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Abstract

EGNOS, the European Satellite Based Augmentation System, generates its own system
time scale ENT (EGNOS Network Time)ENT is steered byhe EGNOS Ground Control
Segment to GPS time (GPST).The offset between ENT and UTC is broadcast time
EGNOS navigation messagelo compute that offset, an EGNOS ground station was set up
in the Observatoire de R#s and is connected to UTQOP). Applying EGNOS corrections
on GPS measurements provides a precise time and navigation solution referenced to ENT.
Thereforg the assessment of the time difference between ENT and UTC is a key issue for
time users.The aim of this paper is to assess the closenedsNF to UTC and GPST.

First, the paper recalls the timing aspects of EGNOS and describes the connection of
ENT to UTC (OP). Then the broadcast time difference ENTUTC (OP) is analyzed and
compared to an independent method of computing that offs&his independent method
makes use of thealibrated OPMT IGS stationthat is indirectly connected to UTGOP).

The agreement between the broadcast information and the independent method is discussed
with respect to EGNOS requéments. Using the BIPM Circular T that provides UTCi

UTC (OP), we can then easily derive the offset between ENT and UT@is independent
method can also be carried out using tHENG IGS station connected to UTQIT),
providing therefore ENTi UTC (IT).

Moreover, an assessment dfe time offset ENTi GPST is also carried out by two
methods. The first method combines the broadcast offset ENTUTC (OP) to the time
differences UTC UTC (OP) and UTCi GPST bah extracted from BIPM CircularT. The
second method combines the broadcafset ENTT UTC (OP) to the REFi GPS obtained
in the CGGTTS filescoming from measurements made by tl@PMT IGS receiver atthe
Observatoire de Parigeferred toUTC (OP). Both results are compared and discussed.

INTRODUCTION

The European Satdli Based Augmentation System, called EGNOS (European Geostationary
Navigation Overlay Service), provides to users in Europe an augmentation of three-@&&ido
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signals plus corrections/integrity information about the available GPS conste]la@drnabing the
compugtion ofa safe and precise position that can be dated in a legal time scale (UTC).
The Figure belowecalls the main SBAS missians
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Figure 1 SBASmissions

These missions lead to some timmeguirements, described briefly in heteafand more precisely in

[4]. EGNOS also broadcasts in its navigation message the time difference between EGNOS Network
Time (ENT) and UTC.This requires connecting ENT to at least one K)dn Europe. To this aim,

an EGNOS Earth station of the Grausegmentthe so-called Ranging and Integrity Monitoring
Station (RIMS), was installed ithe Observatoire de Paris (OP)Paris Observatory in July 2003.

This connection has already been described in detf&l];ithe major pointarerecalled hereaér.

Thefirst aim of this paper is to evaluate the time difference between ENT and & Tt€ realization
UTC (OP)atthe Observatoire de Paris) by two completely independent methidusfirst one simply
uses the EGNOS message #12 that contains dumagéiea of the time offset between ENTUTC (OP)
as seen by EGNOS system combiméth the time offsetUTC 7 UTC (OP) computed by the BIPM,
while the second one usksS receives connectedlirectly or indirectly to aJTC (k).

A second aim of this papés to evaluate the time difference between ENT and GPST tsing
differentmethods.

TIME IN EGNOS

EGNOS provides with GPS regional augmentation services to aviation, magtichéand users by
using a transponder onboard geostationary (GEO) stsl[iL-3]. The EGNOS Ground Segment
consists of Ranging and Integrity monitoring Stations (RIMS), which are connected to a set of
redundant control and processing facilities (CPF), in order to determine the integrity, ephamaeris
clock differential corections for each monitored satellite, to compute the ionosphere delays, and to
generate the GEO satellite ephemerishe GEO satellite downlinks these data on the GPS L1
frequency with a modulation and a coding scheme similar to GPS.

