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The provision of real time integrity data requiran
accurate monitoring of the satellite considering tivo
following constraints:

- The service to be provided by Galileo is tailored
for civil aviation applications. It needs then:
to be available quasi 100% of the time.

- The monitoring needs to be continuous in the
sense that when the service is available at TO,
shall remain available until TO plus 15 seconds
in order to enable the completion of critical
phase of ﬂlght 1bem EEH] ey EEE] 7350 Fo00

Sunspot Number

Galileo service is to be provided worldwide. Thisans
that the satellite shall be monitored all the tinvbatever
their location. This implies to deploy a worldwide Figure 2: Sun Spot Numbers from 1950 to 2000
monitoring station network. The following figure mets
the approximate location of the Galileo Sensori&tat
(GSS) currently network planned to be deployedraeo
to be able to monitor in real time the Galileo Bi¢s
with the required accuracy.

The problem is to determine the overall system
performance: accuracy of orbitography, availabildf
integrity, which depend on the statistical disttibn over
space and time of the accuracy and availability of
measurements from all Galileo Sensor Stations
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| oo T ) SRR RS experiments, and received a lot of attention sitiue
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fobs e . development of GPS, and in particular in the cowbe
¥ {2 . - ¢ ™ < the WAAS and EGNOS programs and their planned
__ o B e extension to equatorial areas.
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s It is not the purpose of this paper to analysedtail the
Figure 1: Definition of geo-magnetic physical aspects of ionosphere scintillation. A d@oo
equatorial area introduction and comprehensive list of referencas e

found in [01] and [02]. A brief reminder of main

In order to first design the monitoring station wiatk characteristics of ionosphere scintillation is pded

enabling to fulfil Galileo mission requirement, andbeIOW
second to quantify the performance of the systels it ' o i
mandatory to consider all the potential sourcesysfem lonosphere scintillations are produced by changethe
unavailability. One of the main sources of dataPhase velocity of a satellite signal wave fronttgmsses
unavailability that has been identified is the phraena  through plasma-density irregularities in the iortee.
of ionosphere scintillation. Indeed Scintillatiomuses AS the wave propagates towards the ground, mutual
radio frequency signal amplitude fades and phashiterference creates complex amplitude and phase
variations as satellite signals pass through thesphere. diffraction patterns. Scintillations are produceden
Such effect may induce loss of lock or cycle slgs these spatial d|ffract|on patterns are trgnsforrm!xm
ranging signals broadcast by Galileo satellites imgpk temporal ones, either through relative motion betwihe

them totally useless for accurate integrity infotioma



receiver and the patterns, or by changes in thetsiie of
the irregularities with time.

Scintillations occur predominantly in the equatbliand
that extends from about 20°S to 20°N of the magneti
equator, and in the auroral and polar cap regidhe
processes that produce scintillations in these riegions
are quite different, leading to significant diffaces in
the characteristics of the resulting scintillations

Auroral and polar cap scintillations are mainly tesult
of geomagnetic storms. Unlike equatorial sciniitias,
they show little diurnal variation in their rate of
occurrence, and can last from a few hours to mayg,d
beginning at any time during the day.

Equatorial scintillations, on the other hand, are

produced by irregularities in the F-layer of theiaprial
ionosphere following the passage of the evenindigra
and tend to disappear soon after midnight. Equatori
scintillations tend to be worse during the yearssolar
maximum when the anomaly is at its greatest; tHsg a
show a strong seasonal dependence.

For analysis of receiver behaviour, the parameisesl to
characterize scintillation are usually :
the RMS phase@

The phase scintillation is considered to follow eraz

p(A) = —2.mr (r':) :

wherel () is the Gamma function and m =%4

.exp(— mAZ) Eq.(3)

The PSD of the amplitude follows a law similar ), (
with a spectral index decreasing from 3 to 2 with
increasing S4 values.
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Figure 4 Scintillation Index Map

1

mean normal Probability Density Function. Its Power

Spectrum Density can be approximated by :

S¢(f):

(i)

where T is the spectral strength, fO is a frequenc
corresponding to the maximum irregularity size, and
the spectral index (typically 2.5 at equatoriaitlates).

phase scintillation spectrum

rd2/Hz Eq. (1)
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Figure 3: Phase Error Power spectrum
Density

the normalized RMS intensity

<| 2>_<|>2 1/2
(1)

where I=£ is the signal intensity.

