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[bookmark: _Ref298777854]Introduction
The objective of this document is to analyze the characteristics of the propagation channel for the HAPS and to propose a channel model.
In the literature, several models are proposed ([1] [2] [3]), but HAPS channel model may have similarities with land mobile satellite channel model [4] or terrestrial channel model [5]. We decide to focus on:
· The geometrical model explained in [1], showing that worst case for HAPS channel model is close to zero degree elevation angle. 
· The study of shadowing and multipath probabilities for geostationary (GEO) satellites at different elevations and environments, where real quantitative data are available [4].
· Preliminary results of HAPS field trials.

Discussion
Abbreviations
	GEO 
	Geostationary satellite

	GPS
	Global Positioning System

	HAPS 
	High Altitude Platform Station

	LOS  
	Line Of Sight

	NLOS
	Non Line Of Sight
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Thoughts about HAPS channel modelling in NLOS
The objective of the analysis is to demonstrate that, in a worst case, HAPS channel model may be assimilated to a terrestrial channel model [5]. Otherwise, the satellite channel model [4] should be used.
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Figure 1 : System description  
Indeed, the analysis of a two rays model [1] (see Figure 1) shows that the power of the reflected ray depends on the elevation angle α, on the reflection (or diffraction) factor γ, and on the density of contributors to multipath (i.e. the environment). The probability to have a “Line of Sight” component only depends on elevation angle and environment.
HAPS being stabilized in position, for elevations greater than 20 degrees, we may assimilate an HAPS to a GEO satellite, considering propagation at environment level.
Considering a fixed GEO satellite, in S band, it can be deduced from [4] that, for a same environment, and considering elevation angles greater than 20 degrees:
· the level of multipath tends to decrease when elevation angle increases,
· the level of shadowing attenuation tends to decrease when elevation angle increases,
· the probability of “Line of Sight” state tends to increase when elevation angle increases.
To be more accurate, cumulative probability of shadowing and multipath components are given in the curves hereafter.
[image: W:\octave\shadowing.png]
Figure 2: Shadowing power level cumulative density function for different environments and elevation angles for GEO satellite
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Figure 3 : Multipath power level cumulative density function for different environments and elevation angles for GEO satellite

In order to synthesize the results, the table below gives some values, issued from a simulation model [4].
Table 1 : Statistic analysis of different environments and elevations for GEO satellites
	Environment / elevation (degrees)
	Percentage of LOS state (%)
	Shadowing mean value (dB)
	Multipath mean value (dB)

	Suburban – 20°
	47,2%
	-6,2 dB
	-13,1 dB

	Suburban – 45°
	74,6%
	-1,45 dB
	-17,9 dB

	Suburban – 60°
	86,2%
	-0,73 dB
	-18,2 dB

	Urban – 20°
	33,8%
	-8,3 dB
	-14.5 dB

	Urban – 45°
	62,5%
	-3,2 dB
	-15 dB

	Urban – 60°
	83,9%
	-1,7 dB
	-16,8 dB



Results given before show that the greater is the elevation, the best the reception quality will be, because of less shadowing attenuation, less multipath, and higher LOS probability, that is to say a more constant channel. 
To go further in the analysis, we need to compute the elevation angle of the terminal, in a cell of 200 km diameter covered by an HAPS at an altitude of 20 km.
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Figure 4: Computation of the elevation angle in a HAPS cell versus the distance to the cell center
Below 20 degrees elevation, from our knowledge, there is not any approved model for GEO satellite channel. But we could extend the behaviour observed (see table 1) to lower elevations, and deduce that the shadowing attenuation and multipath will be higher. 
Thus, it may be assumed that the terrestrial channel given in [5], corresponding to weak elevations, should be used for HAPS for terminals at low elevations (high shadowing attenuation and multipath level), providing that HAPS do not bring additional Doppler component because of its stabilization in position. For higher elevations, land mobile satellite channel model [4] should be used.

Measurements campaign in LOS
Here is given a short presentation of HAPS field trials in order to assess that HAPS channel does not bring effects like Doppler or multipath.
Working hypothesis 
The studied system is composed of:
· A ground station: a transmission chain (modem, Digital to Analog Converter (DAC), amplifier), a reception chain (Low Noise Amplifier (LNA), Analog to Digital Converter (ADC), modem) and a directive S band antenna.
· An HAPS: a semi-directional S band antenna, and a modem. 
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Figure 5 : System description

Results
Only the uplink has been analyzed, we consider that the channel is symmetrical.
Hypothesis for the link budget: 
· The ground station power is constant. 
· The directive ground station antenna is pointing at the high altitude platform station, backing on the GPS data of the platform sent to the ground station.
· Losses in the feeder cables on ground station and on board are constant.
· Antenna diagram of the S band semi-directional antenna on board is known, and its gain varies depending on the elevation angle. 
· We know for each measure point, every second: HAPS altitude (varying between 20 and 35km), distance ground station-HAPS, power received by the modem on board.
To evaluate the propagation channel only (including atmospheric losses, multipath, …), we have removed the free space losses (using distance between ground station and HAPS) and the on board antenna gain pattern according to current elevation angle.
We have observed that the elevation and altitude of HAPS have negligible effects on the propagation losses. Neither Doppler effect nor multipath have been observed at the moment, results will be consolidated in next contribution.

Proposal
Proposal is given hereafter for HAPS channel model:
· For omnidirectional terminals located beyond 50 km from the cell center (i.e. below 20° elevation angle), 3GPP terrestrial channel model [5] should be applied, even if it may be a few pessimistic.
· For omnidirectional terminals being less than 50 km from the cell center, the GEO land mobile satellite channel model coming from [4] should be used.
· For directive terminals being in situation of permanent LOS (fixed terminals for example), the channel could be considered as an AWGN channel (neither shadowing nor multipath).
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