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Abstract

The CNES multimission network (so called MUM netldater on) is a highly reliable and efficient wetk of
ground stations and centralized systems. It pravidB%C and data acquisition services for routinerations or on-
demand supports such as LEOP or emergency opesaliissions can be either scientific or instituabmissions

The emergence of innovative missions from the Neac8 has led CNES to reflect on its multimissiotwoek
roadmap and to start the development of a new gratetions network, coupled with the implementatidmew
service proposal, to meet new constraints of resgeness, flexibility and agility and reduced cobhe future
MiniMUM network aims at fulfilling these specificequirements while remaining compatible with thealgg
missions carried out by the MUM network. This negtwork will complete step by step the MUM netwonljich
therefore will be better adapted to diversifiedsiua’ needs.

This article presents the approach that has lébde@evelopment of this new network of stationsywalf as the
objectives set and the results obtained so far.efliom-term projection also presents what the MinWldetwork
will offer when the new service access proposavilable.

Keywords: MiniMuM, ground station, experiment, ACM, service proposal

Acronyms/Abbreviations
ACM Adaptive Coding and Modulation
CNES Centre National d’Etudes Spatiales (Frenclt&paency)
GSN Ground Station Network
LAN Local Area Network
LEO Low Earth Orbit
LEOP Launch and Early Orbit Phase
MUM CNES Multimission network
NOC Network Operation Centre
SDR Software Defined Radio
SLA Service Layer Agreement
TT&C Telecommand, Tracking & Commanding
VCM Variable Coding and Modulation
WAN Wide Area Network

1. Introduction

For several years now, the global space ecosyssésnbéen undergoing profound changes with the aofuzew
needs arising from the New Space. This changesisigling the operating methods established for diecand
forcing the historical players to adapt to these genstraints. The future in-flight missions resgtfrom the New
Space are largely based on nanosat-type platformtely on constellations of satellites of greatbduced size.
These mission profiles require an increased fléibin the ground segments, but also lower suppasts
compared to large institutional or scientific mss.

This paper first presents the technical elementsthe strategic reasons that have led CNES to dpvitle
MiniMUM network, as a complement to the existing Mlground stations network (GSN). The second panties
on the MiniMUM GSN and its technical characteristi&\fterwards, the third part discusses one ofetkgeriments
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carried out on the demonstration station (the ftation of the MiniMUM network). This experimeritres at both
characterizing new operational concepts, and tggtehnologies not currently implemented in the GNEUM
GSN. Finally, a last section introduces the Webrifiaice and the definition of a diversified servizeposal, which
will be at a medium-term proposed to the subscsibéthe CNES network (MUM and MiniMUM ground stais).

2. Why MiniMUM?

As French Space Agency, the role of the CNES issupport the French space ecosystem. The CNES
multimission network (MUM) contributes to this obfave by offering its services to French institua missions,
but also to French or international scientific nrias most of these missions being so far operafeCiNES.

The CNES MUM consists of 8 tracking stations distted in 6 sites around the world [see Fig. 1]sTietwork
of antennas provides Tracking, Telemetry and Conth{@i &C), localization services and also Payloadkefrestry
services for all missions under CNES responsibdityl during all stages of the satellite's spaeg fiom Launch
and Early Orbit Phase (LEOP) phases to End-Of-(H®L) operations, in S and X bands and for Low E&tbit
(LEO) to Geosynchronous Equatorial Orbit (GEO) tsbirhe network services can also be requestedhgy space
agencies or industry major actors, to support LpB&ses or for emergency purposes.

Fig. 1. CNES MUM network

The CNES MUM GSN is managed 24/7 from the Netwogef@tions Centre (NOC), located at the Toulouse
Space Centre. NOC is in charge of ground stati@mheduling, remote monitoring and control of thewwrk
(ground stations and distributed software), anditodng the connections and data flows. For routiperations,
the process is fully automated. To fulfil theseuiegments, NOC is composed of the main followingtis:

« OCP (“Outil Central de Planification” in Frenchrfstation scheduling according to both the nekwor
workload and the various constraints of each missio

e« The Orbit Computation Centre (OCC), for orbit cddtion and predictions generation (station
acquisition data, pointing elements, visibilitigggerferences, collision risk assessment)

* ICARE, for data transmission control between grostadions and control centres,

« IDEFIX, for X-band telemetry processing and digttibn to mission centres

e REGATES/CADOR, for remote monitoring and controle tlyground stations, and routine pass
automation.
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«  WAN infrastructures (CORAIL3/HDX) supporting the tdaflow exchanges between the ground
stations and CNES NOC.

