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[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Introduction
Some agreements have been achieved on the topic of IoT NTN and NTN during the past meetings, for the coverage enhancement, discontinuous coverage impact in IDLE and CONNECTED, and satellite assistance information. But there are still some open issues left, for example, necessity of coverage enhancement, other impact of discontinuous coverage, and the content of satellite assistance. In this paper, we give our view on the left open issues. 
Discussion
· The necessity of coverage enhancement
The following conclusion about coverage enhancement for IoT NTN UE was achieved in RAN2# 114e:
[032] 2: No need has been identified in RAN2 for further R17 IoT NTN enhancement regarding eMTC and NB-IoT Coverage Enhancement features. They are assumed applicable to IoT NTN. L1 issues if any, and the potential related need for further enhancement, are assumed addressed by RAN1. 
The main reason for this conclusion is that, RSRP would not be a good criterion to determine Coverage Enhancement Level as measured RSRP is less varying for NTN deployment. That may be indeed correct, when the UEs in the same environment, e.g. the two UEs are both on the ground. 
However, the coverage enhancement mechanism, especially the CE Mode B, is mainly targeted to the UEs underground, e.g., for the meter installed in the basement. Obviously, there will be a large difference between the measured RSRP of an UE on the ground and the measured RSRP of an UE in the basement. And we cannot assume that IoT NTN will not support the access of the UE installed in basement. So we think the coverage enhancement should be considered in NTN.
 The conclusion above suggests leaving the CE topic to RAN1, but we think it has very many impacts on RAN2 specification that whether coverage enhancement is supported or not. For example, HARQ related timer modification, PRACH resource configuration, and so on. So we RAN2 should also consider coverage enhancement and the related impact, at the same time with RAN1 evaluation.  
Considering the time left for Rel-17, only two CE levels can be supported. For example:
· The UEs on the ground belong to CE level 0, in which no coverage enhancement is used. 
· [bookmark: _GoBack]The UEs in the basement belong to CE level 1, in which some coverage enhancement mechanism should be used, with the assumption that the UE can get enough information to predict the coverage of satellite cell when considering the discontinuous coverage. 
Proposal 1: RAN2 should consider coverage enhancement and the related impact. Two coverage enhancement levels need to be considered in Rel-17 for IoT NTN:
· CE level 0: no coverage enhancement is used
· CE level 1: coverage enhancement mechanism is used  
More accurate CE levels can be considered in future release, if necessary.
· Impact of discontinuous coverage during RRC State transition 
 For the impact of discontinuous coverage, the following agreements were achieved:
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).
Rel-16 RLF / connection re-establishment mechanisms are supported in IoT NTN assuming that minor adjustments to UE specific timers and constants would be sufficient.
That is, the potential impacts of discontinuous on the procedure of RRC IDLE or RRC CONNCTED should be considered. However, the power consumption and signalling storm during RRC state transition caused by discontinuous should also be considered, especially, if coverage enhancement mechanism is used. For example, the UE need to distinguish whether the RLF is caused by coverage hole or not, and then handle in different way. 
Proposal 2: The impact of discontinuous coverage during RRC state transition should be considered. 
· The content of satellite assistance information
For the satellite assistance information, the following agreements were achieved:
[bookmark: OLE_LINK283][bookmark: OLE_LINK284]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.
[bookmark: OLE_LINK285][bookmark: OLE_LINK286][bookmark: OLE_LINK287]RAN2 assumes that Satellite assistance information, e.g. for cell selection reselection, for serving cell is provided to UE.
And in NTN, the following related agreements are achieved:
In RAN2# 111e meeting:
2. Satellite/HAPS ephemeris based cell selection and reselection should be defined for NTN (FFS what the term satellite/HAPS ephemeris actually means). FFS when this ephemeris based cell selection / reselection can be used. FFS whether UE location (and/or other information) based cell selection and reselection should be introduced for NTN
3. The satellite ephemeris should be provided to UE, at least for Satellite/HAPS ephemeris based cell selection and reselection (FFS what the term satellite/HAPS ephemeris actually means).
In RAN2# 112e meeting:
2. The NTN ephemeris is divided into serving cell’s ephemeris and neighbour’s ephemeris. FFS how would they differ regarding e.g. the required accuracy or signalling impact.   
And
2. The information on when a cell is going to stop serving the area and/or the timing information (e.g. timer or absolute time) about new upcoming cell is supported at least in Earth-fixed NTN scenario. FFS if both types of information are needed. FFS if this is known from system information and/or the ephemeris.
In RAN2# 114e meeting:
1. [bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK10]At least in the quasi-earth fixed case (FFS for moving case), the timing information on when a cell is going to stop serving the area is needed to assist cell reselection in NTN for earth fixed scenario.
2. At least in the quasi-earth fixed case (FFS for moving case), the timing information on when a cell is going to stop serving the area is used to decide when to perform measurement on neighbor cells.
3. At least in the quasi-earth fixed case (FFS for moving case), the timing information on when a cell is going to stop serving the area for earth fixed scenario is broadcast to UE via system information.
In RA2# 115e meeting:
Agreements via email - from offline 108:
1. Broadcast of cell stop time in SIB is only applicable to quasi earth fixed cell (not to moving cell). No further work in this release to address any moving cell specific details on using the cell stop time to assist measurements or cell reselection
2. For quasi-earth fixed cell, the reference location of the cell (serving cell or the neighbor cells) is broadcast in system information

