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1. Introduction

In RAN2#115-e the following agreements were made on IoT-NTN:

	Agreements:
•	Cell selection / reselection procedures for NB-IoT and LTE-M in TN is the baseline in NB-IoT/LTE-M NTN.
•	RAN2 assumes that Satellite assistance information, e.g. for cell selection reselection, for serving cell is provided to UE.
•	Wait for the progress in RAN1 before discussion on whether satellite assistance information is broadcast in a separate information block.
•	The timing information on when a cell is going to stop serving the area is broadcast at least for the quasi-earth fixed case. FFS details. 
•	The network may broadcast more than one TAC per PLMN in a cell, which is up to network implementation.
•	The UE determines the Tracking Area based on the broadcast information (the use of other information is not excluded).
•	When the network stops broadcasting a TAC, the UE needs to know it. FFS how this is done. 
•	UE does not do TAU if one of the currently broadcasted TAC belongs to UE’s registration area.
•	Rel-16 LTE CHO mechanism is supported for LTE-M devices in IoT NTN. FFS which CE Mode(s) to apply
•	No procedural update is required to support connected mode mobility for LTE-M.
•	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.
•	FFS if Satellite assistance information for neighbour cell(s) is provided to UE for cell selection/reselection (justification would be needed). 
•	The value range for parameter t304 is not extended with larger values.
•	Send an LS to RAN4 to inform that RRM impacts for supporting CHO should be taken into consideration.
•	Postpone the discussion on whether specific timers and constants for RLF and RRC connection re-establishment procedures require extended value range and/or new behaviour till next meeting.
•	System information update notification procedure is not used to inform TAC updates, at least for TAC additions (FFS removals)



In this contribution we consider to extend the use of information needed to support discontinuous coverage to optimize the case of continuous coverage.
2. Discussion
As discussed in [2] we think that, to support discontinuous coverage, various enhancements should be considered. 

First of all, in addition to the stop time of the serving cell, the start time of the neighbouring cell is useful at least in the quasi-earth fixed case in order to inform the start and duration of a coverage gap. Even in case of continuous coverage this indication to at least identify the upcoming cell could be beneficial for the UE. If the stop time of the serving cell is indicated, and the identity of the next cell to serve the area is indicated, then the UE can avoid attempting to measure on multiple neighbour cells. If the start time is not indicated for the neighbour cell, then UE would implicitly know that there is no coverage gap, but rather the coverage switches immediately from cell 1 to cell 2. UEs configured with eDRX may perform measurements only during the times when the receiver is on for monitoring paging. If the cell changes during the DRX “off” time, then when UE switches the receiver on to monitor paging and perform RRC measurements, etc. then an indication of the new cell may be used by the UE to optimise the cell selection. Given that this information would be needed for the discontinuous coverage case, then it can be optionally used also in the continuous coverage case. In particular, the UE needs to start performing neighbour cell measurements before the coverage of the current cell stops, and the existing RSRP/RSRQ measurement thresholds may not be sufficient to ensure this is the case – arguably the thresholds could be set such that the UE always performs measurements, however this would be a burden in terms of power consumption.

This has already been recognised in NR for which the following was agreed:

“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.”

We propose firstly to have the same agreement for IoT, but also to support discontinuous coverage we need the start time of the neighbour cell.. 

Proposal 1a: 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

Proposal 1b: Introduce an indication of neighbour cell start time for the quasi-earth fixed discontinuous coverage case

In case there is no start time for a neighbour cell, and only the stop time for the serving cell, this may imply no coverage gap (i.e. neighbour cell start time may be simultaneous with the serving cell start time). However there might be a short period of overlap. 

Proposal 1c: If it is agreed to introduce an indication of neighbour cell start time for the quasi-earth fixed discontinuous coverage case, it may optionally also be used by the UE to optimise cell reselection in the continuous coverage case.

Similar to the discussion in [2], for the earth moving scenario, in order for the UE to estimate the timing of a coverage gap, the network could provide a reference point location of the current and upcoming neighbor cell and satellite ephemeris data of current and upcoming neighbour cell. In addition this was agreed for NR “"For quasi-earth fixed cell, the reference location of the cell (serving cell or the neighbor cells) is broadcast in system information". Similarly, this information could be provided for the IoT UE to estimate the timing of an earth moving cell change in the continuous coverage case. In other words, information needed to support discontinuous coverage could also be used to optimise the continuous coverage case.

Proposal 2a: For earth moving cell, the reference location of the cell (serving cell or the neighbor cells) is broadcast in system information

Proposal 2b: If it is agreed for the case of earth moving cell to provide satellite location assistance information to the UE for estimation of the coverage gap timing using location estimation, then this information can be used to estimate the cell change timing in the continuous coverage case.
 
For the case of RLF, and particularly for the NB-IoT case, it seems beneficial to introduce a new condition to avoid entering RRC re-establishment too soon during a coverage gap. For the case of continuous coverage the problem is the opposite – rather than re-establishment being too soon it would be later than necessary. If the UE knows the time at which the current cell will stop serving the area, and the time a new cell will start serving the area, then there is no need to perform the entire RLF procedure – UE could re-establish on the new cell, if it is known in advance, without waiting for T310. This would maximise the amount of time the UE is in service because less time is wasted waiting for expiry of timers designed to work for completely different scenarios. 

Proposal 3: If the UE is provided with the stop time of the current cell and the start time of the new cell, then no need to wait for T310 to expire when performing RLF/re-establishment in the continuous coverage case.



3. Conclusion
We have the following proposals:

Proposal 1a: 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

Proposal 1b: Introduce an indication of neighbour cell start time for the quasi-earth fixed discontinuous coverage case

Proposal 1c: If it is agreed to introduce an indication of neighbour cell start time for the quasi-earth fixed discontinuous coverage case, it may optionally also be used by the UE to optimise cell reselection in the continuous coverage case.

Proposal 2a: For earth moving cell, the reference location of the cell (serving cell or the neighbor cells) is broadcast in system information

Proposal 2b: If it is agreed for the case of earth moving cell to provide satellite location assistance information to the UE for estimation of the coverage gap timing using location estimation, then this information can be used to estimate the cell change timing in the continuous coverage case.
 
Proposal 3: If the UE is provided with the stop time of the current cell and the start time of the new cell, then no need to wait for T310 when performing RLF/re-establishment in the continuous coverage case.

4. References
[1] Chairman’s Notes, 3GPP WG2 #115-e
[2] [bookmark: _Ref85554700]R2-2110549, “Support of Discontinuous Coverage for IoT-NTN”, Interdigital, Inc.