Since 1984, more than 200 missions have been sigppor
In 2022, the network handled more than 40,000Igatphsses for 15 missions, with a success rate @8.3%.

The CNES MUM network has been designed to meetdleels of missions requiring a strong service aviitha
and reliability, for positioning, routine, or emergy supports. The emergence of new space actorescwith a
new deal in term of service requirement: easy ancdkcaccess to ground station services, and lowscos

The new challenge the CNES MUM GSN has to adapt flexible and more attractive way to the needs and
requests of different class of customers, whichseribe to the GSN services: major institutional sarentific
missions, student projects, nanosat demonstratms,

Therefore, CNES has enforced its "Multi-Mission Wetk Roadmap” with the objectives of respondinghis
strong needs, to adapt to the requests of varisassicustomers in terms of reliability, availapililexibility, and
cost optimization. The MiniMUM project, started ¢er years ago, aims at contributing significantlythese
objectives.

3. How MiniMUM?

The development of the MiniMUM network consists3iphases:
* One station demonstrator,
» Two additional stations, early 2024 and early 2026
« Two optional additional stations to complete theldwide coverage for an optimal orbital follow-up

The first step of the project is to develop a dest@tion station. The key elements that have guithed
definition of this demonstration station are:
» Antenna adapted to the small satellite marketwdarth orbit
e S-band transmit/receive capability
» X-band reception capability
» Ka-band reception scalability
*  Optimization of maintenance
e Complementary station to the existing MUM network
» Controlled acquisition and operating costs

This demonstration station is also intended toycant experiments:
» Support for new generation on-board demonstratpralification of on-board/ground interface on in-
flight system, ACM/VCM, Ka band
» Evaluations of new architectures as part of theticoous improvement of the MUM network as a
whole:
o Evolution of baseband technologies (SDR, digitaai
o Evolution of front-end or ingestion systems
o Evolution of service management (planning, programgmautomation)

After the installation of this demonstration statiat the end of 2022, the phase 2 started. Thgmedithe two
additional ground stations is based on the feedffrack the development of the demonstration statimich has
enabled the characteristics of these two new staitio be consolidated.
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3.1 MiniMUM sites

In parallel with the development of the demonstratstation, stations visibility studies were pemied to
identify the best target sites for hosting the MibiM network antennas.
These studies were based on the following assungptio
« Demonstration station installed on the Aussaguel(3ioulouse, France)
» 4 additional stations to be deployed between 20242829
* An homogeneous coverage of LEO orbits (in ordeffiiture target missions to be able to rely almost
exclusively on MiniMUM)
* National areas preferred:
0 Avoid the risks/complexities of obtaining operatir@enses
o0 Avoid risks/complexities related to administratesed geopolitical aspects
* Avoid polar areas
o Limiting interference, especially in the North
= Many constellations intersect at the poles
= Risk inversely proportional to the size of the anizs
o0 Physical and telecom accessibility problems, egfigdn the South
* To complete the MUM network

Following the analysis of all these criteria, theWMIUM network has been defined as follows:

G ’; Saint-Pierre-et-Migquelon
(} - 2028

S+X
KA-ready

i

La Réunion o
Q7 2026 Papeete f(@)a.
Patagonia (Chile) Sx <029
Qr 2024 KA-ready S+X
Sx KA-ready
KA-ready

Fig. 2. Foreseen MiniMUM network

The analysis of the station visibilities within ghnetwork shows that the station visibilities arelwlistributed
over the day, with sometimes gaps in between ranedgeding 1 orbit but never 2 orbits.

Figure 3 shows an example of the visibilities & MiniMUM network stations for a satellite on a S80600km
over a time horizon slightly longer than 1 montkais: day in the month // y-axis: hour in the dage can observe
a periodic visibility gap of one orbit on the 16RDBh00 time slot (blue ellipses) as well as a gapne orbit on the
06h00-08h00 time slot but in a punctual way.
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Fig. 3. MiniMUM network visibility analysis
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The result of this hosting areas survey showsttieaproposed areas are in line with the requirement

Homogeneous coverage for

LEO orbits

Sovereign Network
Avoid polar latitudes

MUM network complement

OK, visibility hole limited to 1 orbit

OK, French territories except Patagonia

OK, only low/medium latitudes

OK

Table 1. MiniMUM stations location criteria

SpaceOps-2023, ID # 165 How does the CNES Multsimisnetwork adapt to the needs of New Space?