Agreements via email - from offline 108 third round:
1. For quasi-earth fixed cell, UE should start measurements on neighbour cells before the serving cell stops covering the current area.
2. For quasi-earth fixed cell, the broadcast “timing information on when a cell is going to stop serving the area” refers to the time when a cell stops covering the current area.
3. For quasi-earth fixed cell, specify that UE should start measurements on neighbour cells before the broadcast stop time of the serving cell, i.e. the time when the serving cell stops covering the current area, and the exact time to start measurements is up to UE implementation.

Working Assumption:
1. Location assisted cell reselection, with the distance between UE and the reference location of the cell (serving cell and/or neighbor cell) taken into account, is supported for quasi-earth fixed cell, if UE has valid location information, which means location acquisition will not be triggered at UE side only for location assisted cell reselection. FFS on the details.

Working Assumptions:
1. Combination of serving and target cell reference location is supported for location report trigger event and for CHO location trigger
For simplification, we can reuse the agreement in NTN when evaluate the content of satellite assistance information.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 3: The satellite assistance information should at least include:
· satellite ephemeris
· at least for earth fixed or quasi-earth fixed cell: the timing information on when a cell is going to stop serving the area, the time information of a upcoming cell, and the reference location of the cell (serving cell and/or neighbour cell)
[bookmark: OLE_LINK7][bookmark: OLE_LINK11]For earth-moving cell, more discussion may be needed. But, in addition to the ephemeris info, the cell reference point on ground, and the cell footprint size (e.g. cell radius) should be also considered. And if the satellite beam is perpendicular to the earth ground, ephemeris info and the cell footprint size may be enough for prediction, for reference point can be derived based on the ephemeris.

Conclusion
[bookmark: OLE_LINK60][bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK47][bookmark: OLE_LINK48]In this contribution, we give some discussion on the necessity of coverage enhancement, discontinuous coverage impact on the RRC state transition, and the content of satellite assistance. And according to the discussion, we give the below proposals:
Proposal 1: RAN2 should consider coverage enhancement and the related impact. Two coverage enhancement levels need to be considered in Rel-17 for IoT NTN:
· CE level 0: no coverage enhancement is used
· CE level 1: coverage enhancement mechanism is used  
Proposal 2: The impact of discontinuous coverage during RRC state transition should be considered. 
Proposal 3: The satellite assistance information should at least include:
· satellite ephemeris
· at least for earth fixed or quasi-earth fixed cell: the timing information on when a cell is going to stop serving the area, the time information of a upcoming cell, and the reference location of the cell (serving cell and/or neighbour cell)
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