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The ITU-R Rec. P.681, which tackle Land Mobile Satellite (LMS) channel model between 1 to 20 GHz, provides reliable results from the statistical distribution point of view [1]. However, the spectrum part of the model (i.e. Doppler model) is not completely relevant in the case of LMS links. For instance, a terrestrial model is assumed (Jakes model, [2]) and thus, second order statistics are not well reproduced by the ITU-R P681. In recent experimentations, we investigated the Doppler spectrum shape, [3]. Based on these results, we propose in this paper a new Doppler spectrum model reliable for LMS application.

INTRODUCTION

The design and assessment of air interfaces for modern Land Mobile satellite systems between 1 and 20 GHz require the use of reference generative propagation channel models. The ITU-R Rec. P.681-10, [1], based on the enhanced 2-state MIMO model, has been developed and validated thanks to several experimental datasets collected from 2 to 20 GHz in different environments and for various elevation angles [START_REF] Pérez-Fontán | S-Band LMS propagation channel behaviour for different environments, degrees of shadowing and elevation angles[END_REF], [START_REF] Pérez-Fontán | Statistical Modelling of the LMS channel[END_REF], [START_REF] Prieto-Cerdeira | Versatile two-state land mobile satellite channel model with first application to DVB-SH analysis[END_REF], [START_REF] Carrié | A Generative MIMO Channel Model Encompassing Single Satellite and Satellite Diversity Cases[END_REF], [START_REF] Villacieros | Versatile Two State Model For Land Mobile Satellite Systems: Parameter Extraction And Time Series Synthesis[END_REF], [START_REF] Arndt | Extended Two-State Narrowband LMS Propagation Model for S-Band[END_REF], [START_REF] Lacoste | SISO and MIMO Enhanced 2-state Modelling of the Land Mobile Satellite Channel for Various Frequencies, Environnements and Elevation Angles[END_REF] and [START_REF] Rougerie | Mobile Satellite Propagation Channels for Ku and Ka band[END_REF]. Although the ITU-R Rec. P.681 model provides reliable results from the statistical distribution point of view, the spectrum part of the model (i.e. Doppler model) are unphysical in the case of LMS links as addressed in ITU-R P.681. For instance, the Jakes model, [2], and its derivatives are assuming a uniform scattering environment with multipath (MP) coming from the horizon (null elevation) within [-π; π] interval in the azimuth plan, which is not reliable for space application. More recent approaches introduced by Aulin [START_REF] Aulin | A Modified Model for the Fading signal at a Mobile Radio channel[END_REF], Parsons and Turkmani are based on 3D representations taking into account the elevation bias β. The two main issues with those approaches is that they all consider independent azimuth and elevation domains (elevation of incoming multipath is not related to its azimuth direction which is geometrically incorrect) and assume symmetrical domains (including negative elevations also geometrically incorrect). The symmetrical domains of angles impose a U shape symmetric spectrum model. However, recent experimentations demonstrate a high versatility of the possible Doppler spectrum shape, [START_REF] Ait-Ighil | Doppler Spectrum Measurements for Land Mobile Satellite Systems Around 2.2 GHz and 3.8 GHz[END_REF], where symmetry does not occur all the time. From a system point of view, the actual ITU-R Rec. P.681 does not reproduce well the second order statistic, as the time and / or bandwidth coherence. The goal of this document is to propose a new model which is consistent with space application, and which is able to reproduce correctly the mean Doppler spectrum in order to provide coherence time close to the ones observed in the measurement. The paper is organized as follow: the reference measurements and the final calibrated data will be presented in section II. Section III will present theoretically the proposed model, and section IV describes the model fit and validation. Finally, we will discuss our conclusions and future work in section V

