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[bookmark: _Ref298777854]Introduction
The objective of this document is to propose a modification of §6.5.3 “Fast fading model” 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
	ITU
	International Telecommunication Union

	LMS
	Land Mobile Satellite

	LOS  
	Line Of Sight

	NLOS
	Non Line Of Sight

	UE

	User Equipment


References 
[1] A. Jahn (DLR), « Propagation characteristics for land mobile satellite systems from L-band to EHF band », German ITG-Workshop, 1998, Wessling, Germany.
[2] S. Scalise, H. Ernst, and G. Harles, « Measurement and Modeling of the Land Mobile Satellite Channel at Ku-Band », IEEE Transactions on Vehicular Technology, vol. 57, no 2, p. 693-703, March 2008.
[3] H.J. Mametsa, S. Laybros, A. Bergès (ONERA), P.F. Combes (UPS), P. N’Guyen, P. Pitot (OKTAL-SE), “FERMAT : a high frequency EM scattering code from complex scenes including objects and environment”,  1st European Conference on Antennas and Propagation (EuCAP), 6-10 Nov. 2006, Nice, France. 

[4] H.J. Mametsa, A. Bergès (ONERA/DEMR), N. Douchin (OKTAL-SE), “Improving RCS and ISAR image prediction of terrestrial targets using random surface texture”, Radar Conference - Surveillance for a Safer World, 12-16 Oct. 2009, Bordeaux, France.

[5] J. Israel, G. Carrie, M. Ait Ighil (ONERA), “A Wideband and Multifrequency Propagation Channel Simulation”, 7th European Conference on Antennas and Propagation (EuCAP), 8-12 April 2013, Gothenburg, Sweden.

[6] «Reference radiation pattern for earth station antennas in the fixed-satellite service for use in coordination and interference assessment in the frequency range from 2 to 31 GHz», Rec ITU-R S.465-6.

[7] «Radiation diagrams for use as design objectives for antennas of earth stations operating with geostationary satellites», Rec ITU-R S.580-6.

[8] ITU-R Rec. P.681-9: “Propagation data required for the design of Earth-space land mobile telecommunication systems”, 09/2016.

[9] 3GPP TR 38.901 “Study on channel model for frequencies from 0.5 to 100 GHz (Release 14)”
Proposed text for approval
We propose to add the following text to the chapter §6.5.3 “Fast fading model”.
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Fast fading model
Study of the frequency selectivity of LMS channels
S band
In [1], A. Jahn (DLR) studies characteristics of LMS channel in L band (1.5GHz). He uses a series of measurements made on the ground, for different environments, the transmitter being fixed on an airplane, varying the elevation between 15 ° and 55 °.

In this paper, the author studies frequency selectivity by looking at variations in channel transfer function (CTF) on the system band (here 30 MHz). The frequency selectivity of the propagation channel can be defined as the capacity of the channel impulse response to remain auto-correlated in time or space. The Figure 1, extracted from the paper, gives the CTF for various environments at one moment of time. All figures are shown for handhelds with RHCP-antenna and a satellite elevation of 25 deg. 

The author concludes that for this bandwidth, the frequency response of the channel is rather flat in open environments. However, it is not the case in constrained environments, especially in the urban case (NLOS conditions) where he evaluates a spectral correlation of about 5 MHz. See § “3.3.1 Frequency-Selectivity” of the paper for more details.

In [2], the authors indicate values between 7 and 11 MHz at L band for the coherence bandwidth for outdoor environments. 

To conclude, for the S band (2GHz) which is very close to L band (1.5GHz), we can consider that the frequency selectivity of the channel is similar. Thus, in LOS conditions, the response of the channel is flat. In NLOS conditions and for the worst conditions (urban environment), the channel is frequency selective and the coherence bandwidth is between 5 and 11MHz in function of the environment.