S,

Eq. (2)

The amplitude A follows the Nakagami distribution :

For the Galileo program, a set of scintillation ditions

has been proposed by ESA [03]. The reference
ionospheric model to be used for the program isMGIS
[04], which was developed previously by IEEA under
ESA contract. The NeQuick model is used to gendtete
electron-density content, and a so-called "multjtase-
Lcreen” model to compute the time and space diiwi

of the characteristic parameters S4 aag. The
following figure shows the geographical distributiof
the maximum S4 parameter observed over one day.
underlines the dependency with the magnetic equator
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Figure 5 Scintillation Index Statistics

IMPACT ON GALILEO SENSOR STATIONS

The following figure computed with the Nakagami
function shows the cumulative probability to havever
fading larger than a certain number of dB. Fgegual
1, it can be seen that fading in between 10 andB@re
not remote. The probability to have a fading 0fdB or
more is 10% whereas the probability to have a fadih
20 dB or more is equal to 1%. For smallge§ual to 0,3



the probability to have strong fading gets much lEna
It represents less than 1E-8 for fading larger thawdB.

Figure 6 : Fading (dB) probability according
to S4

The following figure represents an output of theSMI
with a S parameter equal to 1.
probability to have strong fading larger than 20 @B
indeed not negligible and occurs a few times over 5
seconds.
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Figure 7: Power Fading (dB) time series

This shows that the

The 1-sigma value in radian is equal to
Op.

Typically the o, parameter is about the same order of
magnitude as the,S Its value varies in between 0 and 2
as showed in Figure 4. It is commonly agreed that t
phase error budget that can be allocated to daimdih is
the high frequency error above 0.1 Hz. The low
frequency variations are assumed to be TEC vaniatio
following 1/f2 model. The following figure detailthe
typical spectrum of the scintillation phase error.

An important point to characterize driving the daifigy

of the Galileo ground receiver to cope with sclatibn is
the dynamic on the phenomena. The following figure
show the correlation function of amplitude and phas
scintillation phenomena for,$0.9. It demonstrates that
the correlation of the phenomena is less than drskc

Such analysis is important mainly for two aspects:

1- Receiver response to fading is highly driven not
so much by the depth of the fading but by its
duration. If the correlation time of the
phenomena is small, the fading events are likely
to be more numerous but their duration will be
smaller. If the fading duration is smaller than
the receiver bandwidth, the receiver should be
able to support it with very limited performance

degradation.
2- To assess the impact of scintillation on the GMS
continuity  performance. Indeed such

requirements are derived from civil aviation
requirements and hence, expressed over 15
seconds. Therefore it requires to identify the
number of independent samples within this
exposure time. Based on the following plot it
can be estimated that the time between
independent samples is much smaller than 15
seconds, therefore the number of independent
samples during 15 seconds is selected equal to
15.

The following figure shows some statistics on the

duration of the fading that is a key parameterriteo to
determine the receiver response to
phenomena. For a, 8qual to 0.9, fading of —15 db does

not last more than 0.1 second.
fades duration
100

2

0.01

Do R [EEETY EETEY PETES BRRTY ERTTY PERTS RETES R
-a0 20

10

Figure 8 : Fades duration versus depth

Phase variations have the two following charadiess
It follows a zero mean gaussian
distribution

scintillation

Figure 10: Amplitude Scintillation
Correlation time



A key parameter to take into account at GMS les¢hat
scintillation has a very specific time and geogreah L
distribution. 2
1- It mainly affects stations that are localised am th 1
geo magnetic equator (+/- 20 degrees) and t 08
certain extend stations in polar areas. Station ii| % 06
mid latitude regions are almost not affected. '
Only lines of sight piercing the ionosphere at| %4
equatorial level may be affected. With the 02
current GMS networks the number of stations i
located in the critical area is identified in the o 5 10
following table. On a 40 GSS stations network,
14 stations are within the geomagnetic equator,
and _lfhgrefore, potentially subject to severe Figure 12: Temporal Distribution of S 4 (Djibouti)
scintillation L L
2- Stations in the equatorial regions are not affecte(y\/hen the location is affected all the satelhte_mght are
all the time. The scintillation phenomenon lasts"t affected the same way. ~The following diagram
only a few hours after sunset. This means that eta_uls the $for all the §atell|tes in sight of Djibouti
first order, only two to four stations may be station at 20_h00.. Satellites affepted by 208 0 are
affected at the same time. actually not in sight of the station. Out of th@
3- When a station is affected, all the lines of sighls""te'"tes in sight, 6 are affected by Aager than 0.5.

are not impacted the same way.

