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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, 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. In [1], new measurements at 20 GHz have been performed, especially in railway and highway environments. This paper will present the results of the processing of the data collected in [1], and in particular the improvement of the ITU-R Rec. P.681 which will now handle railway and highway environments. Moreover, a discussion is done on the wideband behavior of satellite channel for such frequency.

INTRODUCTION

The design and assessment of air interfaces for modern Land Mobile Satellite Systems (LMSS) require the use of reference generative propagation channel models (generative meaning that they are able to generate time series of the channel complex envelope). Among possible generative modeling approaches, the empirical stochastic one has been widely used in the past. Indeed, it generally requires few input parameters and it is very efficient in terms of computation time. For instance, the 3-state Markov chain approach for SISO (Single Input, Single Output) links presented in [START_REF] Pérez-Fontán | S-Band LMS propagation channel behaviour for different environments, degrees of shadowing and elevation angles[END_REF] and [START_REF] Pérez-Fontán | Statistical Modelling of the LMS channel[END_REF] was used by the TM-SSP DVB group. Recently, a slightly more complex model, the so-called enhanced 2-state SISO model, has been developed. A first version was published in [START_REF] Prieto-Cerdeira | Versatile two-state land mobile satellite channel model with first application to DVB-SH analysis[END_REF], still based on the same experimental datasets as the 3-state Markov (with measurements carried out in the 90's). Then, upgraded versions of the enhanced 2-state model ( [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] and [START_REF] Arndt | Extended Two-State Narrowband LMS Propagation Model for S-Band[END_REF]) have been developed using recent L-band, S-band and C-band experiments with better dynamic ranges and/or longer travelled distances [START_REF] Carrié | A Generative MIMO Channel Model Encompassing Single Satellite and Satellite Diversity Cases[END_REF], [START_REF] Heyn | Mobile Satellite Channel with Angle Diversity: the MiLADY Project[END_REF]. In 2011 and 2012, the French Space Agency (CNES) has carried out new measurements at 2.2 GHz and 3.8 GHz for various elevation angles, environments and antennas configurations. These new experimental datasets have been used to slightly improve the enhanced 2-state model presented in [START_REF] Carrié | A Generative MIMO Channel Model Encompassing Single Satellite and Satellite Diversity Cases[END_REF] and [START_REF] Villacieros | Versatile Two State Model For Land Mobile Satellite Systems: Parameter Extraction And Time Series Synthesis[END_REF] and to parameterize it completely between 1 and 5 GHz. Since dual polarization MIMO configurations were included in these experiments, the SISO model has been extended to a MIMO version. This MIMO extension is an upgrade of the approach presented in [START_REF] Carrié | A Generative MIMO Channel Model Encompassing Single Satellite and Satellite Diversity Cases[END_REF]. More recently, in [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], additional features were introduced and verification of the semi-Markov 2-state SISO and dualpolarised MIMO channel models has been carried out. These new features (confidence intervals for some of the stochastic parameters, improved Doppler spectrum shaping) were optimized based on the experimental database collected by CNES in 2012. This first group of activities addressed mainly the 1 to 5 GHz frequency band.

In [START_REF] Rougerie | Mobile Satellite Propagation Channels for Ku and Ka band[END_REF], an extension to the Ku-and Ka-band is presented based on data collected at 11.7 GHz by DLR in Munich and data collected at 17.6 GHz by ESA. After data processing, only data collected at 11.7 GHz in suburban and rural environments have been used for the model update [START_REF] Rougerie | Mobile Satellite Propagation Channels for Ku and Ka band[END_REF]. The other datasets suffer from limited dynamic range (highway and urban at 11.7 GHz), to high sampling resolution (> λ) and poor Line-Of-Sight (LOS) calibration. Consequently, it was preferred not to compute the model input parameters from these data since the fitting would be impaired by this "saturation" effect or the bad sampling rate. However, for the same environment, the 17.6 GHz and 11.7 GHz Cumulative Distribution Function (CDF) have been compared and have similar shapes. Thus, the first conclusion was to extend the model validity to 20 GHz, although the direct model inversion has been done with the 11.7 GHz data.