Page 5 of 15




17" International Conference on Space Operations, Dulmited Arab Emirates, 6 - 10 March 2023.
Copyright © 2023 by CNES. Published by the MohammedRashid Space Centre (MBRSC) on behalf of Spasewith permission and
released to the MBRSC to publish in all forms.

3.2 MiniMUM Sations characteristics

Fig. 4. MiniMUM Ground Station

The demonstration station enables the technicabaedational aspects of the system to be validated.choice
has been made to supply identical stations fonghe two stations (Patagonia and La Reunion).

Therefore, the first phase of deployment of theiMidM network is made up of small antennas (5.5mi,1
which will enable the system to meet the requirdsiexi the target missions in low earth orbit andemihe
constraints of optimizing installation and opergtoosts.

The first three stations are Vision systems suppbg Safran Data Systems, selected after an liviteto
Tender.

The MiniMUM Demonstration Station is the first dfi$ product range, and CNES has fully played its in
supporting the French space ecosystem by assiBtifrgn Data Systems in the technical qualificatibthis first of
a series in a difficult global context. Indeed, fiteject took place at the height of the COVID pamét, and, then,
in a complicated global economic context linkedhtonerous shortages and delays in the deliverywfnaterials.
These severe constraints led to some delays inafeuent. The station has been installed at theatipeal centre
in Aussaguel (near Toulouse, France) at the e2d22.

During the preparation phase of the installatidre, doptimizations relating to the deployment of sackystem
were verified:

« Lightweight civil engineering: as the antenna syste relatively light (6 to 7 tons), the infrasttue
for hosting the antenna is limited.

« Simplified site interfaces: the site interfaces lndted to the supply of one to two electricaldm
(uninterruptible and non-interruptible depending the configuration) by the site and a grounding
connection. All the RF/data link links are made &ifiber optic link supplied by Safran Data Systems
This link has a standard length of 200m and caexttended on customer request.

« Limited indoor space: most of the equipment aregrated on the positioner, inside the arms or in
boxes positioned at the base of the positionercanisp of the pedestal. For the demonstrationastati

a single 36U rack is required indoors to houseetiidpment: optical transceivers (RFoverlP and data

link), time-frequency generator, baseband, tesipegent, front-end station.

It has be noted that, except for the Demonstra@iation located on a CNES site, a second rackgigined to
host the LAN/WAN equipment.
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The installation phase has proved the simplicitgf #re quick assembly of the system, which is dediglepre-
assembled. For example, the positioner takes hess half a day to install. The assembly and iretialh of the
carbon reflector takes less than a day. The antisrtharefore installed and wired in less than akve

15h 16h08 16h20
Positioner unloading Crane to anchor laciRg the positioner on its anchor

In terms of operation, the stations have been desigto minimize the preventive maintenance. Station
unavailability due to preventive maintenance istiéh to 10 hours/year. Such a duration represesigraficant gain
compared to the maintenance duration of the MUMugdostations network, which is approximately 70 ristyear
long. This difference can be explained by the faat no mechanical maintenance is required: nddation or oil
change is necessary.

The simplification of the hardware architectureg(eabsence of frequency converter except for theb&tad)
allows faster investigations in case of a fault doethe limited number of subsystems. The choicdirtot
redundancies in order to optimize costs also doutigis to this simplification of the architecture.

Finally, all the subsystems are remotely accessibig RF test points are available at different lkew# the
transmission/reception chains. This allows a vegh ltlevel of remote investigations for finding theot causes of
the issues, which limits the need for on-site sup@uch an on-site support is mainly requestedefdace the
equipment identified as faulty.

