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1. Introduction
The RAN2#115e and RAN2#116e meetings have made the following agreement regarding assistance information for discontinuous coverage:
	[bookmark: _Hlk61535257]RAN2#115e
· Satellite assistance info will be used by the UE for predicting coverage discontinuity. The details of the assistance info are 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 needs to be specified the details of UE’s prediction of discontinuous coverage and its ability to detect when it is back in coverage.
RAN2#116e
· Satellite Ephemeris Parameters (not same as for L1 pre-compensation, for the constellation, not just single satellite) is needed for the UE for predicting coverage discontinuity. Other infomation, e.g. beam info, elevation angle, reference location or corresponding is FFS. 
· Providing the start-time of (upcoming) satellite’s coverage and end-time of serving satellite’s coverage is needed for Quasi-Earth Fixed satellites.


In this contribution we discuss the contents and provision of assistance information for discontinuous coverage, as well as the prediction of coverage discontinuity based on the assistance information.
2. [bookmark: Proposal_Beacon]Discussion
For IoT NTN, there could be discontinuous coverage due to NGSO satellite movements and/or low-density constellation, e.g. microsatellite platforms including Cube satellites. In this case UE may remain long periods of time without being able to detect a satellite cell, and therefore may suffer additional and unnecessary power consumption which is essential to IoT devices. As shown in Figure 1 the coverage interruption (i.e. UE is out of coverage) may occur in space and/or time domain both for moving cells and quasi-fixed cells generated by NGSO satellites.
Unlike the temporary coverage interruptions in TN, in NTN the coverage interruptions are expected to last for a longer time duration (hours) and are predictable with the help of satellite assistance information. With coverage interruption predicted, UE may avoid unnecessary cell selection/reselection, RRC reestablishment, or even enter PSM when network coverage interrupts and may resume when network coverage restores.
The coverage interruption could be expressed in different formats in time and space domains. The prediction of coverage interruption is expected to be used by UE in avoiding unnecessary cell search and connection reestablishment during the coverage interruption, and in resuming cell camping or connection reestablishment after it. Considering that UE behaviors are often implemented by timers in specifications, the most straightforward prediction is the time duration of coverage interruption. This format can be directly used by the UE in e.g. disabling cell search or switch to PSM, and is easy to be exchanged or adjusted by interaction with the network.
Observation 1: The satellite assistance information should at least assist UE in predicting the coverage interruption period, i.e. when a coverage interruption starts and ends from the UE perspective.
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Figure 1. Discontinuous coverage of NGSO satellites: a) moving cell & b) quasi-fixed cell
Prediction at UE side
To implement the prediction, the following information are proposed as candidate contents of the satellite assistant information:
· Satellite ephemeris of the serving satellite (RAN2#116e agreed as needed for predicting coverage discontinuity), which may include the orbital parameters indicating satellite orbit and its relative position on the orbit, and/or the 3D coordinates indicating satellite position and its velocity. For NR NTN this information needs to be provisioned to UE in SI for UE timing advance pre-compensation when initiating random access.
· Satellite ephemeris of neighboring satellites (RAN2#116e agreed as needed for predicting coverage discontinuity), which is of similar format to that of the serving cell. For NR NTN this information may be provisioned to UE for mobility management in IDLE/INACTIVE state.
· Start time of upcoming (i.e. next neighboring) satellite’s coverage (RAN2#116e agreed as needed for predicting coverage discontinuity in quasi-fixed scenario). For NR NTN this information has not been agreed to be provisioned to the UE.
· End time of last serving satellite’s coverage (RAN2#116e agreed as needed for predicting coverage discontinuity in quasi-fixed scenario). For NR NTN this information may be provisioned to UE for mobility management in CONNECTED/IDLE/INACTIVE state during link switch due to satellite movement in quasi-fixed scenario.
· Reference location (e.g. cell center) of the serving cell and/or neighboring cell. For NR NTN this information may be provisioned to UE for mobility management in IDLE/INACTIVE state.
· Nadir point of the serving cell or neighboring cell, which is the nearest location on Earth to the serving/neighboring satellite that forms the serving cell or neighboring cell. Some companies propose to use nadir point instead of cell center to predict the coverage area or the optimal time of transmission.
· Radius of the serving cell and/or neighboring cell, which may vary between a maximum value and a minimum value if the shape of cell is an ellipse. Some companies propose to use this information to explicit indicate the coverage area.
· Elevation angle from the serving satellite to the UE. Some companies propose to use this information for discontinuous coverage prediction, e.g. a satellite will start/stop serving the UE when the elevation angle from it to the UE becomes larger/smaller than a threshold.
· Elevation angle from the serving satellite to cell center. Some companies propose to use this information for discontinuous coverage prediction in quasi-fixed scenario. e.g. a satellite will start/stop serving the area when the elevation angle from it to the cell center becomes larger/smaller than a threshold.
The RAN1#107 meeting made final agreements on two ephemeris formats which may only help UE in deriving the position or orbit of satellites. For NGSO satellites the cells could be either moving or quasi-fixed, with only ephemeris data the UE cannot accurately predict its coverage interruption period. Other information could be needed.
Observation 2: The satellite assistance information should include more information than ephemeris data as defined by RAN1 (e.g. state vectors and orbital elements).
For a low-mobility UE (e.g. IoT device) that is assumed to be within the same area before and after the coverage interruption, the following sets of information to predict the start/end time of coverage interruption:
	Scenario
	Quasi-fixed
	Moving

