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1. Abstract
The objective of this document is to propose a template and a text for the 6th clause of the TR 38.811 “Study on NR to support Non-Terrestrial Networks” to be drafted as part of the study item NR-NTN.

1. Discussion
The key points of this contribution are
· To propose a template for the 6th clause of the TR 38.811
· To define the targeted user environments, frequency bands and UE mobility
· To propose a methodology to define reference scenarios in the non-GEO case
· To propose a reference scenario for the LEO case
· To describe atmospheric attenuation effects for S and Ka bands
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1. Proposed text for approval
It is proposed to add the following texts to TR 38.811 “Study on NR to support Non-Terrestrial Networks”.

* * * Start of changes * * * * 

6.1 Status/expectation of existing information for satellite/HAPS channels
Channel modelling works outside of 3GPP
ITU recommendations are encompassing most recent works and measurements on satellite channel models.
· ITU-R P.681 defines the Land Mobile Satellite channel with measurements up to 20GHz
· ITU-R P.618 describes the atmospheric effects 
Few work and measurements have been performed for HAPS. The HAPS channel model therefore relies on existing works in terrestrial and satellite channel models.
Targeted user environment (Satellite: outdoor only; HAPS: outdoor & indoor)
Only outdoor satellite channel models will be considered, as it is supposed that performance requirements will not be met with the available link budget for indoor communications.
For HAPS channel models, additional indoor channel models will be considered, since they are closer to the earth. 
Several user environments will be considered, depending on the frequency: open, rural, residential, suburban and urban. In open environments (such as fixed terminals or terminals mounted on boats), an AWGN channel is assumed.
Modelling objectives
Two frequency bands are here considered: below 6GHz and Ka bands. For Ka band communications, the uplink frequency is around 30GHz while the downlink frequency is around 20GHz.
UT mobility is supported up to 1000km/h.

6.2 Differences between satellite/HAPS and cellular channel modelling
The terrestrial channel model described in TR38.901 and commonly used satellite channel models differ in the following points:


	Channel model attributes
	Terrestrial  from TR38.901 (all frequencies)
	Satellite below 6GHz
	Satellite in Ka band (considering poor scattering environment)

	Frequency selectivity
	Selective frequency fading (Rayleigh to Rician)
	Flat frequency fading for bandwidth < 5 MHz, selective frequency fading otherwise (Rayleigh to Rician) (*)
	Flat frequency fading otherwise

	Per beam/cluster modeling
	Yes
	No
	No

	Time varying model
	Based on a spatial consistency procedure
	Based on a semi-Markov or Markov chain
	Based on a semi-Markov or Markov chain


(*) For a given scenario (urban, suburban or rural), channel selectivity is expected to be higher in the terrestrial case

6.3 Methodology to define reference scenarios for evaluation
GEO constellation
TBD
LEO constellation
In the non-geostationary case, a constellation of several satellites provide continuous coverage over a large area of the earth. Similarly to a GEO satellite, multiple beams come from the same LEO satellite.
For the definition of a scenario based on a LEO constellation, it is assumed that:
· All considered UEs remain in a small area compared to the earth dimensions so that the earth curvature can be neglected. This small area, further denoted as UE area, is part of the LEO constellation coverage.
· All satellites have the same altitude and are located in the same two-dimensional plane
· The UE two-dimensional plane and the satellite two-dimensional plane are orthogonal. Note that this is not the general case, but this includes satellite elevation as seen from UE up to 90°
· The satellite antenna pattern is defined by a two-dimensional pattern (circular symmetry around the propagation direction)
· The same polarization is used for all beams
The flat earth assumption is illustrated in Figure 1. We consider two points A and B in the UE plane with distance , and the real altitude of A and B is 0km.  The approximation is acceptable if the height  of B remains small compared to the satellite altitude, with

	[image: ]
[bookmark: _Ref498622051]Figure 1: Flat earth assumption illustration
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[bookmark: _Ref498622081]Figure 2: Real altitude of user B as function of distance to user A



r being the earth radius. For , the value of  remains below 20km (see Figure 2), what is considered as acceptable for the flat earth assumption.
 For the following, we define a beam center as the point in the XY plane where the antenna gain is maximum for the considered beam. The necessary information and parameters to fully define a scenario when considering LEO satellites are:
· A three-dimensional Cartesian coordinate system. All UEs are located in the XY plane (flat earth assumption), while the considered satellites are located in the YZ plane.
· The UE area, which includes the origin*
· The satellite altitude and elevation angle, from which the distance from the satellite to the origin is calculated with following formulas (see Figure 3):

					
[image: ]
[bookmark: _Ref498622097]Figure 3: Calculation of the satellite position in the three-dimensional Cartesian coordinate system 

 being the radius of the earth (6378km) and  the satellite altitude. From this, the satellite position vector can be determined in the form () with 


It should be noted that the z value is not the satellite altitude, since the flat earth assumption is only valid in the UE area
·  The beam center inside the UE area
· The beam logical indexing
· The UE position and speed vectors in the form ()
· The 2D antenna pattern for each beam. The antenna gain for a given UE depends only on the φ angle, as depicted in Figure 4
· The UE antenna diagram
· The UE environment characteristics
[image: ]
[bookmark: _Ref498622114]Figure 4: Example of UE position and definition of the  angle


Two different approaches can be considered for the evaluation of inter beam interference:
1) Worst case approach. The same inter beam interference is considered for each UE, based on the worst expected value.
2) Simplified calculation approach. In this case, the interference is the sum of the exact interference coming from the beams defined in the scenario plus an additional constant interference component 

HAPS
For HAPS scenarios, the same assumptions as in the LEO case are also made, and the same information is required to define the scenario. The only difference is that a single HAPS is considered and not a constellation. 

