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1 INTRODUCTION

The Cospas-Sarsat Council (CSC) has directed that a demonstration and evaluation (D&E) be
performed to confirm the expected capabilities and benefits of a satellite system in medium-
altitude Earth orbit (MEQO) that uses onboard repeater instruments to relay distress alert signals
emanating from 406 MHz distress radiobeacons. This system is referred to as the medium-
altitude Earth orbiting search and rescue (MEOSAR) system. The CSC further directed that the
D&E should establish the technical and operational performance characteristics of the MEOSAR

system.
O

<
1.1 Purpose of Document Q)é

The purpose of this document is to provide the framework fo@&e demonstration and evaluation
of the MEOSAR system which should lead to a statement apability of individual equipment
and the entire 406 MHz MEOSAR system. This st ent of capability will provide the
information necessary for the Cospas-Sarsat Joint C 1tte§ o make recommendations to the
Cospas-Sarsat Council on the integration of MEO equigment into the existing Cospas-Sarsat

System. \Q \6
Succinctly stated, this document prov1des\%@ehne{7ér

o conducting the D&E of the ME R sy%& in a standard manner among the participants;

o collecting a set of results 1nd1 ual partlclpants using compatible formats, that can
be consolidated 1nt0 a f re for review by Cospas-Sarsat participants and other
interested parties; a

o analysing and tr ing the results into a set of recommendations for a decision by the
Cospas-Sars &cﬂ

1.2 Scope

This D&E Plan details the actions to be taken to determine the performance of MEOSAR
equipment and the effectiveness of MEOSAR data for search and rescue operations. The Plan
covers MEO satellites, provided by the space segment providers that are equipped with
appropriate 406 MHz repeaters and that are in operation during the D&E period. The D&E Plan
also applies to Cospas-Sarsat Participants that operate a MEOSAR ground station (MEOLUT)
and/or an MCC that processes MEOSAR data, and to RCCs and SPOCs that might evaluate
406 MHz MEOSAR alert data. This plan includes provisions to capture data from signals
generated by beacon simulators, 406 MHz test and operational beacons, and from a new beacon
return link message service.

The Plan will be used to prepare, conduct, and analyse specific and varied demonstrations of
MEOSAR operations and report the results. The plan provides a basis for the assessment of how
well the MEOSAR system meets its expected capabilities and benefits. It presents the guidelines
for data collection and analysis, for reporting demonstration and evaluation results, and for
consolidation and presentation of a final report to the Cospas-Sarsat Council.
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1.3 Background

Cospas-Sarsat is an international satellite system for search and rescue (SAR) distress alerting
that was established in 1979 by Canada, France, the USA and the former USSR. Since its
inception the Cospas-Sarsat Programme has continually expanded and, as of 2011, 43 countries
and organisations share in the management of the System. At the end of 2010, more than 30,000
people had been rescued through the use of the System.

The System originally comprised satellites in low-altitude Earth orbit (LEO). The LEO satellites
and associated ground receiving stations (referred to as the LEOSAR system) receive signals
from distress beacons operating at 406 MHz. The LEOSAR system calculates the location of
distress beacons using the Doppler effect on the received beacon signals. Because of LEOSAR
satellite orbit patterns, there can be delays between time of beacon activ@'on and the generation
of an alert message. GQ

In 1998, following several years of testing, the Cospas-Sarsat '@%)wil decided to augment the
LEOSAR system by formally incorporating SAR instrumerff§ on geostationary satellites for
detecting 406 MHz beacons (referred to as the GEOS system). Geostationary satellite
footprints are fixed with respect to the Earth’s surfaec; therefore, each satellite provides
continuous coverage over the geographic region ed its footprint. This reduces the
detection delays associated with the LEOSAR sy B&se of their altitude each GEOSAR
satellite provides coverage of a very large area (dbout o ird the surface of the Earth excluding
the Polar Regions). However, because of't ;ﬁattrlm (i.e. stationary with respect to the Earth
and high altitude):

J GEOSAR systems provide loc ir@'atlon only if this information is available from
an external source (i.e. glo avig&tl n receiver in the beacon) and transmitted in the
406 MHz beacon MESSAgEN]

° obstructions blockin 630:)9’[0 satellite link cannot be overcome because the satellite
is stationary with re&ct to the beacon, and

o the beacon t/ge ite to LUT communication link budget is less robust than the LEOSAR
system because of the greater distances involved (decreasing the probability that 406 MHz
beacon messages are properly detected by the GEOSAR system).

In 2000, the USA, the European Commission (EC) and the Russian Federation began
consultations with Cospas-Sarsat regarding the feasibility of installing 406 MHz SAR instruments
on their respective medium-altitude Earth orbit navigation satellite systems (hereafter referred to
as MEOSAR constellations) and incorporating a 406 MHz MEOSAR capability into the Cospas-
Sarsat System. The USA MEOSAR system is called SAR/GPS', the European system is called
SAR/Galileo, and the Russian system is referred to as SAR/Glonass.

Initial investigations identified many possible SAR alerting benefits that might be realised from a
MEOSAR system, including:

. near instantaneous global coverage with accurate independent location capability,

' The USA proof-of-concept system using GPS Block IIR and IIF satellites with an S-band downlink is

referred to as the Distress Alerting Satellite System. SAR/GPS reflects the transition to an operational
L-band downlink system using GPS Block III Increments B and C space vehicles.



1-3 C/SR.018 - Issue 2 - Rev. 1

October 2013
o robust beacon to satellite communication links, high levels of satellite redundancy and
availability,
o resilience against beacon to satellite obstructions, and
. the possible provision for additional (enhanced) SAR services, such as a ground to beacon
return link.

In light of this potential, the Cospas-Sarsat Council decided to prepare for the introduction of a
MEOSAR capability into the Cospas-Sarsat System and to encourage coordination among the
space segment providers for System compatibility and interoperability with the proposed MEO
satellite systems.

1.3.1 MEOSAR System Development 6

<
The MEOSAR programme time-line includes several p Q which clearly delineate
development and implementation activities. The followifg five phases were established

for the realisation of the MEOSAR system?: %)
o definition and development QQ
. proof-of-concept (POC)/in orbit validat &IO&
° demonstration and evaluation %) @)

&

W

%

To date the first phase has b@'cq@ed by all space segment providers. POC/IOV
activities have been com d for_the DASS space segment’ with several participants
undertaking technical to characterise the system. The EC and Russia plan to
complete POC/IOV (a¢ 1Vit@%’l the SAR/Galileo and SAR/GLONASS* systems as
soon as possibl Gter the beginning of their constellation deployments. These
POC/IOV actiyities are expected to be completed prior to the beginning of
demonstration>and evaluation activities. When D&E activities are completed, the
Cospas-Satsat Council will decide when to begin the IOC and FOC phases.

o initial operational capability (IO@
o full operational capability \g

1.3.2  Description of the MEOSAR System

1.3.2.1 MEOSAR System Space Segment

The primary missions for the three MEOSAR constellations, i.e. the Global Positioning
System (GPS), Galileo and GLONASS, generally referred to as global navigation
satellite systems (GNSS), are positioning, navigation, and timing. As a secondary
mission, the SAR payloads have been designed within the constraints imposed by the
primary mission payloads.

2 Further information on the phases of MEOSAR system implementation can be found in the document
C/S R.012 (MIP).

3 The United States began launch of GPS satellites with an experimental SAR capability in 2001. Even
though these satellites were not optimally configured to fully demonstrate the full MEOSAR capability,
they were adequate for POC/IOV testing. As of December 2011, there were ten DASS satellites providing
POC/IOV capability.

4 Asof December 2011, there was one SAR/Glonass satellite in orbit.



1-4 C/SR.018 - Issue 2 - Rev. 1
October 2013

The three MEOSAR satellite constellations will use transparent repeater instruments to
relay 406 MHz beacon signals, without onboard processing, data storage, or
demodulation/remodulation. = The SAR/GPS, SAR/Galileo and SAR/GLONASS
payloads will operate with downlinks in the 1544 — 1545 MHz band. The planned
technical characteristics of each satellite system are contained in the Cospas-Sarsat
document C/S R.012 (MEOSAR implementation plan (MIP)). MEOSAR satellite
providers will make their satellite downlinks available internationally for processing by
MEOLUTSs operated by MEOSAR D&E ground segment participants. Cospas-Sarsat
MEO satellite specification and commissioning documents will be developed during the
latter portion of the D&E.

1.3.2.2 MEOSAR System Ground Segment

The MEOSAR ground segment will comprise ground rece'vﬁ@?stations (MEOLUTs),
Cospas-Sarsat Mission Control Centres (MCCs) modifie é process MEOSAR data,
and ground control station(s) for the return link functii? he MEOLUTsS used during
the D&E will operate under the technical requiremengs,'developed during the definition
and development phase of the MEOSAR system. ’Qospas-Sarsat MCC and MEOLUT
specification and commissioning documents will’he’ developed during the latter stages of

the D&E.
& . &

From a programmatic perspective, \@spas&sat Participants and the EC are
responsible for providing MEOLU !Eg Hom@er, these D&E participants may not be
able to provide all the MEOL necessary to support global coverage during the
D&E. Because the three MEQSAR cc@t’ellations are expected to be interoperable, the
MEOLUTS should have th&biﬁ@o receive and process the downlinks of all three
MEOSAR satellite cons@% lons fo-compute locations.

O 3

14 Concept of ME R Operations

Using SAR instrumﬁ@%n MEO GNSS satellites and ground processing stations, the MEOSAR
system will receiv&s ecode and locate 406 MHz distress beacons throughout the world. The
SAR instruments on all three MEOSAR constellations will be compatible with Cospas-Sarsat
406 MHz distress beacons as defined in document C/S T.001 (Cospas-Sarsat beacon
specification).

MEOSAR satellites orbit the earth at altitudes of about 20,000 km, receiving the signals
transmitted by 406 MHz distress beacons. The satellite downlinks are processed by MEOLUTs
to provide beacon identification and location information. The distress alert information
computed by MEOLUTs is forwarded to Cospas-Sarsat MCCs for distribution to SAR services.

Each MEOSAR satellite provides visibility of a large portion of the surface of the Earth. The
MEOSAR satellite instruments will receive 406 MHz distress beacon signals and transmit them
to MEOLUTs. Each MEOLUT will compute beacons’ locations and transmit location data and
related information to its associated MCC. Each MCC will then route beacon alert data to
regional RCCs and other MCCs as appropriate.

Figure 1 below, provides a graphical summary of the MEOSAR concept. This picture shows the
relay of beacon signals, via multiple satellites, to the MEOLUT. Beacon data is processed and
passed onto the MCC, which in turn notifies the RCC. Also depicted is a new service offered by
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SAR/Galileo, the “Return Link Service” (RLS), which provides for communication back to the
beacon (e.g., to acknowledge receipt of an alert). The Galileo and Glonass constellations plan to
deploy this emerging technology.

Figure 1.1: The MEOSAR System Concept

S

All existing and plann QEOSAR satellite instruments are 406 MHz signal repeaters. When
fully implemented MEOSAR constellation will provide continuous visibility between a
distress beacon l0c¢atéd anywhere on Earth and at least four satellites. Simple detection is
achieved when one MEOLUT antenna is in view of at least one of these satellites and location
information is available if the beacon is properly equipped (i.e. if it provides an encoded position
using GNSS navigation information). Upon receiving a transmission (beacon burst) from a
406 MHz distress beacon, a MEOLUT will generally obtain two key values, measurements of
Time of Arrival (TOA) and Frequency of Arrival (FOA). Assuming reception of beacon
transmissions by at least three MEOLUT antennas tracking distinct satellites, MEOLUT
processing can provide a two-dimensional (longitude and latitude) independent beacon location
using a combination of time difference of arrival (TDOA) and frequency difference of arrival
(FDOA) computations. Three-dimensional locations (i.e. with the addition of a computed
altitude) are possible when the beacon burst is relayed to a MEOLUT via four or more MEOSAR
satellites.

In addition to calculating beacon locations using a single burst relayed by different satellites,
subsequent bursts can then be used to refine the beacon location. Finally, theory and preliminary
studies indicate that MEOLUTSs can also improve location accuracy by processing TOA/FOA
data acquired through antennas associated with a different MEOLUT, a process referred to as
MEOLUT networking.
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1.5 Responsibilities

Each participating MEOSAR space segment provider is responsible for ensuring that the nominal
operation of its satellite instruments remains within specification during the D&E period. This
responsibility includes the monitoring of critical performance parameters and the timely reporting
of changes in system status. SAR repeater information desired for proper MEOLUT calibration is
provided in Annex K, Table K.1, of this document. Updated satellite information will be
distributed via the operational MCC network to all D&E participants using the SIT 605 message.

MEOSAR ground station providers are responsible for the development, implementation and
operation of their MEOLUT and communication networks, and the implementation of agreed
procedures for the processing and distribution of MEOSAR alert messages and the exchange of
data required for the completion of specific technical tests. é

All MCC participating in the D&E shall implement the agreed pro@res for the distribution of
MEOSAR alerts as given at Annex E, without impacting the op nal MCC system. All D&E
participants shall collect, analyse, and report the results of agre€d tests as appropriate.

