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[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Introduction
[bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK71][bookmark: OLE_LINK72]In RAN2# 116-e meeting, the following agreements related to non-continuous coverage were achieved:
[bookmark: OLE_LINK56][bookmark: OLE_LINK57]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.
[bookmark: OLE_LINK38][bookmark: OLE_LINK43]Some open issues are still left, for example, the detail necessary information for UE predicting coverage discontinuity, and the RACH congestion when the coverage is coming. In this paper, we focus the discussion and give our view on these two issues.
Discussion
· [bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK67][bookmark: OLE_LINK68]For coverage discontinuity prediction
[bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: OLE_LINK75][bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK78]According to the agreements above, for Quasi-Earth Fixed satellites, the starting-time of (incoming) satellite’s coverage and the end-time of serving satellite’s coverage are needed, and will be provided to UE. Generally, the coverage discontinuity prediction can be simplified in this scenario, for the UE can predict the coverage discontinuity if there is a gap between the starting-time of (incoming) satellite’s coverage and the end-time of serving satellite’s coverage.
[bookmark: OLE_LINK5][bookmark: OLE_LINK10][bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: OLE_LINK15][bookmark: OLE_LINK16] However, in some case of this scenario, the information of starting-time of (incoming) satellite’s coverage and the end-time of serving satellite’s coverage is not enough for coverage discontinuity prediction. 


[bookmark: _Ref92357609]Figure 1 coverage discontinuity prediction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]For example, as show in Figure 1, at time T1, the cell of Satellite 1 covers area A, the cell of Satellite 2 covers area B. And there are two UEs in area B, UE1 at cell center and UE2 at cell edge. At time T2， the cell of Satellite 2 becomes covering area C, and the cell of Satellite 1 becomes covering area D, which has the same scope of area A and is included by area B. In this case, at the time T1, both UE1 and UE2 can receive starting-time of (incoming) satellite’s coverage (the incoming satellite is Satellite 1) from their serving cell of Satellite 1, but, at the time T2, UE1 can expect the coverage of the cell of Satellite 1, UE2 cannot. The reason is the scope of the cell of Satellite 1 is smaller than the scope of the cell of Satellite 2. 
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]So for Quasi-Earth Fixed satellites, if the scope of the incoming satellite cell is not smaller than the scope of the current serving satellite cell, the information of starting-time of (incoming) satellite’s coverage and the end-time of serving satellite’s coverage is enough for coverage discontinuity prediction. Otherwise, some more information is needed. 
[bookmark: OLE_LINK46][bookmark: OLE_LINK49][bookmark: OLE_LINK21][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26]Observation 1:  for Quasi-Earth Fixed satellites, if the scope of the incoming satellite cell is not smaller than the scope of the current serving satellite cell, the information of starting-time of (incoming) satellite’s coverage and the end-time of serving satellite’s coverage is enough for coverage discontinuity prediction.
For other case, for example, for earth-moving satellites, or for Quasi-Earth Fixed satellites but the scope of the incoming satellite cell is smaller than the scope of the current serving satellite cell (for example, the network are composed by some LEO cells and some MEO cells, and generally, the LEO cell will have different ground area scope with MEO cell), more information is needed, to help UE to determine the starting-time of actual incoming satellite coverage. 
In addition to the Satellite Ephemeris Parameters, which have been supported according to the agreements above, the reference location of the cell, and the elevation or the cell radius are also needed. Because the staring-time of the (incoming) satellite’s coverage is different for different UE in the current serving cell, and the UE has to predict the incoming time by itself. However, we think beam information is not needed for the purpose of coverage discontinuity prediction, for what the UE concern only is the coming time of the first beam/cell coverage.
[bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK50][bookmark: OLE_LINK51]Observation 2:  for earth-moving satellites, or for Quasi-Earth Fixed satellites but the scope of the incoming satellite cell is smaller than the scope of the current serving satellite cell, the reference location of the cell, and the elevation or the cell radius are needed for coverage discontinuity prediction. 
Based on the discussion above, we propose that:
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]Proposal 1: for coverage discontinuity prediction:
· [bookmark: OLE_LINK36][bookmark: OLE_LINK37]For Quasi-Earth Fixed satellites, if the scope of the incoming satellite cell is not smaller than the scope of the current serving satellite cell, only the information of starting-time of (incoming) satellite’s coverage and the end-time of serving satellite’s coverage is used.
· For other cases, the reference location of the cell, and the elevation or the cell radius are used.