In order to characterise the dispersion of scattoh

RECEIVER LOOP OPTIMISATION
In presence of scintillation, the tracking error thie

phenomena, the GISM model was run simultaneously offCelver carrier loop consists of the thermal ndis&ed

the 50 stations over 56 hours from Octobef22004
0h0O0 (sampling time 300 seconds). A solar flux360
was considered.

In order to characterise the scintillation phenoaex
station level a first indicator was computed forclea
station. This is the number of occurrence @F(57
recorded on all line of sight and all time step rotiee
simulation period.
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Figure 11: Geographic Distribution of S 4 (SF300)

It confirms that stations are very differently afied
according to their location. The following figurbaswvs
the temporal distribution of the ;Sover two days
according to the day hour. The scintillation affethe
stations mainly during a few hours after sunsemmfro
17h00 to 01h00.

to amplitude scintillation) and the dynamic respoius
the loop to input phase variation.

The error variance due to phase input decreasds wit
increasing loop bandwidth (a wider loop tracks more
easily a given input phase dynamics). Conversdlg, t
thermal phase error decreases with loop bandwidils
trade-off is well known and has for example been
described in [02].

In the case of a static receiver like Galileo Reeeithe
optimum loop BW will depend on the relative weigtit
phase and amplitude scintillation, as well as thiesgent
CINO.

The main concern for the GRC in specified condgidm
the very deep amplitude fading occurring every ssve
tens of seconds. Therefore one driving parametethi®
receiver robustness is the prevailing signal-tceaatio
C/NO, which is itself mainly dependent on interfese
environment of the GSS stations.

The main goal of this study was to find an accedptab
compromise between these two conflicting environisien
aiming at satisfying at the same time the stringent
requirements on cycle-slip and loss-of-tracking
probabilities, including measurement accuracy, and
accounting for receiver constraints, e.g. measunéhe-
correlation.

The loop simulation under scintillation allows to
determine the bandwidth providing the best robisstne
trade-off between amplitude and phase scintillation
Without amplitude fading, it is of course easy taka the
loop track most phase steps by increasing the B\p



Phase error Phase error
o7 T T

Figure 13 — Phase scintillation only

However, accounting for amplitude scintillation,isth
would be at the expense of a high loss-of-lock, ratean
unrealistically high C/NO limitation :

Phase error Phase error
T T T T

60 dBHz

30 dBHz

Figure 14 -Influence of amplitude
scintillation (2Hz BW)

RECEIVER LOSS OF LOCK MODELS

The strategy in order to quantify the Loss of Lock
probability is to compute for a certain C/NO withou
scintillation the probability that the C/N inclugjrfading
drops below the tracking threshold. Continuity
requirements are applicable to dual-frequenciesices
that necessitatehe combined use of code and phase
measurements on the two frequencies. Therefae th
receiver tracking threshold shall be estimated las t
minimum C/NO enabling to maintain lock on the code
and phase on the both frequencies.

As detailed in [RD-11] the condition in order folaop
bandwidth not to loose lock is that the error remsai
within the linear part of the discriminator. ForP&
signals, the fact to have a navigation messagdenolp

of the pseudo random code forces to use a Costa fovo
phase tracking. For Galileo the fact to have atsignal
free of navigation message enables to select avi#th a
4-quadrants discriminator. This has the advantage
increase the linear part of the discriminator bfaetor 2
that implies a 6 dB additional increase in terms of
robustness compare to GPS C/A. A rule of thumb
commonly used in order to define the tracking thoéd

is to define it as the minimum C/NO necessary bheotto
maintain lock with a probability of 0.999. For &lR the

The final (relatively broad) compromise betweenppase discriminator can be considered as linear @0t

scintillation, dynamic response and false lock et a
noise BW around 1 Hz. Indeed, at S4 larger th@rthe
time series obtained from the GIMS model exhibitsie
rapid variations larger than one cycle combinedhwi
strong fades. In those conditions, the strong faldels

momentarily the PLL. When the fading disappears,

although the phase has rotated of several cydlesPLL
locks again on the phase ambiguity that is in betwse/-
cycle compare to the value before fading. The dhyoa
of the variations make them not possible to folleven
with a wide bandwidth.
bandwidth would more sensitive to fading.

