3GPP TSG RAN 92bis WG1
R1 -1805114
Sanya, China, April 16th  –  20th, 2018
Agenda Item:
7.3.1
Source:
Thales
Title:
NR-NTN Channel Modeling – Flat fading criteria
Document for:
Decision
1 Introduction
During the RAN 92 WG1 in Athens, it was agreed to extend the channel model defined in TR 38.901 [1] for non-terrestrial networks. For specific cases, and in particular if the channel is non-frequency selective (i.e. in case of flat fading), it was also agreed to consider ITU channel models issued from [2]. In this contribution, we define the flat fading criteria based on delay spreads and coherence bandwidths.  
2 Definition of coherence bandwidth
The coherence bandwidth is derived from the rms delay spread but there is no exact relationship between both values. In [3] it is stated that “an exact relationship between coherence bandwidth and rms delay spread does not exist” and that “spectral analysis techniques and simulation are required to determine the exact impact that time varying multipath has on a particular transmitted signal”.

Reference [4] proposed the following widely accepted relation between coherence bandwidth and rms delay spread:
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with 
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varying from 5 to 10 depending of the shape of the power delay profile. 

Reference [3] gives typical values of  
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depending on the considered frequency correlation function. If the considered threshold for the correlation function is 0.9, 50 is a typical value for 
[image: image4.wmf]a

. Hence: 
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If the considered threshold for the correlation function is 0.5, 5 is a typical value for 
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. Hence:
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Reference [5] summarizes different values of alpha in literature, varying from small values to 10. In [6] measurements on rms delay spreads and coherence bandwidth for satellite communication channels in X and Ku bands, showing values of 
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between very small values and 3.1. Therefore, it is proposed to consider the following definition for the coherence bandwidth:
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Proposal 1: Use the formula
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 to calculate the coherence bandwidth from the rms delay spread
3 Delay spread in NTN channels

The delay spread cumulative distribution functions (CDF) for suburban and urban environments in LOS and NLOS conditions are given in Figures 1 - 4. Simulations were done using a software available at the ITU Radiocommunication Study Group 3 website, with an implementation of the ITU wideband model defined in [2]. The considered environment parameters are given in Annex 1.
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Figure 1: CDF of the rms delay spread in LOS conditions, suburban environment
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Figure 2: CDF of the rms delay spread in NLOS conditions, suburban environment
[image: image13.png]CDF

09

08

[ik4

06

05

04

03

02

01

v,
elev.

elev.
elev.

elev.

elov.
elev.
elev.

olov.

0
20
20
w0
500
P
0
80
0

10

20

30

Delay spread(ns)

40

50

60




Figure 3: CDF of the rms delay spread in LOS conditions, urban environment
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Figure 4: CDF of the rms delay spread in NLOS conditions, urban environment
4 Flat fading criteria for HAPS and satellite channel models
 The channel is assumed to be flat if the considered bandwidth is smaller than or equal to the coherence bandwidth of the channel. The coherence bandwidth depends on the following parameters:
· Environment (rural, suburban or urban)
· Elevation angle (rounded to the closest reference value from 10° to 90° and a 10° step)
· LOS conditions
The following criteria are proposed to define the coherence bandwidth 
· Consider the rms delay spread not exceeded 90% of the time for the corresponding environment, elevation angle and LOS conditions
· Calculate the resulting coherence bandwidth with the proposed definition
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Coherence bandwidth values are given in Table 1. For rural environments, it is proposed to consider the same coherence bandwidth values as for suburban environment.
Table 1: Coherence bandwidth for different elevation angles, LOS conditions and environments

	Minimum elevation angle
	LOS - suburban
	NLOS - suburban
	LOS - urban
	NLOS - urban

	10°
	8 MHz
	2 MHz
	6 MHz
	2 MHz

	20°
	12 MHz
	3 MHz
	11 MHz
	2 MHz

	30°
	13 MHz
	3 MHz
	13 MHz
	2 MHz

	40°
	13  MHz
	3 MHz
	13 MHz
	2 MHz

	50°
	13  MHz
	3 MHz
	13 MHz
	2 MHz

	60°
	15  MHz
	4 MHz
	17 MHz
	3 MHz

	70°
	15  MHz
	5 MHz
	26 MHz
	4 MHz

	80°
	18  MHz
	5 MHz
	26 MHz
	8 MHz

	90°
	19  MHz
	6 MHz
	26MHz
	9 MHz


Proposal 2: The channel is considered to be flat (i.e. non frequency-selective) if the considered bandwidth is lower than the coherence bandwidth of the channel.

Proposal 3: The coherence bandwidth of the channel depends on elevation, LOS conditions and environments, and is determined using Table 1.  

Proposal 4: For rural environments, consider the same coherence bandwidth values as for suburban environment.
5 Alternative flat fading criteria for satellite channel models
For satellite channel models, it is expected that in most cases, the link margin cannot be closed if the direct path amplitude suffers from severe attenuation. In this alternative method, coherence bandwidth values are calculated similarly to Section 4, but discarding delay spread values in the case of a direct path component attenuation below 10dB. This results in lower rms delay spreads and higher coherence bandwidths. Results are provided in Table 2.
Table 2: Coherence bandwidth for different elevation angles, LOS conditions and environments, considering a maximum attenuation of the direct path component of 10dB

	Minimum elevation angle
	LOS - suburban
	NLOS - suburban
	LOS - urban
	NLOS - urban

	10°
	8 MHz
	4 MHz
	6 MHz
	4 MHz

	20°
	12 MHz
	6 MHz
	11 MHz
	6 MHz

	30°
	13 MHz
	6 MHz
	13 MHz
	6 MHz

	40°
	13  MHz
	6 MHz
	13 MHz
	6 MHz

	50°
	13  MHz
	6 MHz
	13 MHz
	6 MHz

	60°
	15  MHz
	6 MHz
	17 MHz
	9 MHz

	70°
	15  MHz
	6 MHz
	26 MHz
	9 MHz

	80°
	18  MHz
	6 MHz
	26 MHz
	9 MHz

	90°
	19  MHz
	8 MHz
	26MHz
	9 MHz


Proposal 5: The coherence bandwidths defined in Table 2 may alternatively be considered for satellite channel models if the link margin is below 10dB. 
6 Conclusion

Proposal 1: Use the formula
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 to calculate the coherence bandwidth from the rms delay spread
Proposal 2: The channel is considered to be flat (i.e. non frequency-selective) if the considered bandwidth is lower than the coherence bandwidth of the channel.

Proposal 3: The coherence bandwidth of the channel depends on elevation, LOS conditions and environments,  and is determined using Table 1.  

Proposal 4: For rural environments, consider the same coherence bandwidths as for suburban environment.
Proposal 5: The coherence bandwidths defined in Table 2 may alternatively be considered for satellite channel models if the link margin is below 10dB. 
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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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