	Predicting the start time of coverage interruption
	· Satellite ephemeris of the last serving satellite and the end time of last serving satellite’s coverage. OR:
· Satellite ephemeris of the last serving satellite, the minimum elevation angle from the last serving satellite to cell center, and cell center of the last serving cell (when the end time of last serving satellite’s coverage is unavailable).
	· Satellite ephemeris of the last serving satellite and the minimum elevation angle from the last serving satellite to UE. OR:
· Satellite ephemeris of the last serving satellite and the last serving cell’s coverage area information (e.g. cell center, radius)

	Predicting the end time of coverage interruption
	· Satellite ephemeris of the upcoming satellite and the start time of upcoming satellite’s coverage. OR:
· Satellite ephemeris of the upcoming satellite, the minimum elevation angle from the upcoming satellite to cell center, and cell center of the upcoming cell (when the start time of upcoming satellite’s coverage is unavailable).
	· Satellite ephemeris of the upcoming satellite and the minimum elevation angle from the upcoming satellite to UE. OR:
· Satellite ephemeris of the upcoming satellite and the upcoming cell’s coverage area information (e.g. cell center, radius)


For a medium or high mobility UE that is assumed to be possibly in different areas before and after the coverage interruption, coverage area information (e.g. cell center, radius) is needed both for quasi-fixed and moving scenarios.
Proposal 1: RAN2 to discuss the satellite assistance information in addition to the ephemeris data, to assist UE in predicting the coverage interruption period. Agreements in NR NTN can be reused as much as possible.
As the network or RAN may not have UE location information, it is necessary for the network to know about the coverage discontinuity from UE perspective e.g. to avoid unnecessary paging. Therefore after UE’s prediction on coverage interruption period in discontinuous coverage, it may report prediction on coverage interruption period to the network to ensue aligned understanding.
Proposal 2: UE may report its prediction results to the network for aligned understanding in coverage discontinuity.
Prediction at network side
In addition to the prediction made at UE side which consumes UE power, the prediction of coverage discontinuity could also be made at network side. The network may predict the start/end time of coverage interruption of the entire cell with the satellites’ ephemeris, or predict UE-specific start/end time of coverage interruption with UE’s assistance information (e.g. UE accurate or coarse location, and possibly movement information). The network can provide its prediction results to the UE for direct usage and aligned understanding.
Proposal 3: RAN2 to consider prediction of coverage discontinuity at network side with possible UE assistance.
3. Conclusion
In this contribution we give further discussion on contents and provision of assistance information for prediction of coverage discontinuity. It is observed that:
Observation 1: The satellite assistance information should at least assist UE in predicting the coverage interruption period, i.e. when a coverage interruption starts and ends from the UE perspective.
Observation 2: The satellite assistance information should include more information than ephemeris data as defined by RAN1 (e.g. state vectors and orbital elements).
The following proposals are given:
Proposal 1: RAN2 to discuss the satellite assistance information in addition to the ephemeris data, to assist UE in predicting the coverage interruption period. Agreements in NR NTN can be reused as much as possible.
Proposal 2: UE may report its prediction results to the network for aligned understanding in coverage discontinuity.
Proposal 3: RAN2 to consider prediction of coverage discontinuity at network side with possible UE assistance.
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