N

1.6 Schedule %
S Q0

The MEOSAR D&E schedule is detailed in sectidi)6.2 ; 91 provides the major milestones of
MEOSAR D&E activities. The timeline presented ir@ﬁ{on 6.2 includes concurrent activities
that need to be accomplished during the D ase-fp ensure that the MEOSAR system will be
able to attain IOC status, as decided by t os@‘Sarsat Council, as soon as possible after the

D&E is completed.
PR
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2 MEOSAR DEMONSTRATION AND EVALUATION GOALS AND OBJECTIVES

2.1 Demonstration and Evaluation Goals

The MEOSAR D&E should assess technical and operational performance and offer a well-
supported analysis of the characteristics, capabilities, and benefits of the MEOSAR system. This
MEOSAR D&E Plan offers a set of technical and operational tests which can provide this measure
of performance for the future MEOSAR system. The goals of the D&E phase are to:

- characterise the technical performance of the MEOSAR system;
- characterise the operational performance of the MEOSAR syst
- evaluate the operational effectiveness of the MEOSAR sys@

- develop performance specifications and commissionil%\@ndards for MEOSAR satellites,
MEOLUTSs and MEOSAR-capable MCCs; and

- provide the basis for recommendations to the C@gs-Sarsat Council on the integration of
the MEOSAR system in the Cospas-Sarsat PngramgQ\
Therefore, D&E testing needs to be as represen gé of ®\planned MEOSAR system as possible.
Even though D&E will take place before thereds a fulljdoperational space and ground segment, it is
the intent to operate the MEOSAR syst@&% a centext as close as possible to that expected for
standard operations. X \Q)
PR
In particular, it is assumed that: {(\ >
a) the operational requiteme MEOSAR global coverage will be achieved by a
distribution of sta&@t one MEOLUTsS;

b)  MEOLUT networking will be implemented by some participants to enhance system
performeyQ d support redundancy of the Cospas-Sarsat Ground Segment;

c) each MEOLUT nparticipating in D&E will meet the requirements of Annex C and
successfully participate in the readiness tests described in Annex D;

d)  the assessment of the MEOSAR system performance during the D&E will be based on the
use of first generation beacons as defined in document C/S T.001; and

e) data collected from second-generation beacons shall be kept separate from other D&E
data.

The D&E Plan is divided into technical and operational areas of study, with 8 technical and
7 operational tests specifically identified. The technical objectives address the compatibility of the
various MEOSAR components and the determination of the baseline performance characteristics of
those components. The operational objectives are structured to assess the performance and
effectiveness of the MEOSAR system in supporting SAR operations. Note that S-Band and some
L-Band MEO satellites might perform differently than future operational MEO satellites.

It is unlikely that a sufficient number of satellites from either the DASS constellation (with an
S-band downlink) or the SAR/Glonass and SAR/Galileo constellations (with an L-band downlink)
will be available during the planned first year of the D&E period, therefore, this plan assumes that
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both satellite bands will be processed during the D&E. However, test results will be collected
separately to identify the type of satellite (i.e., S-band, L-band or both) in case the two satellite
types exhibit significant differences in performance. Because the D&E will be undertaken with a
mixture of satellites with S-band and L-band downlinks with different performance, it will require
three phases to more confidently characterise the expected operational MEOSAR system which
will only feature SAR payloads with L-band downlinks.

In Phase I, participants will perform only technical tests during the first six months of 2013,
carefully limiting the earliest tests to a selected set appropriate for the limited space segment
available. Tests of location accuracy will be performed on a limited basis if at all during this phase,
given the limited number of available satellites. In phase II, with the space segment entrance
criteria met, operational tests will begin. In addition, technical tests may be re-run based on lessons
learned from Phase I and discussions held at Joint Committee and Tas]&roup meetings. During
Phase 11 of the D&E, participants will attempt to demonstrate that@e MEOLUT system can
perform as well as, or better than, the existing LEOSAR/GEOSAR&em. It is possible that a set
of these tests could form the basic testing sequence for future M@UT commissioning.

For both Phase I and 1II it is assumed that S-band and able L-band systems using current
beacon waveforms and beacon simulators will be uséd®  Performance of these “preliminary”
systems can be evaluated by collecting data from theéﬁtin@erimental MEOLUT systems.

N\
In a Phase III, when satellites with L-band dov?@nkséﬂ(?be widely available, a second series of
tests replicating the tests of Phases I and I 1 be-dccomplished. It is expected that 14 L-band
satellites are needed to start Phase ITI. Inifia sat@ite planning suggests this phase could begin by

July 2014. xS
@Q (%
The technical and operational o% ives&f&e D&E are detailed in the following sections.

O 0
22 Technical Objec&?s

The objectives of, @?ical tests are to confirm the compatibility of the various MEOSAR
components and e’s&b ish the baseline performance characteristics of the MEOSAR system.

Most technical tests will be performed according to test scenarios generated by beacon simulators
producing controlled signals with specified output power and message content. The beacon
simulators will record beacon transmission characteristics such as frequency and time of burst
transmission. However, some technical tests will use operational first generation beacons of
various types (ELTs, EPIRBs and PLBs) to characterise their actual level of performance in
comparison with the performance assessed using controlled beacon simulator signals.

The test scenarios will guarantee a data set large enough to ensure the statistical validity of each
test result. Because of the nature of the MEO satellite constellation, the satellite tracking schedule
will repeat on a 24 hour cycle. The test scenarios are designed assuming a static selection
algorithm and a 24 hour repetition of the satellite configurations. It is recognised that technical test
results for MEOLUTSs which process transmissions from simulators located at a great distance may
exhibit differences due to less favourable satellite geometries. Therefore, MEOLUTsS participating
in the MEOSAR D&E technical tests should collect all available data, including from beacon
signals produced by simulators which are not collocated with the MEOLUT. When appropriate, a
DOP value characterising the available satellite configuration will be associated to each test result.
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The results of some of these tests could form the basis of future MEOLUT technical specifications
and commissioning standards, as they will define a minimum level of acceptable performance for
all future MEOLUTs.

All technical tests for the MEOSAR D&E described below assume the transmission of first
generation 406 MHz beacon signals, with the long message format, which meet document
C/S T.001 and C/S T.007 specifications and standards, except for the beacon transmit power which
may vary according to the defined test scenarios. However, on an optional basis, D&E participants
may run parallel sequences of tests with different signal characteristics (e.g., with
second-generation beacons) to assess the performance enhancements expected from modified
antenna radiation patterns or second generation beacon signal characteristics.  Successful
completion of the D&E will not be dependent on the results of these optional tests, but will be
decided on the results obtained with first generation beacon signals.

The specific technical parameters to be assessed are listed below. TheComplete description of each
technical test is provided in section 4 of this document. All t fifiical test scenarios described in
section 4 may be repeated as required by D&E participants as decided by the Cospas-Sarsat
Council for completing the evaluation of MEOSAR syste ormance.

)

As a minimum, D&E participants should endeaVOLQfo\ pe the tests T-1, T-3, T-4, T-5 and
T-6 and provide reports on their MEOLUT pge ange; described in section 4. The other
technical tests, i.e., T-2, T-7 and T-8, will be per egdhby participants as an option, depending on
available ground segment equipment capabi}ify. However, technical tests T-2 and T-7 must have
been performed by at least one participg@@qor t@he completion of the D&E.

N
T-1 Processing Thres%e@gld%}s(?e.m Margin

Determine the minimum«Yglue of\the beacon output power for which a single MEOLUT
satellite channel and, le chasinels are able to produce a valid/complete message for each
beacon burst 70% e time to meet the expected threshold performance. The system
margin is the df@ence between the nominal output power of a beacon and this processing

threshold. \Q

T-2 Impact of Interference

Initially assess the presence of interference in the 406 MHz frequency channel to be used for
this test. Monitor the frequency channel for interference while technical tests are being
performed, with a view to explaining anomalies in the results and illustrating the ability of
the MEOSAR system to provide valid messages in the presence of interference and noise in
the 406 MHz band.

Specific test scenarios may also be run in frequency channels with known interference to
compare results with previously run tests in channels free from the known interference.

T-3 Valid/Complete Message Acquisition

Valid/Complete Message Detection Probability
Characterise the probability of detection of a valid/complete message by a MEOLUT after
receiving one, two and seven bursts from beacons with a power output of 37 dBm and
33 dBm.
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Valid/Complete/Confirmed Message Transfer Time
Characterise the time elapsed between beacon activation and the production by a MEOLUT
of a valid/complete/confirmed message for beacons with a power output of 37 dBm and
33 dBm.

The lower value should be re-evaluated based on test T-1 results in subsequent phases or
retests.
T-4 Independent 2D Location Capability

Three parameters are used to characterise the MEOSAR system 2D independent location
capability. They are evaluated for Stand-alone MEOLUTs.

Independent Location Probability 6
Characterise the probability for a stand-alone MEOLUT to&)’vide an independent 2D
location with a location error less than X km (X =1, 5 km), for a given number of

transmitted bursts (1 to 7 bursts) and for a beacon transrn@ng at 37 dBm and 33 dBm.

Independent Location Accuracy O‘Q
Characterise the cumulative distribution of {\catio errors for independent locations
produced by a stand-alone MEOLUT after @) giv mber of transmitted bursts (1 to
7 bursts) and for a beacon transmitting at m @3 dBm.

%,
Time to First Independent@tiom A

A

Characterise the time elapsed betw@:én thg@t burst transmitted and the first 2D independent

location provided by a stand- UT with an error less than X km (X =1, 5 or
10 km) and for a beacon trapgnii tingbt 7 dBm and 33 dBm.

The lower value sho%@e re@xated based on test T-1 results in subsequent phases or
retests.

T-5 In I@}dent 2D Location Capability for Operational Beacons
Characterise the 2D independent location performance of the MEOSAR system after

receiving each single burst, two consecutive received bursts, three consecutive bursts, and up
to seven consecutive bursts for each operational first generation beacon of various types
(ELT, EPIRB and PLB), by determining two parameters used in test T-4:

- Independent Location Probability; and

- Independent Location Accuracy.

The above parameters are assessed for Stand-alone MEOLUTs.

T-6 MEOSAR System Capacity

The MEOSAR system capacity is defined as the number of beacons operating simultaneously
that can be successfully processed without degradation of performance.
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The system performance parameters used to assess the system capacity are:

- the probability of detection of a valid/complete message, over a given period of
time after beacon activation (after 1, 2 , 4 or 7 bursts); and

- the error for both a single burst location and for a composite location calculated
from the full 7 bursts of each beacon ID.

T-7 Networked MEOLUT Advantage

Evaluate the performance improvement that can be achieved by exchanging data between
MEOLUTs. For this evaluation the tests T-4 and T-5 listed above may be repeated, or the
transmissions processed in parallel in the stand-alone and networked configurations, and the
results compared with results obtained for the stand-alone MEOLU&conﬁguration.

<
T-8 Combined MEO/GEO Operation Performance @6

Evaluate the ability of a MEOLUT to merge GEO an O data to provide a combined
MEO/GEOQO alert. For this evaluation, tests T-3, T- d T-5 as listed above need to be
repeated, or processed in parallel, in the desire%@ igurations (stand-alone MEOLUT,
combined MEO/GEO, networked MEOLUT)(Q their results compared with results
previously obtained with MEO data only. (%) ‘\O
Q° P
ZRR\Z
O s
The MEOSAR D&E operational tests a@ to e&@aate the contribution to SAR operations of alert
data provided by the 406 MHz ME s and are designed to gain operational experience
in the use of MEOSAR distress al{Q& Ther&/erall operational objectives are to:

a. assess the performance@b th&@[*OSAR system in supporting actual search and rescue
operations; @)

2.3 Operational Objectives

b.  provide SAR sgyices with experience using MEOSAR system data and assess the
effectivenes& EOSAR alerts;

c.  provide participating ground segment operators with experience in the distribution and use of
MEOSAR distress alerts; and

d.  assess the impact of the MEOSAR system on the Cospas-Sarsat 406 MHz System.

The specific operational parameters which should be measured to provide the basis for the
MEOSAR operational evaluation are listed below. See section 5 for the complete description of
operational tests.

0-1 Potential Time Advantage

Measure the elapsed time between the receipt at an MCC of MEOSAR distress alert
messages as compared to those from the existing system (LEOSAR and GEOSAR alert
messages).
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2.4

0-2 Unique Detections by MEOSAR System as Compared to Existing System

Evaluate the performance of the MEOSAR system in detecting and locating 406 MHz
beacons in relation to the existing Cospas-Sarsat System, and visualise MEOSAR coverage
during the D&E period.

0-3 Volume of MEOSAR Distress Alert Traffic in the Cospas-Sarsat Ground
Segment Network

Evaluate the volume of 406 MHz MEOSAR distress alert messages exchanged between
MCCs, compare it to the traffic for the existing system (LEOSAR and GEOSAR) and
provide information on the totals and data volumes.

0-4 406 MHz Alert Data Distribution Procedures 6

Validate the initial concept of operations for alert data distribt@@, compare performance to
the LEO/GEO system and suggest modifications requir%@br an operational MEOSAR
system. 6\

0-5  SAR/Galileo Return Link Service (RLSéOQ

Evaluate the SAR/Galileo RLS in respect data (Velume, the effectiveness of data
distribution procedures and the timely delive@ returw/link messages.

