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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
During the March 2017 RAN plenary meeting in Dubrovnik, a new Study Item on NR to support Non-Terrestrial Networks was approved [1]. Non-terrestrial networks (NTNs) refer to networks, or segments of networks, using an airborne or spaceborne vehicle for transmission [1]. The SI Description was updated during the June 2017 RAN plenary meeting in West Palm Beach [2]. 
This contribution discusses the GEO and LEO channel models. This contribution is revised from [9] and [10].

GEO and LEO channel models
The clear-air basic path loss for a single unwanted transmitter and victim receiver over an Earth-space path is composed of losses described in §§ 2.1 to 2.5 as follows:
                     
                                               (dB)
where:

	:	Free space basic path loss

	 :	Attenuation due to atmospheric gasses 

	  :	Attenuation due to either ionospheric or troposcatter scintillation

	  :	Earth-space and Aeronautical statistical clutter loss

	: 	Building entry/exit loss

The following sub-sections summarise the mechanisms which in combination determine the attenuation between the transmitter and receiver antennas, with the associated symbols to be used in equations. 
Proposal 1: The pathloss of GEO/LEO to terrestrial device link need to take into account the following component including free space basic path loss, atmosphere loss, scintillation attenuation, clutter loss and building entry loss.

Free space basic transmission loss  (dB)
This is the basic transmission loss assuming the complete radio path is in a vacuum with no obstruction. It depends only on the path length, d (km), and frequency, f (GHz) according to

			(dB)

Attachment A gives a method for calculating the length of an Earth-space path, and the free-space elevation angle at the Earth-based station. It is based on spherical Earth geometry, and ignores the effect of atmospheric refraction. The associated errors are not significant for calculating free-space transmission loss from the path length.  must always be included in the calculation of loss over an Earth-space path. It is valid for any frequency and over any Earth-space path length.

Attenuation due to atmospheric gases 
Attenuation by atmospheric gases which is entirely caused by absorption depends mainly on frequency, elevation angle, altitude above sea level and water vapour density (absolute humidity). At frequencies below 10 GHz, it may normally be neglected. Its importance increases with frequency above 10 GHz, especially for low elevation angles. Annex 1 of Recommendation ITU‑R P.676 gives a complete method for calculating gaseous attenuation, while Annex 2 of the same Recommendation gives an approximate method for frequencies up to 350 GHz.
At a given frequency the oxygen contribution to atmospheric absorption is relatively constant. However, both water vapour density and its vertical profile are quite variable. Typically, the maximum gaseous attenuation occurs during the season of maximum rainfall (see Recommendation ITU‑R P.836).
Figure 1 demonstrates the rapid rise of gaseous attenuation as the elevation angle decreases towards zero. The attenuation on Earth-space paths is sometimes assumed to be negligible below about 10 GHz. This may not be true for paths with low elevation angles. For elevation angles below about 10 degrees it is recommended that the calculation is performed for any frequency above 1 GHz.
[image: ]
Figure 1. Attenuation due to gaseous absorption plotted against elevation angle.

Proposal 2: The impact of frequency, elevation angle, altitude, and water vapor density needs to be taken into account in the modeling of atmospheric attenuation.

Attenuation due to scintillation 
Recommendation ITU-R P.531 contains propagation data and calculation methods for predicting the effect of ionospheric scintillation. The effect on signal level decreases with frequency. It is rarely significant above 10 GHz and can be ignored above this frequency. The general strength of tropospheric scintillation thus varies on spatial and temporal scales typical of water-vapour density, typically at least tens of kilometres and hours. The actual scintillations occur at much smaller scales, typically less than a wavelength and in seconds. The underlying method is the same as given in § 2.4.1 of Annex 1 to Recommendation ITU-R P.618 for an Earth-space link. The tropospheric scintillation effect can be considered negligible below 4 GHz. This model is based on measurements up to 20 GHz. Considering the underlying physics, this model is thought to be reliable up to about 100 GHz. The model is accurate for angles from 4 to 90 degrees. 