Post-installation Ka-band scalability was a stroeguirement of the project. Indeed, the MiniMUM wetk is
deployed at a time when CNES does not have anyafa-imissions in flight. However, the evolution @eds in
terms of TM data rate suggests that Ka-band suppitirtmost certainly be necessary in the mediunmtefhe
demonstration station is therefore equipped withbidad reception and tracking capabilities, as ibiended to be
used to conduct various experiments covering Katb@guirements. This technological choice alsovaldhe
Vision system to be qualified in a complete tri-88/X/Ka configuration. The Patagonia and La Rewr@otennas
will be deployed in a dual-band S/X configurationai first time. The implementation of the Ka-baritl e carried
out afterwards as soon as candidate missions hese identified. It was therefore essential to hstegions that
could be upgraded to a tri-band S/X/Ka version hihiting the material impact and station unauaility once the
need would be established.
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From a financial optimization view, some technichbices have been made during the developmenteof th
demonstration station. Among these choices, wargantion:

No automatic tracking in X-band: the antenna's pointing performance being comieatith
programmed tracking in X-band, it was decided oatercise this option. In addition, it is possitde
consider tracking in S-band during an X-band dufriiné mission is transmitting simultaneously in
these two bands (which is very often the case).gdagr, the concentric source proposed by Safran
Data Systems makes it possible to eliminate mechhniisalignment of the sources.

Strong limitation of redundancy in the station contrary to the MUM network stations on which all
the equipment are in hot redundancy, the MiniMUMtishs only benefit from a minimum of
redundancy on the equipment considered critical:ltasebands and the network equipment are thus
the only equipment in hot redundancy in the statibrshould be noted that in order to limit long
periods of unavailability of the stations on digtaites, a complete spare batch will be availalle o
site.

Change of baseband equipment compared to the MUM h&ork: the high-end basebands used in
the MUM network stations represent a significamestment cost. The choice of baseband was made
in favour of the Satcore Direct equipment from 8afData Systems, which offers a wideband TM
receiver (payload TM receiver) and a TT&C modemairsingle 2U equipment. Therefore, such
equipment saves on physical space in the rack aratquisition costs. On the other hand, there is a
few limitations, such as the absence of a TM cowtimn and the absence of ranging, but these have
been considered acceptable for operations on théVNiM network.

3.3 Experiments

First MiniMUM station was developed with the objeetto perform some technical experiments. Amorg th
experiments of interest for the MiniMUM network, wan mention the followings:

Ka band propagation for LEO satellites

Ka band signal tracking without need of autotrack
Variable Coding and Modulation in X band

Virtualization : digitizer on the antenna, then Sb&dware
SDR products evaluation

ACM (Adaptive Coding and Modulation) operationahcept

Concerning ACM, studies and tests are ongoing ajratrdefining the operational concept of the ACMtpcol.
Indeed, ACM makes sense on the MiniMUM network, akhis composed of small antennas (5.5m/6.1m) tabhe
when there is significant increase in on-board datas. The implementation of the ACM on future siuas
therefore seems to be an efficient way to gain dogigapacity while limiting the impact on board aod the

ground.

CNES has therefore started a study to define tkienapsystem architecture for implementing the A@htocol
on its network.

3.3.1 Study logic

This study aims at investigating the usage of ACMdolation & coding techniques for board/ground
communication links. Standardized within ETSI, CGSnd SCCC, this standard introduced a dynamic
configurability of the modulation & coding schemtesadapt to changes in the physical path (RF oicapt This
study analyzed the standards, the state of thefdine usage of such technology, the impact on @dcand Space
architectures and drive a trade-off through thdyasmaof elementary use-cases.
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Fig. 5. ACM adaptation principles

3.3.2 Synthesis of the ACM protocol analysis

Since there is no capability at MODCOD & Frame latygecommand a return signal (only signaling ofaloink
is available), the only way to perform a closedd@ystem is to go through the Packet layer, whétjuires specific
implementations of PUS services to enable the ACMramming. Since the MODCOD programming of theimet
channel is performed at packet level, when a cypbegngine is used on the TC link, this programmis@lso
protected.

3.3.3 Ground segment studied scenarios

3 mains scenarios were studied including someredtimes to consider crypto subject.

* Scenario la and 1b (S&X local loop) considers araaded hybrid Ground Station, capable to handle
both the Payload and the Platform communicatiords manage locally the insertion of commands
within the TC plan with specific priority managentefihe Control Center defines the overall TC plan
and monitors the Ground Station through an SLErfate, but is not required in the MODCOD
selection process.

