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1 Introduction
During the RAN 92 WG1 in Athens, it was decided to extend the TR38.901 model defined in [1] for non-terrestrial networks (see [2], proposal 4.1.2). This contribution aims to define the following large scale parameter values for NTN:

· LoS probability (based on [3])
· Path loss  and shadow fading (based on [3])

· O2I penetration loss
2 LoS probability
The non-frequency selective land mobile satellite channel described in Section 6 of [2] is based on the so-called 2-state model. The “good” state represents LoS or slightly shadowed conditions and the “bad” state severe shadowed conditions. Therefore, statistics from this 2-state model cannot be reused to derive LoS probability, but can rather be used as upper bounds for LoS probabily values.

The frequency selective land mobile satellite channel model described in Section 7 of [2] is a physical-statistical model, with the stochastic behavior of the model being based on actual measurements. This model takes into account shadowing and reflections from house fronts, trees and light poles. At each time step, the model outputs a vector of N path delays and N complex values for the normalized amplitude and phase. The software with an implementation of the model is available at the ITU Radiocommunication Study Group 3 website. All simulations where generated using this software, with environment parameters given in Annex 1.
The cumulative distribution function for the amplitude the direct path component is given in Figure 1 and 2, for suburban and urban environments, respectively. The LoS probability for different elevations is given in Table 1, considering that amplitude larger than -1dB corresponds to LOS conditions.

At high elevations, LOS probability is higher for the urban case due to lower tree density than in the suburban case.
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Figure 1: CDF of the direct path component amplitude in suburban environment
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Figure 2: CDF of the direct path component amplitude in urban environment
Table 1: LoS probability for sub-urban and urban environments

	
	LoS prob. Sub-urban
	LoS prob. Urban

	10°
	57.97%
	30.23%

	20°
	65.73%
	38.85%

	30°
	67.56%
	47.00%

	40°
	75.38%
	59.86%

	50°
	80.60%
	72.96%

	60°
	86.61%
	81.05%

	70°
	93.54%
	96.88%

	80°
	95.23%
	99.73%

	90°
	95.47%
	100.00%


Proposal 1: Consider LOS probability defined in Table 1 for sub-urban and urban environments
3 Path loss and shadow fading 

Tables 2 and 3 give the mean and variance of the normally distributed shadow fading for suburban and urban environments, respectively.
Table 2: Shadow fading statistics for suburban environment

	
	µ SF in LOS [dB]
	σ SF in LOS [dB]
	µ SF in NLOS [dB]
	σ SF in NLOS [dB]

	10°
	-0.01
	0.43
	-16.37
	11.80

	20°
	-0.01
	0.40
	-14.34
	10.59

	30°
	-0.01
	0.38
	-13.29
	10.76

	40°
	0.00
	0.35
	-12.70
	10.69

	50°
	0.01
	0.26
	-11.51
	8.26

	60°
	0.01
	0.26
	-10.29
	7.93

	70°
	0.00
	0.14
	-9.54
	4.40

	80°
	0.00
	0.09
	-11.41
	4.25

	90°
	0.00
	0.06
	-11.23
	2.70


Table 3: Shadow fading statistics for urban environment
	
	µ SF in LOS [dB]
	σ SF in LOS [dB]
	µ SF in NLOS [dB]
	σ SF in NLOS [dB]

	10°
	0.00
	0.48
	-30.04
	12.60

	20°
	-0.02
	0.39
	-28.79
	12.13

	30°
	-0.01
	0.47
	-27.37
	11.89

	40°
	0.03
	0.41
	-25.25
	12.12

	50°
	0.03
	0.33
	-26.20
	11.70

	60°
	0.01
	0.30
	-21.14
	11.38

	70°
	-0.01
	0.23
	-16.95
	8.92

	80°
	0.02
	0.20
	-5.25
	3.27

	90°
	0.00
	0.1050
	-7.90
	3.24


Since the mean shadow fading in LOS conditions is very close to 0dB, the free space path loss formula is applied for LOS conditions, i.e.
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Where 
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 is the carrier frequency and d the distance satellite/HAPS – UE