Q

0-6 Evaluation of Direct and In/ﬁ)ct its of MEOSAR System
Evaluate the direct and indirect b@ts Q@AR services derived from the use of MEOSAR

data. @(\ \(b

0-7 MEOSAR Ale atg&stribution — Impact on Independent Location
Accuracy O() Q

Evaluate the initialanept of operation for alert data distribution to ensure that MCCs
provide SPOCs’&fﬁ other MCCs with accurate independent location data in a timely manner
while minim{i% the distribution of redundant data.

Other Suggested Data Collection

MEOSAR D&E participants may also consider collecting additional MEOSAR data for the
purpose of completing the assessment of performance of the MEOSAR system. Such additional
data may include MEOLUT processing results of self-test bursts transmissions and real beacon
events resulting from operational beacon transmissions.

- END OF SECTION 2 -
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MEOSAR D&E METHODOLOGY AND DATA EXCHANGE

31

General D&E Methodology
3.1.1  Overview

All participants in the MEOSAR system D&E should conduct their D&E activities in
accordance with a common set of guidelines and procedures as defined below and in the
remainder of this MEOSAR D&E Plan.

The MEOSAR D&E methodology includes: @6

a. standard procedures for each test applicable to al @rticipants for collecting,
analysing and reporting data required for the eval of the stated objective;

b.  guidelines for interpreting and reporting the res{dts of the D&E tests by individual
participants, integrating these results into a olidated D&E report, and drawing
appropriate recommendations for submissfoh to the Cospas-Sarsat Council;

c.  procedures for the exchange of ME R nd system information messages
as provided at Annex E; O \@

d.  procedures to track system cbﬁes W. @f may affect D&E test results; and

e.  procedures for interim re.@& oﬁ@% test progress.
o
The subsections below pg@e a ]a&Xder description of the overall methodology.

3.1.2 Methodolg'yQ \QA

The overall , i% for collecting test data is detailed in the timeline provided in
section 6. is plan. Within this period, tests will be conducted according to test
scripts a§ well as via the collection of operational and test beacon data over designated
time periods for each test defined in sections 4 and 5 of this plan. Each test will be
repeated as significant conditions change during the test period, such as the addition of
satellites (particularly L-band satellites) and ground stations. Sections 3.2, 3.3, 7 and 8
provide guidelines for the tracking and reporting of system changes to ensure the

validity of the data sets used to generate the D&E Final Report.

The schedule of test activities with relevant information on the test initiated by each
participant contributing with test beacons or beacon simulators, further called test
originator, (i.e. periods of test beacon/simulator transmissions, location of transmitter,
signal characteristics if not nominal, etc.) should be provided to all participants,
preferably with sufficient advance notice for coordination with other participants
wishing to collect data or perform similar or other tests. These test activities shall be
recorded in a General Test Schedule maintained by the Master Test Coordinator,
showing the originator of the test and the participants collecting data.

Analysis will be performed on large data sets comprised of beacon burst and location
data collected at MEOLUTSs and processing and message traffic data collected at MCC:s.
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A reliable and consistent D&E outcome will best be achieved by application of the same
data analysis method by all participants. For example, a common analysis method can
be ensured by using a standard spreadsheet with embedded macros. A macro would
first validate the format and general content of the input, and given valid input would
populate predefined result columns and/or summary tables.

Regardless of the technique, all participants must apply a common analysis method as
documented in each test procedure. Results will be collected by each Test Coordinator
and then provided to the Master Test Coordinator for final inclusion by the D&E Report
Preparation Group into a draft D&E Final Report. Participants are encouraged to
perform additional analysis of test results.

The D&E Report Preparation Group, which is expected to maclude Secretariat, test
participants and experts tasked by the Cospas-Sarsat Coungil{sshould include relevant
analyses or views in the draft D&E Final Report before it%@iew by the Cospas-Sarsat
Council. \
%)

Unless explicitly documented by specific te‘%ﬁacon scripts within a test plan,
participants should document the transmission‘gf beacon messages for the D&E in a
common Excel spreadsheet. These popul spreddsheets will be provided to D&E
participants and the D&E Report Preparagion’ Gr ‘géon a regular basis. At a minimum,
this spreadsheet will contain the followtag ﬁe%

A\

O\
W
Field Descriptje\‘p \é

Beacon ID 15 R@}b\ter ﬁl@‘l’)

[N

N\ . VU .
Power r@asn@n power in dBm
"’ A

Frequency éc transmission frequency in MHz

Duratlok\Q\ duration of activation in minutes
N\

Time of first burst | time of the first burst (to nearest second)

Time of last burst | time of the last burst (to nearest second)

Latitude decimal latitude accurate to at least 3 decimal places (6 preferred)
Longitude decimal longitude accurate to at least 3 decimal places (6 preferred)
Altitude decimal altitude accurate to at least 2 decimal places in metres
Antenna simple description (e.g., linear, omni-directional)

Beacon messages should be transmitted (and notification provided) in accordance with
section 3.8 of document C/S A.001, and as provided at Annex E. Beacon messages
shall not be transmitted with an operational protocol, unless this is essential to the test
being conducted.
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Note: In accordance with the above paragraph the RLS operational protocol defined in
C/S T.001 (1101) will not be used for most tests involving RLS capable beacons.
Instead, the National Test Location protocol (1111) will be used and when necessary,
participating MCCs will recognize RLS capability based on the beacon ID.

3.1.3 MEOSAR D&E Readiness Testing

To provide consistency in the reporting of objectives, one or more readiness test(s) will
be conducted prior to the beginning of the data collection period. The test(s) will be
designed so that the performance of each MEOLUT and MCC is documented. The
test(s) will provide a level of confidence that the MEOSAR D&E participants and
system are ready to undertake the tests detailed in this Plan. The MEOSAR D&E
readiness test is described at Annex D. 6

)

e Test Coordinators, the

Each D&E participant will provide their readiness status
Master Test Coordinator and to the Secretariat. If nece the readiness test(s) will be
repeated until system readiness is assured. Once the as-Sarsat Council has declared
that formal D&E tests can begin, a baseline ME R system status (e.g., MEOSAR
satellites, MEOLUTs and participating MCCsj»Wwill be provided. Subsequently, all
system changes should be documented and VideQ(o the other D&E participants as
outlined in sections 3.2 and 3.3. %) KN\
Q7 2
%)

3.2 Exchange of MEOSAR System I ati

-

A PPN
To facilitate a thorough data gatheri@and}ﬁg/rate statistical analysis, all D&E participants
should maintain and distribute s st information to all other participants. This
information shall include: 0

all periods of MEOLL%ngn @

o any change in status of MEOSAR satellites or 406 MHz repeater instruments;

. any MEOS@@ellite configuration which may affect the processing of MEOSAR data
(Annex K provides the dynamic space segment parameters that may influence the
MEOSAR system performance, specifically beacon location accuracy for the L-Band space
segment, and would be expected to be maintained up to date by Space Segment Providers);

. any change of MEOSAR status, configuration or software which affects the collection and
processing of MEOSAR data;

J any change in the status of test, orbitography and reference beacons or beacons simulators;

. all changes of MCC status, configuration or software which affect the processing of

MEOSAR data or the analysis of operational tests;

J all changes to the status or availability of the operational (LEOSAR/GEOSAR) Ground
Segment or Space Segment which affect the analysis of operational tests O-1, O-2 or O-3
(tests which involve comparisons between the MEOSAR and operational systems); and

J all periods of MCC down time.

This system information shall be exchanged between the participants on a timely basis using the
system status message (SIT 605). In addition, the responsible participant shall provide this system
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information to the Master Test Coordinator, who shall log this information so that it is available
to all participants.

33 Documentation of System Change Information During D&E Testing

To ensure accurate statistical analysis during D&E testing, each system change made after the
baseline system status is provided and until the D&E is complete should be thoroughly
documented. This information will allow the participants to understand the cause of possible
variations in test results and determine how to use the information. Reflecting the same
categorical list given in section 3.2 above, participants should document all system changes in a
common Excel spreadsheet. These populated spreadsheets will be provided to D&E participants
and the D&E Report Preparation Group on a regular basis. At a minimum, this spreadsheet will
contain the following fields:

%
Field D ipti ®V
ie escription (\%
Entity The entity or component changed (e\@ EOLUT, MCC, satellite)
v -
Type of Change e.g., Newly Added, RemovedR@oled, Reinstated, Updated
N
\ -
Date/Time of Change Self-explanatory < a‘\\CD\
' _ \ J
Classification Hardware, software, @‘t%?/are\ iguration
7=
Organisation Admlmstratl%@am{én documenting this change
Description of Ch A short b f the ch
escription of Change sho ‘}1\@ sonabig-summary of the change

DI

34 Monitoring of D Cl’est P\l%ress and Test Plan Adjustments

A mechanism is needed-by which Cospas-Sarsat and the D&E participants can evaluate progress
and determine co;%&@ons that would necessitate new analysis and/or retests. Cospas-Sarsat
meetings throughout the D&E Test period will provide the opportunity to carry out these tasks
(e.g., Expert Working Groups, Task Groups, Joint Committee, and Council). In each case an
agenda item will be dedicated for the review of D&E test data collected and analysed to date,
summaries of progress and status generated, and adjustments made as necessary in order to
ensure the most reliable and complete test results possible. Participants at these intermediate
meetings will determine courses of action as possible, but if decisions are required they should be
deferred to the Cospas-Sarsat Council.

3.5 MCC Communication During the D&E

An MCC shall maintain FTP over Internet (FTPV) communication links with other MCCs. In
addition, an MCC may maintain aeronautical fixed telecommunications network (AFTN)
communication links with other MCCs, on a bi-lateral basis, consistent with the authorized use of
AFTN for D&E purposes.

- END OF SECTION 3 -
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4 MEOSAR D&E TECHNICAL TESTS

This section describes the technical tests to be performed during the 406 MHz MEOSAR D&E
phase. Also included are the methods and procedures for conducting the tests, and directions for
data collection, analysis, interpretation, and reporting.

Notes:

o Any validation performed by the MEOLUT in the beacon message data recovery process
that is not specified in Annex C (e.g., requiring bits 1 to 15 to be all 1’s), should be
documented with D&E technical test results. 6

o Unless specified differently, all the technical tests shall be per&{ed in “Self Test Mode”
(i.e., using the inverted frame synchroniser pattern), to mini& impacts on the operational
LEOSAR and GEOSAR systems. 6\

4.1 T-1: Processing Threshold and System Marg@o

.

4.1.1  Objective and Definitions

' O
The objective of this test is to determline th&?&)imum power output of first generation
beacons and the corresponding ta %’ LUT under test, for which the throughput
of a valid/complete beacon message far@transmitted burst meets expected performance
for a single satellite channe for\@ tiple satellite channels. These threshold values
will allow a computation e sygtem margin.
Throughput will becfé%ure\@%r each MEOLUT satellite channel and as a function of
the number of a@e nas used, incrementing from 1 up to the maximum number of
antennas avai@e at the MEOLUT.

The test Wﬁl be run for a period of 24 hours to obtain a sufficiently large data sample to
be statistically significant and to allow for testing different space segment conditions.
This test must be performed with the MEOLUT under test in Stand-alone mode (not
networked with other MEOLUTS).

Rationale: The high variability of spatial geometry due to constellation population
density and satellite motion must be considered in this test. The MEOSAR system will
consist of multiple satellites, all in motion relative to the Earth. Hence, this test must
account for the variability of geometry by ensuring sufficient measurements are available
for statistical validity.

The processing threshold and system margin are “figures of merit” for a MEOLUT. The
processing threshold is the value of the minimum beacon transmit power for which the
valid/complete message throughput at the MEOLUT is equal to or greater than the
expected performance.



4-2 C/SR.018 - Issue 2 - Rev. 1
October 2013

The system margin is a measure of how far below the nominal beacon transmit power of
5 W (37 dBm) a MEOLUT can process beacon signals and produce valid/complete
messages with a throughput meeting expected performance. The range of beacon
transmit power for which the MEOSAR system can consistently produce valid messages
increases with the system margin which characterises the robustness of the system to
signal degradation.

4.1.2

Methodology and Data Collection

Test T-1 requires the following steps to be taken:

Use a beacon simulator as a controlled test beacon with a variable output power
adjustable over a range of at least 15 dB in 1 dB steps, with a 3 second interval
between individual beacon bursts. g

Ensure the beacon simulator is located within t@pera‘[ional radius of the
MEOLUT under test. &@

Select a frequency channel outside those @d by operational beacons, e.g.
406.064 MHz. Calibrate the beacon simu output power to ensure validity of
the output level. Q

Turn on the beacon simulator and a @ itt bilise.

Transmit 16 bursts at 3 second 4 \&vg@th a power output decreasing by one dB
after each burst from 37 dB 2 .

Repeat the 16 burst se e c?ggﬁously for 24 hours, hence producing 75 bursts
at each power level, hour

O

For each transmi burst, “collect all received bursts at the MEOLUT for all
MEOLUT anteanas an U%)ture the C/No value of each received burst.

Compile éeli ists of all messages produced by each MEOLUT satellite channel at
each pa level and determine the number of valid/incomplete messages (NVIM)
and<c\o plete messages (NCM).

Determine the number of transmitted bursts (NTB) that should have been received
in each satellite channel for each power level, using the satellite visibility
schedules during the 24 hour test period and assuming a minimum
MEOLUT/satellite elevation angle of 5° and a minimum beacon/satellite elevation
angle of 5°.