II. MEASUREMENTS

For the band S and C, we use the collected data presented in [START_REF] Ait-Ighil | Doppler Spectrum Measurements for Land Mobile Satellite Systems Around 2.2 GHz and 3.8 GHz[END_REF]. The measurements have been carried out during autumn 2015 in Saint-Lary, France. Thanks to the presence of a high mountain overhanging Saint-Lary village and its valley, placing a transmitter on top of it permits to achieve 15 to 30° The receiving equipment was integrated into a trailer towed by a car. The trailer is furnished with three main pieces of equipment as presented in [START_REF] Ait-Ighil | Doppler Spectrum Measurements for Land Mobile Satellite Systems Around 2.2 GHz and 3.8 GHz[END_REF]. The RF part on the trailer rooftop is made of two sets of antennas for each frequency band, one dipole and one RHCP patch. The ancillary equipment is made of one Ladybug fish eye camera placed on the trailer rooftop delivering 360° images at 5 frames per second, one GPS receiver for precise positioning delivered at 1 Hz, and one wheel coder for precise distance tagging and precise speed recovering which delivered 2 12 ticks per turn.

Figure 1: Synoptic scheme of the receiving equipment

In order to analyse those measurements, a database of almost 20.000 Doppler spectrums have been computed from raw data and associated to metadata. The main element for each database entry is the Doppler spectrum. It is computed by integrating the raw data stream over a 0.5 s interval. This integration time is a trade-off between environment smoothing, which can still be assumed stationary over that range (the corresponding distance being around 6.5 m at 50 km/h), and frequency resolution, 2 Hz in this case. A calibration stage in post processing ensures the synchronization of all the equipment and corrects the bias and drift of the clock. Thus, calibrated spectrograms were finally provided for each trajectory, antenna and frequency. In Figure 2, a spectrogram example is plotted (with a Chebyshev window), where we observe a good coherency between the LOS trace in the spectrograms and geometrically computed LOS Doppler (dotted black line).

Figure 2: Example of spectrum over one trajectory

As we know receiver motion, we're able to remove the part of the spectrum where no Doppler spectrum occurs (if v<1 m/s).

Moreover, we normalized the spectrum between [-1,1] f d /f d,max as we know the maximum Doppler spread with f d,max = v/λ. (Figure 3). To develop the Doppler model, we start from the 3D model proposed by [START_REF] Aulin | A Modified Model for the Fading signal at a Mobile Radio channel[END_REF]. In a frame where O defines the receiver position at the time t, we assume N sources located at 𝑆 𝑛 as illustrated in Figure 6. Each source generates a planar wave with an elevation and azimuth respectively denoted 𝛽 𝑛 and 𝛼 𝑛 .

Figure 6: Doppler Spectrum geometry

Thus, the electric field, at the reduced frequency 𝜔 0 may be note as:

𝐸 𝑇 ⃗⃗⃗⃗⃗⃗ = ∑ 𝐸 𝑛 ⃗⃗⃗⃗⃗⃗ 𝑁 𝑛=1 exp(𝑗(𝜔 0 𝑡 -𝑘 𝑛 ⃗⃗⃗⃗ . 𝑂𝑆 𝑛 ⃗⃗⃗⃗⃗⃗⃗ + 𝜙 𝑛 )) (1) 
With 𝑘 𝑛 ⃗⃗⃗⃗ the wave vector of each planar waves, and 𝜙 𝑛 a random phase uniformly distributed. The scalar product may be express as:

𝑘 𝑛 ⃗⃗⃗⃗ . 𝑂𝑆 𝑛 ⃗⃗⃗⃗⃗⃗⃗ = 2𝜋 𝜆
(𝑥 𝑛 cos 𝛼 𝑛 cos 𝛽 𝑛 + 𝑦 𝑛 sin 𝛼 𝑛 cos 𝛽 𝑛 + 𝑧 𝑛 sin 𝛽 𝑛 ) (2)

