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1. [bookmark: _Ref488331639]Introduction
In the last RAN#95e meeting, the IoT over NTN was discussed and the open issues for R17 IoT-NTN are listed in the table below:
	Open issues from exception Sheet in RP 220943: 
Prediction of discontinuous coverage: Address the FFS regarding signalled ephemeris type (FFS if two, three of four types and the details on semantics); Address the FFS whether epoch time could be optional and be implicitly derived when not provided; Address the FFS whether in addition to BCCH provide the option to share the information by dedicated RRC signalling; Address the FFS whether anything need to be specified for AS-NAS interaction while the UE is out of coverage. 
If time allows, address the open issue on an additional parameter for further enhanced spatial coverage prediction (like satellite footprint reference point on ground, satellite coverage radius); Parameters for prediction of discontinuous coverage and handling of the new SIB;
GNSS Position Validity: Address Signalling details including value range of GNSS position validity remaining time for reporting to the network;
Location Reporting: Address the FFS on UE location information reporting



 In this contribution, we provide our views on some of the open issues.
2. Discussion 
2.1 Prediction of discontinuous coverage:
2.1.1 Sharing the Satellite Assistance Information by dedicated RRC signaling
In the last RAN2#117-e meeting, it has been agreed that ephemeris information of up to a maximum X satellites will be shared using the new SIB, where X is limited by the volume of information vs capacity of the SIB (X=4 is baseline). As SA2 has agreed that PSM and eDRX will not be supported with discontinuous coverage in this release, that means the UE will not be long away from network and will camp again every next time when coverage is back which is predicted by the UE using the 4 satellite ephemeris information, which means UE will continuously update the 4 satellite ephemeris information. So at least for R17, the 4 satellites ephemeris information provided by SIB will be enough and sufficiently accurate, there is no need to share the additional ephemeris information by dedicated RRC signaling, which can be considered in R18 if eDRX or PSM is supported with discontinuous coverage.

Observation 1  As PSM and eDRX is not supported with discontinuous coverage in this release, the UE can wake up at every next coverage time provided or predicted by  the 4 satellite ephemeris information sharing by SIB.

Proposal 1 The 4 satellite ephemeris information provided by SIB is enough for UE to predict discontinuous coverage in R17. Sharing more ephemeris information by dedicated RRC signaling can be considered in R18 when needed.

2.1.2 Additional parameter for further enhanced spatial coverage prediction
In RAN2#116e and RAN2#116b-e meeting, it has been agreed that the satellite ephemeris parameters for multiple satellites, start-time T2 of (incoming) satellite’s coverage and end-time T1 of serving satellite’s coverage are provided for Quasi-Earth Fixed satellites for predicting coverage discontinuity.
The satellite ephemeris parameters can provide the information of the satellite’s location, but the corresponding cell coverage information on ground is still unknown for the UEs due to the steerable beams which is shown in Figure 1.
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Figure 1. Location of satellite and the corresponding cell on ground

Observation 2  The satellite ephemeris parameters can only provide the information of the satellite’s location, the corresponding cell coverage information on ground is still unknown for the UEs.

The start-time of (incoming) satellite’s coverage can be used for the UE’s next wake up decision. So with this information, it can work well for the stationary UE and the incoming satellite has the same coverage of that serving satellite. But for a moving UE or satellites with different coverage, the UE may wake up at a discontinue coverage area as shown in Figure 2.
                 [image: ]
Figure 2. Discontinuous coverage: A) UE moving & B) Inconsistent coverage


[bookmark: OLE_LINK2]Observation 3  For the quasi-earth fixed cell, the satellite ephemeris parameters and the start-time of (incoming) satellite’s may still be not enough to predict the UE’s next wake up time as the UE may be moving or satellites may not have the same coverage on ground.

Considering that most UEs have the capability to access to their real-time locations (via GNSS), if the serving satellite can provid assist information, such as coordinate of cell footprint reference point on ground and the cell footprint size (e.g. cell radius) of the incoming satellite, it can help UE to predict the coverage discontinuity.

Proposal 2 The coordinate of cell reference point on ground and the cell footprint size (e.g. cell radius) of the satellite(at least for the incoming satellite) should also be provided for Quasi-Earth Fixed cell.

2.2 GNSS position validity
In last RAN2-117e meeting, it has been agreed that RAN2 will follow the RAN1 agreement that UE will report the remaining GNSS validity duration to the network. FFS: value range. FFS which message. Considering the repetition in PUSCH, large propagation delay and the possible HARQ retransmission, the remaining GNSS validity duration UE received may be invalid, so a method is needed to obtain the real remaining GNSS validity duration, otherwise the status of the GNSS validity between UE and eNB will be inconsistent.
There may be two methods to report the remaining GNSS validity duration, the first one is by the RRC signaling, the other one is by the MAC CE. For the RRC signaling, due to the possibility of RLC segmentation and retransmission, or MAC HARQ retransmission, it is difficult for the eNB to infer the real time when the GNSS validity duration is generate when it receives the RRC signaling, so the RRC signaling needs to include the epoch time of the GNSS validity duration. For the MAC CE, as the eNB knows the time of the first transmission of a MAC PDU, when the eNB gets the MAC CE containing the remaining GNSS validity duration from a MAC PDU, it can infer the real remaining GNSS validity duration, the procedure can be as follows:
· UE report the remaining GNSS validity duration T to the eNB, the remaining GNSS validity duration can be choose from the following values as suggested by RAN1:
{500ms, 1s, 2s, 3s, 4s, 5s, 6s, 7s, 8s, 9s, 10s, 15s, 20s, 25s, 30s, 1min}
· eNB can get the real remaining GNSS validity duration from the time the eNB get the MAC PDU containing the MAC CE and its corresponding initial transmission time:
a、 eNB record the initial transmission time of the MAC PDU as T1
b、 The MAC PDU is successful decoded by eNB at T2, the reported remaining GNSS validity duration is T, then the real remaining GNSS validity duration is T - (T2-T1)
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Proposal 3 UE report the remaining GNSS validity duration to eNB by MAC CE, the value range of the remaining GNSS validity duration can follow the RAN1 suggestion.

3 Conclusions 
In this contribution, we further discuss the open issues on IoT-NTN, and we have the following observations and proposals: 
Observation 1  As PSM and eDRX is not supported with discontinuous coverage in this release, the UE can wake up at every next coverage time provided or predicted by  the 4 satellite ephemeris information sharing by SIB.
Proposal 1   The 4 satellite ephemeris information provided by SIB is enough for UE to predict discontinuous coverage in R17. Sharing more ephemeris information by dedicated RRC signaling can be considered in R18 when needed.
Observation 2  The satellite ephemeris parameters can only provide the information of the satellite’s location, the corresponding cell coverage information is still unknown for the UEs.
Observation 3  For the quasi-earth fixed cell, the satellite ephemeris parameters and the start-time of (incoming) satellite’s coverage may still not be enough to predict the UE’s next wake up time as the UE may be moving or satellites may not have the same coverage on ground.
[bookmark: _GoBack]Proposal 2  The coordinate of cell reference point on ground and the cell footprint size (e.g. cell radius) of the satellite(at least for the incoming satellite) should also be provided for Quasi-Earth Fixed cell.
Proposal 3  UE report the remaining GNSS validity duration to eNB by MAC CE, the value range of the remaining GSNN validity duration can follow the RAN1 suggestion.
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