Furthermore, this loop satisfies the requirementnoh-
correlation of measurements at 1s” that is necedsar
an integrity monitoring network in order not to pegdise
the time to alarm performance of the total system.

Auto-correlation
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Figure 15 — Phase measurements autocorrelation

On the other hand a wide

degrees. Therefore the receiver can maintain éocthe
phase until the error remains below 30 degrees. .
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Figure 16: Loss of Lock probability according to
phase error in degree.

The phase error can be approximated with the faigw
formula ([RD-11]):

_360 | B,
2m\|C/N,
In theory the signal should be lost as soon asthdable
C/N (including fading) drops below the tracking
threshold. Considering the Nakagami distributitime
figure 3 shows the occurrence probability of a rigdi
according to its amplitude. This enables to comphe
probability of loss of lock according to the C/NO
available without fading. The following tables shthe

obtained results with a tracking threshold equal to
respectively 18 dB.Hz and 7 dB.Hz.

Eaq.(4)

PLL



C/INO 25 30 35
(dB.Hz)

Fading (db) 7 12 17
S;=1 2.0E-1 6E-2 2E-2
S,=0.9 1.4E-1 3.6E-2 1E-2
S5,=0.5 9E-3 1.4E-4 1.6E-6
S5,=0.3 1.8E-5 2E-10 1E-15

Table 1 : Theoretical Loss Of Lock performance with 18
dB.Hz threshold

C/NO 25 30 35
(dB.Hz)

Fading (db) 18 23 28
Si=1 1.6E-2 5.0E-3 1.6E-3
S=0.9 6.8E-3 1.6E-3 4.0E-4
S=0.5 6.2E-7 6.4E-9 6.3E-11
5,=0.3 na na na

Table 2 : Theoretical Loss Of Lock performance with 7

Fadings in dB

92 921 922 923 924 925 926 927 928 929 93
Time (s)

Figure 18: GISM Fading time series, general +
zoom

It can be seen that the time during which the fadarger
then 20 dB lasts barely more than 100 ms. In chee t

dB.Hz threshold

C/N available crosses the tracking threshold ivesy

However, such theoretical ana|y5is has the stron nllkely that it lasts more than a few millisecond$e

limitation not to consider in any manner the dunatbf
the fading. It assumes that the fading is consiget the
whole integration time of the Loop (either PLL otD,
which can be considered as an unrealistic assumfiio
Galileo ground receivers considering that the fgsdliare
very short events (usually less than a few milligets or
even microseconds). The probability to have stifadigs
larger than one second is very remote and canntatkes
into account in the present modelling.

The correlation between the fades duration, the loo
bandwidth and the loss of lock probability is akofes:

- When the loop integration time is smaller than
the fading duration, the global C/NO is not
improved after integration and therefore remains
too low to maintain tracking.

- On the other hand if the integration time is larger
than the fading duration, the PLL can take
advantage of the part of the integration time
during which the C/N is nominal (or quasi
nominal) to coast though the strong fading and
therefore maintaining lock.

Fading

ollowing picture details the equivalent C/NO intatgd

in a 1-Hz loop bandwidth. What can be seen is tihat
fading are very short with respect to the loop grdgion
time and that therefore a C/NO of 35 dB.Hz would be
reduced by only around 10 dB.

CNO dbw.hz

Figure 19 : CNO Equivalent and PLL 1 Hz noise
bandwidth (blue curve: without filtering, red curve
with filtering)

This confirms that the usual technique that carfiob@d
in literature in order to assess the loss of loabpbility
is not adequate for narrow loop bandwidth. Forewid

| >t loop bandwidth (100 Hz), the integration time of fALL

PLLt>Fading=Few db loss
=> Tracking maintained

PLLt<Fading=Total Signal Loss
=>Loss of Lock

Figure 17: Qualitative description of PLL bandwidt h
impact on Receiver robustness to scintillation

is 10 ms. On such short time period, it makes nseree
to consider that there is only a single indepengantple
on the integration time period and that the fademgains
constant (although it is not exactly what comes foumn
the GISM model).

Under these conditions standard

formula are more representative.

