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1. [bookmark: _Ref488331639]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 116e Agreement: 
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 info, e.g. beam info, elevation angle, reference location or corresponding is FFS. 
Providing the start-time of (incoming) satellite’s coverage and end-time of serving satellite’s coverage is needed for Quasi-Earth Fixed satellites.
From RAN2 point of view, the existing power saving mechanisms e.g. DRX, PSM, eDRX, relaxed monitoring, and WUS can be reused in IoT-NTN. Minor enhancements in existing power saving mechanisms to support discontinuous coverage is FFS.


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  Discussion on the satellite assistance information
In RAN2#116-e meeting, it has been agreed that the start-time T2 of (incoming) satellite’s coverage and end-time T1 of serving satellite’s coverage is provided for Quasi-Earth Fixed satellites for predicting coverage discontinuity. The start-time of (incoming) satellite’s coverage can be used for the UE’s next wake up. It works well for the stationary UE and the incoming satellite has the same coverage of that serving satellite. But for that moving UE or that satellites not have the same coverage of the serving satellite, the UE may wake up at a discontinue coverage as shown in Figure 1.
                 [image: ]
Figure 1. Discontinuous coverage: A) UE moving & B) Inconsistent coverage

Observation 1: For the quasi-earth fixed cell, the start-time of (incoming) satellite’s coverage may still not enough for the UE’s predicting next wake up time as the UE may moving or satellites may not have the same coverage.

Considering that the UE has access to it’s real-time location (via GNSS), the coordinate of cell reference point on ground and the cell footprint size (e.g. cell radius) of the incoming satellite can be provided for UE to determine the coverage discontinuity.

Proposal 1 [bookmark: OLE_LINK1]The coordinate of cell reference point on ground and the cell footprint size (e.g. cell radius) of the incoming satellite should also be provided for Quasi-Earth Fixed cell.

Considering that most of the IoT service are not real-time service(e.g. some IoT UE may only need to wake up weekly or monthly), there is no need to wake up at the every T2 time for these UEs. When the UE just have service after T2 time, then the UE will not have the coverage information. So for these UEs, the information(start-time, coordinate of cell reference point on ground and the cell footprint size) of next incoming satellite’s coverage maybe not enough. Therefore, all the satellite’s information that covers this quasi-earth fixed cell needed to be provided, which can be carried by SIBx send by the current serving satellite. However this may be of great overhead. To reduce overhead, a baseline information about the specific quasi-earth fixed cell can be defined, based on which all required information is provided. For example for the specific quasi-earth fixed cell A that the UE is camped, the satellite information provided by the current serving cell can be defined as:
  Satellite1(current serving satellite as a baseline):    T1(end service time)
                                     Coordinate of cell reference point on ground
                                     Cell footprint size
  Satellite2(next serving satellite):     Time GAP1(start service time = T1+GAP1)
                                     Coordinate of cell reference point on ground(if the same then no needed)
                                     Cell footprint size(if the same then no needed)
  Satellite3(after next serving satellite):  Time GAP2(start service time = T1+GAP2)
                                     Coordinate of cell reference point on ground(if the same then no needed)
                                     Cell footprint size(if the same then no needed)
                                 ...
Whenever the UE wakes up base on the information, then the information will be updated as the new satellite cover this quasi-earth fixed cell or a Invalid timer can be defined to invalidate this information, and the UE need to wake up at the nearest time that predicted to be in coverage before the timer expire. Then the invalid time determined the max number of satellite’s information that the current serving satellite send to the UE which will somehow limit the overhead.
[bookmark: _GoBack]
[bookmark: OLE_LINK4]Observation 2: Based on the characteristics of the IoT business, the UE don’t have to wake up every satellite’s start serving time for a specific quasi-earth fixed cell.

Proposal 2 [bookmark: OLE_LINK5]All the satellite’s information that covers a specific quasi-earth fixed cell should be provided to UE for predicting discontinuous coverage.

3 Conclusions 
In this paper, we further discuss remaining issues on discontinuous coverage, and we have the following observations: 
Observation 1:  For the quasi-earth fixed cell, the start-time of (incoming) satellite’s coverage may still not enough for the UE’s predicting next wake up time as the UE may moving or satellites may not have the same coverage.

Observation 2:  Based on the characteristics of the IoT business, the UE didn’t have to wake up every satellite’s start serving time for a specific quasi-earth fixed cell.

And we propose:
Proposal 1 The coordinate of cell reference point on ground and the cell footprint size (e.g. cell radius) of the incoming satellite should also be provided for Quasi-Earth fixed cell.

Proposal 2 All the satellite’s information that covers a specific quasi-earth fixed cell should be provided to UE for predicting discontinuous coverage.
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