6.4 Example of reference scenarios for calibration purposes
GEO constellation
TBD
LEO constellation
Figure 5 represents the reference scenario for a LEO constellation. Only 3 beams are considered, two from the same satellite and one from another satellite. The beam centers are equidistant implying that the region of UE closest to one center beam has a hexagonal shape. The parameters of the reference scenario are listed in Table 1.
[image: ]
[bookmark: _Ref498622143]Figure 5: Reference scenario for LEO constellations

[bookmark: _Ref498622191]Table 1: Parameter values of the reference scenario for LEO constellations
	Parameters
	Values

	Satellite altitude (km)
	800

	Satellite position in the form (0,y,z)
	Satellite 1: (0,0,800)
Satellite 2:  TBD

	Beam indexing
	See figure

	Beam centre position in the form (x,y,0)
	Beam 1: (0,0,0)
Beam 2: (173,100,0)
Beam 3: (173,-100,0)

	UE distribution type
	Homogeneous

	UE density (UE/km²)
	TBD

	Satellite antenna pattern 
	2Jo(k a sin )/(k a sin )

	UE antenna pattern
	Ka band:
2Jo(k a sin )/(k a sin )
S band: Hemispheric

	Interbeam interference approach
	TBD



HAPS
TBD
6.5 Channel models 
[bookmark: _GoBack]
6.5.1 Line of Sight probability
TBD

6.5.2 Path loss
LEO and GEO satellites
The free space path loss model shall be used for both LEO and GEO satellites, given by:



 being the frequency and the distance between the satellite and the UE. For non-stationary satellites, path loss is therefore a function of the satellite elevation as seen from the UE.

HAPS
TBD

6.5.3 Atmospheric attenuations
Below 6GHz
Signal attenuation occurs in the troposphere due to atmospheric gases, rain and clouds. It remains however negligible or small (typically below a few tenths of dBs) at frequencies below 6GHz. Scintillation occurs both in the troposphere and ionosphere, due to in homogeneities in the medium. This results in rapid amplitude and phase fluctuations on the transmitted signal.  Tropospheric scintillation increases with frequency and remains low (typically with fluctuations below a few tenths of dB 99.9% of the time) for frequencies below 6GHz. Ionospheric scintillation effects increase at high latitudes, but decreases with frequency. Considering medium latitude values and frequencies above 1GHz (corresponding to the satellite bands), fluctuations remain below 0.3dB for 99.9% of the time, as shown in Table 2. This scintillation effect is therefore negligible at 2 GHz or above.
[bookmark: _Ref498622573]Table 2: Distribution of mid-latitude fade depths due to ionospheric scintillation (source: [1])
	Percentage of time
	Frequency (GHz)

	(%)
	0.1
	0.2
	0.5
	1

	1.0
	 5.9
	1.5
	0.2
	0.1

	0.5
	 9.3
	2.3
	0.4
	0.1

	0.2
	16.6
	4.2
	0.7
	0.2

	0.1
	25.0
	6.2
	1.0
	0.3


 
Ka bands
At Ka bands, tropospheric attenuation due to atmospheric gases, rain and clouds cannot longer be neglected. Tropospheric scintillation has also to be taken into account while ionospheric scintillation is negligible.
 Attenuation due to atmospheric gases is mainly due to oxygen and water vapour absorption. The exact attenuation depends on the frequency, UE altitude and water vapour density. It should be noted that oxygen absorption remains relatively constant over time while water vapour absorption varies with time due to changes in water vapor density [1]. An accurate estimation of atmospheric gases attenuation can be found in [2].
Rain and cloud attenuation is also a function of time, and cannot be accurately predicted, even for short-term predictions. Long term statistics are however available, allowing to assess the probability of exceeding a given attenuation on a yearly basis for instance. A method of calculation is given in [1], which takes as input the UE position (from which a rainfall rate is derived for 0.01% of an average year), the frequency and the elevation. 
Accurate estimation of tropospheric attenuation can neither be obtained. Probability of exceeding a given threshold is also derived from long term statistics. They are function of UE position (from which average surface ambient temperature and average surface relative humidity is derived on a monthly basis for instance), frequency, elevation, UE physical antenna diameter and UE antenna efficiency [1].

6.5.4 Fast fading models
Two fast fading models can be considered: a flat fading model or a frequency selective fading model. Both models can only be used for non-MIMO operations. A flat fading model is used for following cases:
· In S band: for signal bandwidth below 5 MHz, independently from the UE antenna diagram. Measurements have shown that the coherence bandwidth of the channel is indeed at least 5MHz in all scenarios
· In Ka band: for fixed scenarios, for mobile scenarios with signal bandwidth below 250MHz, assuming a highly directive UE antenna diagram
For drop-based simulations based on the flat fading model, it is sufficient to specify the amplitude of the received signal for each UE. 
The frequency selective model is based on a tapped delay line model. Each tap is described by a path delay and a complex value corresponding to the amplitude and phase of the tap. For drop-based simulations, channel coefficients for each UE are required.
Fast fading models for system-level evaluations
TBD
Fast fading models for link-level evaluations
TBD

* * * End of Changes * * * *
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