For NLOS conditions, an additional term shall be considered that corresponds to the mean shadow fading in NLOS conditions.
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This additional term depends on environment and elevation, and is obtained from Table 2 and Table 3 for suburban and urban environments, respectively.
Additional simulations are required for the rural environment.
Proposal 2: Use the free space path loss formula for LOS conditions
Proposal 3: Consider an additional term to the free space path loss formula for NLOS conditions. This term corresponds to the mean shadow fading in NLOS conditions, obtained from Table 2 and Table 3, for suburban and urban environments, respectively.
Proposal 4: Standard deviation of SF shall depend on elevation, LOS conditions and environment. Consider the standard deviation values defined in Table 2 and Table 3 for suburban and urban environments, respectively.
4 O2I penetration loss
In [4] indoor scenarios are only considered in deployment scenario D5 (HAPS, below 6GHz carrier frequency). 

Penetration loss is function of the building characteristics (geometry and materials) as well as transmitter and receiver position. Several models have been proposed in literature, such as [5][6][7]. The most up-to-date model [7] has been applied on a specific scenario with following characteristics:
· Receiver within a room on the top-level of a building (no roof)
· The room possesses five windows facing the transmitter in the far field

· Brick walls of 26.7cm

· Concrete roof of 20cm

· Receiver 1m above the floor and a distance of 1m to the wall facing the transmitter
The penetration loss is accurately calculated based on the model as function of elevation. A linear fit is then performed to obtain the following formula:
Lpen = -4.2dB + 0.36 ε 
with the elevation angle ε varying between 25° and 85°.

Further analysis is performed by varying the azimuth angle, showing penetration loss variations up to tens of dBs. Therefore, an additional term could be added to calculate the penetration loss: 
Lpen = -4.2dB + 0.36 ε + C α 
α being the azimuth angle. The value of the coefficient C is TBD.
Proposal 5: For elevation angles larger or equal to 25°, consider the above formula for penetration loss, with value of the C coefficient TBD
Proposal 6: For elevation angles below 25°, consider the penetration loss from [1]
5 Conclusion

Proposal 1: Consider LoS probability defined in Table 1 for sub-urban and urban environments
Proposal 2: Use the free space path loss formula for LoS conditions
Proposal 3: Consider an additional term to the free space path loss formula for NLoS conditions. This term corresponds to the mean shadow fading in NLoS conditions, obtained from Table 2 and Table 3, for suburban and urban environments, respectively.
Proposal 4: Standard deviation of SF shall depend on elevation, LOS conditions and environment. Consider the standard deviation values defined in Table 2 and Table 3 for suburban and urban environments, respectively.
Proposal 5: For elevation angles larger or equal to 25°, consider the above formula for penetration loss, with value of the C coefficient TBD

Proposal 6: For elevation angles below 25°, consider the penetration loss from [1]
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Annex 1: Parameters used in ITU wideband model software

Suburban

% --- Building Params ---
ChannelParams.BuildingRow1 = 1;            % logigal to switch Building Row

 right(heading 0 deg) on
ChannelParams.BuildingRow2 = 1;            % logigal to switch Building Row 