where 𝑂𝑆 𝑛 ⃗⃗⃗⃗⃗⃗⃗ = [𝑥 𝑛 , 𝑦 𝑛 , 𝑧 𝑛 ] 𝑇 . With a translation of the receiver along the x axis between the point O and O' at the time t', the following vector may be express as 𝑂 ′ 𝑆 𝑛 ⃗⃗⃗⃗⃗⃗⃗⃗⃗ = [𝑥 𝑛 ′ , 𝑦 𝑛 , 𝑧 𝑛 ] 𝑇 . We can deduce the expression of the autocorrelation between the time t and t'(i.e. 𝑅 𝐸 (𝑡 -𝑡 ′ )) and we can simplify the expression as we know that 〈exp(𝑗(𝜙 𝑛 -𝜙 𝑚 ))〉 = 𝛿 𝑛,𝑚 due to the uniform distribution of 𝜙. Thus, the autocorrelation is given by Eq 3: [START_REF] Pérez-Fontán | S-Band LMS propagation channel behaviour for different environments, degrees of shadowing and elevation angles[END_REF] with 𝜉 the traveled distance during the time difference 𝜏 = 𝑡 -𝑡 ′ . Finally, we assume also that the multipath power satisfies : < 𝐸 𝑛 𝑡 ⃗⃗⃗⃗ 𝐸 𝑛 ⃗⃗⃗⃗ >= 𝜎 2 , ∀𝑛. At the end, we need to compute the Eq 3 in order to have access to the autocorrelation function.

𝑅 𝐸 = exp(𝑗𝜔 0 𝜏) ∑ 〈𝐸 𝑛 𝑡 ⃗⃗⃗⃗ 𝐸 𝑛 ⃗⃗⃗⃗ 〉 〈𝑒𝑥𝑝 ( 𝑗 2𝜋 𝜆 𝜉 cos(𝛼 𝑛 ) cos(𝛽 𝑛 ))〉 𝑁 𝑛=1 (3) 
To define the integration domain 𝑆 𝛼 and 𝑆 𝛽 , the proposed model is based on simple geometry representing a canonical scene. The proposed geometry is presented in Figure 7. The model is composed of two walls parallel to the receiver motion. The canonical scene is therefore defined by 3 parameters: L: the length of the walls, H: the height of the walls and W: the range between the two walls. We assume the MP contributions are coming from the walls. Thus, the integration domains 𝑆 𝛼 and 𝑆 𝛽 are directly link to the walls parameters [START_REF]Information document on a New doppler model for LMS channel model[END_REF]. In all the models, spectrum symmetry is assumed by the fact the multipath are uniformly distributed in azimuth around the receiver. However, the Doppler spectrum is not always symmetric as we can see in Figure 5. Thus, we decide to introduce dissymmetry in the spectrum, and we take into account an offset 𝛿 𝐿 in the receiver position respect to the walls positions (Figure 8).

Figure 8: Introduction of dissymmetry in the model

We can demonstrate the integration domain over α will depend of the W, L and δ L, [START_REF]Information document on a New doppler model for LMS channel model[END_REF]. Due to perspective effects, the maximum elevation is a function of the azimuth angle. Thus, the second integration domain is α dependent, [START_REF]Information document on a New doppler model for LMS channel model[END_REF]. The density probability 𝑝(𝛼, 𝛽) 𝑑𝛽𝑑𝛼 is defined with a physical approach. First, the probability density function is assumed uniform and is defined as the contribution of the elementary surface normalized by total scattering surface. As this integration has no analytical solution, we proceeded to a numerical resolution, and we introduce 𝛿𝛼 and𝛿𝛽, the meshing step of the integration (Figure 9). The normalized elementary surface is given by: )

𝑑𝑆 𝑛 (𝛼,
2

) (6)
To remain physically consistent, the propagation losses due to the distance R(α,β) separating the receiver from the elementary surface are introduced in the equations. Also, the n parameter applied of propagation losses due to distance can be tuned to take into account either spherical wave propagation (n=2), planar wave propagation (n=1) or no propagation at all (n=0).

𝑝(𝛼, 𝛽)𝑑𝛽𝑑𝛼 = 𝑝(𝛼, 𝛽)𝑑𝑆 𝑛 (𝛼, 𝛽, 𝛿𝛼, 𝛿𝛽) = 𝑑𝑆 𝑛 (𝛼,𝛽,𝛿𝛼,𝛿𝛽)

4𝜋𝑅(𝛼,𝛽) 𝑛 (7) 
The spectrum is obtained with a simple Fourier transform𝑆 𝐸 (𝑓, 𝐿, 𝐻, 𝐿, 𝛿 𝐿 , 𝑛) = 𝐹𝑇𝑇 𝜉 (𝑅 𝐸 (𝜉, 𝐿, 𝐻, 𝐿, 𝛿 𝐿 , 𝑛)). In the Figure 10, we present possible spectrum shapes with this model when δ L = 0 (i.e. symmetric spectrum). As we can see, we can have spectrums with U shape, but with slope on the spectrum border more or less smooth. The model may also propose a shape almost flat. The impact of δ L is illustrated in the Figure 10 (down right), where dissymmetry occurs. 