Earth-space and Aeronautical statistical clutter loss   (dB)
The overall Earth-space basic transmission loss for an Earth-based station below roof-top level in an urban environment will in general be modified by the station’s surroundings. The loss may be increased by diffraction due to obstructions, or reduced by the existence of reflection paths. The dominant source of obstruction and reflecting surfaces consists of buildings, but other types of artificial structure may be involved. Vegetation can also cause additional loss, although the variable nature of vegetation means that it is not normally considered a reliable basis for predicting loss on an interference path.
ITU-R Rec P.2108 provides a method for calculating additional loss due to one or both of the radio terminals being embedded in local clutter (e.g., buildings) in an urban or suburban environment. Statistical models are to be used when precise knowledge of the radio path is not known such as the width of streets, heights of buildings, depth of vegetation. A statistical distribution of clutter loss not exceeded for percentage locations for angles of elevation between 0 and 90 degrees is provided in section 3.3 in this Recommendation. It is suitable for the scenario which one terminal is within the clutter and the other is a satellite, aeroplane or other platform above the surface of the Earth. The frequency range is 10-100GHz.
The clutter loss not exceeded for p% of locations Lces for the terrestrial to airborne or satellite path is given by:
	  dB	
with
		,  
where Q–1(p/100) is the inverse complementary normal distribution function, and the elevation angle, , is the angle of the airborne platform or satellite as seen from the terminal.
Figure 2 shows the cumulative distribution of clutter loss not exceeded curves for percentage locations at varying elevation angles for 30 GHz.
[image: ]
[bookmark: _Ref421869718]Figure 2. Cumulative distribution of clutter loss not exceeded for 30 GHz.

[bookmark: OLE_LINK3]Building entry/exit loss  (dB)

For an indoor Earth-based station, account must be taken of the additional loss between the station and the adjacent outdoor path. varies greatly with the location and construction details of buildings, and a statistical evaluation is required. Recommendation ITU‑R P.2109 gives a suitable building entry/exit-loss model for this purpose.
Experimental results, such as those collated in Report ITU-R P.2346, shows that, when characterised in terms of entry loss, buildings fall into two distinct populations: where modern, thermally-efficient building methods are used (metallised glass, foil-backed panels) building entry loss is generally significantly higher than for ‘traditional’ buildings without such materials. 
The model therefore gives predictions for these two cases.
This classification, of ‘thermally-efficient’ and ‘traditional’, refers purely to the thermal efficiency of construction materials. No assumption should be made on the year of construction, type (single or multi-floors), heritage or building method.
For building entry loss, it is important to consider the thermal efficiency of the complete building (or the overall thermal efficiency). A highly thermally-efficient main structure with poorly insulated windows (e.g. single glazed with thin glass) can make the building thermally-inefficient and vice versa.
[bookmark: _GoBack]Thermal transmittance, commonly referred as U-value, provides a quantifiable description of thermal efficiency. Low U-values represent high thermal efficiency. Typically, the presence of metallised glass windows, insulated cavity walls, thick reinforced concrete and metal foil back cladding is a good indication[footnoteRef:1] of a thermally-efficient building. [1:  	For example, U-values of < 0.3 and < 0.9 are representative of thermally efficient main structure and metallised glass, respectively.] 

Building entry loss will vary depending on building type, location within the building and movement in the building. The building entry loss distribution is given by a combination of two lognormal distributions. The building entry loss not exceeded for the probability, P, is given by:
		  dB	
where:
			
			
			
			
			
			
			
where:
	Lh 	is the median loss for horizontal paths, given by:
		 	
	Le 	is the correction for elevation angle of the path at the building façade:
		 	
and:
	f = 	frequency (GHz)
	θ = 	elevation angle of the path at the building façade (degrees)
	P = 	probability that loss is not exceeded (0.0 < P < 1.0)
	F-1(P) = 	inverse cumulative normal distribution as a function of probability.
and the coefficients are as given in Table 1:
Table 1. Model coefficients
	Building type
	r
	s
	t
	u
	v
	w
	x
	y
	z

	Related to:
	Median BEL (μ1)
	σ1
	μ2
	σ2

	[bookmark: OLE_LINK2]Traditional
	12.64
	3.72
	0.96
	9.6
	2.0
	9.1
	−3.0
	4.5
	−2.0

