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1. Introduction

In the last meetings, 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#115-e agreements:
· 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).
· 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.
· 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 need to be specified the details of UE’s prediction of discontinuous coverage and its ability to detect when it is back in coverage.

· RAN2 sends an LS to SA2 and CT1 (cc: RAN3) for the possible alignment work in their specification due to the support of discontinuous coverage.
RAN2#116-e agreements:

· 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.
RAN2#116bis-e agreements:
· The contents of the ephemeris / assistance info for non-continuous coverage:

Confirm that we Reuse the satellite ephemeris orbital parameters, already agreed for UL pre-compensation, for multiple satellites (Ref L1 params from R1). 

· FFS on the maximum number of satellites, whose ephemeris information will be provided.

· FFS whether avg ephemeris (using same format as instant) + alamanc can be used (Gatehouse Proposal)

· FFS how to signal this (new SIB for this particular purpose, dedicated signalling). 

· FFS if to introduce additional new parameters like satellite footprint reference point on ground, satellite coverage radius etc.


In this contribution, we provide our views on the below open issue that is invited to submit Tdocs for this meeting.

O1 3.5 [Company Tdocs Invited]: Decide on whether additional new parameters like satellite footprint reference point on ground, satellite coverage radius can be used?
2. Discussion 
2.1 Discussion on the satellite assistance information
In the last meetings, it has been already discussed and agreed that UE can predict discontinuous coverage based on its GNSS capability and satellite assistance information, and at least the satellite ephemeris orbital parameters for multiple satellites is confirmed as the satellite assistance information, with the agreements mentioned in the table below:
	RAN2#115-e agreement:

· 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.
RAN2#116-e 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. 
RAN2#116bis-e agreement:
· The contents of the ephemeris / assistance info for non-continuous coverage:

Confirm that we Reuse the satellite ephemeris orbital parameters, already agreed for UL pre-compensation, for multiple satellites (Ref L1 params from R1). 


In our understanding, the design of satellite assistance information needs to well balance between signalling overhead and updating frequency. How to send satellite assistance information to UE needs to be discussed. For idle mode UE, the satellite assistance information, e.g., ephemeris info, etc., is usually sent by NW in broadcast manner. In order to further reduce the overhead, the satellite assistance information can also be pre-configured to UE, e.g. in uSIM.

Observation 1 Pre-configuration in uSIM for providing the satellite assistance information to UE could further reduce the broadcast overhead. 
Proposal 1 RAN2 considers pre-configuration in uSIM for providing the satellite assistance information to UE.
Regarding whether additional new parameters other than satellite ephemeris orbital parameters (i.e., the Keplerian format ephemeris information) for multiple satellites like satellite footprint reference point on ground, satellite coverage radius need to be introduced, in our understanding, only relying on satellite ephemeris information of multiple satellites is not enough for the sake of the prediction on discontinuous coverage, since the size and the location of the satellite footprint on ground could not be obtained by the ephemeris information. For what additional new parameters are needed, it could be considered for different scenarios of LEO respectively.
For the scenario of LEO with earth-fixed cell, it has been approved in RAN2#116-e meeting that satellite assistance information could include the time period information, i.e., the start and end time that the satellite can provide service, with the agreement mentioned in the table below:
	RAN2#116-e agreement:

· Providing the start-time of (incoming) satellite’s coverage and end-time of serving satellite’s coverage is needed for Quasi-Earth Fixed satellites.


In addition to the time period information, in our understanding, the satellite footprint reference point on ground and the satellite coverage radius also need to be provided for UE, so that UE can estimate whether it is in coverage of the earth-fixed cell based on it GNSS capability. Since for an earth-fixed cell, the satellite footprint reference point on ground and its radius is fixed, introducing these additional new parameters would not lead to frequent update on system information or pre-configured information in uSIM. 
Proposal 2 For LEO with earth-fixed cell, in addition to the time period information of satellite’s coverage, satellite assistance information could also include the satellite footprint reference point on ground, and the satellite coverage radius.
Observation 2 For LEO with an earth-fixed cell, introducing the satellite footprint reference point on ground and the satellite coverage radius would not lead to frequent update on system information or pre-configured information in uSIM, since these additional new parameters are fixed for an earth-fixed cell. 
For the scenario of LEO with moving cell, the satellite footprint reference point on ground would be time-varying. It is not suitable to provide this parameter directly to UE by broadcast or pre-configuration in uSIM due to the frequent update, but we can consider the indirect methods to obtain the satellite footprint reference point. 
In particular, if satellite transmits the beam perpendicular to the earth ground, the satellite footprint reference point on ground is the sub satellite point which can be derived based on ephemeris info, hence, ephemeris info and the satellite coverage radius are enough for prediction. 

Proposal 3 For LEO with moving cell, if satellite always transmits the beam perpendicular to the earth ground, satellite ephemeris orbital parameters and the satellite coverage radius are enough for the prediction of discontinuous coverage.
If satellite doesn’t transmit the beam perpendicular to the earth ground, other than the satellite ephemeris orbital parameters and the satellite coverage radius, in order to derive the time-varying satellite footprint reference point on ground, the beam direction information from the perspective of satellite (e.g., beam angle) may be helpful since it is relatively fixed for LEO with moving cell. RAN2 may need to further study on the beam direction information.
Proposal 4 For LEO with moving cell, if satellite doesn’t transmit the beam perpendicular to the earth ground, in addition to the satellite ephemeris orbital parameters and the satellite coverage radius, RAN2 may need to further study on the beam direction information. 
3. Conclusion
Based on the discussion above, we made the following observations:

Observation 1 Pre-configuration in uSIM for providing the satellite assistance information to UE could further reduce the broadcast overhead. 
Observation 2 For LEO with an earth-fixed cell, introducing the satellite footprint reference point on ground and the satellite coverage radius would not lead to frequent update on system information or pre-configured information in uSIM, since these additional new parameters are fixed for an earth-fixed cell. 
Based on the discussion above, we give the following proposals:

Proposal 1 RAN2 considers pre-configuration in uSIM for providing the satellite assistance information to UE.

Proposal 2 For LEO with earth-fixed cell, in addition to the time period information of satellite’s coverage, satellite assistance information could also include the satellite footprint reference point on ground, and the satellite coverage radius.
Proposal 3 For LEO with moving cell, if satellite always transmits the beam perpendicular to the earth ground, satellite ephemeris orbital parameters and the satellite coverage radius are enough for the prediction of discontinuous coverage.
Proposal 4 For LEO with moving cell, if satellite doesn’t transmit the beam perpendicular to the earth ground, in addition to the satellite ephemeris orbital parameters and the satellite coverage radius, RAN2 may need to further study on the beam direction information. 
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