The following figure represents the strongest fade
The following figure on the left shows a zoom oe tt6

more important fades observed on the time perioB06f
seconds (worst fade centred on 0.5s).

observed on a fading time serie obtained with th&\G
over a period of 500 seconds.

It hightighaat,

as expected, the fade is far to be constant over on
second. The fade has time, from its nominal valuget



down to the worst fade and come back to quasi-naimin
situation. For some of the deep fades, two trammsitcan
even be observed.
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Figure 20: Fades temporal characterisation over
1 second

Equivalent fading db.Hz

[Ny S
N
ol - —
©
=
S
[l
~
[
>

-10
0

16
1st, 2nd, ..., 16th most severe fading

Figure 21: Fades temporal characterisation over 1
second

Figure 21 shows for each worst fades (starting ftben
worst one) the associated C/NO degradation ondbp |
integration time. What is interesting to noticehat the

worst C/NO degradation is not observed for the twors C/NO|

fade. There is no direct correlation between thgthl of
the fade and the C/NO degradation. Next figure $esu
on the worst equivalent C/NO degradation observed o

the time series analysed. The equivalent C/NO (red

curve) drops down to 20 db.hz whereas the fadinthen

integration time remains below 37 db (instantaneous

C/NO equal to —2 dB.Hz). The worst instantane@ake f
is observed in another part of the time serie &td# and
induces a C/NO degradation of 5 dB only.
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Figure 22: Fades temporal characterisation

As demonstrated above, the depth of the fadingatae
directly linked to C/NO degradation over the loop
integration time. Furthermore the previous result
highlights that the advantage to use a narrow loop
bandwidth as proposed in the optimised scheme ds tw
fold:

- First the narrow bandwidth enables to decrease
the tracking threshold in “static” conditions.

- Second the filtering time span grants an
additional in dynamic conditions since it allows
to filter most of the short fades due to
scintillation.

In order to inject improvement robustness broughtab
narrow loop bandwidth the following approach is
proposed:

The approach consists in extending the availabldeatso

to an integration time of one second through the
consideration of several independent samples per
seconds. Indeed, as mentioned previously the #laila
formula relies on the assumption to have only alsin
independent sample during the PLL integration tithat

is valid for equivalent noise loop bandwidth of 1189 or
wider. Observation of GISM time series (Figure 21)
enables to empirically identify three states within
second independent from one another. This meanst tha
can be reasonably assumed to have 3 independent
samples within one second.

—

Threshold

v

Figure 23: Qualitative description of proposed
approach.



Considering this model, the probability not to ledeck  implicit assumption that the fades stays at itsdstwalue
is equal to the sum of probability to have onehaf tour  for 333 ms that is something that has never besargbd
following cases: on the different trials performed with the GISM nebd
- At least one out of the three independentThe following figure shows the equivalent of Figuitt
samples above the tracking threshold plusbut considering a time duration of 333 ms. It carsben
10*log10(3)=4.7 dB. that although some of the curves start to haveoéiler
- At least two out of the three independent samplenore constant during the lap of time considerei, ith
above the tracking threshold plus still not the case for the majority of the deepfkasting
10*log10(3/2)=1.7 dB observed.
- The three independent samples above the °
tracking threshold. 0
Indeed in each case, the equivalent C/NO over ecernsl
cannot be smaller than the tracking threshold. The
following table provides some Loss of lock probdpil 10—
over 1 second obtained with this improved model for .| —

different S and C/NO. 3 _
2 -20
CINO 25 30 35 £ oo
(dB.Hz) 0
S;=1 5E-2 2.4E-3 9.1E-5
S,=0.9 3.3E-2 8.2E-4 1.4E-5 %
S,=0.5 3E-4 3.3E-9 <lE-14 -40
S,=0.3 4E-9 <1E-14 <lE-14 5
Table 3 : Modified Theoretical Loss Of Lock ° e (s)a2 o0
performance with 18 dB.Hz Figure 24: Fades temporal characterisation over 333
milliseconds
C/NO 25 30 35 It can still be observed a strong difference betwtee
(dB.Hz) deepes_t fading opserved on 333. ms an_d the av_ailable
S=1 4.6E5 1.6E-6 CE-8 power mtegrated in the same period. This d!ffeeels
$=0.9 6.2E-6 93E-8 1.4E-9 measured in between 13 and 32 dB. Actually it eleses
S,=05 <1E-14 <1E-14 <1E-14 in an inverse manner with respect to peak depth¢hwh
54_0'3 <1E-14 <1E-14 <1E-14 tends to demonstrate that the deepest fades arethas
L shortest ones. Based on such observation some more

Table 4 : Modified Theoretical Loss Of Lock

In order to underline the complexity of the intdrac

performance with 7 dB.Hz

between the tracking threshold and the integratiioe,

the following table provides the loss of lock penfiance
estimated for a loop with a tracking threshold & 1

dB.Hz and an integration time of 200 ms (5 Hz).