In order to provide a more reliable model at Ka-band, new datasets at 20 GHz have been collected [START_REF] Rougerie | Concurent Ka band RF measurement and Fish-eye Images for Land Mobile Satellite Propagation Channel[END_REF]. New environments are available in these datasets such as the train and highway environments. Wideband information may also be extracted from these data.

The aim of this paper is to present the processing results of data collected in [START_REF] Rougerie | Concurent Ka band RF measurement and Fish-eye Images for Land Mobile Satellite Propagation Channel[END_REF]. At the end, an improvement of the ITU-R Rec. P.681 is proposed (with the introduction of news environments), and a discussion on wideband behavior of LMS channel is done. The section II is a review of the ITU-R Rec. P.681 narrow band model. The section III focus on the calibration of the dataset at 20GHz [START_REF] Rougerie | Concurent Ka band RF measurement and Fish-eye Images for Land Mobile Satellite Propagation Channel[END_REF]. The section IV will focus on the ITU-R Rec. P.681 improvement. The discussion on wideband effect will be done in section V, and section VI presents our conclusions and further work.

II. REVIEW AND IMPROVEMENT OF THE 2-STATE ENHANCED MODEL

This model is fully described in the ITU-R P681 section [11]. The LMS propagation environments can be rural, wooded, urban, suburban, and thus it is a mixture of different propagation conditions. The Cumulative Distribution Function (CDF) of signal levels in such mixed conditions can be modelled by the enhanced 2-state semi-Markov model which is composed of a GOOD state, including slightly shadowed conditions, and a BAD state, including more severe shadowed conditions (Figure 1).

Figure 1: Sate semi-Markov chan approach [11]

