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In 2019, new methods to synthesize time series of single-site and multi-site tropospheric impairments on Earth-space paths have been adopted by ITU-R Study Group 3 in Recommendation ITU-R P.1853-2. However, these methods are only applicable in the case of a Geostationary Earth Orbit (GEO). As the deployment of multimedia services from Low-Earth Orbit (LEO) or Medium Earth Orbit (MEO) satellites constellations is gathering momentum worldwide, the access to simple attenuation and tropospheric scintillation time series synthesizers for Non-Geostationary Earth Orbit (NGEO) applications appears to become critical. This paper presents an adaptation of the recommendation ITU-R P.1853-2 to a NGEO link in single site configuration using elevation-dependent parameters to parameterize the statistical distribution of attenuation for time series generation.

INTRODUCTION

The influence of the propagation channel on Earth-Space links has been intensively investigated in the last three decades using Ku-and Ka-bands experimental data. The processed data from these measurements play a key role in the knowledge of the propagation channel at Ka-and Q-bands over Europe. They allow statistical results to be generated in order to improve propagation models [1]. These data also allow channel models (in particular time series synthesizers [START_REF]Time Series synthesis of troposheric impairments[END_REF], [START_REF] Jeannin | A large scale space-time stochastic simulation tool of rain attenuation for the design and optimization of adaptive satellite communication systems operating between 10 and 50 GHz[END_REF]) to be developed and improved. In particular, a new simple total attenuation time series synthesizer correlated in space has been proposed to ITU-R SG3 for the GEO cases ( [START_REF]Time Series synthesis of troposheric impairments[END_REF] and [START_REF]Tropospheric Impairments Time Series Synthesizers in Recommendation ITU-R P.1853[END_REF]) and adopted in 2019.

As the deployment of multimedia services from Low-Earth Orbit (LEO) or Medium Earth Orbit (MEO) satellites constellations is gathering momentum worldwide, the access to simple total attenuation and tropospheric scintillation time series synthesizers for NGEO applications and in particular for LEO and MEO appears to become critical [START_REF]ITU-R SG3[END_REF]. The objective of this paper is to present an improvement of Recommendation ITU-R P.1853-2 [START_REF]Time Series synthesis of troposheric impairments[END_REF] for LEO and MEO configurations in single site configuration.

Section II of this paper presents the chosen parameterization of the distribution of attenuation used in this model. Section III provides simulation results for different time scales and a short statistical analysis.

II. DESCRIPTION OF THE MODEL

A. Parameterization approach

The motion of NGEO satellites induces a variation in time of elevation and azimuth angles. To take into account these variations, the proposed method investigates the use of elevation-dependent parameters to parameterize the statistical distribution of attenuation. This parameterization is analytic in the cases of the attenuation due to oxygen, water vapour, cloud and for tropospheric scintillation. However, as far as rain attenuation is concerned, no analytical parameterization was found. Thus, a precomputation of distribution parameters for different angles and a linear interpolation of these parameters at the desired angle is used to compute rain attenuation. The following paragraphs in this section present the chosen parameterization for each component of the total attenuation.

B. Oxygen attenuation

The dependence of oxygen attenuation on elevation angle appears in Rec. ITU-R P.676-12 [START_REF]Attenuation by atmospheric gases and related effects[END_REF]. It converts the surface temperature, the surface total pressure, and the surface water vapour density into oxygen equivalent height hO and into oxygen specific attenuation γO. Then, the oxygen attenuation, AO, at a given elevation angle, θ, is given by:

𝐴 𝑂 (𝜃) = ℎ 𝑂 •𝛾 𝑂 sin 𝜃 (1)
Thus, the method can be straightforwardly applied with variable elevation angles.