Single Satellite Channel Threshold and Margin

Aggregate the NVIM, NCM, NTB values for each single satellite channel.

Compute for each transmit power level for each single satellite channel
throughputs ((NVIM+NCM)/NTB and NCM/NTB) and the linear and log
averages of C/No. Multiple satellite channels may exist per MEOLUT antenna
during the 24 hour test period and are to be analysed independently. A single
satellite channel consists of one satellite being tracked by one antenna. Hence, one
set of statistics is to be calculated per each satellite pass tracked by an antenna.
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The definition for the linear average is the following (C/N, is expressed in dB.Hz and
NVM=NVIM-+NCM is the Number of Valid Messages received):

NVM
AvgCNy = 10 * logy, (Z 10(CN0n/1°)) /NVM

n=1

The definition for the log average is the following (C/N, is expressed in dB.Hz and
NVM=NVIM+NCM is the Number of Valid Messages received):

b)

NVM

AngNO = (Z CN0n> /NVM

n=1

Determine the single satellite channel processing threshol@as the beacon transmit
power for which the throughput drops below expected ormance.

37 dBm and the value of beacon transmit po at which the throughput drops

Determine the single satellite channel margins gsﬁé difference in dB between
below expected performance. O‘Q

Multiple Antenna Threshold and Marg-iﬁ\ ‘Q

Determine the number of tran %ed @s (MNTB) that should have been
received by the MEOLUT f each er level, using the satellite visibility
schedules during the Zg\ oury test perlod and assuming a minimum
MEOLUT/satellite eleva\ angk@ 5° and a minimum beacon/satellite elevation
angle of 5°.

Compile a time @ed %S(O based on Time of Arrival at the MEOLUT, of all
valid/incomple and complete messages produced from each MEOLUT
antenna at %@ power level

Compu for x antennas with x ranging from 1 to the maximum number of

tﬂl available, the number of valid/incomplete messages (MNVIMx) and
complete messages (MNCMXx) produced from at least one MEOLUT antenna for
each beacon burst. Messages from different antennas are considered as being from
the same burst if they are all received within a 1.5 second window. This should be

€e,”

done taking into account all the possible combinations of “x” antennas.

Compute for each transmit power level the throughput
(MNVIM+MNCM)/MNTB and MNCM/MNTB) for the complete 24 hour test
period as a function of the number of antennas used. That is, compute the
throughput for “x” antennas, with “x” ranging from 1 to the maximum number of
antennas available.

For each number of antennas used, determine the processing threshold as the
beacon transmit power for which the throughput drops below expected
performance.

Determine the system margin as the difference in dB between 37 dBm and the
transmit power value at which the throughput drops below expected performance.
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Single satellite channel consists of satellite
with acquisition of signal (AOS) at

4.1.3  Data Analysis and Results

Table 4.1.a depicts the data that should be compiled for each single satellite channel
during test 4.1.2 a). A separate table will be completed for each single satellite channel.

being tracked by antenna
and loss of signal (LOS) at

Linear . . .

Number of G Log average Numb_er Number of el Throughput | C/NO (optional information)

Beacon . C/No of of valid complete . for

Tx power s el it received messages: messages: do vl complete Standard

bursts: NTB r%ci;/t:d bursts NVIM NCM messages messages Min Max deviation

37 dBm

36 dBm N

35dBm

s N
22 dBm JK

4]
Table 4.1.a: T-1 Results for Each Single Satelli{@hannel Test Sequence

Note: NTB,

As an optional analysis, table 4.1.a s
beacon transmit power, for each singl
transmit power levels might be outsi

1 Q\'othe

As an optional analysis, addltl

corresponding to 50 16-b

the number of bursts will
simulator/satellite/MEOLUT visibility du

’b

tab

houl @?be

@,@%ﬂite Ghan

r@ 7-22 dBm.

sl

qg!qpleted for corrected (normalized)
nel. Note that the corrected beacon

he 24-hour test period.

on the duration of beacon

&ased on Table 4.1.a model could be report for
time periods shorter tha e% satelhte pass (e.g., over 40-minute period
{(@ se es).

Table 4.1.b depict an datf_that should be compiled for each antenna combination

among the total

completed for\é'g:h antenna combination.

Antenna set is constituted by antenna numbers

ber of antennas during test 4.1.2 b). A separate table will be

Number of Ea Log average Number of | Number of Throughput C./NO (op u Gl
. average . Throughput information)
Beacon transmitted C/No of valid complete . for
. C/No of . . ) for valid

Tx power bursts: received received messages: messages: messages complete Mi M Standard

MNTB bursts bursts MNVIM MNCM g messages n X 1 deviation
37 dBm
36 dBm
35 dBm
22 dBm

Table 4.1.b: T-1 Results for the 24 Hour Multiple Antenna Test Sequence
Note: MNTB,

the number of bursts will depend on the duration of beacon
simulator/satellite/ MEOLUT visibility during the 24-hour test period.

From these tables, the processing threshold and system margin can be computed for each
24-hour test sequence.
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4.2

The following data should be recorded:

a) the location of the beacon simulator;

b)  the time the beacon simulator was turned on and off;

c) the time of the beginning and end of each 24-hour test sequence;
d) the power of each transmitted burst;

e) the C/Ny of each relayed burst;

) the satellite tracking schedules used by each MEOLUT during the 24-hour test
sequence; and

g)  all messages produced by the MEOLUT during the tests.

All invalid messages produced by the MEOLUT should be ined to determine if the
error can be explained by a known reason that degradéd, the MEOLUT’s ability to
produce a valid/complete message. @\%

4.1.4  Interpretation of Results %Q.Q

The processing threshold and system margi Charac €rise the ability of the MEOLUT to
provide valid alert messages over the&ec edtange of beacon transmit power.
Characterising throughput performanc\Q)f a le antenna allows a comparison of
performance between MEOLUT nnels\tf.e. each satellite type and MEOLUT
combination). The processing t old afd system margin of a MEOLUT, as a function
of the number of antennas , M for a measure of the number of antennas

necessary for the MEOLUT(#p achiew¢-a given throughput rate performance.

T-2: Impact of Ingﬁfgene&
4.2.1 Obje@'ve and Definitions

\S
The purp'&\cQof this test is to determine the ability of the MEOSAR system to provide
valid messages and accurate locations in the presence of in-band interference and noise.
The objective is to monitor the 406 MHz band for the presence of interference while the
technical tests are being performed in order to understand any anomalies in the results.

4.2.2  Methodology and Data Collection

This test will use the results obtained during technical tests to determine the impact of
actual interferers seen in the MEOSAR field of view. It will also examine the
relationship between the characteristic nature of the interfering signals and any changes
in the production of valid messages and locations.

The following methodology should be used:

a)  Prior to testing, evaluate with whatever hardware is available, the current
condition of both the 406 MHz and the 1544 MHz band (or S-band as appropriate)
around the MEOLUT, and if possible, the interference or noise seen at the
MEOLUT antennas in the downlink band. Document the time the evaluation took
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b)

d)

g)

place, the frequency of any interferers, or any other significant noise or events of
interest that may impact the MEOLUT s ability to detect messages.

For participants with more sophisticated spectrum monitoring hardware,
characterise the interference by using spectrum monitoring hardware/software
(HW/SW) as well as a data storage device to permit detailed analysis of the
interfering signal after its occurrence. The spectrum monitoring HW/SW may take
multiple forms, including using part of the MEOSAR processor. The test
apparatus illustrated in Figure 4.1 could be used.

Though it is not shown in Figure 4.1, it is to be understood that the signal from the
antenna is down-converted from S- or L-band before reaching the signal
processing module.

Continuously monitor the 406 MHz band using thg\ spectrum monitoring
hardware/software (HW/SW). Record the output in, & storage device for later
detailed analysis (e.g., data plots, spectrograms, and/é)%ectral images).

When interference is detected, collect the follo&u? parameters of the interfering
signal:
1. the MEOSAR satellite and MEO@ used for detection;
ii. duration and time of occurrengg Q
iii.  portion of the 406 MHz b i.e.%@ch part of the band is affected);
iv.  spectral occupancy; %Q @K
v. signal strength; D
vi. time patterns ( ’.g:,Qon/o@ontinuous, sweeping versus constant, etc.);
vii.  nature of ma@ylation\f:¢., analogue versus digital), if known; and
viii.  location nown.
In addition ine the) production of messages and locations by the MEOSAR
processor c@mg the period that the interference was present, noting (i) any lost or

invalid- fagssages, (ii) any increases in the message transfer time, and (iii) any
inc@@*m location accuracy or uncertainty.

For controlled test beacons, record the time of beacon activation and the location
of the beacon.

Use the results obtained during applicable technical tests and compare results
obtained during periods of known interference and during periods where no
interference was observed.

Continue the data collection process until a broad range of interferers has been
observed over a period of several months.
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Figure 4.1: Test Apparatus for Interference Evaluation

MEOSAR
Satellite Signals

MEOSAR Alert Messages
L . .
Processor and Locations
Spectrum
»  Monitoring

HW/SW é
Storage Interferer &terizaﬂon Data
Device —* (includin tS7 spectrograms, etc.)

When interference is detected, examine &IE messages and locations produced
during the period when it is present to &@rm18\1 there is:

4.2.3  Data Analysis and Results

S

b)  adecrease in the percel&e of %& messages produced from both operational and
test beacons; AN

a)  any loss of expected mess

c)  anincrease in fa essages; or
d)  adecrease g&)percengge or precision of computed locations.

This analysis @sumes that data is recorded before, during, and after the interferer is
present. /&bquently, examine the technical parameters of the interferer and try to
relate the Tmpact on both message and location processing to specific characteristics of
the interferer. For example, is there a relationship between a reduction in valid messages
and the interferer’s signal strength?

4.2.4  Interpretation of Results

Based upon the results of the analysis, conclusions will be drawn concerning the ability
of the MEOSAR system to withstand various levels and types of interfering signals.
This information will permit recommendations to be made to external agencies
concerning the impact of interference in the 406 MHz band upon the MEOSAR system.
Cospas-Sarsat participants will gather a specific body of evidence to support deactivating
406 MHz interferers through other regulatory bodies and agencies.
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4.3

T-3: MEOLUT Valid/Complete Message Acquisition
4.3.1 Objective and Definitions

Test T-3 objective is to investigate two main parameters which characterise the
production of valid and complete messages by a stand-alone MEOLUT using one or
several satellite channels:

(1) Valid/Complete Message Detection Probability
This parameter characterises the capability of a MEOLUT to detect valid/complete
messages in a given period of time after beacon activation (i.e., after one, two and seven
burst transmissions) and for beacon output powers of 37 dBm and 33 dBm.

(i1) Valid/Complete/Confirmed Message Transfer Tim
This parameter characterises the time elapsed between the fi st transmitted for each
unique beacon ID and the production of valid/comple nfirmed messages by a
MEOLUT for beacon output powers of 37 dBm and 33

The MEOLUT throughput is defined as the ratio number of valid (or complete)
messages produced by the MEOLUT over the er of bursts emitted during a given
period of time.

Test T-3 will be performed over a pre- d@%mniga\ﬁt hour period.

4.3.2  Methodology and Dat@lecth

A beacon simulator is used 11 @beacons that transmit long format messages at the
frequency 406.064 MHz ferent emission powers: 37 and 33 dBm. Data is
collected over a 24-h0‘§:10d%

Q

Rationale: The s probability/detection probability/transfer time are characterised at
37 dBm whiclizis the nominal beacon power, and at a lower value 33 dBm. The
MEOLU \QC\\Oughput will depend upon the elevation of the satellites used for the
characterisdtion. However, considering that MEO satellite orbit configurations repeat
approximately every 24 hours, varied geometrical configurations will be achieved,
without the need for a coordinated tracking schedule, in a 24-hour period.

The following steps are required to perform test T-3:

a)  In each one-hour period within 24 hours, run two time slots of 1400 seconds (one
at 37 dBm and one at 33 dBm transmissions), which are following one to each
other to minimize the change of space segment geometrical configuration, then
resulting in a total of 48 time slots

b)  Implement the test script provided at Annex G on a beacon simulator and calibrate
the beacon simulator emission power and carrier frequency to confirm the
characteristics of the transmitted signals.

c¢)  Transmit 700 bursts per Annex G test script (7 x 100 IDs) at 37 dBm in the first
time slot selected at step a), produced by the MEOLUT for the beacon IDs
transmitted by the simulator.
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d)  Repeat the process at 33 dBm during the second time slot selected at step a), with
the appropriate scripts.

e)  Repeat the test sequence each hour for a total duration of 24 hours.

The following test data should be recorded:
- the location of the beacon simulator;
- the time the beacon simulator was turned on and off;
- the time of the beginning and end of each 24-hour test sequence;

- the satellite tracking schedules used by each MEOLUT during the 24-hour test
sequence; and

- all messages produced by the MEOLUT during the tes s@b
4.3.3  Data Analysis and Results \66

Data collected as described in section 4.3.2 is @%r assessing the two parameters
described in section 4.3.1, each with a specific prdeedure for data reduction and analysis,
as described below. Q Q

| @ QO
4.3.3.1 Valid/Complete Message Detg&l’r@m
. N\ .
For the 24 hour test period, for eac 1SS{)'n\power, perform the following steps:
a)  Filter the beacon bursts&t colle\gd per Annex J to retain only the valid/complete

messages. %) AN
b)  For each MEOL &W/CD &ng the time stamp information, determine whether a
valid and/or cofplete n message was produced.