[image: ]
Figure 1 : CTF for different environments [1]
Ka band
A study, financed by CNES, was conducted by ONERA (Office National d'Etudes et de Recherches Aérospatiales) in 2017. The objective of the study was the characterization of the frequency selectivity of the LMS channel in Ka band. 
For this purpose, simulations have been realized using SE-RAY EM FERMAT [3] [4] [5] software. The SE-RAY-EM software includes several tools for the generation, management of a physically textured 3D database, the edition of scenarios relating to a given sensor, the post-processing and visualization of the output data and an EM (Electromagnetic) core, FERMAT. FERMAT deals with the electromagnetic calculations of the interactions between EM wave and the observed scene. The FERMAT software has been developed by the Electromagnetism and Radar Department of ONERA within the framework of a project dedicated to electromagnetic modelling. 
The software is based on high frequency asymptotic methods (Geometrical Optics, Physical Optics, Method of Equivalent Currents, Physical Theory of Diffraction ...) and Shooting and Bouncing Rays (SBR) techniques. A Digital Elevation Model and a land register have been used to build a 3D model of the measurement site. Based on visual observations and cadastral information, realistic materials (concrete, grass, glass...) have been applied to the 3D model. During electromagnetic computation, the direct path, the diffraction by the edges as well as the diffusion by physical optics are taken into account. The trees are modeled by dielectrics cylinders and cones. 

The antenna used complies with the ITU recommendations described in [6] and [7]. The antenna has an efficiency h = 65% and a diameter of 48 cm in Ka band (20GHz).

Finally, the software gives as outputs the parameters of the channel transfer function which are the complex amplitudes and the delays of each path, noted respectively (with N(t) the number of paths). For each time t, the channel tranfer function is given by: 



Three environments have been studied:  the motorway, the railway and the rural environment. For each of these environments, three elevations (10 °, 30 °, and 60 °) as well as three azimuths (20 °, 50 °, 80 °) compared to the trajectory of the receiver were considered. 
We represent in Figure 2 the rectilinear trajectory of 116 m traveled at 120 km/h on the highway.
[image: ]
Figure 2 : Highway environment
We represent in Figure 3 the rectilinear trajectory of 325 m traveled at 300 km/h on the rails. This environment includes railway infrastructure elements but no trees or buildings.
[image: ]
Figure 3 : Railway environment
We represent in Figure 4 the trajectory of 160 m traveled at 60 km/h in rural area. This
environment contains trees and buildings near the road that can hide the direct signal
depending on the angle of incidence or azimuth.
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Figure 4 : Rural environment
9 simulations have been realized by ONERA for each environment, and are presented in the table below:

	Use case
	Elevation
	Azimuth

	1
	10
	20

	2
	10
	50

	3
	10
	80

	4
	30
	20

	5
	30
	50

	6
	30
	80

	7
	60
	20

	8
	60
	50

	9
	60
	80



Based on the channel parameters given by the simulation, it is possible to estimate the channel selectivity. To do so, we give for each simulation the average coherence bandwidth for LOS and NLOS situations. We remind the coherence bandwidth may be estimated (in a first order) as a function of the delay spread: 


With 



Where  the average delay. Please note the coherence bandwidth estimation is limited by the multipath delay resolution used in the simulation. Therefore, be aware the highest estimable bandwidth here is 256 MHz. Table 1, 2 and 3 give respectively the average coherence bandwidth for all the considered cases for motorway, railway and rural environments. 

Table 1: Motorway environment
	Use case
	LOS average coherence bandwidth
	NLOS average coherence bandwidth

	1
	>256
	188

	2
	>256
	217

	3
	>256
	219

	4
	>256
	254

	5
	>256
	230

	6
	>256
	240

	7
	N/A
	N/A

	8
	>256
	254

	9
	>256
	256



Table 2: Railway environment
	Use case
	LOS average coherence bandwidth
	NLOS average coherence bandwidth

	1
	>256
	158

	2
	>256
	84

	3
	>256
	94

	4
	>256
	215

	5
	>256
	225

	6
	>256
	206

	7
	>256
	225

	8
	>256
	232

	9
	>256
	243



Table 3: Rural environment
	Use case
	LOS average coherence bandwidth
	NLOS average coherence bandwidth

	1
	>256
	176

	2
	>256
	191

	3
	>256
	162

	4
	>256
	256

	5
	>256
	191

	6
	>256
	231

	7
	>256
	256

	8
	>256
	256

	9
	>256
	245



It is important to note that no pointing error of the reception antenna was taken into account in simulations. With a very directive antenna like the one used here, we can assume that the quality of the enslavement system of the line of sight impacts especially the reception (or the non-reception) of the transmitted signal and finally has an effect similar to that related to the geometry of the environment: some cuts in reception would be related to the environment when others would be related to the wrong pointing of the receiving antenna. On the other hand, with a less directive antenna, a bad pointing of the receiving antenna could impact the coherence band because the direct path and the multipath could be perceived with variable gains in time.

