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Introduction
High altitude platform station (HAPS) is one of the deployment scenarios of non-terrestrial networks (NTN) for 5G new radio currently under investigation in 3GPP. Unlike satellite communication where the terrestrial terminal typically maintains a large elevation angle with the satellite, HAPS may connect with terminals on the ground with a low elevation thus its signal is more likely to be degraded by the terrestrial environment. It has been suggested [1][2] that existing land mobile satellite channel model [3] be used for HAPS high elevation links, while some aspects of the NR channel model [4] can be used for elevation angle <20°. 
A large part of HAPS signal path is free space propagation, but the terrain, building, vegetation, and other obstacles on the ground contribute to higher loss than free space. If the path loss is modeled by traditional CI or AB models, the path loss exponent would depend on the HAPS altitude and its elevation angle to the terminal, making it difficult to cover comprehensive HAPS operation scenarios of variable altitude and elevation.
In this paper, we propose a simple path loss model for HAPS that consists of both free space propagation and environment dependent terrestrial attenuation. The terrestrial path attenuation is characterized by two parameters. Once the parameter values are determined, HAPS path loss can be predicted for arbitrary altitude and elevation.
2. Path loss model
In a certain environment, we can assume that radio signal propagation below certain height  is attenuated by the buildings and ground objects with path loss exponent (PLE) , as shown in Figure 1. Above this height , the signal from the HAPS follows free space propagation with path loss exponent 2. Let  be the height of the HAPS above the ground, the elevation angle of the HAPS be , and the 3D distance between the HAPS and UE be . Over the distance , only a small fraction of distance  is affected by terrestrial attenuation.
[image: ]
[bookmark: _Ref499669826]Figure 1. The height  is an environment dependent parameter. Above that height, signal propagation is subject to free space path loss. Below that height, signal is attenuated by objects on the ground.
Base on this assumption, the path loss (dB) for carrier frequency  can be modelled as follows: 
	 ,
	(1)


which is free space path loss (FSPL) over the total distance , 
	
	with  being the speed of light,


and additional loss caused by terrestrial objects over distance , assuming that the terrestrial propagation loss is characterized by PLE . Suppose the distances are measured in meters. The first FSPL term with 1m reference distance is
	 ,
	(2)


This model encompasses both the free space propagation and terrestrial propagation. It is a more general model than the CI path loss model typically used for cellular systems. If we set , there is practically no free space propagation, and (1) will be reduced to the CI path loss in (3) with PLE .
	 ,
	(3)


With elevation angle , the distances are  and  (the earth curvature is ignored), and the path loss in (1) can be rewritten as a function of the HAPS height  and elevation angle :
	 ,
	(4)


with two environment dependent parameters  and . Once these two parameters are extracted from measurement or ray tracing data, HAPS path loss can be calculated for any altitude and elevation.
3. Model parameter extraction and validation
In the 2nd NTN workshop at RAN1#91 meeting, HAPS ray tracing results [5] using downtown Chicago map (see Figure 2) was presented. The simulations assumed carrier frequency 2 GHz and HAPS altitude 20 Km, and the elevation angle was varied from 10° to 90°.
The result of a linear regression fit for the model parameters using the ray tracing data of elevation angles 10° to 70° was presented in [6] and is shown in Figure 3. The fitted parameter values are listed in Table 1. For LOS, the standard deviation of the error is  dB, comparable to the shadow fading  in [4]. The PLE  slightly less than 2 may be due to the waveguide effect of the urban canyon environment, and the terrestrial attenuation height  (or 3m above the ground, since UE height is 1.5m) also seems reasonable for the waveguide effect near the ground. 
For NLOS,  dB is consistent with the error of CI model at various elevation angles presented in [6]. The PLE  is reasonable for a terrestrial NLOS environment and  seems to match the heights of many high rise buildings in the map area. 
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[bookmark: _Ref503292744]Figure 2. (a) Map area and simulation area. (b) 3D view of the map area (where the maximum building height is 526m)
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(a) 20 Km, LOS
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(b) 20 Km, NLOS


[bookmark: _Ref499669769]Figure 3. Model parameters  and  for LOS (a) and NLOS (b) determined by linear regression fit to ray tracing path loss data of 20 Km high HAPS with elevation 10°, 20°, 30°, 40°, 50°, 70°.
	(For frequency 2 GHz, Urban street canyon environment)
	LOS
	NLOS

	Terrestrial attenuation PLE 
	1.87
	3.10

	Terrestrial attenuation height  (m)
	1.5
	246.0

	RMS error (dB)
	3.3
	13.0


[bookmark: _Ref503295034]Table 1. Pathloss parameters for urban street canyon environment at 2 GHz, extracted from ray tracing data with HAPS height 20 Km
Additional ray tracing simulations at 2 GHz frequency are conducted with the same map, but HAPS altitude is changed to 10 Km and 40 Km. Path loss model parameter fit is repeated with these data, and the fitted path loss is compared with the path loss prediction with the parameters from altitude 20 Km data. As shown in Figure 4 and Figure 5, the best fit path loss (red line) is very close to the path loss prediction (black dashed line) with HAPS altitude 20 Km. The RMS error of the prediction (denoted as  ) is almost the same as that of the best fit. These results validate the HAPS height dependency in the path loss model and the independence of parameters  and  with respect to HAPS height. Those two parameters can be extracted from ray tracing or measurement data from a fixed HAPS altitude and apply to the path loss model for any HAPS altitude and any elevation angle. 
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(a) 10 Km, LOS
	[image: ]
(b) 10 Km, NLOS


[bookmark: _Ref503295357]Figure 4. Model parameter fit for 10 Km high HAPS and comparison with the path loss model for 20 Km high HAPS
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(a) 40 Km, LOS
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(b) 40 Km, NLOS


[bookmark: _Ref503295378]Figure 5. Model parameter fit for 40 Km high HAPS and comparison with the path loss model for 20 Km high HAPS 

4. Conclusion
[bookmark: _GoBack]The proposed path loss model encompasses the signal attenuation in free space propagation and in terrestrial signal path for HAPS-to-land communication link. The terrestrial environment is characterized by only two parameters in the model, which can be extracted from ray tracing or measurement data irrespective of the HAPS altitude. Once the parameters are determined, the path loss can be predicted for arbitrary HAPS altitude and HAPS-to-terminal elevation angle, allowing the HAPS-to-land channel modelling be greatly simplified. We have also validated the path loss model by ray tracing in an urban street canyon environment. 
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