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1 Introduction
The following agreements were made in RAN2 #116-e with respect to the support of discontinuous coverage [1]:
· 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.
In this contribution, we discuss long-term prediction accuracy of different types of satellite ephemeris parameters and propose some desirable requirements from an operator perspective for the solution to be adopted in Rel-17.

2 Discussion
A UE can rely on satellite pass prediction to avoid excessive power consumption and excessive cell searching during discontinuous coverage in idle mode and wake up when satellite coverage is expected to be available. The decision on the right time to wake up can be made autonomously by the UE based on satellite ephemeris information that should be provided from the network and refreshed over time. 
At least two categories of satellite ephemeris information can be established with different accuracy for long-term satellite position prediction:
· Instantaneous satellite ephemeris information, such as PV state vectors or instantaneous Keplerian orbital elements. Indeed, these are the type of ephemeris parameters already agreed to be used for UL pre-compensation, which could be also leveraged for satellite pass prediction to some extent. However, these parameters are osculating elements that, while very accurate for short-term predictions (tens of seconds), become less reliable for long-term prediction (tens of hours) due to orbit perturbations.
· [bookmark: _GoBack]Mean/Average satellite ephemeris information, such as mean Keplerian orbital parameters or NORAD TLE [2]. TLEs are widely used to describe the trajectories of Earth-orbiting objects. A TLE encodes a list of orbital elements of an Earth-orbiting object that, along with associated propagators such as SGP4, are able to account for the effect of perturbations caused by the Earth’s shape, drag, radiation, and gravitation effects of other bodies such as the Sun and Moon.
Pass prediction using TLEs and orbit propagators such as SGP4 could be very accurate, with prediction errors of the satellite position typically in the order of a few km per day. Figure 1 reproduces results from [3], showing in-track (in green colour), cross-track (in blue colour) and radial errors of two example satellites (called PRN10 and PRN11). Range errors are computed from the comparison of the TLE/SGP4 predictions against the precise GNSS ephemeris of the satellites. As general pattern, it is observed that in-track error is generally dominant, typically followed by radial error and then cross-track error.  As it could be seen in Fig.1, in-track error is in the worst case below 60 km for a prediction window of 15 days, which would lead to a prediction error of the start of a satellite pass in the order of ~8 seconds (assuming a satellite speed of 7.5 km/s). Notice that the cross-track error is also small for TLE-based prediction, which is advantageous to reduce the number of falsely predicted coverage opportunities for UEs (i.e. occasions that the UE expect that the satellite is flying-over but, because of the cross-track error, the UE is not able to detect than cell) and in turn the number of cell search attempts and power consumption over time for the UE.
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Figure 1. Accuracy of TLE + SGP4 propagation with a prediction window of +/- 15 days (source: https://celestrak.com/publications/AAS/07-127/AAS-07-127.pdf ). 

Complementing above results, next table shows the prediction errors observed when computing with TLE/SGP4 a satellite pass window over Barcelona in the 2nd of May 2021 from a LEO satellite at ~500km altitude in SSO orbit. The considered pass was the last past of the day and the start and end of the satellite pass (for an elevation angle of 30 degrees) were computed using a number of TLEs of several ages, including from one TLE produced just the same day down to a TLE produced 6 months in the past. As it can be seen in the table, using a 1 month-old TLE (1 April 2021), prediction error of the start of the pass is only ~12 seconds. And using a 2-month old TLE (1 March 2021), prediction error is still in the range of ~105 seconds.

	
	Prediction of the last satellite pass on the 2 of May 2021

	Predicted with a TLE generated on:
	Pass start time:
	Pass end time:

	2 May 2021 (same day) 
	2 May 2021 23:31:27.959
	2 May 2021 23:37:07.542

	1 May 2021 (1 day old)
	2 May 2021 23:31:27.889
	2 May 2021 23:37:07.545

	23 April 2021 (7 days old)
	2 May 2021 23:31:29.941
	2 May 2021 23:37:09.933

	15 April 2021 (15 days old)
	2 May 2021 23:31:41.291
	2 May 2021 23:37:21.071

	1 April 2021 (1 month old)
	2 May 2021 23:31:16.341
	2 May 2021 23:36:58.446

	1 March 2021 (2 months old)
	2 May 2021 23:33:12.308
	2 May 2021 23:38:46.038

	1 February 2021 (3 months old)
	2 May 2021 23:35:06.605
	2 May 2021 23:40:31.558

	3 November 2020 (6 months old)
	2 May 2021 23:20:47.211
	2 May 2021 23:27:04.237


Table 1. Prediction error vs prediction window when using TLE and SGP4 propagator.

