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METEOSAT THIRD GENERATION (MTG) MISSION DATA ACQUISITION KA BAND SITE DIVERSITY MEASUREMENT

EUMETSAT and ONERA are conducting a Ka-band site diversity propagation experiment using the 27.5 GHz beacon of the EUTLSAT KA-SAT satellite. The beacon signal is received from the Lario (Italy) and Leuk (Switzerland) Space Centers which are the premises of the Mission Data Acquisition Facility (MDAF) of the Meteosat Third Generation (MTG) System. The main goal of this propagation experiment is to confirm that the two locations benefit from the strong spatial decorrelation of the rain processes (or rain cells) but also to briefly investigate the performances of the Recommendation ITU-R P.618-13 which proposes rain attenuation and site diversity prediction methods.

INTRODUCTION

The mission of the Meteosat Third Generation (MTG) System is to provide continuous high spatial, spectral and temporal resolution observations and geophysical parameters of the Earth /Atmosphere System derived from direct measurements of its emitted and reflected radiation using satellite based sensors from the geostationary orbit. In order to achieve this, the MTG Space Segment in its fully deployed configuration consists of three in-orbit satellites -two MTG-Imager (MTG-I) and one MTG-Sounder (MTG-S). The Space Segment is supported by a Ground Segment (GS) which acquires data from the satellites, generates, archives and distributes the products. As facility of the GS, the Mission Data Acquisition Facility (MDAF) will provide the interface between the MTG Space Segment and the Mission and Control Centre (MCC) located at the EUMETSAT HQ in Darmstadt for the Ka-Band Payload Data. The MDAF will receive the Ka-Band signal from MTG-I and MTG-S satellites and then, after down-conversion, demodulation and consolidation, will transfer the Payload Data to the other Facilities of the MTG Ground Segment. Considering that Ka-band performances are affected by the atmospheric conditions (mainly attenuation caused by rain), the MDAF configuration foresees a site diversity scheme with two MDA stations (MDA1 and MDA2) located at two different sites. As baseline, the MDA Facility (MDAF) is mainly composed by:

• The MDA 1 station located at Lario (Italy) composed by two antennae • The MDA 2 station located at Leuk (Switzerland) composed by two antennae

• Three Processing Functions (Demultiplexing, Consolidation, Decryption)

• The Protocol End Point (PEP) and the MCS Remote Access at the MCC • The communication network between each MDA site and the MCC As previously mentioned, two antennae are installed per site however some additional chains will be added to support the increased MTG satellites fleet. The acceptance of the MDAF stations was successfully performed at the end of 2018 and in parallel of the integration/validation of the stations within the MTG Ground segment, EUMETSAT decided in 2019 to conduct a site diversity test campaign for a full year, with the support of ONERA, with one of the two antennae on both sites made available for being used to perform the propagation experiment, using the 27.5 GHz beacon of the EUTELSAT KA-SAT satellite.

The KA-SAT signal level is acquired and post-processed to derive attenuation in excess (meaning rain + strong clouds attenuation) time series at 27.5 GHz. The joint Complementary Cumulative Distribution Function (CCDF) between the two sites will be computed to derive the diversity gain. It should enable to confirm that the two locations benefit from the strong spatial decorrelation of the rain processes (or rain cells) whether due to the sites separation distance or the specific orography over the area of interest. Therefore, the overall MDAF availability could be verified. The main other statistics (single site CCDF of attenuation, fade duration and fade slope) and comparisons with the main ITU-R recommendations will be extracted. The installation of the acquisition test tools on both sites was completed in February 2019 and the site diversity experiment has started in April 2019.

The sections below describe how the measurements are performed and present the preliminary results based on the first months of measurements.

MTG SYSTEM AND GROUND SEGMENT OVERVIEW

The MTG system is composed by the Space Segment and the Ground Segment (GS). The system is very challenging considering the large volume of data which will be acquired, processed and disseminated to the users. The downlink payload data rate is specified at 165 Mbps for MTG-I and at 260 Mbps for MTG-S leading to a continuous downlink data rate of 590 Mbps for a nominal configuration of three satellites (2 MTG-I & 1 MTG-S).

The MTG GS consists mainly of the following MTG-specific functional components, as described in Figure 1 below:

• The Ground Stations provide the interface between the Space Segment and the MCC at the EUMETSAT HQ and support equipment for Mission Data Acquisition (MDA) and Telemetry, Tracking and Control (TTC) for the satellite [START_REF] Jaillot | MTG TTC Facility Architecture and Performances[END_REF],

• The Mission Operations provide functions for the preparation, planning and operation of the system, including satellite and mission operations, flight dynamics, ground segment M&C, operation analysis and reporting, etc, • The Mission data processing (Level 1 and Level 2 Data Processing) provides functions for the extraction of the measurement, the pre and post processing of the data and for the generation and extraction of the generated products. 

MDA FACILITY ARCHITECTURE AND PERFORMANCES

Introduction

As mentioned in the introduction, the MDAF is mainly composed by two MDA stations located at Leuk and Lario for mitigating the rain fading effects [START_REF]Performance of Ka band Site Diversity using nonconventional meteorological products[END_REF] .It has to be noted that the two sites are sufficiently separated in order not to be exposed simultaneously to the same extreme weather conditions but also sufficiently close in order to be both within the spot beam footprint of any MTG satellite (circular footprint of around 100 km radius). However this means that the Payload Data streams from the MTG satellites are received simultaneously at both MDA stations and a specific capability called `Consolidation` has been designed for continuously comparing the two streams from the same satellite (same Satellite ID), selecting the one providing the best instantaneous quality/completeness and forwarding it to the next Processing Function for transferring the Data stream to the MTG Ground Segment. It has been decided to deploy the Consolidation function at the MCC and also at each of the ground stations for ensuring a full and cross-site redundant "ring architecture" as shown in Figure 2. The data stream from each site is transferred to the second site for being `consolidated` and the consolidated stream from site 1 and site 2 are consolidated again at MCC which gives a strong robustness against WAN failures. 