C. Water vapour attenuation

Recommendation ITU-R P.676-12 gives the relationship between water vapour attenuation AWV and elevation angle 𝜃:

𝐴 𝑊𝑉 (𝜃) = 𝐴 𝑊𝑉 (𝜃=90°) sin 𝜃 (2) 
According to Rec. ITU-R P.1853-2, attenuation due to water vapour is following a Weibull distribution with scale parameter, λ, and shape parameter, k. Consequently, for a given elevation angle, 𝜃, the complementary cumulative distribution function (CCDF) of the water vapour attenuation can be written as:

𝑃(𝐴 𝑊𝑉 (𝜃) > 𝐴 𝑊𝑉 * ) = 𝑃 𝑊𝑉 = 𝑒 -(𝐴 𝑊𝑉 * /𝜆) 𝑘 (3) (3) leads to: ln(𝐴 𝑊𝑉 (𝜃)) = 1 𝑘 ln(-ln(𝑃 𝑊𝑉 )) + ln(𝜆) (4) 
Thus, ( 2) and ( 4) give:

ln(𝐴 𝑊𝑉 (𝜃 = 90°)) = 1 𝑘 ln(-ln(𝑃 𝑊𝑉 )) + ln(𝜆 sin 𝜃)

(5) Solving ( 4) and ( 5) gives:

{ 𝑘 = 𝑘(𝜃 = 90°) 𝜆 = 𝜆(𝜃=90°) sin 𝜃 (6) 
Thus, to take into account the change in elevation angle in the water vapour attenuation distribution function, first, the Weibull shape and scale parameters, k and λ, must be computed at zenith and then ( 6) must be applied. An example of application is given in Fig. 1 with the computation on the average annual water vapour CCDF in Toulouse (France) for different elevation angles. It shows a perfect agreement between the attenuation CCDF given by recommendation ITU-R P. 676-12 and the one derived from the distribution parameters calculated with (6). ) 𝜎 𝐶 = 𝜎 𝐼𝐿𝑊𝐶 𝑃 𝐶 = 𝑃 𝐼𝐿𝑊𝐶 [START_REF]Propagation data and prediction methods required for the design of Earthspace telecommunication systems[END_REF] where mILWC, σILWC, and PILWC are the mixed Dirac-Lognormal distribution parameters of ILWC given in Recommendation ITU-R P.840-8 [START_REF]Attenuation due to clouds and fog[END_REF]. Kl is the cloud liquid water specific attenuation coefficient which must be computed for a temperature of 0°C and the frequency of interest. This relation can then be directly applied with a variable elevation angle.

E. Rain attenuation

Contrary to the other attenuation contributions, no analytical parameterization of rain attenuation distribution parameters has been found. The chosen option to calculate rain attenuation is the precomputation of the log-normal rain attenuation distribution parameter mR and σR for different elevation angles at the desired location and frequency, and then, the use of linear regression. Different samplings of elevation angles are possible, but given the simulation time, 1 degree resolution seems to be a good compromise between accuracy and computation time. As shown in Fig. 2 for different elevation angles, this solution remains accurate and is frequency and polarization independent. Absolute errors of this method with regard to Recommendation ITU-R P.618-13 [START_REF]Propagation data and prediction methods required for the design of Earthspace telecommunication systems[END_REF] have been computed worldwide at 20 GHz for different elevation angle (30°, 45° and 90°) and probability of attenuation (0.01%, 0.05% and 0.1%) with a step of 1 degree of resolution in latitude and longitude. The mean error remains lower than 2 dB, which is acceptable.

F. Scintillation

The dependence of scintillation on elevation angle is described in Recommendation ITU-R P.618-13. It provides a model for the mean standard deviation of the scintillation at elevation angles greater than or equal to 5 degrees based on the median value of the wet component of the refractivity. This analytical formula can be directly applied with variable angle.