The simulations carried out show that for the proposed environments and with the directive antenna
used, the influence of the environment is purely geometrical.

In a situation of visibility, the coherence bandwidth has very important value (higher than calculation limit of 256 MHz). In non-visibility situations, the coherence bandwidth is not important since the attenuation is such (at least 40 dB in the most favorable cases) that it is it which constrains the communication system (see an example on Figure 5). 

[image: ]
[bookmark: _Ref497897235]Figure 5 : Time series example, motorway environment, case 1

We can thus conclude that, for 5G satellite considered scenarios, LMS channels in Ka Band are non-frequency selective (demonstrated for a processed bandwidth of 256MHz).


1.5.2.1 Description of the ITU two states LMS channel model 
The two states semi-Markov model is an LMS channel model recommended in ITU-R P.681-9 [8]. It is composed of a GOOD state (equivalent to LOS), including slightly shadowed conditions, and a BAD state (equivalent to NLOS), including more severe shadowing. This model is valid for frequency non-selective channels (where the frequency response of the channel affects in the same way all the frequencies within the bandwidth of the signal). 
The long-term variations in the received signal may be described by a semi-Markov chain including the two distinct states, GOOD and BAD. The duration of each state is considered to be log-normally distributed. The signal in the GOOD and BAD states follows a Loo distribution. The Loo distribution considers that the received signal is the sum of two components: the direct path signal and the diffuse multipath. The average direct path amplitude is considered to be normally distributed and the diffuse multipath component follows a Rayleigh distribution. The standard deviation of the direct path amplitude and the multipath power are linearly connected to the average direct path amplitude.


Figure 6 : Two state semi-Markov chain [8]

Step by step procedure
[bookmark: _GoBack]As for terrestrial links, the step by step procedure to model Earth-space links for LMS applications is presented in the following as an adaptation of the procedure presented in Subclause 7.5 of TR 38.901 [9]. The procedure given below is based on the ITU two states LMS channel model presented in section 6.5.3.2.
General parameters:
Step 1: Set general parameters related to environment and satellite link as follow:
a) Set the center frequency from 1.5GHz to 20GHz. 
b) Choose one of the following LMS scenarios available (in S band: urban, suburban, rural wooded, residential – in Ka band: suburban, rural wooded)
c) Set the link elevation assuming a rounded value towards the closest available elevation for the frequency/environment chosen (20°, 30°, 34°, 45°, 60°, 70°)
d) Give UE antenna field patterns Frx and Ftx in the global coordinate system and array geometries. 
e) Give UE position, array orientation, speed and direction of motion in the global coordinate system.
Large scale parameters:
Step 2: Determine the (µ,)G,B , (  ,  )G,B, (g1,g2)G,B, (h1,h2)G,B, (durmin)G,B ,(f1,f2), pB,min and pB,max from the input parameters table provided in Annex 2 of [8] and summarized in Table 4.
Table 4: Model parameters
	Parameter
	Description

	(µ,)G,B
	Mean and standard deviation of the log-normal law assumed for events duration (m)

	durminG,B
	Minimum possible events duration (m) 

	 (GB,GB)
	Parameters of the MA G,B  distribution (MA being the average value of the direct path amplitude A over one event) (dB)

	MP = h1G,BMA+h2G,B
	Multipath power, MPG,B,  (one 1st order polynomial for each state), (dB)

	  = g1G,BMA+g2G,B
	Standard deviation of A,  (one 1st order polynomial for each state)

	LcorrG,B*
	Direct path amplitude correlation distance (m)

	f1ΔMA+f2
	Transition length, Ltrans (one single 1st order polynomial), (m)

	[pB,min , pB,max]
	Probability range to consider for the MA B  distribution

	Remark: G stands for the GOOD state and B stands for the BAD state.
*	Only for generative modelling.



