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1. Introduction
As agreed in last RAN2 meeting [1], “for handling of coverage holes or discontinuous satellite coverage in a power efficient way R2 assumes that Satellite assistance information, e.g. ephemeris info, can be used.”
In particular, satellite ephemeris information broadcast by the satellite can be used by IoT devices to predict when the satellite will come again into coverage so that the IoT device can transition to a deep sleep mode during the no-coverage period and wake up again at the time that the satellite is flying by. 
Considering that the information broadcast by the satellite are instantaneous orbital parameters and that IoT devices can make use of simple/not-computing-intensive orbit propagators, MediaTek [2] provided some estimations on the accuracy of the predictions for a prediction window of one orbit period (1h 35 min 16 for a LEO-600 km configuration). More in detail:
“Prediction over a LEO-600 km satellite orbit period of 1h 35 min 16 s ahead for UE pre-compensation is accurate within 31000 m or 104 us for delay error and within 423 m/s or 2.8 kHz for Doppler error. This assumes that the prediction use orbital parameters, which are computationally efficient way for long prediction times. This long-term prediction although not sufficiently accurate for UE pre-compensation is adequate for UE wake up from eDRX. Assuming an error of 31000 m and a satellite velocity of around 7.5 km/s, the UE needs to wake up from eDRX about ~5s seconds early before next satellite flyby after one orbit period 1h 35min 16s.”
Complementing this estimation given by MediaTek in [2], this contribution provides estimates of the accuracy for longer periods of time. This is motivated because, after a IoT device at a fixed position has been in contact with a given satellite and acquired the instantaneous orbital parameters from it, the time until that particular satellite is visible again could be much longer than a single orbit period due to Earth rotation and accurate prediction becomes more challenging (in practice, for sun-synchronous orbits, it is quite common not to see the same satellite after a period of ~12 hours or more). 
[bookmark: _heading=h.b7o2235vbhbz]2. Satellite pass predictions estimations
Assumptions: 
· Ephemeris format broadcast by the satellite is based on orbital elements. Orbital elements are instantaneous ones to give the same accuracy as the position/velocity for UL pre-compensation, and not the average/mean ones. 
· The IoT device use a simple orbit propagator (e.g. Two-body propagator [3], or Keplerian motion, which considers only the force of gravity from the Earth, which is modeled as a point mass) to propagate the acquired orbital elements and so predict the time that a next satellite pass (not necessarily the first pass) will happen.  
· T0 represents the Epoch for which valid information orbital parameters are assumed to be available at the IoT device. Orbital parameters are computed from the NORAD TLE created at T0. 
· To determine the start of a satellite pass, applied constraints have been 30º minimum elevation and minimum duration of 30s. 
On this basis, next shows the error of the prediction made by the IoT device compared to the reference case that satellite pass predictions would be done using TLE and much accurate orbit propagators (SGP4). In particular, a SSO satellite at ~500km satellite is considered, along its corresponding NORAD TLEs computed at 1st of May 2021 10:47:07 (Table 1) and 1st of May 2021 18:39:13 (Table 2). For the sake of comparison, prediction windows and errors are plotted in Figure 1. 
Table 1 – Prediction windows and prediction errors for next 5 consecutive passes assuming orbital parameters known at T0: 1st of May 2021 10:47:07. 
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Table 2 – Prediction windows and prediction errors for next 5 consecutive passes assuming orbital parameters known at T0: 1st of May 2021 18:39:13. 
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Figure 1 – Prediction errors vs. prediction windows.
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Observation 1: When estimating at the IoT device the start of next satellite passes using simple orbit propagators and instantaneous orbital elements broadcast by the satellite, prediction errors could be in the order of ~20 seconds for prediction windows of ~12 hours, up to ~230 seconds for prediction windows of ~84 hours.
[bookmark: _heading=h.2et92p0]Observation 2: Prediction errors have to be compared to almost two minutes of visibility time at 500 km altitude. At higher altitudes the prediction error would remain comparable but with longer visibility times.
3. Conclusions
[bookmark: _heading=h.4d34og8]In this contribution, we have provided some results showing the accuracy of satellite pass predictions for UE wake-up management under discontinuous coverage and have the following observations:
Observation 1: When estimating at the IoT device the start of next satellite passes using simple orbit propagators and instantaneous orbital elements broadcast by the satellite, prediction errors could be in the order of ~20 seconds for prediction windows of ~12 hours, up to ~230 seconds for prediction windows of ~84 hours.
Observation 2: Prediction errors have to be compared to almost two minutes of visibility time at 500 km altitude. At higher altitudes the prediction error would remain comparable but with longer visibility times.
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