EGNOS TIME REQUIREMENTS

All measurements and data are referred to an internal EGNOS Network Time, (&ZNdge
performance requirements were derived exclusively from navigation accuracy performance
requirements.The European Space Agency (ESA) requires ENT to be steéfeid B0 ns () of

GPS Time (GPST).This requirement is mostly specified to keep compatibility with the maximum
capacity of the message used to correct the GPS satellite clbetd. allow the user to combine in
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its navigation solution GPS and EGNG§nals. For t he GEO fARangingo mode,
User Equivalent Range Error (UERE) of 25 my).2
This UEREis comprisel of:
- the [ENT- GPS Time] time offset error
- the [ENT - GEO Time] transfer error (GEO Timéeing the equivalent time scalelward the

GEO, precisely at the L1 antenna ezof phase)
- the [GEOi User] range error.
The [ENT- GEO Time] transfer error is specified to be less than 10a)s é&er offset and frequency
corrections provided in EGNOS GEO message H8s particuar requirement is of special interest to

a precise time broadcast function in real time.

Tablel below summarizes the EGNOS time requirements:

Table 1 EGNOS time requiremenf§].

[ENT - GPSTime] offset< 50 ns (5c)
[GEO Time- GPSTime] offse < 50 ns (5)
[GEO Timel ENT] accuracy 10 ns (3o)
[ENT T UTC (OP)] accuracy¥ 10 ns (3o0)

Al WIN -

One of the objectives of this paper isctiecktherequiremers #1 and#4. As required in SIS (Signal

in Space) specification, EGNOS provides in message #12 the time difference between ENT and UTC.
Since UC is a deferredime paper time scale, the time difference [ENUTC] will be computed

using a physical clock signal of a European National Metrology Institute, taking into account or not
the prediction of the difference between this Ukiand UTC.

RIMS CLock SYNCHRONIZATION , ENT GENERATION

RIMS clock synchonization is performed using @mposite clock techniquig] in which ENT is
defined as the implicit ensemble mean of a set of RIMS clocks and the synchronization process
generates estimate$ the time and frequency offsets of each RIMS clock relative t&NT is then
steered to GPST using a secander, lowpass digital filter. The steering input signal is an
instantaneous estimate of the [ENTGPS Time] offset. The latter is computefiom the estimated
satellite clock offsets with respect to ENT and the GPS broadcast satellite clock corrections.

RELATIONSHIP BETWEEN ENT AND UTC

To synchronize ENT and UTC, it was decided to authe Observatoire de Pars special RIMS
cal | M8-UT®RO0 or PARA A blockdagramfythsteguipment frof@] is givenin
Figure 2 below.

The time difference [ENTI UTC] is computed bythe Central Processing FacilitCPH within
EGNOS system using the following formula:

ENTi UTC = [ENTi UTC (OP)] + [UTC(OP)i UTC]

where:
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A [ENT 7T UTC (OP)] is determined by the CPF as an output of its ENT composite clock algorithm.
A [UTC (OP) 1 UTC] is computed bythe CPF using a prediction algorithmCurrently, this
prediction is not implemented antherefore EGNOS broadcasts in its message #12 the time
offset [ENTT UTC (OP)] for the real time synchronization to UTi@ compliancewith [7].
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Figure 2 Block diagram of the RIMSJTC 1 PARA.

The message type #18ferred to as MT12ontains an &imation of ENTi UTC (OP) expressed in
the form of a linear model (an offset A0, a drift,Ahd a reference timg)t assumed to be valid far
day, that can be extrapolated at anyreat time from its reception untihe reception of a new set of
such parameters ountil its validity time. The maximum broadcast interval of MT12 is 3007k
There are different possible time references for MTA& are listed in the Table below

Table 2. Bssible references for UTC synchronization in MT1R2

UTC Identifier UTC Standard

0 UTC as operated by the Communications Research Laboratory (CR
Tokyo, Japan

1 UTC as operated by thdational Institute of Standards and Technolog
(NIST)

2 UTC as operated by the U. S. Naval Observatory (USNO)

3 UTC as operated by the International Bureau of Weights and Measu
(BIPM)

4 UTC as operated by European Laboratory TBD

5106 Reserved fofuture definition
7 UTC not provided
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EGNOS RELEASES & GEO STATUS

Some improvements have been implemented in a new EGNOS release called ESR2.2 in order to
provide among other objectives, a maecuratecontent in its message #1Zhis ESR2.2 release has

been on air for test purpes through the PRN124 (Artemis) GEO frame frtme beginning of
February 2008 and was deployed and used in the EGNOS operational chain since the 6 October 2008
for the PRN120 (INMARSAT AORE) and PRN126 (INMARSAT IORV) GEO frame elaboration.