The duration of each state is considered to be log-normally distributed, where the mean and the standard deviation may be tuned for each state: (µ i , σ i ), with i = Good or i = Bad. The amplitude of the channel complex envelope in the Good and Bad states may be modelled by a set of Loo distributions. The Loo distribution considers that the received signal is the sum of two components: the direct path signal and the diffuse multipath. The distribution is therefore defined by the Loo triplet parameters (M Ai , Σ Ai , MP i ), respectively the mean of the direct signal, the standard deviation of the direct signal and the mean of the multipath. The average direct path amplitude M Ai is assumed 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, [11]. Between a GOOD and BAD event, a stochastic transition length L trans , i may be introduced. It depends on the [11]. Finally, probability ranges in the distributions may be tune in order to dismiss unrealistic values. The confidence intervals of M Ai in GOOD and BAD have been considered as freedom degrees in order to improve the data fit, [11]. For the state events duration (log-normal distribution), once again, the distribution range may be tuned with a minimum event length considered for each state, [11]. Finally, the input parameters which have to be optimized for both the statistical and generative versions of the channel model are summarized in the Table 1. We remind that the recommendation ITU-R P681 provides a set of the parameters as a function the frequency, elevation and environment, [11]. we remind here the main informations:  The RF data were collected at 20 GHz, with a C/N0 of 80dBHz. The sampling frequency was 1 MHz, which allows a space sampling much smaller than λ/6 (necessary criterion for model inversion). Here, we use the Ka Gilat on the move antenna.  All the RF data were synchronized to GPS data (Ublox V8 and Septentrio PolaRx6), and wheel encoder data.  "Ladybug 5" camera was used, which provides 360° images. These images were synchronizes to the RF data. Example of images collected in highway, suburban and railway environment were presented in Figure 1.  A huge amount of data have been collected in highway, suburban, urban and train environments (in collaboration with the French railway company SNCF). Table 2 summaries all the available data.  Wideband model have been collected with a 20 MHz bandwidth. For the calibration of the data, the first step is to find the clear sky condition in order to estimate the LOS incoming power. Then, we can provide a first level of calibration of the time series as we can see in Figure 2 (red curve). However, two phenomena are still present on the times series which are not related to the propagation: a high and low frequency effect. The high frequency effect, illustrated in Figure 3, is fast oscillations with a 1 Hz rate and 0.5 dB of dynamic. This phenomenon is due to the pointing antenna system which constantly tracks the satellite (thanks to inertial system). For the reception of Ka signal from satellite, very directive antenna with tracking system is necessary due to the poor link budget. Thus we decided to keep this phenomenon as this effect is a part of the global satellite-earth channel. The low frequency effect, presented in Figure 4, is oscillations with a 0.1 Hz rate and 5 dB of dynamic. This effect is due to gain fluctuation in the total reception chain, or bias in the pointing system of the antenna. This phenomenon is much more problematic for our propagation analysis and must be removed. To do so, we use a low pass filter (Butterworth filter, order 2 with a 0.2 Hz cut off frequency) in order to extract a template of this effect, and we subtract this template to the time series. This is the second level of calibration. The final calibration result is presented in Figure 2 (blue curve). The second calibration step aims at compensating a possible clock drift. Indeed, the all the reception set up is driven by GPS and thus, the clock is constantly readjusted [START_REF] Rougerie | Concurent Ka band RF measurement and Fish-eye Images for Land Mobile Satellite Propagation Channel[END_REF]. However, the transmission set up is not driven by GPS, and clock drift may occur as we can see in Figure 5. This effect can be seen clearing in the railway campaing where the train stops after a 2 hours course, at which point the observed Doppler frequency should be null but is in practice around -200 HZ. To compensate this effect, the matching algorithm presented in [12] is applied. After the clock calibration, spectrogram and geometrical computed LOS Doppler were aligned as shown in Figure 6. As there are 2 trajectories for each environment (Table 2), we can compare the power CDF for a same environment. In Figure 7, we plot the CDF associated to the two trajectories for highway and suburban environment. We can see that both CDF are similar, which assure the statistical consistency of the measurement. A similar example is also available in [START_REF] Rougerie | Concurent Ka band RF measurement and Fish-eye Images for Land Mobile Satellite Propagation Channel[END_REF] for railway environment. With the calibrated time series, we can now proceed to the extraction of parameters of the ITU-R P681 (presented in Table 1). A fascicle, annexed to the ITU-R P681, provides a step-by-step method to extract channel model parameters from experimental data [START_REF]Guidelines for parameter extraction and testing of Land Mobile Satellite narrowband channel models[END_REF]. The comparison of experimental and synthetic statistics for all the environments is shown on Figure 8 (total attenuation) and Figure 9 (fade duration). Simulated and experimental CDF are very close. Moreover, fitted performances criteria were propose in [START_REF]Guidelines for parameter extraction and testing of Land Mobile Satellite narrowband channel models[END_REF]. The Root Mean Square (RMS) of absolute CDF difference of Fading Margin (Err_FM), Average Fade Duration (Err_AFD), and Rice factor (Err_K). These parameters must be smaller than three thresholds in order to accept the input parameters. The thresholds are Err_FM ≤ 2dB, Err_AFD ≤ 1 m and ERR_K ≤ resolution_K (Synthetic Rice factor series computed by applying the Method of Moments on the synthetic power time series). The Table 3 shows these criteria which respect the above criteria. Finally, Table 4 gives all the parameters of the ITU-R P681 at 20 GHz for suburban, highway, urban and train environment. 

M A,i values difference M A,i = |M A,i GOOD -M A,i BAD |,

Table 1 :