Assign propagation condition (LOS/NLOS), also named (GOOD/BAD) states in the original procedure from ITU-RP681-9 [8]. The propagation conditions for different Earth-space links are uncorrelated. 
The LOS probability could be calculated as follows [8]:




· Where subscripts G, B and T stand respectively for good, bad and transition states, the mean duration of the considered state in meters, durmin the minimal state duration in meters, µ and σ respectively the mean and standard deviation of the assumed log-normal law in m.
· pN(x; ,) and FN(x; ,) are respectively the probability density function and the cumulative distribution function of a normal distribution with mean  and standard deviation  as defined in Recommendation ITU-R P.1057
· Where GB,GB are the parameters of the average value of the direct path amplitude A over one event, [pB,min , pB,max] the probability range to consider for the MA,B distribution.

Step 3: Draw MAi, the mean power of the direct signal, as a normally distributed parameter function of ( , )G,B expressed in dB.
		
Calculate pathloss with formula below for each Earth-space link to be modelled.

Where fc is in GHz and d is in meters.
Compute ΣAi et MPi, respectively the standard deviation of the direct signal and the mean multipath power both expressed in dB where suscript i designate the good or bad state, as follow:
	ΣAi = g1iMAi + g2i	
	MPi = h1iMAi + h2i	
Step 4: Generate large scale parameters, e.g. delay spread (DS), angular spreads (ASA, ASD, ZSA, ZSD), according to Table 5. 
Compute the Ricean K factor (K) and draw the shadow fading (SF), both expressed in dB, as follow:
		
	

The rest of the procedure presented in subclause 7.5 of TR 38.901 [9] remains unchanged.
Table 5: Channel model parameters for LMS
	Scenarios
	LMS

	
	LOS
	NLOS

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	1
	1

	
	lgDS
	1
	1

	AOD spread (ASD)
lgASD=log10(ASD/1)
	lgASD
	1
	1

	
	lgASD
	1
	1

	AOA spread (ASA)
lgASA=log10(ASA/1)
	lgASA
	1
	1

	
	lgASA
	1
	1

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1)
	lgZSA
	1
	1

	
	lgZSA
	1
	1

	Shadow fading (SF) [dB]
	SF
	N/A

	K-factor (K) [dB]
	K
	N/A
	N/A

	
	K
	N/A
	N/A

	Cross-Correlations 
	ASD vs DS
	0
	0

	
	ASA vs DS
	0
	0

	
	ASA vs SF
	0
	0

	
	ASD vs SF
	0
	0

	
	DS vs SF
	0
	0

	
	ASD vs ASA
	0
	0

	
	ASD vs 
	0
	0

	
	ASA vs 
	0
	0

	
	DS vs 
	0
	0

	
	SF vs 
	0
	0

	Cross-Correlations 1)
	ZSD vs SF
	0
	0

	
	ZSA vs SF
	0
	0

	
	ZSD vs K
	0
	0

	
	ZSA vs K
	0
	0

	
	ZSD vs DS
	0
	0

	
	ZSA vs DS
	0
	0

	
	ZSD vs ASD
	0
	0

	
	ZSA vs ASD
	0
	0

	
	ZSD vs ASA
	0
	0

	
	ZSA vs ASA
	0
	0

	
	ZSD vs ZSA
	0
	0

	Delay scaling parameter r
	1
	1

	XPR [dB]
	XPR
	12
	7

	
	XPR
	4
	3

	
Number of clusters 
	1
	1

	
Number of rays per cluster 
	1
	1

	
Cluster DS () in [ns]
	N/A
	N/A

	
Cluster ASD () in [deg]
	N/A
	N/A

	
Cluster ASA () in [deg]
	N/A
	N/A

	
Cluster ZSA () in [deg]
	N/A
	N/A

	Per cluster shadowing std  [dB]
	N/A
	N/A

	orrelation distance in the horizontal plane [m]
	DS
	N/A
	N/A

	
	ASD
	N/A
	N/A

	
	ASA
	N/A
	N/A

	
	SF
	N/A
	N/A

	
	
	N/A
	N/A

	
	ZSA
	N/A
	N/A

	
	ZSD
	N/A
	N/A
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Fig. 6 Channel Transfer Function for different environments
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