On the other hand, pass prediction using instantaneous satellite ephemeris information is less accurate than TLE/SGP4 for long-term prediction, though it may be still considered a plausible approach. In this respect, Figure 2 shows the prediction errors estimated for the next 5 consecutive passes of a satellite in a ~500km SSO orbit assuming that the UE gets instantaneous orbital parameters (PV state vectors) in the first pass and uses a Two-Body (TB) propagator, which is a simple propagator that considers only the force of gravity from the Earth [4], for prediction of forthcoming passes. Prediction error incurred by using PV vectors + TB propagator is computed here against the pass prediction estimation given by TLE + SGP4, which is assumed here to provide the precise position in this period of time (less than 4 days). A minimum elevation angle of 30 degrees was used to define the start of the pass. As shown in Figure 2, the prediction error can be in the order of ~20 seconds when estimating the very next satellite pass (which happens on average after ~12 hours in this sort of orbits [5]) and increase to values of ~120 seconds when predicting the 2nd-3rd satellite pass. More details are provided in Sateliot / GateHouse contribution in RAN2#114-e in [6].
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Figure 2. Prediction errors vs. prediction windows when using instantaneous satellite ephemeris information (i.e. PV vectors) and a Two-Body propagator (source: [5]). 

Observation 1: Prediction accuracy for a given prediction window depends considerably on the type of satellite ephemeris (e.g. instantaneous or mean orbital parameters) that can be provided to the UE.
Proposal 1: The solution adopted to provide satellite ephemeris information to UEs for pass prediction should not be restricted to the support of a single type of ephemeris information but should allow for selectable satellite ephemeris information (e.g. PV vectors or TLEs) based on network operator needs. 
Proposal 2: For Rel-17, (instantaneous) satellite ephemeris orbital parameters already agreed for UL pre-compensation could be used as the baseline information for pass prediction by UEs, without preventing the potential extension to /addition of other orbital parameters based on e.g. mean orbital parameters (such as TLE) in Rel-18.

In addition to the orbital parameters of the serving satellite cell, information to be provide to UE for pass prediction may include beam footprint characterization (e.g. minimum elevation angle). While standardization of this information may deserve further analysis and is not considered essential for Rel-17, it is important that the solution defined in Rel-17 may allow extending the sort of information that can be delivered as part of the satellite assistance information in a compatible and incremental manner, allowing the implementation of operator specific policies since the optimal approach may be quite dependable on the deployed system (e.g. size of constellation, types of orbit, satellite footprint sizes, etc.). 
And the same approach should be considered when dealing with multi-satellite or almanac information, allowing the operator to optimize e.g. the list and number of other satellites in the constellation whose orbital parameters are also advertised through a given satellite cell along with any additional information associated with those satellites (e.g. elevation angle) for accurate pass prediction. Hence, depending on the network deployed, one operator may configure the system so that information advertised for UE pass prediction is limited to a the set of forthcoming satellites in a given time period or information about the whole constellation/almanac is provided to UEs. 
Proposal 3: Signalling encoding of the information to handle pass prediction by UE should be defined in such a way that the operator could flexibly decide which is the optimal configuration for its network. This may include selecting the type of ephemeris formats to be used among a set of selectable formats (e.g. PV vectors or TLEs), the number of other satellites ephemeris in the constellation that should be advertised through a given satellite cell and any additional associated information related to the satellite coverage footprint (e.g. minimum elevation angle) that may be standardized.

3 Conclusion
In this contribution, we have the following observations and proposals:
Observation 1: Prediction accuracy for a given prediction window depends considerably on the type of satellite ephemeris (e.g. instantaneous or mean orbital parameters) that can be provided to the UE.
Proposal 1: The solution adopted to provide satellite ephemeris information to UEs for pass prediction should not be restricted to the support of a single type of ephemeris information but should allow for selectable satellite ephemeris information (e.g. PV vectors or TLEs) based on network operator needs. 
Proposal 2: For Rel-17, (instantaneous) satellite ephemeris orbital parameters already agreed for UL pre-compensation could be used as the baseline information for pass prediction by UEs, without preventing the potential extension to /addition of other orbital parameters based on e.g. mean orbital parameters (such as TLE) in Rel-18.
Proposal 3: Signalling encoding of the information to handle pass prediction by UE should be defined in such a way that the operator could flexibly decide which is the optimal configuration for its network. This may include selecting the type of ephemeris formats to be used among a set of selectable formats (e.g. PV vectors or TLEs), the number of other satellites ephemeris in the constellation that should be advertised through a given satellite cell and any additional associated information related to the satellite coverage footprint (e.g. minimum elevation angle) that may be standardized.
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