 1 input data of the model [11] Parameter Description (µ,)G,B Mean and standard deviation of the log-normal law assumed for events duration(meters) durminG,B Minimum possible events duration (meters) (μMaG,B, σMaG,B) 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 1 st order polynomial for each state), (dB) ΣA,G,B = g1G,BMA+g2G,B Standard deviation of A,ΣA,G,B ,(one 1 st order polynomial for each state) LcorrG,B* Direct path amplitude correlation distance (meters) f1ΔMA+f2 Transition length, Ltrans ,(one single 1 st order polynomial), (meters) [pB,min , pB,max] Probability range to consider for the MA B distribution III. DATASET PRESENTATION AND MAIN CALIBRATON STEPS Mobil experimental campaigns have been lead in France in April 2017. All the experimental set up were presented in [1],
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 1 Figure 1: 360° images, collected in highway (up left), suburban (up right) and railway (bottom center) environments
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 234 Figure 2: Example of time after the first level of calibration (red) and second level of calibration (blue)
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 5 Figure 5: Example of clock drift effect after 2 hours of me measurement.
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 6 Figure 6: Example of spectrogram and geometrical LOS after calibration clock drift calibration
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 7 Figure 7: CDF for highway (left) and Suburban (right) environment

Figure 8 :Figure 9 :

 89 Figure 8: Comparison between total attenuation CDF from the measurements, and the ones from the ITU-R P681. Up left: suburban, up right: highway, down left: urban, down right: train

Table 2 : Overview of the collected narrow band data on the road
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		RF time	Navigation tools
	HighWay	2 x 50 min	Classical GNSS receivers+
		(~2 x 60 km)	wheel encoder
	Sub-urban	2x 50 min	Classical GNSS receivers+
		(~2 x 40 km)	wheel encoder
	Urban	2 x 50 min	Classical GNSS receivers+
		(~2 x 10 km)	wheel encoder+ INS (GBOX)
	Train	2 x 3h	Classical GNSS
		(~2 x 145 km)	receivers+INS (SPAN
			Novatel and GBOX)

Table 3 : RMS error in the fitted criteria
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	RMS error	Suburban	Highway	Urban	Train
	CDF attenuation (dB)	0.40	0.93	1.54	0.85
	Fade margin (m)	0.57	0.70	0.87	0.53
	K factor error	5.14	3.79	7.98	3.91
	K resolution	5.76	5.55	5.38	2.28
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Although all the criteria were respected, we should note the behavior of LMS channel at Ka band is significantly different than the behavior at S or C band. The main raison is essentially due to the antenna pattern: where quasi omnidirectional antenna can be used at S or C band for satellite channel, only directive antenna can be used at Ka band. Thus, the transitions GOOD/BAD are much sharper at Ka band, and the attenuation much deeper. To reproduce these effects, the model parameters are turned to extreme values, with variance close to 0 as we can see in Table 4. In other word, although the performances are reliable from a statistical point of view, the stochastic approaches start to be limited for such frequency and physic / statistic model should certainly be used for upper band.

V. WIDEBAND DISCUSSION

Wideband analyses of the data have been performed. Here, we estimate the Doppler spread and time coherence in the 4 environments. The main idea is to investigate possible channel selectivity. The Table 5 presents statistics of these both parameters for each environment.

Table 5 Statistics extracted from the Athena-Fidus signal. 1% and 10% worst and most impacting values are given.

The Doppler spread is less than 5Hz regardless of the environment, which is the order of magnitude of observations made previously in Ku band, [START_REF] Scalise | Measurement and Modeling of the Land Mobile Satellite Channel at Ku-Band[END_REF]. It shows that for Ka bands and due to the antenna directivity, the propagation channel exhibits no significant frequency selectivity and only the fading is important.

VI. CONCLUSIONS

This paper concludes our narrow band LMS model effort at 20 GHz. After mobile measurement done in April 2016 [START_REF] Rougerie | Concurent Ka band RF measurement and Fish-eye Images for Land Mobile Satellite Propagation Channel[END_REF], we present here the results of the data processing and the future update of the recommendation ITU-R P681. Now, four environments have been added in the recommendation at 20 GHz: suburban, urban, highway and railway.

From the processing of the data, we can see that the antenna pattern (inevitably a very directive antenna for LMS channel) strongly impacts the behavior of the channel. In a first hand, very sharp fluctuations of the attenuation stretched the stochastic approach to its limits, leading to extreme model parameters values. The fitted parameters performances show that the model is still relevant for Ka band, but physic / statistic approach may be used for upper band. In a second hand, few multipaths may be catch by the antenna and thus the LMS channel is not selective for Ka band.