¢)  Determine @Whether at least one valid® or complete message was produced after
one, t é7and seven burst transmissions for each beacon ID and report the

cou@@nding numbers in each slot.

d)  Determine the probability of detection of a valid/complete message after one burst,
two and seven bursts.

e) Build Table 4.2 for the detection probability after one, two and seven bursts, as
illustrated below for the case “seven transmitted bursts”:

> If: NCM = Number of Complete Messages; NVIM = Number of Valid and Incomplete Messages,
then Number of Valid Messages = NVIM + NCM
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. Complete Number of Channels
Beacon NNL?)Ir NVIM NCM V%I;dngjs)ai%Dret’ Message Det. or Satellites in mutual
emission Slot No umobe After7 | After7 0D. 7o) Alte Prob (%) After visibility (*)
power Ry Bursts Bursts 7 Bursts. 7 Bursts

beacon IDs ’ " | (NVIM+NCM)/NTBI NCM/NTBI Satellites | Channels
37 dBm Slot 1 100
33 dBm Slot 2 100
37 dBm Slot 7 100
33 dBm Slot 8 100
37 dBm Slot 47 100
33 dBm Slot 48 100

Table 4.2: T-3 Detection Probability after Seven Burst Tr@smissions

Note (*):  in case of tracking change occurs in the time slo&)e minimum numbers
should be recorded %)
&

4.3.3.2 Valid/Complete/Confirmed Message Tran;ﬁg@[ ime

N
For each slot and each emission power perfor@% f(&)wing steps.

a)  Filter the beacon burst lists c&cted\@r Annex J to retain only the
valid/complete/confirmed messag€s, \%

b)  For each slot and using thwﬁle stalp information, calculate for each unique
beacon ID the time elapgii%twe \\the first burst transmission and the production
of the first Valid/compl@ n(K irmed valid/complete message.

%)

c)  Using the 100 b@ IDs {@each slot, derive the mean value of the time elapsed
between beac% cti %{1 and the production of a valid/complete/confirmed

message. 60

d) Buil@e 4.3 for the 24-hour test sequence.

Mean value of Mean value of
Mean value of Mean value of
. . Confirmed (*) Confirmed (*)
Beacon emission power Slot No Valid Mess. 3 Complete Mess.
. Valid Mess. . Complete Mess.
Transfer time . Transfer time .
Transfer time Transfer time
37 dBm Slot 1
33 dBm Slot 2
37 dBm Slot 7
33 dBm Slot 8
37 dBm Slot 47
33 dBm Slot 48

Table 4.3: T-3 Message Transfer Time

Note (*):  the definition of a confirmed message used in the table should be provided
by the participants
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4.4

4.3.4  Interpretation of Results

T-3 test results will characterise the MEOSAR performance in decoding bursts to
produce valid and complete messages, i.e. the MEOLUT throughput for valid and
complete beacon messages and the time required to produce a valid or complete beacon
message after beacon activation. This performance may be affected by a number of
constraints, such as the distance from the beacon to the MEOLUT.

T-4: Independent Location Capability
4.4.1 Objective and Definitions

Test T-4 objective is to investigate three main parameters @hich characterise the
production of independent location data by Stand-alone ME(@TS.

(1) Independent Location Probability %Q)

Characterise the probability that a MEOLUT provid independent 2D location with a
location error less than X km (X =1, 5 or 10 or a given number of transmitted
bursts (1 to 7 bursts) and for a beacon transmittifg at 33 dBm and 37 dBm.

(i1) Independent [Location Accur (\ \OQ

Characterise the average value and th& 3tand eviation of the location error of 2D
locations provided by a MEOLUT, f6pa gi umber of bursts (1 to 7 bursts) and for a
beacon transmitting at 33 dBm a d

(ii1))  Time to First Ilﬂséﬁendck‘Locatlon
Characterise the tim @@ged waeen the first burst transmitted for each unique
5 or

beacon ID and the fi endent location provided by a MEOLUT with an error
less than X km ( km), for a beacon transmitting up to 7 bursts at 33 dBm
and 37 dBm.

\

The test& will be performed over a pre-determined 24-hour period using a standard
first generation beacon signal fed to a linear antenna as defined in document C/S T.001.

4.4.2  Methodology and Data Collection
A beacon simulator is used to replicate distress beacons that transmit long format
messages,
- with the beacon emission power of 33 dBm and 37 dBm; and
- at the frequencies 406.064 MHz.
Sequences of 25 beacon IDs are transmitted to generate locations from 1, 2, 3, 4, 5, 6 or

7 bursts. All sequences are transmitted twice in each one-hour period over a 24-hour
duration.

Rationale: Beacon events are transmitted with a controlled number of bursts to clearly
assess the locations calculated by the MEOLUT under varied conditions. It is relevant to
assess the performance for a low number of bursts as one of the objectives of the
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MEOSAR system is to derive locations from a limited number of bursts. The value of
7 bursts is retained because simulations have shown that locations reach a stable and
optimum value with this figure for all location methods.

The following steps are required to perform test T-4:

a) In each one-hour period within 24 hours, select two time slots of at least
1,400 seconds, which are following one to each other to minimize the change of
space segment geometrical configuration.

b)  Implement the test script provided at Annex H on a beacon simulator and calibrate
the beacon simulator emission power and carrier frequency to confirm the
characteristics of the transmitted signals.

c)  Transmit 700 bursts per Annex H test script at 37 dB@}in the first time slot
selected at step (a) and collect location data produc @’y the MEOLUT for the
beacon [Ds transmitted by the simulator, and colle¢tyall data as per Table J.1 at
Annex J. <

d)  Transmit 700 bursts per Annex H tests scri 3 dBm in the second slot of the
hour, and collect all data as per Table J.2 ex J.

e)  Repeat the sequences every hour for %tal tion of 24 hours. Ensure that the
MEOLUT computes locations bz@ n bursts transmitted during the

associate time slot. @
% X)
4.4.3  Data Analysis and Re&(l@ A\
x<Q

Data collected in section @2 is d for assessing three parameters, each with a

specific procedure for at@s >

Record all locati(a?gfd relat ﬂata in the table format pr0V1ded in Annex J Table J.2 (it
is noted that the ‘a¢tual number of bursts used to compute a given location may differ
from the nudg@ of transmitted bursts for the set).

Calculate the Location Error (Loc Error) for each beacon event in Annex J as per the
equation:

Loc Error = \/ ((Lat — Laty,) X 111)2 + ((Long — Long,.) X Cos(Lat,,) X 111)2

Lat, Long = computed latitude and longitude in degrees
Lat,., Long,. = actual (beacon simulator position) latitude and longitude in degrees
Loc Erroris in km.

As an option, the methodology (e.g., median, mean, weighted average) for the generation
of the computed location could be recorded in Annex J for each beacon event.
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4.4.3.1 Summary Results for Independent Location Probability

For each time slot perform the following steps:

a)  Using location error results in Table J.2, count the number of locations for each
burst sequence (i.e. for 1 burst, 2 bursts, ... up to 7 bursts):
(1) with an error less than 1 km (NbLociym).
(i1) with an error less than 5 km (NbLocsyp).
(iii) with an error less than 10 km (NbLocgxm)-
b)  Calculate the probability of obtaining an independent 2D location with a location
error less than 1, 5 and 10 km (i.e., the ratio NbLocxkm/100 for each burst sequence
(i.e., for 1 burst, 2 bursts, ... up to 7 bursts)).
c)  Populate copies of Table 4.4 for errors less than thr ¢ds of 1 km, 5 km and
10 km respectively and specify the number of MEO satellite channels, the test
period and beacon simulator position. \%
%)
Independent Location probability for Errors less than X km o\e
Number of MEOLUT Satellite Channels: 6
Beacon Simulator Location:
Time of First Transmission for Test Period: ,.,Q AQ
Slot No DOP value JDOP value Tx Power | 1 burst ts | 2 ts | 4bursts | 5Sbursts | 6bursts | 7 bursts
(slot average) | (slot average) (dBm) YD 4
*) ®) o> o
Slot 1 37 | N
Slot 2 33 KXY L BN
Slot 3 1Nt L oY
A (%
RARPR
Slot 48 O 'O

N\
Tablé&l: T-mependent Location Probability
w@ rrors less than X km (X=1, 5 or 10 km)

Note (*): ck%@the method to calculate the slot average of the JDOP/DOP value

4.4.3.2 Summary Results for Independent Location Accuracy

For each time slot, perform the following steps.

a)

b)

Using location error results in Table J.2, calculate the 50™ percentile, the
75™ percentile, and the 95™ percentile of the corresponding location error, based on
the number of bursts used to compute the location.

Populate copies of Table 4.5 for each of three percentiles (50", 75™ and 95™) and
each transmitted power level, and specify the number of MEOLUT satellite
channels, the test period and beacon simulator position.
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Independent Location Errors: xx™ Percentile
Number of MEOLUT Satellite Channels:
Beacon Simulator Location:

Time of First Transmission:

Slot No | DOP value JDOP value Tx Power 1 burst | 2 bursts 3 bursts 4 bursts | 5bursts | 6 bursts | 7 bursts
(slot (slot average) (dBm)
average) () | (%)

Slot 1 37

Slot 2 33

Slot 3 37

Slot 48 33

Table 4.5: T-4 Independent Location Errors (50", 75" and 95™ percentiles)
Note (*):  define the method to calculate the slot average of th@DOP/DOP value

66
4.4.3.3 Time to First Independent Location

| \"ﬂ
For each slot, perform the following steps:
a)  For each location in Table J.2, determine her the location error is less than
1, 5 or 10 km and flag the list accordingly &

b)  For each location in Table J.2, @e ti@f the beacon first burst of the
corresponding sequence, and % p of the location information to
calculate the time elapsed be be@{on activation and the production of all
locations less than each thres 55and 10 km).

c)  Derive the mean Value’s@ he \v@é elapsed between beacon activation and the
production of a 10cat1

d) Populate copies ab @6 and specify the number of MEOLUT satellite
channels, thet erm@ beacon simulator position.

Time to First Location (Mean»@e in seconds):
Number of MEOLUT Satelli aj

Beaco7n Simulator Loc@
Time of First Transmission:

nnels:

Number of
Slot No (ggiv\;iu; (Jsi?iv\e/::u:) ngil(er Error less Error less Error less locations with Total number of
* g * & than 1 km than 5 km |than 10 km | error less that 10 |locations generated
*) *) (dBm) o
Slot 1 37
Slot 2 33
Slot 3 37
Slot 48 33

Table 4.6: T-4 Time to First Location
Note (*):  define the method to calculate the slot average of the JDOP/DOP value

4.4.4  Interpretation of Results
The results should indicate whether the MEOSAR system is providing locations that are

accurate enough for effective operational use and illustrate the level of performance
which could be expected from an operational MEOSAR system with first generation
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4.5

beacons. The data collected as per Annex J could be further analysed to determine the
success rate of the quality factor recorded with each solution.

T-5: Independent 2D Location Capability for Operational Beacons
4.5.1 Objectives and Definitions

Characterise the 2D independent location performance of the MEOSAR system after
each transmitted single burst, two consecutive transmitted bursts, three consecutive
bursts, and so on up to seven consecutive bursts for each operational first generation
beacon-used in the test, by determining two parameters used in test T-4:

- Independent Location Probability, and 6
- Independent Location Accuracy. 6@

The above parameters are assessed for Stand-alone ME@JTS.

Test T-5 will be performed over two weeks in si s of 24 hours using a minimum of
36 operational beacons and test beacons will traftSit in operational mode (i.e., using the
operational frame synchroniser pattern). @ Q
\O
4.5.2 Methodology and Data QgﬂctloQQ
X

Real operational beacons wil \%ep in various parts of the world. The locations
of the transmitting operation beacons will be initially unknown to the MEOLUT
operators but will be ma allalfb after the experiment for post processing.

Operational beac Ts \@IRBS and PLBs) coded with the Test User protocol are to
be used to trans ong format messages:

- att mal beacon emission power of 37 dBm (+ or — 2 dB); and

- in operational frequency bands.
Both encoded and non-encoded beacons are expected to be used throughout test T-5.

Each operational beacon is activated for 24 hours and is repeated a second time within a
two-week time period. Three sets of 12 operational beacons will be needed to complete
the six 24-hour slots of testing within the two-week time period.

