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[bookmark: _Ref298777854]Introduction
The objective of this document is to propose a modification of §6.2 “	Differences between satellite/HAPS and cellular modelling” for the document TR 38.811 “Study on New Radio (NR) to support Non Terrestrial Networks”.
Discussion
Recall of the Study item objectives
The intent is to study the channel models (propagation conditions, mobility); define the deployment scenarios as well as the related system parameters, and identify any key impact areas that may need further evaluations.
The objectives for this study item are the following:
· Channel model: Study the feasibility of adapting the 3GPP channel model for non-terrestrial networks. If needed, identify and study new channel models (RAN1)
· Provide detailed description of deployment scenarios for non-terrestrial networks and the related system parameters such as architecture, altitude, orbit etc… (RAN Plenary)
· For the described deployment scenarios, identity potential key impact areas on the NR (RAN Plenary)

Abbreviations
	GEO 
	Geostationary satellite

	HAPS 
	High Altitude Platform Station

	LOS  
	Line Of Sight

	NLOS
	Non Line Of Sight
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Proposed text for approval
We propose to add the following text to the chapter §6.2 “Differences between satellite/HAPS and cellular modelling”.

1 
1.1 
Differences between satellite/HAPS and cellular modelling
Introduction 
[bookmark: _GoBack]The objective of this section is to analyze the similarities and the differences between the HAPS propagation channel and the terrestrial or satellite channel. 
Indeed, although there is literature about HAPS channel model, a choice was made to base on legacy satellite [1] and terrestrial [2] channel models because these models benefit from tens of years of work done by their respective communities.
The challenge is to demonstrate that there are similarities between HAPS channel and legacy satellite [1] or terrestrial [2] channels and to quantify them. 
System assumptions
HAPS has an altitude between 8 and 50 km, is quasi-stationary (stabilized) and has a cell covering of around 200 km diameter. 
Because transmissions are done in S band, no additional losses due to atmospheric effects are considered in the following section. Indeed, for a terminal located in Paris, attenuation due to atmospheric effects may be lower than 0.2 dB for an availability of 99.9%, thus this is negligible.
Technical approach
It is assumed that the similarity of the HAPS channel with satellite or terrestrial one may rely on elevation angle. In a first level of justification, it can be pointed out that:
· Satellite channel model [1] is defined for GEO satellite, i.e. nearly fixed for terminal point of view, for elevations greater than 20°
· Except when the User Equipment is close to the base station, the elevation angle in terrestrial [2] scenarios is usually lower than 20°
[image: ]
Figure 1 : HAPS cell splits in two parts for channel model application
Considering an HAPS at a 20 km altitude h, and a cell of 200 km diameter, it is obvious to compute elevation angle α of the HAPS from UE point of view, located at any radius r (distance to the cell center).

[image: ]
Figure 2 : HAPS elevation computation for different locations of the UE into the cell
In a second step, we propose to analyse, for satellite channel, the trends of shadowing and multipath levels statistics according to elevation angle in order to check that results are getting close to terrestrial channel.
Starting the analysis of terrestrial channel, it can be derived from formulas given in [2] that LOS state probability is very weak providing that UE is not close to the base station. To give an example, we can apply formula given in [2], into section “LOS probability” on UMi street canyon scenario


With d2D two dimensions distance between the base station and the User equipment, PLOS the probability of line of Sight. If d2D = 150m then PLOS = 0.2, if d2D = 230m then PLOS = 0.1, and so on.
In other words, Non line of Sight state is predominant. Backing on reference [2], in section “Tapped Delay Line” model, we can point out that Rayleigh channel is considered for NLOS case, meaning a sheer multipath component environment.
About satellite channel [1], we can derive from generative model implementation of two-states semi-Markov model the probability of good state values, shadowing and multipath levels for different environments and elevations.
	Environment  elevation (degrees)
	Percentage of GOOD state (%)
	Shadowing mean value (dB)
	Multipath mean value (dB)

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

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

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

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

	Urban – 45°
	62,5%
	-3,2 dB
	-15 dB

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



A first analysis shows that:
· the level of multipath tends to increase when elevation angle decreases,
· the level of shadowing attenuation tends to increase when elevation angle decreases,
· the probability of “GOOD” state (meaning strong LOS component) tends to decrease when elevation angle decreases.
Thus, by extrapolation, we may assume that, by decreasing elevation angle, satellite channel may become close to terrestrial channel.
Applying terrestrial channel: virtual base station approach
Providing it is agreed that satellite channel can be applied when elevation angle is greater than 20°, it is proposed here a methodology, called virtual base station approach, to apply terrestrial channel for elevations lower than 20°.
Virtual base-station is positioned aligned between the HAPS and UE, at a distance from UE according to HAPS-UE elevation angle as depicted in the next figure.
By following the steps described below, we are able to compute: 
· the equivalent isotropic  radiated power of the virtual base station in the case of the forward link
· the power at the bottom of the HAPS antenna in the case of the backward link
For geometrical considerations, only SISO or SIMO transmissions can be considered in the forward link, and SISO or MISO transmissions on the backward link.
[image: ]
Figure 3 : virtual base station approach description with different steps
1st step: getting the maximum height of base station allowed by the wanted terrestrial environment, hv_BS. To give an example, from [2], section “path loss”, hv_BS would be 150m if RMa scenario is considered.
2nd step: computing the virtual base station – User Equipment distance. By considering elevation angle α, dUE-v_BS can be computed as:

3st step: computing the HAPS - virtual base station distance. By considering known the distance between the HAPS and the UE, dHAPS-UE, and the elevation angle α, dHAPS-v_BS can be computed as :


4th step (forward link): in the forward link, it would be suitable to compute the Equivalent Isotropic Radiated Power (EIRP) at the virtual station level, providing that the EIRP at HAPS level is known.

After this step, path loss and fast-fading model as described in [2] should be applied to close the link budget.
4th step (backward link): in the backward link, we suppose that the terrestrial link budget has been computed and that a level of received power at the bottom of the virtual base station antenna, Pv_BS, is known. 
Actually, because the radiated power radiated by the UE is not captured by a terrestrial antenna but by the HAPS antenna at some hundred kilometers, it is possible to assess the power received at HAPS level by substracting the level of the vitual base station antenna gain, Gantennav_BS(α,φ) in dB, the free space losses, and lastly by adding the HAPS antenna gain GantennaHAPS(α, φ) in dB. The computation of Gantennav_BS(α,φ) is strictly the same that is done in reference [2], section antenna modelling. The compution of GantennaHAPS(α, φ) will be given in Technical Teport 38.811. Note that α is the elevation angle, equal (in absolute value) to the vertical angle of signal reception at antenna level, and  φ is the azimuth angle of signal reception at antenna level.

After this step, the link budget is closed by computing the equivalent noise temperature of the HAPS on board receiver THAPS (°K) [technical report 38.811 ? ], allowing to assess the amount of thermal noise NHAPS (dBm) which adds to the wanted signal
NHAPS = 10*log10(k.THAPS. B) + 30
K is the Boltzmann constant, nearly equal to 1,38 × 10-23. B is the equivalent noise bandwidth of the transmission, in Hz.
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