Since as demonstrated above, the loop robustness
severe scintillation conditions is a trade off betw
tracking threshold and integration time, it is odivious
that a loop with 13 dB.Hz tracking threshold is mor
robust than one with 18 dB.Hz tracking threshold.
Indeed the following table computed with a 12 dB.Hz
threshold but a single independent sample withia th
integration time exhibits more degraded results thd 8

dB.Hz threshold with 1 second integration time.

optimisation could still be considered. It showaathat
the proposed alternative for loss of lock estinmatio
remains to some extent conservative.

CONCLUSIONS
Galileo system is designed in order to provide tyafé
life service with high continuity and availability
rformance in severe environment conditions. ©Ohe
the phenomena that may drive the final performaoice
the system is the ionosphere scintillation . Tiha Btep
in order to assess the impact of scintillation & t
Galileo performance is to analyse Galileo grounasee
station response to this phenomena. Indeed|l&tionh
tends to induce deep fadings eventually leadiniggs of
lock.

Analysis presented in this paper tends to demdestinat
the optimum with respect to the scintillation pberena

C/NO 25 30 35 as simulated by the GISM model and the Galileagritg
(dB.Hz) constraint is to select a narrow loop bandwidthlof
S=1 6.2E-2 2.0E-2 6.5E-3 Hertz. Such tuning demonstrated a certain robastie
$=0.9 3.7E-2 9.3E-3 2.3E-3 terms of tracking in severe scintillation conditon
S,=0.5 1.43E-4 1.7E-6 1.8E-8 Nevertheless this was not corroborated by therétieal
S,=0.3 2.16E-10 <1E-14 <1E-14| model used order to extrapolate the continuity

performance at system level. Analysis of those ehod

Table 5 : Modified Theoretical Loss Of Lock

performance with 13 dB.Hz and comparison with the fading dynamic demonstrated

that it was not adequate to the Galileo groundivece
Note that in case of 1 Hz loop bandwidth, the fiact context since relying somehow on a wide loop
consider three independent samples in an integréitite  assumption.

of 1 second remains pessimistic since it makes the



An alternative to this model has been proposedis t
paper in order to inject the additional robustri@ssight
by a narrow loop bandwidth against the scintillatio
phenomena. It enables to consider less pessiméstidt
in the system analysis.

Nevertheless, it should be highlighted that thisas the
end of the story regarding the impact of sciniilaton
Galileo system. Indeed, the receiver is not thé/ o
aspect of the system that is impacted. Even i3hkleo
receiver can maintain tracking, it shall not beetakor
granted that the integrity algorithms are able tocpss
those raw measurements potentially corrupted by hig
phase noise or cycle slips. Both receiver andrilgo
aspects would need to be considered in order dlyfin
present on complete picture regarding the contnuit
performance of the system. Such analysis are rlyre
on going in the frame of the Critical Design Reviefv
the Galileo Mission ground Segment to be compléted
mid 2008.

ACKNOWLEDGEMENTS

This analysis is performed in the frame of ESA cacit
for Galileo ground segment development. The corwént
this material reflects the views of the authors] annot
to be considered as an official statement fromGhéleo
program.

REFERENCES

[01] Felix Butsch, "Analysis of Potential lonospleer
Common Failure Modes”, EUROCAE WG62 Working
Paper - July 2003

[02] Mark Knight, Anthony Finn, “The Effects of
lonospheric Scintillation on GPS”, ION GPS-98, p{86
685

[03] “Characterization of lonosphere Scintillatidior
Galileo” - ESA-APPNG-TN/00255

[04] GISM Technical Manual

[05] “Definition of lonospheric scintillation scerias” -
GMS internal document

[06] Optimisation of Galileo GRC receivers in
ionospheric scintillation conditions, H. Guichon,. N
Martin, S. Lannelongue, M.Crisci, ION National
technical meeting 2008.