	Thermally-efficient
	28.19
	−3.00
	8.48
	13.5
	3.8
	27.8
	−2.9
	9.4
	−2.1



Fast Fading
Local scattering around the UE causes fast fading. Due to the lack of measured data, the Ray tracing method is considered. Here we use 20km HAPS fast fading results for satellite. Since the main factor for fast fading parameters is the elevation angle, and the HAPS is far enough for plane wave assumption, we don’t assume huge difference between distances (e.g. 20 km vs. 32 000 km). 
Scenario Description
We obtained small-scale channel characteristics for High altitude platform station (HAPS) channel through ray tracing simulation. The carried frequency was 2GHz. One UMa scenario with HAPS heights 20km, was simulated. The elevation angle of HAPS was varied from 10° to 90°, shown in Figure 3, where the elevation angle was defined according to the city centre. 
[image: C:\Users\m00392567\AppData\Roaming\eSpace_Desktop\UserData\m00392567\imagefiles\B8BD7BB0-1E10-47DF-8B5B-80F8135BE6EF.png]
[bookmark: _Ref510620503]Figure 3. Overview of simulation scenario with HAPS 20 km height.
The scenario is in Shanghai, the highest building is 180 m. The 3D scenarios is shown in Figure 4. The average height of other buildings is about 30 meters. The UE height was set as 1.5 m. The UEs were dropped on the whole scenario with 20 m spacing resolution, see Figure 5. In total, there were 5089 UEs in the scenario. Note that we did not consider transmission mechanism in the ray tracing simulation, which meant that the UEs located in the indoor scenario were invalid. The omni-directional antennas were used at both sides of HAPS and UEs.
[image: ]
Figure 4. 3D scenarios.
[image: ]
[bookmark: _Ref510620522]Figure 5. UE locations with 20 m spacing resolution.

Simulation Results
In the ray tracing simulation, we took into account line of sight (LOS), up to fourth-order reflection and single-order diffraction. We obtained the channel information including delay, power, azimuth angle of arrival (AoA), azimuth angle of departure (AoD), elevation angle of arrival (EoA) and elevation angle of departure (EoD) of each multipath component. 
In the data processing, we calculated the angular spread including AoA spread (ASA), EoA spread (ESA), AoD spread (ASD) and EoD spread (ESD). In the following, the simulation results are presented. 
ASD Analysis
CDFs of ASD are shown in Figure 6 (a) and (b) for LOS and NLOS cases, respectively. Considering all elevation angles, the maximum ASD in NLOS case with HAP 20 km height is about 1.5°. Considering all elevation angles, the maximum ASD in LOS case is about 0.5°.
 (a) CDF of ASD - HAPS 20km LOS         (b) CDF of ASD - HAPS 20km NLOS
[image: ][image: ]
[bookmark: _Ref510620216]Figure 6. CDF of ASD.

ESD Analysis 
CDFs of ESD are shown in Figure 7 (a) and (b) for LOS and NLOS cases, respectively. Considering all elevation angles, the maximum ESD in LOS case is smaller than 0.5° and in NLOS case is smaller than 1.5°. 
 (a) CDF of ASD - HAPS 20km LOS         (b) CDF of ASD - HAPS 20km NLOS
[image: ] [image: ]
[bookmark: _Ref510620270]Figure 7. CDF of ESD.

ASA Analysis
CDFs of ASA are shown in Figure 7 (a) and (b) for LOS and NLOS cases, respectively. Comparing with ASD, ASA values are larger. The reason is that the high buildings around UEs cause diffraction and reflection propagation. 
 (a) CDF of ASA - HAPS 20 km LOS         (b) CDF of ASA - HAPS 20 km NLOS
[image: ] [image: ]
 Figure 8. CDF of ASA.

