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1. Introduction
The RAN2#115e meeting made the following agreement regarding assistance information for discontinuous coverage:
	[bookmark: _Hlk61535257]Satellite assistance information will be used by the UE for predicting coverage discontinuity. The details of the assistance information 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.


In this contribution we discuss the possible contents and provision of assistance information for discontinuous coverage.
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.
[image: ]
Figure 1. Discontinuous coverage of NGSO satellites: a) moving cell & b) quasi-fixed cell
When coverage interruption occurs, it is expected that the UE shall not attempt cell searching or connection reestablishment, and the network shall not attempt to page UE. To achieve this the first step is to predict possible coverage interruption for the UE, and satellite assistance information is considered to be helpful during the discussion in the last meetings. 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.
In NR NTN and IoT NTN, satellite ephemeris data has been agreed to be provisioned to UE for mobility and other possible purpose in continuous coverage. The RAN1#105 meeting also made agreements on two ephemeris formats:
· State vectors including coordinates (x, y, z) and additionally a velocity vector (vx, vy, vz) for NGSO satellites.
· Orbital elements as in Table 1.
Table 1 Orbital elements of Ephemeris
	Orbital plane parameters
	
	Square root of semi major axis (semi-major axis) 

	
	
	Eccentricity (eccentricity) 

	
	
	Inclination angle at reference time (inclination) 

	
	
	Longitude of ascending node of orbit plane (right ascension of the ascending node) 

	
	
	Argument of perigee (argument of periapsis) 

	Satellite level parameters
	
	Mean anomaly at reference time (true anomaly and a reference point in time) 

	
	
	Ephemeris reference time (the epoch) 


It is observed that the current agreed formats of ephemeris data may only help UE in deriving the position or orbit of satellites. With only ephemeris data the UE cannot accurately predict its coverage interruption period, especially for NGSO satellites the cells could be either moving or quasi-fixed.
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 the quasi-fixed cells, broadcasting the stop serving time of the serving satellite was discussed and agreed to be used for service link switch issues in NR NTN. Such information could also be used as satellite assistance information. Additional information may include the start serving time of upcoming satellites and possibly their upcoming coverage area. For the moving cells wherein the start and stop serving time may vary for different UE locations, the reference location (i.e. cell centre) as discussed in NR NTN for mobility enhancements can be reused. Additional information may include the radius or the coverage area of the cells.
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 provide UE assistance information to the network for aligned understanding in coverage discontinuity.
3. Conclusion
In this contribution we give further discussion on contents and provision of assistance information for discontinuous coverage in IoT NTN. 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 provide UE assistance information to the network for aligned understanding in coverage discontinuity.
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