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1 [bookmark: _Ref298777854]Scope
This document suggests models and several key parameters to be used with non-terrestrial network (NTN) satellite channels.
2 Introduction
The channel model study for NTN includes at least two key components:  the satellite (or HAPS) payload model and the propagation model.  The propagation model is highly dependent on the size of the user equipment antenna and the elevation angle for the intended use case.  In the interest of selecting a generic model that can be used for evaluating 5G New Radio (NR) performance over most common satellite systems,  this contribution proposes to consider only a limited set of user terminals and range of elevation angles that have often been proposed for satellite networks.  The intent is to try to use those parameters to help establish a relatively simple propagation model as input of the NTN channel modeling effort.  The proposed parameters are intended as examples for discussions only.
3 Typical Satellite Systems under Considerations
Satellite systems can be separated into Geo synchronous (GEO), and Non-Geo synchronous (NGSO) systems.  Within each, they can be separated by the frequency bands they use.  Typical frequency bands are Ka, Ku, C, S, and L bands.  In this contribution, we will focus on Ka, S and L band, as they are being considered for 5G.  From service perspective, it can be separated into Fixed, Broadcast, and Mobile.  In the context of 5G over satellites, the immediate interest is on mobile services, although applications of fixed services type of terminal on mobile platforms such as airplanes, ships, trains and automobiles should be included.  In the interest of minimizing cases, we propose to consider antenna sizes in diameters of an equivalent dish for Ka, or an antenna on a handheld devices in Table 1 below.
Table 1. Summary of typical user equipment type or size used for most common satellite networks
	Frequency bands
	GEO Satellites
	NGSO Satellites

	Ka (equiv. dish)
	30 cm – 75 cm
	30 cm

	S and L
	Handheld, portable, vehicle-mounted
	Handheld and portable



For Ka band GEO satellites, the satellites are spaced 2 degrees apart on orbital slot, to limit interference to and from adjacent satellites; 75 cm dishes are typically used.  30 cm dishes are used with sufficient spread-spectrum spreading and limited transmit power to fit within the off-axis emission density limits set by Federal Communications Commission Part 25 or similar rules by ITU-R.  There are several Ka band NGSO systems being proposed or under development.  It is our educated guess that they are typically in the 30 cm dish equivalent class, although some will ultimately use array antenna with equivalent gain.
For the S and L band GEO satellite systems, they can be typically classified in three categories, 0-3 dB gain antenna that are typically on handheld devices for voice or narrow band data, portable devices in a form factor about the size of a tablet or laptop for 100s of kbps data communication, and larger vehicle-mounted directive antenna for higher speed data.  NGSO systems will have similar systems.

4 Impact of User Terminal Antenna on Channel Model
Given the size of the antenna, the corresponding half-power beamwidth gives an indication the multipath reflection from ground surface or nearby environment for a given elevation angle. Table 2 illustrates the half-power beamwidth of typical antennas used in user equipment mentioned in Table 1. In fact, for typical Ka band systems at elevation angle 30 degrees or higher, multipath fading has not been a major impairment. But, blockage due to terrain in mountainous regions and buildings in urban regions, or foliage on tree-lined road always exist.

Table 2. Typical half-power beamwidth of user equipment antennas for common satellite networks.
	Antenna 
	Ka (27 GHz)
	S and L band

	30-cm dish
	2.6 deg
	N/A

	75-cm dish
	1 deg
	N/A

	Handheld
	N/A
	~60 deg

	Portable
	N/A
	~20 deg



Multipath fading does play a role for S or L band systems even at 30 degree elevation.  These are typically modeled by Rician fading, which includes a line-of-sight (LOS) signal and a diffused multipath signal representing reflections from the ground.  The signal to multipath ratio, or K-factor, depends on environment and elevation angle, and is often determined by the measurement data.  In the early work of C. Loo [1],[2], and W. Vogel [3]-[8], it is possible to establish typical ranges of K-factors for typical applications for a given frequency band, elevation angle, and size of the antenna.  Typically, K-factors in the range of 5-10 dB are being considered for S and L-band Geo satellite networks.
Cautions, however, need to be exercised for elevation angles below 15 degree, as other atmosphere effect, such as scintillation may also introduce significant impairments [9]-[11].  ITU-R has a wealth of recommendations that deal with the subject.  A brief summary of those recommendations extracted from Table 6 of [12] is summarized in the Table 3 below.

Table 3. P-series of ITU-R recommendations relevant to Mobile Satellite Channel Model
	Serial number of recommendations
	Authorized date
	Corresponding Core content in recommendations

	P.618-11
	2013-09
	Propagation data and prediction methods required for the design of Earth-space telecommunication systems

	P.679-3
	2001-02
	Propagation data required for the design of broadcasting-satellite systems

	P.680-3
	1999-10
	Propagation data required for the design of Earth-space maritime mobile

	P.681-7
	2009-10
	Propagation data required for the design of Earth-space land mobile telecommunication systems

	P.682-3
	2012-02
	Propagation data required for the design of Earth-space aeronautical mobile telecommunication systems

	P.1623-1
	2005-03
	Prediction method of fade dynamics on Earth-space paths

	P.1853-1
	2012-02
	Tropospheric attenuation time series synthesis

	P.2041
	2013-09
	Prediction of path attenuation on links between an airborne platform and Space and between an airborne platform and the surface of the Earth



5 Intended Region of Operation in Elevation Angle
Elevation angle plays a significant role in the channel model, not only for multipath fading, but also in terms of blockage for land-based terminals. Below is a summary table of educated guesses for several for different types of satellite systems applications.  The intent is to identify the use cases most appropriate for 5G NR, and to focus on the appropriate propagation models and parameters for the channel model study.  It seems that the propagation model should focus on elevations above 15 degrees.
Table 4. Educated guesses of elevation angles satellite systems intend to cover
	Satellite Systems
	Elev. Angle
	Rationale/remarks

	International GEO (Trunking)
	5 deg
	Max coverage, w/ very large antennas and narrow beams

	Regional GEO
	10 deg
	Significantly higher for regions in lower and medium latitude

	International (GEO) Maritime
	5 deg
	Large ships, sea surfaces

	Aeronautical
	20 deg
	Aero-dynamic constraints prevent from lower angles

	Vehicles
	15 deg
	Road conditions, terrain, and vehicle mechanics

	NGSO
	30 deg
	Large number of alternative satellites as handoff candidates




6 Conclusion
A Rician model with two or three selected direct to multipath ratio along with the Additive Gaussion Noise (AWGN) (for very high direct to multipath ratio) channel are recommended as the propagation model for 5G NR for NTN.
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