Rationale: Beacon bursts are transmitted over a period of 24 hours to assess the
locations calculated by the MEOLUT under operational conditions and to take into
account the varying satellite geometry. It is relevant to assess the performance for a low
number of bursts, as one of the objectives of the MEOSAR system is to derive locations
from a limited number of bursts. As well it would be useful to compute locations after
longer time periods to determine if the location accuracy improves given more bursts are
available to compute a location.
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The following steps are required to perform test T-5:

a) For each beacon used in the test, turn the beacon on, document the activation time
of the beacon and verify with a beacon tester that the beacon is transmitting per
document C/S T.001 requirements (e.g., proper power level and correctly coded
message) with the encoded location bits set to their default state.

b)  Keep the beacon on for a 24-hour period and collect location data produced by the
MEOLUT for the transmitted beacon ID as described at Annex J in Table J.2.

c)  Prior to turning the beacon off, run the beacon tester again to confirm that the
beacon is still transmitting within document C/S T.001 specifications (e.g., battery
is still within specification).

d)  Repeat each 24-hour beacon activation by repeating step&) through c¢) within a
2-week period. 66

4.5.3  Data Analysis and Results \%Q)

Data collected will be used for assessing two pegn@grs, each with a specific procedure

for data reduction and analysis, as described belgw:
For each operational beacon used in each é@%r@p

a)  For each burst received, corr%‘@ a @aocation and complete Table J.2 of
Annex J. Q)

b)  For each computed locan y cal @e the location error from the post experiment
known beacon locati0®ﬁ} per\&&l ion error formula in test T-4.

c)  Construct a histo @ of 1d@tion errors in 1 km increments in steps from 0-1 km
to 25+ km (i.e.@}i 1-2:238,..., 24-25, 25+).

d) Calculate t@ robability of obtaining an independent 2D location with a location
error leghan I km to 25 km in steps of 1 km (e.g., the probability of location
errors(in’ the 2-3km step is the ratio of the (number of location errors within

2-3km)/(Number of beacon bursts received)).

e) Calculate the 50™ percentile, the 75™ percentile, and the 95™ percentile of the
corresponding location error, based on the number of bursts used to compute the
location.

f)  Using the histograms, populate Table 4.7 - Independent Location Cumulative
Probability.



4-17 C/SR.018 - Issue 2 - Rev. 1
October 2013

Independent Location Cumulative Probability

1 burst 2 bursts 3 bursts | 4 bursts | 5 bursts | 6 bursts 7 bursts

Error 1 km or less

Error 5 km or less

Error 10 km or less

Distance MEOLUT to
beacon (km)

Table 4.7: T-5 Independent Location Cumulative Probability
with Errors Less than X km (X=1, 5 or 10 km)

g)  Populate Table 4.8 - Independent Location Errors.
O
Independent Location Errors: 50", 75‘0}1;®f{95th Percentile
1 burst | 2 bursts | 3 bursts | 4 bursts (%rsts 6 bursts 7 bursts
50™ Percentile N )
75™ Percentile ,.‘OY
95™ Percentile ) 7
Distance MEOLUT to S O
beacon (km) \‘-\@ ¢ 3\

~ N\
Table 4.8: T-5In ndeQ@ocation Errors
(50", 75%and 9@‘{percentiles)

N X

h)  Repeat this process fi ste X@’to (g) for each set of two consecutive transmitted
bursts, three con ive ttaismitted bursts, and so on up to seven consecutive
bursts transmi A&@*ption, the methodology (e.g., median, mean, weighted
average) for thd generation of the computed location could be recorded in Table J.2
of Annex J*/Thus it is noted that the denominator in the probability calculation
must\%%anged to the number of burst groupings.

Note:

The approach for counting and grouping bursts for multi-burst location processing shall
be based on recurring fixed windows of seven transmitted bursts for each 24 hour test,
and specifically, not any concept of a sliding window of bursts. Burst grouping is to be
done within the bounds of each fixed window and not to cross window boundaries. For
the purpose of illustration, assume a sequence of bursts (Bi) transmitted by the
operational beacon over the duration of a 24 hour test period and received by the
MEOLUT under test. Consider multi-burst location processing by the MEOLUT for
perfect reception of all transmitted bursts, using fixed seven transmitted burst windows,
and for the case of a burst grouping size of two bursts as illustrated below:
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First Fixed Window Second Fixed Window

B1 B2 B3 B4 B5B6 ) B7 B8 B9 )(B10 B11)(B12 B13) B14| B15...

T ~

Grouped Bursts Grouped Bursts
B7 Neglected B14 Neglected

In this case, a maximum of three locations can be computed per window, and the trailing
burst in each window is to be neglected. The other cases of location processing using
multiple burst group sizes (from 3 to 7 consecutive transmitted bursts) with a fixed seven
burst window would be similar in nature, with trailing ungreuped bursts(s) being
neglected. This fixed window accounting approach, as the burst’grouping size is indexed
from 1 to 7, will neglect trailing bursts for grouping sizes. @52 through 6 over the course
of a 24 hour test. These neglected bursts must not be{ceunted in calculating resultant
statistics.

Transmitted bursts may be corrupted in flight,“or not successfully processed by the
MEOLUT under test. For example, if B9 g, 'the, above illustration is not received, the
MEOLUT may still produce a location, fothe 2 burst group of B8 and B9, with B9 data
missing from the location calculation,-For' eaclPMEOLUT the beginning of the first fixed
window will start with the first bursPseceiyediby the MEOLUT.

4.5.4  Interpretation of R¢sirits

The results should indicdte whethér'the MEOSAR system is providing locations that are
accurate enough for gffective~epgrational use in various operational environments (e.g.,
land and sea), and\ullustrate the level of performance that can be expected from an
operational MEOSAR system with first generation beacons. Location accuracies
achieved fora~given operational beacon must be compared taking into account the
distance Ofthie beacon location from the MEOLUT location. If the test is repeated with
multiple beacons at different distances to the MEOLUT, then a rough assessment of
results as a function of beacon distance could be made. The number of satellites used in
the location provided must also be taken into consideration, as it is expected that, given
good satellite geometry, locations computed using data from more satellites should yield
better location accuracies.

4.5.5 T-5 Test Results Sent to MCC

The alert data from T-5 will be used directly in support of Operational Test O-7. As
such, the MEOLUT needs to generate locations throughout T-5 with respect to this
operational setting where the beacons will be transmitting for a 24 hour period.
Specifically, MEOLUT location processing that combines (merges) multiple bursts
needs to restart from the 1* burst every 6 minutes, corresponding to the 7 burst limit for
data collection. As available, this alert data, in addition to locations from each single
burst, shall be sent to the associated MCC. As an option, further analysis is possible by
reprocessing the raw TOA/FOA pairs collected to evaluate location accuracy using
different combinatorial burst sets.
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4.6

T-6: MEOSAR System Capacity
4.6.1 Objective and Definitions

The MEOSAR system capacity is defined as the maximum number of beacons operating
simultaneously that can be successfully processed without degradation of performance.
The system performance parameters used to assess the system capacity are:

- the probability of detection of a valid/complete message, over a given period of
time after beacon activation (after 1, 2, 4 or 7 bursts); and

- the error for both a single burst location and for a composite location calculated

from the full 7 bursts of each beacon ID. 6
4.6.2  Methodology and Data Collection Q)ég
A 3.8 million worldwide beacon population is assu correspondlng to 150 beacons

spread among the 25 channels (3 kHz) of the 06.1 MHz band. In order not to
disturb the operational activities, the test w11 mited to 12 channels within the band
406.049 — 406.082 MHz. With 75 b @)ns. he target value of capacity for
12 channels, the test will be perform N \25 50, 75 and 100 simultaneously

active beacons. S %)
D° N\

A beacon simulator will be used 3% re@e a number of beacons (NB) simultaneously
active that transmit long for@‘mes&@s

- With the nominal l@ fission power of 37 dBm.
- With the nun‘&@)of be@) events transmitting a first burst as follows:
e The 1rQbeacon burst is transmitted at To.

simultaneously active in a MEO satellite area § 51b111ty, these 150 beacons being
i

o T@s\ﬁrst burst of subsequent beacon ID number X is transmitted at T = To +
X-1)*(50/NB) + DeltaT, with DeltaT a random real value within the range 0,
50/NB sec.

e  Each beacon burst is transmitted at the frequency 406.049 MHz + CH*3 kHz,
with CH a random integer value within the range [0, 11].

- The 7 bursts of each beacon sequence are spaced by 50 s + Rep, with Rep a
random real value within the range [- 2.5 s, + 2.5 s].

- To supply sufficient statistics, the entire test script is played 12 times.

The following steps are required to perform the test:

a) Using a MEOSAR system simulator or a similar tool, select a time slot with
adequate satellites visibility to ensure a favourable and stable constellation
configuration. This means to select a 40 minute time slot during which at least
4 MEOSAR satellites will be in continuous view and each will exceed 5 degree
elevation angle with both the beacon simulator and the MEOLUT under test. The
time slot must be at least 2400 seconds long to run the 4 test scripts listed in
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Annex [ consecutively (4 tests scripts, one for each value of NB, and each
350 seconds in duration, with a 350 second spacing between each script).

b)  Once this first slot is selected, select 11 other time slots providing similar
geometrical configurations (beacon, satellites, MEOLUT). These time slots will
be used for repeating the test 11 times, to ensure a sufficient amount of data and
statistical validity.

c)  Use a beacon simulator as the source of controlled test beacon signals.

d) Implement the four test scripts provided at Annex I on the beacon simulator and
calibrate the beacon simulator emission power and carrier frequency to confirm
the technical characteristics of the transmitted signals.

e)  Transmit the bursts corresponding to the four test scrip@ provided at Annex I
during the time slots selected at step (a). (%)

f) Collect the valid/incomplete messages and compléte messages received by the
MEOLUT and corresponding to each indivi%@ transmitted burst for each
unique beacon ID, as described at Annex J.

g)  Collect the locations produced by the @QOLUT and corresponding to each
individually transmitted burst for each Qﬁque lﬁ»acon ID, capture the data for each
beacon burst as indicated in Table Jé@t Am\@ .

h)  Collect the composite location%)‘gduc 6}/ the MEOLUT and corresponding to
all the bursts received for e nique\beacon ID (maximum of 7 bursts if all of
them have been correcﬂk}%lveéy the MEOLUT) as indicated in Table J.2 of

Annex J. @g}\ \(b'

1) Repeat the test 11 tifhes. >

N)

The full test sequ an be\@éated with different satellite constellation configurations
to assess the possibie effect of variable satellite geometries.

.

4.6.3 )Q@Analysis and Results

4.6.3.1 System Capacity using the MEOLUT Throughput Performance

For each value of NB, perform the following steps.

a)  Filter the beacon bursts list collected per Annex J to retain only the
valid/incomplete and complete messages.

b)  Using the time stamp information, determine whether a valid/incomplete and
complete message was produced and compute Nvalid and Ncomplete for each
burst and for each beacon event NB (total of 7 x NB bursts).

c)  Determine the probability of detection of a valid/incomplete and complete
message i.e., Nvalid / (7 x NB) and Ncomplete / ( 7 x NB).

d)  Aggregate the results obtained across the four tests for each value of NB in order
to provide statistics over 4 x 7 x NB bursts.

e)  Build Table 4.9.a.
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Number of Valid Messages Complete messages
. detection . =
simultaneous . detection probability
beacons (NB) Nvalid/(4x7xNB) Ncomplete/(4x7xNB)
25
50
75
100
Table 4.9.a: T-6 Valid Message and Complete Message Detection Probability for
Capacity Testing

f) For each beacon ID record the time that the MEOLUT produced the first valid
message and the first complete message over a given pe%d of time after beacon
activation (50 s, 100 s, 200 s or 350 s).

g)  Using the data collected, Table 4.9.b and 4.9.c &ld be completed for each
simulated traffic load (e.g., the 4 repetitions of est script for 25 active beacons
are consolidated to provide the data in a sing\SQaw of the table).

Number of o ] o . Y . o .
simultancous % Valid messages % Valid messa % @{m messages % Valid messages
P—E after 50 seconds after 100 se ‘@r 200 seconds after 350 seconds

AN
25 _ VY N\
50 A\
75 QS
100 A XY

YN e
Table 4.9.b: T-6 Tlgglo first Valid Message for Capacity Testing
R\ \

Number of % Com @V \Q‘?A) Complete % Complete % Complete
simultaneous messag éer 50 messages after 100 | messages after 200 | messages after 350
beacons (NB) seconds seconds seconds seconds

25 N\2
50 ANY
75 N

100

Table 4.9.c: T-6 Time to first Complete Message for Capacity Testing

4.6.3.2 System Capacity using the MEOLUT Location Performance

For each value of NB, perform the following steps:

a)

b)

Collect the 2D locations produced by the MEOLUT and corresponding to each
individually transmitted burst for each unique beacon ID. This single location
selection should not use a priori knowledge of the beacon location.

Collect the composite 2D locations produced by the MEOLUT and corresponding
to all the bursts received for each unique beacon ID (maximum of 7 bursts if all of
them have been correctly received by the MEOLUT). This composite location
selection should not use a priori knowledge of the beacon location.

For each location (single and composite), calculate the location error.
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4.7

d)  For each location (single and composite), determine whether the location error is
less than 5 km and flag the list accordingly.

e)  Aggregate the results obtained across the four tests and calculate for each NB the
probability to obtain a location error lower than 5 km for single and composite
locations.

Build a graph plotting the probability of a single location error lower than 5 km as a
function of the number of simultaneously active beacons (NB = 25, 50, 75 and 100).

Build a graph plotting the probability of a composite location error lower than 5 km as a
function of the number of simultaneously active beacons (NB = 25, 50, 75 and 100).
From the graph, determine the NB value which meets the 95% probability of a location
error lower than 5 km. 66&

@Q

The results of this test will allow a determination OSAR system capacity and the
possible impact of changing satellite constellatio% etries on capacity.

