

Proposal 1 RAN2 focus on idle mode power saving enhancement to support discontinuous coverage for IoT over NTN in Rel-17.
Proposal 2 RAN2 discuss the detail of satellite assistance information for LEO with moving cell and earth-fixed cell.
Proposal 3 For LEO with moving cell, if PVT format ephemeris is used, satellite assistance information for the prediction of discontinuous coverage could include the ephemeris info, the coordinate of cell reference point on ground, and the cell footprint size (e.g. cell radius).
Proposal 4 For LEO with moving cell, if satellite always transmits the beam perpendicular to the earth ground, ephemeris info and the cell footprint size (e.g. cell radius) are enough for the prediction of discontinuous coverage.
Proposal 5 For LEO with earth-fixed cell, satellite assistance information could include the start and end time that the satellite can provide service, the cell reference point on ground, and the cell footprint size.
Proposal 6 When UE detects out of coverage using discontinuous coverage information, UE may stop cell search in Any Cell Selection state.
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