· RACH congestion in coverage discontinuity scenario


[bookmark: _Ref92440577]Figure 2 Cell coverage of Quasi-Earth Fixed satellite
For the case of Quasi-Earth Fixed satellites with coverage discontinuity as show in Figure 2, at time T1, the cell of Satellite 1 covers the area A, and the UE1 and UE2 in area B are not served by any cell. At time T2, the cell of Satellite 1 will cover area B and provide service for UE1 and UE2. So at time T2, UE1 and UE2 will enter the network coverage and perform network access attempt, at the same time. Generally, the area scope of a NTN cell is much larger than a TN cell, so the number of the UE served by a NTN cell is much larger than the number of the UE served by a TN cell. And then at the scenario described above, there will be very many UEs trying to access the network at the same of the network coverage incoming, and will result in a serious RACH congestion. 
A network implementation solution for the issues above is, the network configure enough RACH resources at the time when there is a change on its serving ground area to allow the large amount of UE to access, and then reduce the RACH resources after a short duration. But this solution will result in frequent system information update, which will trigger the UE to re-acquire the SI. 
The same issue was also discussed in [2] at last meeting, and a solution based on UE ID group was given. According to the solution, some UEs will delay the RACH attempt based on their ID group, and the RACH congestion will be mitigated. But this may has impact on the user experience because the access priority is not considered. For example, the access attempt may be delayed based on the UE ID solution, even the UE triggers the network access because of emergency call. 
[bookmark: _GoBack] Proposal 2: For the scenario of Quasi-Earth Fixed satellites with coverage discontinuity, the RACH congestion issue at the time of serving area update should be discussed. 
· UE ID and/or access priority based solution can be considered. Other options are FFS. 
 
Conclusion
[bookmark: OLE_LINK60][bookmark: OLE_LINK58][bookmark: OLE_LINK59]In this contribution, we discussed the open issues of supporting non-continuous coverage, for example 
[bookmark: OLE_LINK44][bookmark: OLE_LINK45] the detail necessary information for UE predicting coverage discontinuity, and the RACH congestion when the coverage is coming. And based on the discussion, we give the following observations and proposal:
[bookmark: OLE_LINK47][bookmark: OLE_LINK48]Observation 1:  for Quasi-Earth Fixed satellites, if the scope of the incoming satellite cell is not smaller than the scope of the current serving satellite cell, the information of starting-time of (incoming) satellite’s coverage and the end-time of serving satellite’s coverage is enough for coverage discontinuity prediction.
Observation 2:  for earth-moving satellites, or for Quasi-Earth Fixed satellites but the scope of the incoming satellite cell is smaller than the scope of the current serving satellite cell, the reference location of the cell, and the elevation or the cell radius are needed for coverage discontinuity prediction. 
Proposal 1: for coverage discontinuity prediction:
· For Quasi-Earth Fixed satellites, if the scope of the incoming satellite cell is not smaller than the scope of the current serving satellite cell, only the information of starting-time of (incoming) satellite’s coverage and the end-time of serving satellite’s coverage is used.
· For other cases, the reference location of the cell, and the elevation or the cell radius are used.
Proposal 2: For the scenario of Quasi-Earth Fixed satellites with coverage discontinuity, the RACH congestion issue at the time of serving area update should be discussed. 
· UE ID and/or access priority based solution can be considered. Other options are FFS. 
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