This architecture is optimal for scenarios invotyia feedback between the downlink and the uplink
(ACM feedback). In this scenario, the ACM selectemgine is preferably implemented in the hybrid
Ground Station to enable fast locked loops. Scerfdriis very similar to scenario 1a, with an adxiéil
encryption module within the hybrid Ground Statidrhis encryption module is performing specific
uplink authentication or cyphering, but since itngplemented at the level of the hybrid Ground iStat

it does not affect the implementation of the ACMam&nisms.
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Fig. 6. ACM architecture scenario 1a/lb
Scenario 1> Encryption added (red boxes)

e Scenarios 2 (S&X station; loop with CC) introdu@esnajor modification with respects to scenario 1
with a hybrid Ground Station without local capakilto manage the TM/TC stream. Since this
management is being performed at the level of theti©l Center, the ACM command feedback needs
to account for a specific SNR measurement perforatettie level of the Ground Station demodulator
and transferred through the SLE link (~2s latend¥iis will typically affect the reactivity of the @M
closed-loop and the overall performance.
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Fig. 7. ACM architecture scenario 2
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e Scenario 3 (S station; X station; Loop with CC) denconsidered as an extension to scenario 2. Since
the TC stream management is located within the i©@b@enter, the ACM command feedback needs to
account for a specific SNR measurement performedhat level of the TMHD Ground Station
demodulator and transferred through the SLE lirds(latency) to the Control Center that generates th
TC stream to feed the S-Band operating Grounddstafis for scenario 2, this will typically affedie
reactivity of the ACM closed-loop and the overakriprmance. This scenario presents a major
drawback in case both stations are not co-locagtie ACM requires immediate feedbacks to be

driven.
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3.3.4 Problematics of architectures & ground stations with the reference scenarios

The analysis of ACM implementation requires an stigation on the communication channel properties
including the atmospheric attenuations in the basfdsterest. The analysis has focused on Kourdurié& and
Aussaguel sites to identify the useful level ofrgdarity to be defined for the MODCODs for ACM, atitk sizing
of the closed-loop duration for ACM commands.

Statistical analysis have been performed to charizetthe Ka link budget variation due to atmosjzheffects
over different periods of the year. These anallyaige concluded that the link budget variation ahesrt duration (1
to 10 seconds) is limited.

Availability of

the link (%) Kourou Kiruna Aussaguel
99.9 1.50 1.33 1.02
99 0.80 0.64 0.63
Peak to peak v:;iation (dB) over 98 0.58 0.52 0.52
) 97 0.50 0.46 0.46
95 0.35 0.34 0.33
99.9 0.80 0.71 0.54
929 0.45 0.36 0.36
Peak to peak vasriation (dB) over 98 035 031 032
’ 97 0.25 0.23 0.23
95 0.20 0.20 0.19
99.9 0.39 0.34 0.26
o 99 0.10 0.08 0.08
Peak to peak valt:atlon (dB) over 08 0.06 0.06 0.06
97 0.05 0.05 0.05
95 0.04 0.04 0.04

The dependency to the delay in ACM configuratiothisn considered. The average MODCOD step in tefims
energy threshold between two consecutive MODCODa given modulation is 0.85dB, meaning that if isoa
consider that it is acceptable to lose some frammea MODCOD transition according to a statistiggbach, this
resolution fits well with the Ground Station profies as follows:

*  With 1s ACM closed-loops: no frame loss expected@DCOD transition in ACM

* With 5s ACM closed-loops: 0.1% frame loss can beoentered on MODCOD transition in ACM for
Kourou and Kiruna (no loss in Aussaguel)

* With 10s ACM closed-loops: 1% frame loss can beoantered on MODCOD transition in ACM for
all stations

This frame loss can be limited to 0.1% in all caééise ACM algorithm is driven with a margin witlespects to
the signal recovery threshold by using the maxiwzalation encountered at 0.1% of time, for instanseng for
Kiruna:

* 0.34dB in 1s closed-loops
 0.71dB in 5s closed-loops
e 1.33dB in 10s closed-loops

The interesting outcome of this analysis, is thatttade-off is actually a matter of finding théerent setting to
fit the available architecture, and that even Wills close-loops, ACM could be operated.
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4. Perspectives

The development of the MiniMUM network is not limit to the deployment of new ground stations. A
diversified service proposal is under analysisrifeo to meet the needs of different types of missié-our tentative
levels of services (SLA) are under consideratiofasoBasic, Essential, Serenity and Critical.

4.1 Diversified Services proposal overview

It is intended that all the MUM and MiniMUM groursdiations could be used whatever the subscribedcseas:
However, the Basic service is mainly intended t@mvided by the MiniMUM ground stations.