III. TIME SERIES AND STATISTICAL ANALYSES

A. Elevation time series of the satellite

To compute the evolution of the state of the link between a LEO or MEO satellite and a ground station the evaluation of its geometrical characteristics is needed. The temporal evolution of azimuth and elevation of the link requires the knowledge of the trajectory of the satellite during the simulation duration and more specifically of the ground track of the satellite and of its height. The trajectory of the satellite can be deduced from its orbital parameters, considering ideal Kepler orbits. Knowing the description of the orbital parameters at a given time allows the complete description of the ground track of the satellite and the elevation and azimuth of the link can be calculated.

B. Zoom on one path of generated data

Time series have been generated for a link between Toulouse and an O3b like satellite at 20.2 GHz. Fig. 3 and Fig. 4 show a zoom on one pass of the satellite during a rain event. Total impairments are presented in Fig. 3 but only scintillation in Fig. 4. As expected, total attenuation and scintillation increase when elevation angle decreased. 

C. One year of time series for each composant

One year of time series has been computed with a time sampling of 1 second. Fig. 5 to Fig. 9 show respectively one-year of oxygen, water vapour, cloud, rain and total attenuation series for a link between Toulouse and an O3b like satellite at 20.2 GHz. where 𝑃(𝜃 = 𝜃 * ) is the PDF of elevation angles and 𝑢(𝜃 * ) = 𝑃(𝐴 𝐴 * |𝜃 = 𝜃 * ) the attenuation CCDF at a given angle. In this formula, it is assumed that the sum of the CCDF of each component is the CCDF of the total path, which is not the case in practice, even with an infinite simulation time. However, it remains a good approximation of the total CCDF.

As expected, Fig. 10 shows that both CCDF are very close for the simulated link. With a longer period of simulation, the CCDF of the time series should be closer to the theoretical one, but still different. 

IV. CONCLUSION

A parameterization of Rec. ITU-R P.1853-2 for NGEO applications has been proposed in this paper. In particular, information about the analytical parameterization of oxygen, cloud and water vapour distribution has been provided. For rain attenuation, a method using interpolation after some pre-calculations has been proposed for the NGEO case. Examples of simulations with a MEO satellite (O3b) on Toulouse have been shown for different time scales. The CCDF of the generated time series has been compared with the theoretical one and shows a good agreement.

Future work will focus on the formulation of temporal and spatial correlation functions depending on the satellite orbit. This work may lead to a contribution to the next meeting of ITU-R Working Party 3J.
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 1 Fig. 1. Average annual water vapour attenuation CCDF for different elevation angle given by Rec. ITU-R P. 676-12 (straight lines) and the one given by the best Weibull regression (cross) and with the analytic formula of distribution parameters (dotted lines).
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 2 Fig. 2. Average annual rainfall attenuation CCDF in Toulouse given by Rec. ITU-R P.618-13 (straight lines) and model approximation with pre-computation and linear regression (dashed lines).

Fig. 3 .

 3 Fig. 3. Time series of rain attenuation (deep blue), cloud attenuation (light blue), water vapour attenuation (green), oxygen attenuation (red) and total attenuation (black) between an O3b like satellite at 20.2 GHz and a ground station in Toulouse during one path.
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 4 Fig. 4. Scintillation and elevation time series on the same link between an O3b like satellite at 20.2 GHz and a ground station in Toulouse during one path.

Fig. 5 .

 5 Fig. 5. One-year oxygen attenuation time series for a link between Toulouse and an O3b like satellite at 20.2 GHz.
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 7 Fig. 7. One-year cloud attenuation time series for a link between Toulouse and an O3b like satellite at 20.2 GHz.

Fig. 8 .

 8 Fig. 8. One-year rain attenuation time series for a link between Toulouse and an O3b like satellite at 20.2 GHz.

Fig. 9 .

 9 Fig. 9. One-year total attenuation time series for a link between Toulouse and an O3b like satellite at 20.2 GHz.

Fig. 10 .

 10 Fig. 10. Comparison of the theoretical total attenuation CCDF given by Rec. ITU-R P.618-13 (orange) and the one calculated with the generated time series (blue) for links between Toulouse and an O3b like satellite at 20.2 GHz.