This criterion represents how well the model fits the experimental Doppler (or autocorrelation) shape, but does not provide information from an user point of view. Several other criteria were tested in simulation, such as the Level Crossing Rate, the Fade Duration and the Time coherence of the channel. Only the channel time coherence was impacted by the Doppler spectrum shape from our analysis, [START_REF]Information document on a New doppler model for LMS channel model[END_REF]. Indeed, the coherence bandwidth is directly conditioned by the shape of the autocorrelation function, as it is defined by

|𝑅 𝐸 (𝑇𝑐)| > 1 √2
. Thus, we have to find an optimization way of the Doppler spectrum parameters which provides the best tradeoff between the Doppler spectrum shape and coherence time. To do so, we propose the following optimization function, which is the RMSE of the weighted autocorrelation function. 

In the Figure 11 and Figure 12, we compare respectively the spectrum and the autocorrelation function on an example of the dataset with 3 spectrum models: the Jakes spectrum, Butterworth spectrum and the proposed model. The proposed model is tagged as "Model 1" when we force δ L =0, and "Model 2" when δ L is free in order to investigate the impact of this parameter. We can see that the proposed model improves the fit of the experimental spectrum and autocorrelation function in this example. The Table 1 provides the RMSE over all the trajectories and here again the proposed model gives the best performance. Note that when δ L is free, the RMSE is a little bit improved. We propose to optimize only the mean Doppler spectrum but it is also possible to improve the instantaneous spectrum shape thanks to the large versatility of this model, [START_REF]Information document on a New doppler model for LMS channel model[END_REF]. Several strategies can be followed in order to update the ITU-R P681 recommendation. A first approach is to assume a mean spectrum approach: the spectrum shape is constant during all the time series generation. If this solution is selected, only spectrum parameters may be added in the recommendation for each set of frequencies / environments (the Sum of Sinusoid methodology is used to generate time series based on every kind of Doppler spectrum shape). In a second approach where the instantaneous Doppler shape is needed, we have to propose a set of spectrum parameters for each frequency / environment. However, the way to update these parameters during simulation should be defined and validated. 

V. CONCLUSIONS

The goal of this document is to propose a new Doppler spectrum model which is reliable with space applications for the ITU-R P.681. The proposed model have been fitted and validated with measurement collected in Saint-Lary, France, [START_REF] Ait-Ighil | Doppler Spectrum Measurements for Land Mobile Satellite Systems Around 2.2 GHz and 3.8 GHz[END_REF]. We observed an improvement with respect to the classical model (Jakes, Butterworth) based on two criteria: the RMSE of the spectrum and the autocorrelation, a "physical criterion" which give information of how well the model fit the experimental spectrums. The second one is a system criterion (coherence time delay). The Doppler spectrum modelling approaches can be considered in different ways. Here, we focus only on the mean spectrum shape and spectrum model parameters have been optimized for each set of frequencies / environments associated to the ITU-R P.681. However, instantaneous Doppler spectrum models may be proposed but in this case, the way to define the spectrum model parameters is much more complex and requires additional work.

Figure 3 :

 3 Figure 3: Remove portion without Doppler spectrum (left), and normalization to maximum Doppler spread (right) As we're interested in the Doppler spectrum measurement due to multipath, the last processing is a LOS blanking shown in Figure 4.

Figure 4 :

 4 Figure 4: LOS blanking in the spectrum Finally, we propose at each sampling time an instantaneous estimation of the Doppler multipath spectrum, denote𝑆 ̂𝐸𝑥𝑝 (𝑓, 𝑡). From this spectrum, we can compute the mean Doppler spectrum for each trajectory / frequency / antenna. An example of mean Doppler spectrum is presented in Figure 5.