Positionning, .
emergency, Routine
service retrieval

Serenity

Critical

Essential
Phase

Options

Fig. 9. A diversified services proposal

- “Critical” SLA, will be used during specific critad operation phases such as LEOP. It could also be
triggered at any time during routine supports,aeecof emergency or a specific mission activity.

- “Serenity” SLA, is planned to be an all-inclusiverdgce.

- “Basic” SLA, will be considered as a “low cost” s&e.

- “Essential” SLA, will then be the intermediate seer
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/ Basic \ / Essential \ / Serenity

« Best Effort (no requirement) * Long term scheduling (4 weeks) but  Long term frozen scheduling (4 weeks),
«+ Scheduling by the subscriber through a not frozen, commitment 95% to 98% commitment ~100%
Schedulin Web Interface (booking request, « Pass cancellation by NOC accepted within « High priority for additional scheduling
9 cancellation request) the limits of the global availability « Scheduling performed by CNES GSN
« Available station slots according to the « Scheduling modification by the subscriber
orbit elements provided through the Web Interface only
Global availability No specific rate >950% 98% 1o 99%
Localization .
Measurement Not applicable Optional Yes
Real time transmission Through the Web Interface API Through the Web Interface API or CNES Through CNES NOC interface

NOC interfaces

« Raw data distributed either on a shared ora | | « Data distributed through a secure and high

+ Raw data distributed on a shared data dedicated data exchange area (e.g. Cloud) available network (redundant circuits)
) e exchange area (e.g. Cloud). « Hyperlink provided through a Web Interface | | « External subscriber is in charge of the data
Data files transmission « Hyperlink provided through a Web in case of shared solution transport between its premises and CNES
Interface « Subscriber in charge of the data transport in NOC

case of a dedicated solution

. Pass status, data distribution monitoring « Montly report
Reporting Pass status and pass accounting through through a Web Interface + Troubleshooting whatever the anomaly is
a Web Interface Troubleshooting during working hours « Intervention under 1 hour
* Annual review

depending on the anomalies
\ / \Annual review / \ /

Fig. 10. Services proposal overview

The medium-term objective is to provide users & @NES GSN services, with an Internet Web Interface
subscribing and requesting services over the CNESMWM ground stations, according to the Basic smzvevel.

The longer-term objective aims at expending theseesses through the Web Interface to all servioes,
accordance with the selected Service Level Agreénanwell as making available an Application Pamgming
Interface (API) allowing the subscribers to autoenstme processing.

4.2 Web Interface

The functional definition of the Web Interface isgwing. The first version of this Interface aimgeatposing the
needed interfaces to support the Basic service:
- Subscribe (user details);

- Mission description (specific mission parameters);
- Network Services (required services, such as X-Jatemetry);

- Booking (contact slots available, scheduled paspesformed passes and hyperlinks for station
connection or data );

- Accounting (performed passes, remaining passes);
- Report (pass status);

- Messages (mailing);
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&: | CNES MULTIMISSION NETWORK |
. Booking and
Planning
Offers

Network
Services
Station as a Service Station anonymized Internal Network Web Interface
(GSAAS) Configuration hidden +API

The ground stations are transparent to the sulegsrivho book visibility slots (no need to know whiground
station is used, since only compatible slots whth provided orbit elements are displayed and carobked).

5. Conclusions

Global space ecosystem undergoes profound charitiesew needs arising from the New Space. Thesegd®w
are disrupting the operating methods establisheddoades, and the mission profiles require ine@dgxibility in
the ground segments, but also lower supports costpared to large institutional or scientific mss.

The CNES MUM GSN has to adapt in a flexible and erattractive way to fulfil the needs of this diffet class of
customers. Therefore, CNES has enforced its "MMitision Network Roadmap" with the objectives ofp@sding
to this strong need in terms of reliability, avhilay and flexibility, and optimizing the costsh& MiniMUM project
aims at contributing significantly to these objees, by becoming in the future an essential comeigro the
CNES existing network.

The MiniMUM network establishment is ongoing and/&s a perimeter from the ground stations to aréutu
service proposal. The installation of the firstund station was completed by the end of last yEais first GS is
under qualification. The next few years will see tidvent of new antennas and the establishmerteodrvice
proposal, which should answer to the new spaceystas needs.
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