Moreover the EGNOS operational system is composetiwaf navigation chains and evolved on 17
February 2009the navigation chain using PRN124 reddrom the TEST part to the operational one
and PRN126 mad in the other way (from operational parttttee TEST one). So, in the hereafter
sections, PRNOP2 informatiorefers toa combination of PRN12@atauntil 17 February and of
PRN124dataafter this date.To know the current status of each EGNOS GEO frariéel server is
available[8].

ENT - UTC EVALUATION USING MT#12 & BIPM CIRCULAR T

COMPARISON OF BOTH OPERATIONAL GEO/PRN

A first comparison based on t hewitlraMebspage Mpeal2 v al u.
(MT12) for each PRN has been carriedt for October 20080 September2009 when th two

operational navigation chains were broadcasting the ESREh2. results for both PRIN(Figure 3

below) are very closeas depicted hereafter, the interruption from 12 January to 18 February 2009

being due taheimpaossibility of configuringPARA. All figures below are expressed in hanoseconds

(unless otherwise statednd reported modall second Information on the way to compute values

from the fbrisgiged nd]and[9model ©

-= PRN120: Daily Mean

\
L ENT - UTC(OP): evolution ~ PRNOP2: Daily Mean
cnes

50
30
10
-10 4
-30 f

-50

-70

® K P D P DD PP
P PFLPFFFPFLFLFLPLLLSLSSES

FFLFFFLSLE PSS SRS U SUC SR S

NI U VN Vs Vo ol ol Ut Ca U U U U U U s Ui U U U\ U U U\ 2
P P I I IV T I T TT ST FFFFT S F S
IR VR NI P IR SR SR SR SRR S S N Sl S S S S SR S
o d N SN N N ) S G A - AN RN - BN N

Figure3. ENT 1 UTC (OP)broadcastaily mears.
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Asecmd comparison based on the daily wvalue comput
each PRN is performed-igure 4shows the difference between two estimations of ENJTC (OP)
coming from the two PR&{noon value and daily mean)

é [ENT(PRNI) - UTC(OP)] - ~- Noon Value P120 - OP2

cnes [ENT(PRNj) -UTC(OP)] Daily Mean P120 - OP2
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Figure4. [ENT i UTC (OP)prnizo- [ENT i UTC (OP)pryora

If the differences between the ENTUTC (OP) information broadcast by each operational navigation
chain are negligible for the daily mean, this is not the case for the noon whleie differences of
seweral nanoseconds are observékhis is currently explained by the slope that is included in each
model of MT12 that is not representative of the expected dhi observation is under investigation
at EGNOSsystenievel.

COMPARISON WITH BIPM CIRCULAR T INFORMATION

Thepreviously computedaily mean has been comparedhe time offseUTC 1 UTC (OP)obtained
from BIPM Circular T[10]. As in BIPM Circular T, the sampling i®nly one point evenp days, in
order to have a maximum number of points this comparisanthe information coming from the
ESR2.2 test phase $also been tadn into account here This is possible because we have
demonstrated previously that the difference between the different EGNOS GEO is negligibke for
daily mean of ENT 7 UTC (OP)].

From theabovefigure, we can conclude that EGNOS broadcasts in real liavean offset [ENTi
UTC (OP)ur12 close to UTQ UTC (OP).

UTC aAND ENT CoMPARED IN DIFFERED TIME

As shownin the previous sectionthecurrent UTCi ENT broadcastime offset in MT12 is not based
on any prediction of UTC UTC (OP) and so in real time events datedh@ENT time scale can be
then time tagged in UTC with an accuracy depending ondhoseUTC (OP) is to UTC.

Neverthelessjn differenced iine UTC i UTC (OP) behavior is knowr10] and it is therefore,
possible to compare UTC and ENSing
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[UTCi ENT](t) = [UTC i UTC(OP)kiw (1) - [ENT - UTC(OP)uraa(t)

[ENT-UTC(OP)]MT12 vs UTC-UTC(OP) BIPM Circular T
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Figure5. UTC1 UTC (OP) compared tthe daily mean of broadcast ENTUTC (OP).