ESA Analysis
CDFs of ESA are shown in Figure 9 for LOS and NLOS cases, respectively. The maximum ESA value is about 80° for all cases. Comparing with ESD, ESA values are larger. The reason is that the high buildings around UEs cause diffraction and reflection propagation. 
 (a) CDF of ESA - HAPS 20 km LOS         (b) CDF of ESA - HAPS 20 km NLOS
[image: ] [image: ]
[bookmark: _Ref510620400] Figure 9. CDF of ESA.
Observation: Considering all elevation angles, the maximum ASD in NLOS case with HAPS 20 km height is about 1.5°. Considering all elevation angles, the maximum ASD in LOS case is about 0.5°. The maximum ESD in LOS case is smaller than 0.5° and in NLOS case is smaller than 1.5°. Moreover, the maximum ASA and ESA are much larger than ASD and ESD values, because of the high buildings around UEs diffraction and reflection propagation. 
Proposal 3: Further study on fast fading modeling of GEO/LEO to terrestrial device is required.
Conclusions
Proposal 1: The pathloss of GEO/LEO to terrestrial device link need to take into account the following component including free space basic path loss, atmosphere loss, scintillation attenuation, clutter loss and building entry loss.
Proposal 2: The impact of frequency, elevation angle, altitude, and water vapor density needs to be taken into account in the modeling of atmospheric attenuation.
Proposal 3: Further study on fast fading modeling of GEO/LEO to terrestrial device is required.
References
[1] [bookmark: _Ref492282945]RP-170717, Study on NR to support Non-Terrestrial Networks, 3GPP TSG RAN Meeting #75, Dubrovnik, Croatia, March 6 – 9, 2017.
[2] [bookmark: _Ref502317661]RP-171450, Study on NR to support Non-Terrestrial Networks, 3GPP TSG RAN Meeting #76, West Palm Beach, USA, 5th – 9th June 2017.
[3] ITU-R P.681-10, “Propagation data required for the design of earth-space land mobile telecommunication systems”, Dec. 2017.
[4] Recommendation ITU-R P.618-12, “Propagation data and prediction methods required for the design of Earth-space telecommunication systems”, July 2015.
[5] Recommendation ITU-R P.676-11, “Attenuation by atmospheric gases”, Sept. 2016.
[6] Recommendation ITU-R P.619-3, Propagation data required for the evaluation of interference between stations in space and those on the surface of the Earth, Dec. 2017.
[7] Recommendation ITU-R  P.2108-0, Prediction of clutter loss, June 2017
[8] Recommendation ITU-R P.2109-0, Prediction of building entry loss, June 2017
[9] [bookmark: _Ref505700925]Huawei, HiSilicon, “Consideration on GEO and LEO channel models”, R1-1800025, Vancouver, Canada, January 22 – 26, 2018.
[10] [bookmark: _Ref509915046]Huawei, HiSilicon, “Consideration on GEO and LEO channel models”, R1-1801801, 3GPP RAN1#92, Athens, Greece, February 26 – March 2, 2018.
[11] Huawei, HiSilicon, “Ray tracing simulation result for NTN”, R1-1802725, 3GPP RAN1#92, Athens, Greece, February 26 – March 2, 2018.


Attachment A
to Annex 1

Geometry of straight-line Earth-space path
The following step-by-step method calculates the distance, elevation angle and azimuthal bearing of a space station as viewed from an Earth-based station. It is based on spherical Earth geometry, and ignores the effect of atmospheric refraction. The associated errors are not significant for calculating free-space transmission loss from the path length.
The inputs to the calculation are:
	Hs:	Altitude of space station, (km) above sea level
	Ht:	Altitude of Earth-based station, (km) above sea level
	s:	Latitude of sub-satellite point (zero for geostationary satellite)
	t:	Latitude of Earth-based station
	:	Difference in longitude between the sub-satellite point and the Earth-based station, limited to less than half a circle, positive when the space station is to the east of the Earth-based station.
Step 1:	Calculate the distances of the space station and the Earth-based station from the centre of the Earth, respectively:

	             (km)	(1a)

		            (km)	(1b)
where:

		                (km)	(1c)
Step 2:	Calculate the Cartesian coordinates of the space station where the axes origin is at the centre of the Earth, the Z axis is directed northwards (such that the north pole is on the positive Z axis), and the X axis is in the meridian of the Earth-based station:


		                (km)	(2a)

		               (km)	(2b)

		                (km)	(2c)
Step 3:	Rotate the Cartesian axes around the Y axis such that the Z axis passes through the Earth‑based station, and then move the origin, without rotation, such that the origin coincides with the Earth-based station:

		                (km)	(3a)

		                (km)	(3b)

		               (km)	(3c)
Step 4:	Calculate the straight-line distance between the Earth-based station and the space station:

		                (km)	(4)
Step 5:	Calculate the length of the line represented by Dts projected into the X,Y plane:

		                (km)	(5)
Step 6:	Calculate the elevation angle of the straight line from the Earth-based station to the space station:

		              (angle above horizontal)	(6)
where the function atan2(x, y) returns angle arctan(x/y) for any quadrant of a complete circle.
Step 7:	Initially calculate the azimuthal bearing of the straight line from the Earth-based station to the space station relative to true South:

			(7)
Step 8:	Reassign  to be eastwards from true North by subtracting it from a half-circle. Depending on the implementation of the atan2 function, the bearing may need to be processed into the range (0‑360) degrees. The bearing is indeterminate if the elevation angle represents a vertical path.
Equation (6) gives the elevation angle of the ray at the Earth-based station 0 which would exist in the absence of tropospheric refraction, sometime referred to as the free-space elevation angle. The apparent elevation angle  can be estimated from 0 using equation (25) in Attachment B in ITU-R Rec P.619.
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