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1. Introduction
This contribution shares example LEO-600 satellite flyover characteristics to inform IoT NTN specification work. The example satellite is TYVAK-182A [2]. Analysis of a single satellite yields visibility durations for a given UE location, which are of order 1-4 minutes. Specifications must ensure UEs are able to connect and transmit and receive data during these short opportunities. 
The frequency of flyovers for a given UE is also important as it impacts both delay for IoT NTN services and whether UEs need to be able to predict future flyovers to conserve battery life. In the case of frequent or near continuous satellite visibility, UEs could simply wake up and wait for the next opportunity. For infrequent passes with discontinuous coverage, the UE would consume power waiting for the next pass, and so the ability to predict future passes and wake-up at the right moment would save battery life.  
If prediction is necessary then 3GPP would need to consider whether information about the satellite constellation needs to be broadcast, in addition to that already needed for Doppler compensation.


2. Single satellite flyovers
2.1	General 
Figure 1 provides flyover data for given UE location and a single example LEO satellite at a nominal 600 km altitude. This shows flyovers where the satellite passes above 30 degrees elevation as seen from the UE as per the IoT NTN study item Technical Report [1]. We plot the rise time of the satellite on the x axis against the visibility duration on the y axis.  Note that we do not consider link budget aspects, only geometrical visibility above the given elevation angle. 
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Figure 1: Flyovers and duration of visibility (≥ 30 degrees elevation) for a single LEO-600 km satellite
2.2	Intervals between flyovers
Figure 1 shows that the satellite is visible from the UE location twice on most days, and occasionally three times.  The interval varies between ~9 to 13.3 hours in this example, with a mean of 11.9 hours. Around once a month, very short intervals of 1.6 hours occur, when the satellite glances over the visibility horizon on either side. Such events are associated with very short visibility durations which may not be useable given these short visibility times and also challenging link budgets.
The maximum interval of 13.3 hours in this case indicates the worst-case delay that an IoT device would experience for a single satellite constellation.  In practice even a sparse LEO constellation would include tens of satellites which would reduce this maximum delay by at least an order of magnitude to around an hour.
The mean interval of 11.9 hours informs the typical time that a UE would need to wait and monitor for the next flyover. The average wait time for a UE waking up at a random moment would be half of this - so around 6 hours. Again, a sparse constellation of tens of satellites should reduce this by at least an order of magnitude to around half an hour or less.  
Observation 1: The example LEO-600 satellite takes as long as 13.3 hours to be visible from a given UE location – indicating a worst case delay for IoT service with just one satellite.  A ‘sparse’ constellation with tens of satellites should reduce this delay by an order of magnitude to around an hour or less.
Observation 2: The example LEO-600 satellite is on average visible every 11.9 hours for a given IoT UE.  UEs randomly waking up would therefore need to wait around 6 hours on average before the next pass of this satellite.  Again, sparse constellations of tens of satellites should reduce this by an order of magnitude to around half an hour or less.
2.3	Impact on UE battery life and need to broadcast a constellation almanac
UE monitoring for the next flyover would consume power and reduce battery life accordingly. If the UE were able to predict future flyovers, it could save power relative to the random case by waking up just before the satellite become visible. The UE will have had PV data for the satellite previously connected to for Doppler compensation purposes. This can inform future passes of that same satellite, but no information can be inferred about the flyovers of the other satellites in the constellation.  Broadcast of a constellation almanac may help UEs conserve battery life for sparse constellations, but would though represent additional overhead and impact system capacity. As the constellation densifies, the information overhead for the whole constellation needed in the almanac would increase. At the same time the shorter intervals between flyovers erodes the battery life benefit of predicting future flyovers.  
Note that the results shown are for visibility of LEO-600 satellite for a given UE location. Other satellite orbits and UE locations may produce different characteristics, so we encourage other satellite operators to share similar data to enable a broader characterisation.
Observation 3:	The ability of UEs to predict future flyovers and wake up at the right moment may improve battery life compared to randomly waking up and waiting. However, it would likely require broadcast of a constellation almanac, which would be an overhead and impact system capacity.  Denser constellations would both have greater overhead cost and eroded battery life benefit over the wait-and-see approach.
2.4	Visibility duration
Figure 1 plots also the duration of visibility for each flyover. This can be as much as 260 seconds, but is typically less. Figure 2 shows the CDF of visibility times for this satellite-UE combination. The median flyover lasts around 220 seconds, and 90% of flyovers are longer than 110 seconds. 
Specification work should ensure that IoT NTN UEs are able to exploit these short opportunities for data transfer. Higher orbits with slower moving satellites should provide longer visibility durations. However, challenging link budgets requiring high gain but narrow spot beam antennas will result in shorter opportunities for connections. 
Link budgets will be weaker at lower elevation angles. Shorter durations imply flyovers closer to the horizon which will also have weaker link budgets – so a “double whammy” for data transfer with two adverse effects combining. 
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Figure 2: Distribution of flyover durations (≥ 30 degrees elevation).


Observation 4:	The example LEO-600 satellite flyover provides up to 260 seconds for a UE to connect and transfer data.  90% flyovers in this example provide at least 110 seconds.  Higher altitude orbits move slower, but if spot beams are used, they are likely to have shorter visibility durations. Specification work should ensure IoT NTN devices can make use of the brief connection opportunities presented by sparse IoT NTN constellations.

3. Summary of Observations
Observation 1: The example LEO-600 satellite takes as long as 13.3 hours to be visible from a given UE location – indicating a worst case delay for IoT service with just one satellite.  A ‘sparse’ constellation with tens of satellites should reduce this delay by an order of magnitude to around an hour or less.
Observation 2: The example LEO-600 satellite is on average visible every 11.9 hours for a given IoT UE.  UEs randomly waking up would therefore need to wait around 6 hours on average before the next pass of this satellite.  Again, sparse constellations of tens of satellites should reduce this by an order of magnitude to around half an hour or less.
Observation 3:	The ability of UEs to predict future flyovers and wake up at the right moment may improve battery life compared to randomly waking up and waiting. However, it would likely require broadcast of a constellation almanac, which would be an overhead and impact system capacity.  Denser constellations would both have greater overhead cost and eroded battery life benefit over the wait-and-see approach.
Observation 4:	The example LEO-600 satellite flyover provides up to 260 seconds for a UE to connect and transfer data.  90% flyovers in this example provide at least 110 seconds.  Higher altitude orbits move slower, but if spot beams are used, they are likely to have shorter visibility durations. Specification work should ensure IoT NTN devices can make use of the brief connection opportunities presented by sparse IoT NTN constellations.
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