Assumingthe daily mean ofENT i UTC (OP)lur12 is close tats valueat 00:00:00 UTC we are able
to provide anestimation of UTCi ENT that we refer to a®)TC i ENT via UTC (OP). The
uncertainty 6 this result is in the range of a few ns (quadratic sifitihe uncertainties in our process
and in the BIPM Circular T).
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Figure6. UTC - ENT via UTC(OP)
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From this set ofdata (104samples)we can deduc¢hat themeanof UTC i ENT is -7.4 ns the
minimum and maximum values arespectively-20.7 and 2L ns andthe $andard deviation is 413s.

TheFigure below is the Allan deviation of the above time dft$€C-ENT:

Date: 10/29/09 Time: 22:12:14 Data Points 1 thru 116 of 116 Tau=4.3200000e+05 File: egnos_utc _ent.002
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Figure7. Allan deviation ofUTC 1 ENT.

GPST AND ENT COMPARED IN DIFFERENCED TIME

The previously computed fluctuations offO i ENT have been compared téTC i GPST as
provided by BIPMin the Circular T (C0).UTC i GPST being given each day, a linear interpolation
has been usedd order to get daily valueof UTC T UTC (OP) and to perform theomparisons in that
section.

The variations observed in UTT ENT are highly correlateavith UTC i GPST This is not
surprising since the EGNOS CPF algorithm has to ensure the steering of ENT tprieRP&Theless
a bias of some nanoseconds is observed.

We can now evaluate ENTGPSTasi (UTCi- ENT) + (UTC 1 GPST), considering that UTGENT
via UTC(OP) is the best available approximation of UTENT (as analyzegdreviously).

From this set ofdata (102samples), we can deduce that theanof ENT-GPST is 7.2ns, its
minimum and maimum values areespectively3.8 and 11.0 nandits standard deviation k.7 ns.
These figures allow us to think that the requirementffllable 1is probably achieved.
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0. é —UTC - ENT via UTC(OP)
cnes -CO[BIPM] (= GPST - UTC)
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Figure9. ENT 1 GPSTusingUTC (OP) andBIPM Circular T.

Since ENT is to be steered to GPST, the above mean should be close yetzaeeohave a significant

bias Considering thishias and knowing that EGNOS corrections are based on the GPS broadcast
TGD per satellite, it is rfoimpossibleto think that part of these biascomes fromthe calibration
process between USNO/UTC and JPL/T{AD]; in any casgthis biasis in the same rargas the ones
presented if11] and noanalysis(to our knowledgehas been performed to confiror not this
possibility.

23



41% Annual Precise Time and Time Interval (PTTI) Meeting

Another way to compute this time offdeNT i GPST is the following one

ENT 7 GPST=ENT i UTC (OP) obtained from MT12
+ obtained from OP CGGTTdds

The receiver used in thatsmiis the same one as OPMlt the CGGTTS files are modified to relate
the measurements to UTOP). Thefigure below summarizes the obtaimedults:

Figure10. ENT1 GPSTusing OP CGGTTS files

From this set of data, the mean value of ENGPST dtained is 5.2 nsNote that this computation
was carried out on a much shorter peKibdveek)than the previous onelhese rests are close to the
ones ofFigure9 andit confirms a bias between ENT and GPST in the rangetofbns. Such a bias

is obtained using two different receiversthe Observatoire de Paris and two different methods to
relate to GPST (BIPM Circular T is using tl#PS data taken from a TF¥Rreceiver, corrected for
IGS precise orbits, clockand ionosphere map, while this esad method uses an AshteclLZ T and
the GPS broadcast messages).

INDEPENDENT EVALUATION OF ENT -UTC

METHOD

The method consists in an independent estimation of ENfAeaiser level. In that case, we use the
GPS measurements of a receiver coretbtd a UTCK). We apply EGNOS corrections and station
delays on these measurements, so that we getsENTUTC (k). If we use UTC(OP)[4], we can
therefore compare [ENJe,T UTC (OP)lopurto [ENTT UTC (OP)lur12-

If we use aonther UTC (k) [12], aswe get [ENTser T UTC (k)], we have to determine also the
difference between UT(k) and UTC(OP)to be able to compare to [ENTUTC (OP)}ur12, and this
can bedone by using the @GTTS files theusual methodor GPSCommonView time transfer

The geneal model for EGNOS measurements uses the C/A pseudye observable (C1 observable
in the RINEX files). The reference orbit and clocks come from the GPS broadcast ephemeris.
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