 left(heading 0 deg) on
ChannelParams.BuildingRow1YPosition = -9;  % m
ChannelParams.BuildingRow2YPosition = 9;   % m
ChannelParams.HouseWidthMean = 14;         % m
ChannelParams.HouseWidthSigma = 6;        % m
ChannelParams.HouseWidthMin = 5;           % m
ChannelParams.HouseHeightMin = 3;          % m
ChannelParams.HouseHeightMax = 15;         % m
ChannelParams.HouseHeightMean = 10;        % m
ChannelParams.HouseHeightSigma = 3.6;      % m
ChannelParams.GapWidthMean = 30;           % m
ChannelParams.GapWidthSigma = 22;          % m
ChannelParams.GapWidthMin = 2;             % m
ChannelParams.BuildingGapLikelihood = 0.5; % lin Value
% --- Tree Params ---
ChannelParams.TreeHeight = 7;              % m
ChannelParams.TreeDiameter = 4;            % m
ChannelParams.TreeTrunkLength = 2;         % m
ChannelParams.TreeTrunkDiameter = .2;      % m
ChannelParams.TreeAttenuation = 1.1;       % dB/m
ChannelParams.TreeRow1Use = 1;             % logical switches tree row 1 on
ChannelParams.TreeRow2Use = 1;             % logical switches tree row 2 on
ChannelParams.TreeRow1YPosition = -5;      % m
ChannelParams.TreeRow2YPosition = 5;       % m
ChannelParams.TreeRow1YSigma = 0.5;        % m
ChannelParams.TreeRow2YSigma = 0.5;        % m
ChannelParams.TreeRow1MeanDistance = 30;   % m
ChannelParams.TreeRow2MeanDistance = 30;   % m
ChannelParams.TreeRow1DistanceSigma = 30;  % m
ChannelParams.TreeRow2DistanceSigma = 30;  % m  %ICI
% --- Pole Params ---
ChannelParams.PoleHeight = 9;              % m
ChannelParams.PoleDiameter = .2;           % m
ChannelParams.PoleRow1Use = 1;             % logical switches Pole row 1 on
ChannelParams.PoleRow2Use = 0;             % logical switches Pole row 2 on
ChannelParams.PoleRow1YPosition = 0;       % m
ChannelParams.PoleRow2YPosition = -5;      % m
ChannelParams.PoleRow1YSigma = 0.5;        % m
ChannelParams.PoleRow2YSigma = 0.5;        % m
ChannelParams.PoleRow1MeanDistance = 30;   % m
ChannelParams.PoleRow2MeanDistance = 30;   % m
ChannelParams.PoleRow1DistanceSigma = 5;   % m
ChannelParams.PoleRow2DistanceSigma = 5;   % m
Urban

% --- Building Params ---
ChannelParams.BuildingRow1=1;            % logigal to switch Building Row right(heading 0 deg) on
ChannelParams.BuildingRow2=1;            % logigal to switch Building Row left (heading 0 deg) on
ChannelParams.BuildingRow1YPosition=-8;  % m
ChannelParams.BuildingRow2YPosition=8;   % m
ChannelParams.HouseWidthMean=18;         % m
ChannelParams.HouseWidthSigma=25;        % m
ChannelParams.HouseWidthMin=10;          % m
ChannelParams.HouseHeightMin=4;          % m
ChannelParams.HouseHeightMax=50;         % m
ChannelParams.HouseHeightMean=16;        % m
ChannelParams.HouseHeightSigma=6.4;      % m
ChannelParams.GapWidthMean=27;           % m
ChannelParams.GapWidthSigma=25;          % m
ChannelParams.GapWidthMin=10;            % m
ChannelParams.BuildingGapLikelihood=0.33;% lin Value
% --- Tree Params ---
ChannelParams.TreeHeight = 6;            % m
ChannelParams.TreeDiameter = 3;          % m
ChannelParams.TreeTrunkLength=2;         % m
ChannelParams.TreeTrunkDiameter=.2;      % m
ChannelParams.TreeAttenuation = 1.1;     % dB/m
ChannelParams.TreeRow1Use=1;             % logical switches tree row 1 on
ChannelParams.TreeRow2Use=1;             % logical switches tree row 2 on
ChannelParams.TreeRow1YPosition=-6;      % m
ChannelParams.TreeRow2YPosition=6;       % m
ChannelParams.TreeRow1YSigma=0.5;        % m
ChannelParams.TreeRow2YSigma=0.5;        % m
ChannelParams.TreeRow1MeanDistance=60;   % m
ChannelParams.TreeRow2MeanDistance=40;   % m
ChannelParams.TreeRow1DistanceSigma=20;  % m
ChannelParams.TreeRow2DistanceSigma=20;  % m
% --- Pole Params ---
ChannelParams.PoleHeight = 10;           % m
ChannelParams.PoleDiameter = .2;         % m
ChannelParams.PoleRow1Use=1;             % logical switches Pole row 1 on
ChannelParams.PoleRow2Use=0;             % logical switches Pole row 2 on
ChannelParams.PoleRow1YPosition=-6;      % m
ChannelParams.PoleRow2YPosition=0;       % m
ChannelParams.PoleRow1YSigma=0.5;        % m
ChannelParams.PoleRow2YSigma=0.5;        % m
ChannelParams.PoleRow1MeanDistance=25;   % m
ChannelParams.PoleRow2MeanDistance=10;   % m
ChannelParams.PoleRow1DistanceSigma=10;  % m
ChannelParams.PoleRow2DistanceSigma=10;  % m
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