4.6.4 Interpretation of Results

T-7: Networked MEOLUT Advantage Q)® \C)’Q
S
47.1  Objective and Definitions 6 Q}

The objective of the test is to e ate proved performance that can be achieved by
exchanging data between U& o assess the performance improvement, tests
T-4 and T-5 can be repe atively MEOLUTs with a networking capability can

process T-4 and T-5 @

XO parallel modes, i.e., as Stand-alone and networked
MEOLUTs. Q

4.7.2 Metl@%gy and Data Collection

The focu’%\Qdata collection will be on assessing the time to first independent location
and location errors using the networked MEOLUTs. Tests T-4 and T-5 are repeated as
defined or processed in parallel modes by the MEOLUT. However, to allow for
meaningful analysis, the following data shall also be collected:

a. the number of nodes (Stand-alone MEOLUTS) in the network, and

b.  the number of satellite channels available for each MEOLUT event (detection
and/or independent location from a single burst).

To distinguish the repeated tests from the stand-alone tests, or the result of parallel
processing, T-7 results will be referred to as tests T-4y and T-5n, where N identifies the
“network” results.
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4.8

Time to First Location (Mean Value)

Slot No | DOP value JDOP value Error less than Error less than Error less than
* @) 2 km 5 km 10 km

Slot 1

Slot 48

Table 4.10: T-4x Time to First Location for Networked MEOLUTSs
Note (*): define the method to calculate the slot average of the JDOP/DOP value

4.7.3  Data Analysis and Results 6@

Using the table templates provided at Annex J for tests“P-4 and T-5, and the scripts at
Annex H, the network test data should be collected eprocessed with results depicted
as described for T-4 and T-5 (see Table 4.10). ata collected should be compared

with the Stand-alone tests of T-4 and T-5 resultsZwith a view to assessing the benefits of
various MEOLUT network types (e.g., nam@ reg@l etc.).

4.7.4  Interpretation of Results \Q \%

should highlight the perfo cement brought by exchanging data in a
MEOLUT network, on are ational basis.

T-8: Combined M@éEG@%eratmn Performance

4.8.1 Oble%Q and Definitions

The results of the analysis an paﬁon with Stand-alone MEOLUT test results

The objeé\\Qof the test is to evaluate the ability of MEOLUTSs to process data from
GEO satellites and merge this GEO data with MEO data to provide a combined
MEO/GEO location. Tests T-3, T-4 and T-5 can be repeated for this evaluation.
Alternatively, MEOLUTs with the appropriate capability can process T-3, T-4 and T-5
data in two parallel modes (i.e., as Stand-alone MEOLUTs and in combined MEO/GEO
mode of operation).

4.8.2  Methodology and Data Collection

Repeat tests T-3, T-4 and T-5 as for the Stand-alone MEOLUTSs, but with the addition of
a GEO satellite receiver input, or process these test scenarios in parallel in the MEO
Stand-alone and combined MEO/GEO modes. To distinguish these tests results from the
MEO stand-alone tests results, test T-8 results will be referred to as T-3g, T-4g and T-5¢
with G indicating the combined MEO/GEO capability.

Note: several GEO satellite receiver inputs might be used for this test, but shall be
clearly documented.
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4.8.3  Data Analysis and Results

Collect the data using the tables provided at Annex J for tests T-3, T-4 and T-5 and build
the corresponding tables (see Table 4.11 provided as an example). Compare the data
collected with those provided for MEO Stand-alone MEOLUTS in tests of T-3, T-4 and

T-5.

enhancement should be highlighted by the analysis.

The MEOLUT ability to process GEO data and the expected performance

NI | NOM | vaid Message D, | SompiteMesage
Emission No NTB after after Prob. (%) after 1 Burst ' ) Burs(j[
Power 1 Burst | 1 Burst (NVIM+NCM)/NTB NCM/NTB
37dBm— | Slot1 | 100 N
N
33 dBm Slot2 | 100 e}@
&
37dBm- | Slot7 | 100 &
33 dBm Slot8 | 100 O
RN
b?)
Q .
37 dBm Slot 95 | 100 A -0
33 dBm Slot 96 | 100 V (g\

Table 4.11: T-3¢ Valid/@plemﬁessage Detection Probability

»
g

N
4.8.4  Interpretation o Qs(s\ul%\(b

Based upon the rggé of.

MEOSAR syste
intended to in

combinin
Cospas-

x<Q

- END OF SECTION 4 -

analysis, conclusions will be drawn concerning the

how it*can include data from the GEOSAR system. This test is
ate compatibility of MEOSAR and GEOSAR, and to determine if
AR data to be processed by a MEOLUT provides benefit to the overall
stem.
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OPERATIONAL EVALUATION PROCEDURES

5.1

O-1: Potential Time Advantage (PTA)
5.1.1 Objective and Definitions

The objective of analysing the Potential Time Advantage (PTA) is to provide a
comparison between the new MEOSAR system and the existing LEOSAR/GEOSAR
system with respect to the timeliness in the receipt of various alert notifications at the
MCC. The PTA is determined by measuring the elapsed time between the receipt of
MEOSAR alert notifications versus those from the existing sy%é@.

5.1.2  Methodology and Data Collection

6®

Measurement of PTA is applicable only w,. &MEOSAR as well as the
LEOSAR/GEOSAR system provide alert mess for the same beacon. Specific
notifications may or may not include an indep%ﬂdent location computed by a ground
station and information may be received @Qe l\@ in various combinations and/or
sequences involving four possible dat@’sfypesiNAny Detection, Encoded Position
Computed Location and Position Co;é?éatio @ence, the first notification within each
data type should be considered, ppliség’e and available, as well as in various
combinations for a given beacQ{‘Qﬁva‘[' ‘.

In the case of PTA data, %m \@notiﬁcation collected should be for the MCC in
whose service area the is 1 cféed, or if the alert is unlocated, the MCC service area
associated with the country (the last MCC in the data chain). Note, the destination
MCC is based so on the location recorded in the message not on the actual location
of the beacon. -PTA data should be collected for all beacons where alerts were received
from ME satellites in conjunction with LEOSAR or GEOSAR. In addition, when
location ‘data’ is available, only data located within a predefined area of interest (AOI)
shall be included. The areas of interest ' are defined for the period of the test, and
pertains to the practical limits of the MEOSAR ground segment coverage over that
period. Regardless of whether location data is available, when it is determined that the

The term “beacon activation period” is defined in Annex B of this document and has a common meaning
with respect to all Operational Tests. All MCCs participating in the D&E are encouraged to harmonize
related processing.

In respect of tests O-1 and O-2, participants shall declare an area (or areas) of interest, which may or may
not coincide with their MCC service area. If the declared area(s) of interest differ(s) from the MCC service
area, then results shall be reported for both the area(s) of interest and the MCC service area, and a map or
list of coordinate shall be provided that describes any area of interest that does not coincide with the MCC
service area. If more than 5% of a participating MCC’s service area is not covered by participating
MEOLUTSs (i.e., in respect of operational tests, a “participating MEOLUT” distributes alert data to a
participating MCC), then results shall be provided for an AOI based on the common area between the
coverage area of participating MEOLUTs and the MCC service area. The MEOLUT coverage area for
detection capability (which also applies to encoded location capability) is defined as a 7000 km radius
around the MEOLUT, based on the size of a MEOSAR satellite footprint. The MEOLUT coverage area for
independent location capability (which also applies to position confirmation capability) is defined as a
3000 km radius around the MEOLUT, consistent with section C.1.3.14.c of the D&E Plan.
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actual beacon location is outside the associated AOI or outside of the MCC service area
(based on encoded position, independent position, satellite footprint or other
information), the data should be excluded. The alert information should be entered in the
spreadsheet named “MEOSAR D&E Report Data O-1.xIs” which contains entry fields
for all alert notification time data. The following listing provides abbreviations
referenced below and in the data collection spreadsheet:

TMANU Time of first MEOSAR Alert Notification Unlocated

TMANE Time of first MEOSAR Alert Notification Encoded

TMANL Time of first MEOSAR Alert Notification Location

TMANC Time of MEOSAR Position Confirmation (Ambiguity Resolution)
TLANU Time of first LEOSAR Alert Notification Unlocated

TLANE Time of first LEOSAR Alert Notification Encoded

TLANL Time of first LEOSAR Alert Notification Location
TLANC Time of LEOSAR/GEOSAR Alert Position Confirmation (Ambiguity-Resolution)
TGANU Time of first GEOSAR Alert Notification Unlocated (no enco osition)
TGANE Time of first GEOSAR Alert Notification Encoded

Cospas-Sarsat MCCs, specifically the last MCC in t @ua chain, receiving 406 MHz
MEOSAR and LEOSAR/GEOSAR alert messa ould record the following alert
notification data in the provided Excel sprea et (an example listing is provided
below in the next subsection under Figure 5. IQ Q

a.  time of receipt of MEOSAR ale QeSS{gaégdentiﬁed by data type (TMANU,

TMANE, TMANL or TMANC); %

b.  time of receipt of LEOS@Ieﬂ\r&ssages identified by data type (TLANU,
TLANE TLANL or TLANC) co@)onding to the same beacon; and

c.  time of receipt of GEO ARN@& messages identified by data type (TGANU or
TGANE) correspohding t same beacon.

Note that data ty@%ANC\gcludes position confirmation provided by GEOSAR alert
messages.
P

5.1.3 /ﬁ%% Analysis, Results, and Reporting

PTA analysis is performed by Excel formulas embedded within the cells of the data
collection spreadsheet. As new data rows are added, a simple “cut and paste” of the
corresponding results columns will automatically populate these elements as well as
updating the summary results at the top the spreadsheet.

The following listing provides abbreviations used below and in the spreadsheet:

PTAE Potential Time Advantage Encoded (encoded position only)

PTAL Potential Time Advantage Location (computed at ground station)
PTAA Potential Time Advantage All Locations (encoded and/or computed)
PTAC Potential Time Advantage Position Confirmation

PTAO Potential Time Advantage Overall (first notification all data types)

The embedded formulas will compute PTAs (time differences in minutes) as available
for all early MEOSAR alert notifications during the D&E as follows:

PTAE = Earliest (TLANE, TGANE) - TMANE;
PTAL = TLANL — TMANL;
PTAA = Earliest (TLANE, TLANL, TGANE) - Earliest (TMANE, TMANL);
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PTAC = TLANC - TMANC;
PTAO = Earliest (TLANU, TLANE, TLANL, TGANU, TGANE) - Earliest (TMANU, TMANE, TMANL);

In addition to these individual PTA statistics, summary statistics will also be generated
for the mean, median and standard deviation of each PTA data collection over the
specified D&E time period.

A limited set of data has been fabricated to provide example computations as shown in
Figure 5.1. The data collection columns (Beacon ID and all time fields) are those
populated by the D&E participant as discussed above. The last five columns and
summary values of mean, median and standard deviation at the top of the sheet (all
colour shaded) are the results which are populated by the formulas embedded in the
respective cells. b

Figure 5.1: O-1 PTA Analysis Excel Workshee mple

5.1.4  Interpretation of Results

It is noted that for any given beacon activation, anywhere from one to five PTA values
are possible. Specifically, some cases will have notifications with multiple common data
types and others will occur where there is no commonality at all and only the overall
result (PTAO) might be available. It is also noted that negative values are possible and
represent cases where the existing system demonstrates a time advantage over
MEOSAR.

In addition to providing MEOSAR comparative performance statistics, this analysis
should contribute useful information in planning decisions at the Cospas-Sarsat System
level. Items under consideration might include determining the readiness of MEOSAR
to be declared operational and future planning for a phase out of LEOSAR capabilities.
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5.2

0-2: Unique Detections by MEOSAR System as Compared to Existing System
5.2.1 Objective and Definitions

This test will evaluate the performance of the MEOSAR system in detecting and
locating 406 MHz beacons in relation to the existing Cospas-Sarsat System. The goal is
to catalogue and compare beacon activations received by the MEOSAR system to those
received from LEOSAR and GEOSAR, identify cases where only one system detected a
beacon or provided encoded, independent or confirmed position and provide
explanations wherever possible. In addition to these statistics, maps will be generated
for the recorded beacon locations in order to visualize the actual MEOSAR coverage at
the specified D&E time period.
O

5.2.2  Methodology and Data Collection GQ

Each entry in the worksheet pertains to a single be @g) activation. Data should be
collected by the MCC in whose service area the at is located or, if the alert is
unlocated, the MCC of the service area associate ch the country code (last MCC in
data chain). Note, the destination MCC is basedysolely on the location recorded in the
message not on the actual location of the beato QE data should be collected for all
beacons regardless of reception through OS Q EOSAR or GEOSAR satellites,

either independently or in conjunctio 51s when location data is available,
only data located within a predefi are ef interest (AOI) shall be included (see
footnote under O-1). Regardl% ther location data is available, when it is

@h is outside the associated AOI or outside of
ncod@posnlon independent position, satellite footprint
or other information), ata §fipuld be excluded. The alert information should be
entered in the spread n@ “MEOSAR D&E Report Data O-2.xls” which contains
entry fields for al tart/end times and data types. The following listing provides
abbreviations reférénced below and in the data collection spreadsheet:

LGST @/GEO Start Time
LGET & LEO/GEO End Time

LGDT LEO/GEO Data Type (U=Unlocated, E=Encoded, D=Doppler, C=Confirmed)
MST MEO Start Time

MET MEO End Time

MDT MEO Data Type (U=Unlocated, E=Encoded, D=DOA, C=Confirmed)

determined that the actual be
the MCC service area (bas

Cospas-Sarsat MCCs, specifically the last MCC in the data chain, should:

a)  collect and record first detection® time, last detection time, data type’ (LGST,
LGET and LGDT) and location for all operational and test beacons received by
the operational LEOSAR/GEOSAR system using the provided Excel spreadsheet
(see example below); and

b)  collect and record first detection time, last detection time data type (MST, MET
and MDT) and location for all operational and test beacons received by the
MEOSAR system using the provided Excel spreadsheet.

