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1. Introduction 
Following agreements were made in RAN2#115e meeting.

· 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.

In [1], RAN has sent an LS reply to SA2 to reconsider the support of discontinuous coverage for Rel-17 IoT NTN. It is also clear that RAN plenary will adjust the WID in case other working group (SA2 and CT1) will not have to time to finish work on the support of discontinuous coverage. However, until SA2/CT1 make their decision on the support of discontinuous coverage, it is understood that RAN2 can continue discussion on the discontinuous coverage.
In this document, we discuss the issues related to obtaining satellite visit time for a given UE.
2. Discussion 

The radio coverage may not be continuous due to sparse satellite deployments as shown in Figure 1. Once UE loses satellite coverage, UE may need to wait for a next satellite to be in coverage.
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Figure 1 An example of scenario where the UE is about to be out-of-coverage
The UE may have information of satellite ephemeris and may be able to predict when and for how long a satellite will remain in coverage. Similarly, UE may be able to predict when a new satellite will provide the coverage. As per RAN2 agreements above, the UE may predict duration of out-of-coverage and avoid searching for coverage during the out-of-coverage period.

However, it is not as easy for UE to predict when coverage gap will happen. With the data provided in [2], considering a single LEO satellite at a nominal 600 km altitude for a given UE location, the interval between flyovers where the satellite passes above 30 degrees elevation as seen from the UE is between ~9 to 13.3 hours with a mean of 11.9 hours.
In this specific example, the important question to ask is when is the UE supposed to wake up and search cells, is it exactly in 9 hours or in 13.3 hours? If the UE wakes up in 9 hours but will only see the satellite after one hour, then the UE may drain its battery by searching cell for an hour. In addition, when UE wakes up based on its prediction, it may just miss the satellite.
In addition, data presented in [2] may not be applicable for other satellite deployments whose altitude is not exactly 600km (may be 732km) or whose speed is not exactly 7.54km/s (may be 7.6km/s) or whose orbital period is not exactly 96.9 minutes (may be 96 minutes or may be 97 minutes) or whose cell coverage size may not be 2000km (may be just 500km). 
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Figure 2 Example showing satellite coverage difference after one orbital period [Note: not in accurate scale].
There could also be multiple satellites (for example 20 satellites if not hundreds of satellites), we should try to avoid the need to provide the ephemeris and orbital period of each individual satellite as it incurs huge signaling overhead in system information. In addition, a low cost IoT UE with low processing power may need to process all these variables (e.g., earth rotation, number of satellites, and elevation angle, altitude, and orbital period of each individual satellite) and estimate the next wake up time.
Observation 1. A low cost IoT device with low processing power will need to perform large amount of computation (e.g., earth rotation, number of satellites, elevation angle, and orbital period of each individual satellite) to estimate the next wake up time.
Therefore, it is important to consider that there may be multiple satellites that UE would be able to access, and it may not be possible for IoT UE to accurately estimate the next wake up time. The consequence of this is that UE will consume excessive power on searching cell.
A simple solution that greatly benefits UE on this issue is to have a possibibility that network figures out the next satellite visit time with respect to a cell reference location and broadcast in system information, probably together with serving cell ephemeris. In addition, the minimum elevation angle as seen from the cell reference point can be provided. This solution is better because network will have more information on the whole satellite constellation and more processing power to accurately calculate the next satellite visit time.
Observation 2. Currently serving satellite ephemeris and expected time for the next satellite can be broadcast together.

Suppose the UE has information on the next satellite visit time after going to IDLE mode, it is possible the UE might be using eDRX or PSM. In this case, the next satellite visit time may not be aligned with paging monitoring cycle or UE wake up time. Therefore, it should also be possible to provide more than one satellite visit times. This information can also be provided to a UE in RRC connected state e.g., via RRC release message. 
It is possible that UE may report its location information and eNB can even accurately provide the next satellite visit time for more than one multiple future time instances. Offset to the first satellite visit time can be used to indicate visit time for other satellites. Then UE would be able to determine at which future time instance it should wake up based on its location and the eDRX or PSM parameters.
Observation 3. Multiple satellite visit times can also be provided to UE via SIB as well as RRC message.

It is possible each cell broadcasts the ephemeris, orbital time, and beam information of current satellite. However, it will incur huge signaling overhead to do so for other satellites. UE may be able to predict the revisit time of current satellite but not the next visit time of other satellite unless some assistance information on next satellite is provided. 

Proposal 1 Expected visit time of the next satellites together with current satellite information can be provided to the UEs.

However, it is possible that the next satellite visit time either predicted by the UE or provided by the network may not be very accurate considering UE’s location and mobility. When UE wakes up at the satellite visit time but finds no cell to camp on it, the UE may continue to search cells forever. This may be the case that coverage gap duration has not ended yet or next coverage gap duration has started, or the UE is out of coverage as what might happen in terrestrial network. Some possibilities on UE’s action upon being in the no cell available state following the discontinuous coverage or satellite visit time include:
· Follow existing procedure of handling out of coverage. 
· Trigger search of other potential PLMNs or RATs.
· Estimate the same satellite revisit time.

· Consider detached from the network (e.g., next time in coverage, initiate attach procedure).

· Consider out of registration area (e.g., next time in coverage, initiate registration update).

· Leave it to UE how and when to search the cell in a power efficient way.

Proposal 2 The UE behaviour upon being in the no cell available state following the discontinuous coverage or satellite visit time needs to be clarified.

3. Conclusion

Following observations are made:
Observation 1.
A low cost IoT device with low processing power will need to perform large amount of computation (e.g., earth rotation, number of satellites, elevation angle, and orbital period of each individual satellite) to estimate the next wake up time.
Observation 2.
Currently serving satellite ephemeris and expected time for the next satellite can be broadcast together.
Observation 3.
Multiple satellite visit times can also be provided to UE via SIB as well as RRC message.


Following proposals are made:
Proposal 1
Expected visit time of the next satellites together with current satellite information can be provided to the UEs.
Proposal 2
The UE behaviour upon being in the no cell available state following the discontinuous coverage or satellite visit time needs to be clarified.
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