Figure 5 :

 5 Figure 5: Example of mean Doppler spectrum, S band, Dipole antenna, trajectory 2

Figure 7 :

 7 Figure 7: Proposed Doppler model geometryThe model is composed of two walls parallel to the receiver motion. The canonical scene is therefore defined by 3 parameters: L: the length of the walls, H: the height of the walls and W: the range between the two walls. We assume the MP contributions are coming from the walls. Thus, the integration domains 𝑆 𝛼 and 𝑆 𝛽 are directly link to the walls parameters[START_REF]Information document on a New doppler model for LMS channel model[END_REF]. In all the models, spectrum symmetry is assumed by the fact the multipath are uniformly distributed in azimuth around the receiver. However, the Doppler spectrum is not always symmetric as we can see in Figure5. Thus, we decide to introduce dissymmetry in the spectrum, and we take into account an offset 𝛿 𝐿 in the receiver position respect to the walls positions (Figure8).

Figure 9 :

 9 Figure 9: Elementary surface illustration 𝒅𝑺(𝜶, 𝜷, 𝜹𝜶, 𝜹𝜷)

Figure 10 :

 10 Figure 10: Examples of possible Doppler spectrum shape with δ L =0, up left, W=2, L=2, spectrum function of H, up right, W=2, H=2, spectrum function of L, down left L=2, H=2, spectrum function of W. down right, L=2, H=2,W=2, spectrum function of δ L

(

  𝐿 ̂, 𝐻 ̂, 𝐿 ̂, 𝛿 𝐿 ̂, 𝑛 ̂) = arg min ( 1 ∫|𝑅 ̂𝐸𝑥𝑝 (𝜉)|𝑑𝜉 ∫|𝑅 ̂𝐸𝑥𝑝 (𝜉) -𝑅 𝐸 (𝜉, 𝐿, 𝐻, 𝐿, 𝛿 𝐿 , 𝑛)| 2 |𝑅 ̂𝐸𝑥𝑝 (𝜉)|𝑑𝜉)

Figure 11 :Figure 12 :

 1112 Figure 11: Experimental mean Doppler spectrum vs Doppler spectrum models

  𝛽, 𝛿𝛼, 𝛿𝛽) =

						∫ 𝑆 𝛼 (𝑊,𝐿)	𝑑𝑆(𝛼,𝛽,𝛿𝛼,𝛿𝛽) 𝑆 𝛽 (𝛼,𝑊,𝐻) ∫ 𝑑𝑆(𝛼,𝛽,𝛿𝛼,𝛿𝛽)𝑑𝛼𝑑𝛽	(5)
	With											
	𝑑𝑆(𝛼, 𝛽, 𝛿𝛼, 𝛿𝛽) =	𝑊 2 4 sin 𝛼	(tan (𝛽 +	𝛿𝛽 2	) -tan (𝛽 -	𝛿𝛽 2	))
								2				
	* √((	1 tan(𝛼+ 𝛿𝛼 2	)	-	1 tan(𝛼-𝛿𝛼 2	) )	+ (	tan 𝛽 sin(𝛼+ 𝛿𝛼 2	)	-	tan 𝛽 sin(𝛼-𝛿𝛼 2	)

Table 1 : Autocorrelation RMSE for all trajectories and models

 1 

		Jake	Butterworth	Model 1	Model 2
	S / RHCP /	0.65	0.16	0.13	0.1
	Traj 1				
	S / RHCP /	0.67	0.17	0.153	0.15
	Traj 2				
	S / Dipole /	0.62	0.31	0.18	0.13
	Traj 1				
	S / Dipole /	0.62	0.28	0.18	0.13
	Traj 2				
	C / RHCP /	0.57	0.33	0.17	.013
	Traj 1				
	C / RHCP /	0.6	0.24	0.16	0.15
	Traj 2				
	C / Dipole /	0.56	0.34	0.2	0.16
	Traj 1				
	C / Dipole /	0.62	0.3	0.18	0.17
	Traj 2				
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