MDA Architecture

Each MDA Station includes (Figure 3):

• Antenna & Tracking Subsystem.
• RF/IF Subsystem.

• Baseband Subsystem.

• Processing functions.

• Frequency & Time Subsystem.

• Monitor & Control Subsystem.

• Network Subsystem.

• Infrastructure & Hosting Services Subsystem. As previously highlighted, each MDA station is composed by:

• Two 6.4 m antennae per site including LNAs in a 1+1 redundant configuration. Down-converter per receive chain. • The ACU installed in the Shelter for driving the antenna servomechanism system (ADU) that is located at the bottom of Antenna pedestal however ACU is also connected to the BBU for extracting the AGC signal used for the steptrack mode. 

MDA System Performances

Based on the characteristics of the MTG system described in the above sections, the technical performances of the MDA stations [START_REF] Jaillot | MTG Mission Data Acquisition Ka Band Ground Stations Performances[END_REF] are summarized in the Table 1. Less than 2 dB for a FER of 10 -9 . Availability

Parameter

• The availability of each consolidated MDA chain shall be 99.97% over any calendar month • The availability of each single MDA chain shall be 99.5 % over any calendar month.

Link availability

For each site, a link availability of 99.9% for a FER < 10-9 shall be achieved.

Site diversity

The site diversity shall ensure that 99.99% of the time of any given year, at least one of the two MDA sites allows satellite data reception with a FER < 10-9

Table 1: MDA Performances

SITE DIVERSITY MEASUREMENTS

Introduction

The MDAF includes two remote sites at Lario Space Centre (Italy) and Signalhorn Leuk Space Centre (Switzerland) whose the main characteristics are given in Table 2. At both sites, two 6.5 meter Kaband antennae have been deployed. For the site diversity measurement, one of the two antennae on both sites is made available for being used to perform the propagation experiment, using the 27.5 GHz beacon of KA-SAT. The uncalibrated raw signal and noise levels are acquired and pre-processed by the Acquisition tests tool (ATT) installed at each site. The raw signal is post-processed off-line in order to extract in-excess attenuation (meaning rain + strong clouds attenuation) time series at 27.5 GHz. 

2: Main characteristics of the sites

Acquisition Test Tool

ONERA with the support from CNES have recently designed a new generation of beacon receivers based on SDR (Software Defined Radio) technology for which the integration has been entrusted to Expleo France (ex-ASSYSTEM France). The beacon receiver rack now includes a USRP (Universal Software Radio Peripheral) which records I/Q samples in IF and the signal processing module has also been up-graded to include a numerical PLL that locks the signal very accurately. A dedicated MMI has been developed to interface the beacon receiver rack to the host computer and to display the main information on the measurements.

Figure 4: MMI overview

An example of MMI information is shown in Figure 4:

• The uncalibrated signal power (top left),

• The locked frequency in baseband (bottom left),

• The power spectrum (right).

This acquisition test tool (ATT) was adapted to the MDAF ground stations and it is composed of 3 main parts:

• A laptop which runs the acquisition software and stores the raw data at 5 Hz on a daily basis,

• A USRP NI2920 from National Instruments which acquires, filters, and digitizes the IQ samples. It is fully synchronized with the 10 MHz reference of each MDAF ground station, • An IRIG Time Code Reader which decodes an input IRIG code to perform the UTC time synchronization.

Figure 5 shows how the acquisition test tool installation was completed at Lario Space Centre premises. 

Preliminary Results

The installation was completed in February 2019 and the propagation experiment officially started in April 2019.

Figure 6 shows an example of processed in-excess attenuation time series at 27.5 GHz from the measurements recorded in both Lario and Leuk during strong thunderstorms in Italy (Lario) from June 10 th to June 12 th , 2019. Another interesting point is the impact of scintillation which presents higher standard deviation in Lario than in Leuk for the present example (see between 28h and 40h in 6).

Figure 7 shows the result of the data recorded for one month (May 2019) for both sites

Figure 8 shows the CCDF of in-excess attenuation at 27.5 GHz from April 1 st June 30 , 2019. It can be clearly observed that the joint CCDF is very close to the statistical independence case (which is equal to the product of the two single site probabilities for a given exceeded attenuation level). So, it tends to prove the spatial decorrelation of the rain processes as expected. At both sites, two 6.5 meter Ka-band antennae have been deployed and one of two antennae on both sites is made available for the propagation experiment. As a main goal, this propagation experiment intends to confirm that the two locations benefit from the strong spatial decorrelation of the rain processes (or rain cells) to ensure the global MTG system availability. Some preliminary results for the first three months of measurements have been highlighted showing the good performances of the site diversity set-up. In the following period, one full year of data will be recorded and processed. The performances of the rain attenuation and site diversity prediction methods in Recommendation ITU-R P.618-13 will be also investigated.
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 1 Figure 1: MTG Ground Segment Context
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 2 Figure 2: Sites Ring Architecture

•

  Three Baseband units (two online BBU and one backup) connected to the IF switching matrix guaranteeing the appropriate redundancy.• A Monitoring and Controlled subsystem (MCS) deployed in two redundant servers and one workstation providing HCI interface to MCS software. • The Processing functions in charge of de-multiplexing and consolidation functions also deployed in two redundant servers.
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 678 Figure 6: In-excess attenuation time series at 27.5 GHz from June 10 th to June 12 th , 2019