9

In each case, detection time is the time tag for the data type as provided by the LUT.
The DataType includes each location data type processed (e.g. “EDC)”, but only includes unlocated if no
location data is received (i.e,,” U”).
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Figure 5.2: O-2 Worksheet Example — Inputs LEO/GEO
Beaconld StartTime (LGST) EndTime (LGET) DataType (LGDT)|Latitude |Longitude
9D0CSBE7B2001A5 |  2011/02/0100:37:12| 2011/02/0100:37:12|U
CF88D75930328D1 | 2011/02/0101:15:36| 2011/02/0101:28:53|U
2DCC3FEF9SFFBFF |  2011/02/0101:29:47)  2011/02/0101:29:47|€ 29.583]  -86.139
143A0400003C558 |  2011/02/0101:32:54|  2011/02/0102:10:19U
2787800C02FFBFF |  2011/02/0103:09:31| 2011/02/0103:09:31|U
1C65211780FFBFF | 2011/02/0104:08:09| 2011/02/0109:26:52|L 48.965 -4.193
1C6521178062411 |  2011/02/0104:15:39|  2011/02/01 08:11:25|U
ADC6499C71DCB61 | 2011/02/0105:19:45]  2011/02/01 05:19:45|L 54.684)  -21.354
BAC54930878D331 |  2011/02/0106:33:08|  2011/02/01 06:33:08|U
A229041064D34D1 | 2011/02/0108:02:59| 2011/02/01 08:52:36|L 57.054 9.965
AF0SC74A34D34D1 |  2011/02/0108:54:36] 2011/02/02 10:40:53 L 5.100]  -39.158
2DC83858ABFFBFF |  2011/02/0108:55:54|  2011/02/0109:23:23]L \34.043]  -117.614
@\)
Figure 5.3: O-2 Worksheet Example — Inpl@’lEO
Beaconld StartTime (MST) EndTime (MET) DataTyp DT) |Latitude |Longitude
9D0CSBSTBE001AS | 2011/01/3123:46:33) 2011/02/01 01:42:33)L )" 19.504| -99.001
CF88D75930228D1 | 2011/01/3123:54:51] 2011/02/0102:59:37/8 15.602|  41.598
2DCCIFEF9SFFBFE | 2011/02/0101:08:41) 2011/02/01 03:058H 23.948|  32.824
143A0400003C558 | 2011/01/3123:38:48] 2011/02/01 025%;09]L A\ 50.820 3.211
2787800C02FFBFF | 2011/02/0102:52:18] 2011/02/01@3s:05[ ()™
1C65211780FFBFF | 2011/02/0104:01:27) 2011 9:24,154> 48.965|  -4.193
1C6521178062411 | 2011/02/0103:02:59] 2011/03Y01 09;09:39U
ADC6499C71DCB6L | 2011/02/0103:26:42 2/010675:47|L 54.684| -21.354
BAC64930B78D331 | 2011/02/01 05:11:54N 3011/02/4P1 07:44:08]L 2.934| -75.267
A229041064D34D1 | 2011/02/0106:373%) 20110061 09:18:55]L 57.054 9.965
AF0SC74A34D34D1 | 2011/02/01 0833  ID{D2/02 11:47:29]L s.100] -39.158
2DD741073F81FED 2011;02;9{@}*!1:1? @pﬁfm,fm 11:37:46|L 35.468|  44.363
)

523 DataA is, Re?@t , and Reporting
The basic a is and generation of results is automated, and can be performed by
invoking cel macro named RunAnalysisO2'°, provided within the spreadsheet
named “MEOSAR D&E Report Data O-2.xIs”. The macro will place results in this

same file, which also provides entry points for participant explanations and comments to
document underlying causes for cases where one system detected a beacon but the other
did not. Determining the cause of non-detection by either the MEOSAR or
LEOSAR/GEOSAR system should take into account the performance of satellites,
LUTs, MCCs, and beacons (e.g., low power) as well as the impact of interference.

MEOSAR D&E participants should:

a)  apply the provided Excel macro named RunAnalysisO2 to create a listing of all
discrepancies; and
b)  review all discrepancies providing explanatory comments within the spreadsheet

as possible.

' RunAnalysisO2 is an embedded Visual Basic program (as are all Excel macros). The analysis of D&E tests

0-3 and O-4 are implemented similarly by a programmed macro, whereas the analysis for O-1 differs being
provided by formulas placed directly within the cells of the spreadsheet.
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Figure 5.4: O-2 Worksheet Example — Qutput: Summary Data

Any Detection Encoded Position | Independent Position | Confirmed Position
Count % Count % Count % Count Y%

LEO/GEO only 67 2.52% 200 7.53% 50 1.88% 20 0.75%
MEO only 219 8.25% 250 9.41% 250 9.41% 236 8.89%
Both Systems 2370 | 89.23% 1700 | 64.01% 1701 64.04% 1500 56.48%
Neither System 0 0.00% 506 | 19.05% 655 24.66% 900 33.89%
Total Beacon
Events 2656 2656 2656 2656

Figure 5.5: O-2 Worksheet Example — Output: LEO/GEO Only Detections

Beaconld StartTime (LGST) EndTime (LGET) DataType (LGDT) [Latitude |Longitude anation/Comments
2DCB3858ABFFBFF 2011/02/01 08:55:54| 2011/02/01 09:23:23|L 34.043| -117.514 E)blwﬁ
ADCDOGCADA50C01 | 2011/02/0110:47:02| 2011/02/01 13:44:41|L 38.765| -119. @known
DFOC4A002E0001AL 2011/02/01 15:05:31| 2011/02/01 15:09:42|L -6.507 -W’Blockage to MEO suspected
2DCE38469CFFBFF 2011/02/02 00:37:06| 2011/02/02 00:41:00|L 54.165 fﬂlﬂ Unknown
B46CEGE2FO0CIED 2011/02/04 07:59:21| 2011/02/04 07:59:21|U ('J Weak beacon signal suspected
ADCE498CA10AADL | 2011/02/06 06:36:27| 2011/02/06 06:36:27|U P, )‘ Unknown
DB476E2E29041D1 2011/02/06 21:05:23| 2011/02/06 23:18:56(U N Weak beacon signal suspected
ATBE4031AB00189 2011/02/12 15:32:56| 2011/02/12 15:32:56|U P \} N Unknown
ADCI055505C04D1 2011/02/13 15:15:24| 2011/02/13 15:15:24|U Unknown
N

Figure 5.6: O-2 Worksheet Exame!? utp EO Only Detections
Beaconld StartTime (MST) EndTime (MET) ype (I@]ﬂ Latitude |Longitude |Explanation/Comments
ADCCA0765000261 | 2011/02/20 20:11:13| 2011/02/21 13:5% Unknown
A22CA1AFOC00209 2011/02/2108:48:27| 2011/02/21 ]m L A\ 60.442| -145.839|LEO visibility never occurred
2DCR382A9AFFBFF | 2011/02/2117:01:58 2011}’02})1‘@:0‘3:10 l)\‘() LEO visibility never occurred
1A8500D61EFFBFF | 2011/02/22 02:59:27 2011;93,&2\»5 021@‘ D 12.087| -81.557|Unknown
AB264DEEG21CA3Z1 | 2011/02/22 14:42:08 2 16:p3:04 i 41.202 -81.964|Unknown
CB264C7463AA7EL | 2011/02/22 15:20:53 &302}'22 ‘?% 2(L 8.190 -76.794|Unknown
D8C6492DAATE2AL | 2011/02/23 04:30:30N2B11/02 /a0 16:04[L 30.885| -77.800|Unknown
BBACA06560001C1 | 2011/02/24 14:4m96{ 2011/02)'8d 16:11:13]L 9.918]  -84.698/Unknown
9D08D34A04DOCDL | 2011/02/25 @‘.‘gﬁ 2011/02/26 09:21:31|L 43.136 -8.470|LEO visibility never occurred

5.2.4

&9
/QQ: retation of Results

The main result is the total count of beacon activations detected by one system, and not
the other, specifically, the LEO/GEO Only and the MEO Only totals and percentages of
the data set. Unique detections are reported per beacon activation regardless of location
status and for each location status (encoded, independent and position confirmation).
The key elements of this analysis are the comments and explanations provided (as
possible) with all discrepancies. Final interpretation is explicitly dependent on the
causes found and associated statistics if large numbers of discrepancies are found and
one or more known causes have high repetition rates.

Since alerts for test beacons are not normally distributed between MCC:s, this should be
considered in reviewing summary statistics. Also, given that operational beacons may
transmit over an extended period of time, the reporting of results i.e., independent
beacon activations, may depend on alert site closure rules at each MCC. While rules for
closing sites are not the same at every MCC, D&E participants should ensure that site
closure procedures are harmonised between their operational MCC and their MEOSAR
D&E MCC processing noting the definition of beacon activation period provided at
Annex B.
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5.3

As noted above, in addition to other reporting and analysis interpretations, maps should
be generated that show beacon locations within the associated AOI. The area(s) of
interest should be fully described (i.e., relative to MCC service areas, and, as
appropriate, relative to MEOLUT coverage areas for detection capability and
independent location capability), and presented on maps. These maps will provide a
means to visualize relative MEOSAR and LEOSAR/GEOSAR coverage during a
specified D&E time period. This test should be repeated towards the end of the D&E,
when the MEOSAR system will be closer to its operational configuration.

0-3: Volume of MEOSAR Distress Alert Traffic in the Cospas-Sarsat Ground

Segment Network
5.3.1  Objective and Definitions 666
This test will evaluate the volume of 406 MHz M R distress alert messages

exchanged between MCCs, compare it to the traffic the existing system (LEOSAR
and GEOSAR) and provide additional informatign)on the combined totals and data
volumes in bytes and corresponding bandwidths%

5.3.2  Methodology and Data Collectj o . ()’Q

Data consisting of message transmigsion ti nd SIT types is to be collected at all

participating MCCs. Example 1% are provided in Figure 5.7 below. Abbreviations
referenced below and in thes@' ociat€d *spreadsheet (MEOSAR D&E Report Data

O-3.xls) are: @Q \(b
MTT MEO Tra:sq%sio Tohe
MST MEO SIT, ypeé
LGTT LE(@O Transmission Time
LGST o@/GEO SIT Type

Note that it Figure 5.7 the supplemental data fields of message number and destination
MCC are included for data tracking purposes.

In addition to collecting data on messages physically transmitted between MCCs, it
would beneficial for MCCs to collect data on messages that would have been
transmitted to an MCC based on the operational MCC network, but were not sent
because the destination MCC (based on the operational MCC network) was not
participating in the D&E. Collecting statistics on traffic to RCCs and SPOCs would be
beneficial as well.

MEOSAR D&E participants should:

a)  collect and record transmission time and SIT type'? (MTT and MST) for all
406 MHz MEOSAR distress alert messages sent to other MCCs using the

Bandwidth is provided as the industry standard measure of kilobits per second (kbps) and is computed as
the total volume in bits (8 bits per byte) divided by the total time span in seconds.

As shown in the example inputs, it is recommended that Message Number be collected as additional cross
reference information for each message entry (row in the table).
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provided Excel spreadsheet (see example below);

b)  collect and record transmission time and SIT type (MTT and MST) for all
406 MHz MEOSAR distress alert messages received'® from other MCCs using the
provided Excel spreadsheet;

c)  collect and record transmission time and SIT type (LGTT and LGST) for all
406 MHz LEOSAR/GEOSAR distress alert messages sent to other MCCs using
the provided Excel spreadsheet; and

d)  collect and record transmission time and SIT type (LGTT and LGST) for all
406 MHz LEOSAR/GEOSAR distress alert messages received from other MCCs
using the provided Excel spreadsheet.

Figure 5.7: O-3 Worksheet Example — Inputs (LEO/G@nd MEO)

Msg No. |Dest MCC|Transmission Time (LGTT) |Si e (LGST)
3109 cmcc 2002/01/18 00:14:52{ 2 125
3116|cHmcc 2002/01/18 00:14:57] 125
3132|cMcc 2002/01/18 Q200:16 122
3133|cmcc 2002/01/ 1NT:5587 122
3149|FMmCC 2002/pf18 04:12369 125

Msg No. [Dest MCC Transmi;sm‘;in}gﬁ‘aﬁ] Sit Type (MST)

221|cMcc A002/01 /47 22:25:40 145
22alemee | “C2002¢9)/17 22:24:21 145
229[emcc QN 20p9/01/18 00:40:43 145
230[BRMCENY  »H2002/01/18 01:54:13 145
235 FM((;\C)\‘ ‘A’ 72002/01/18 03:29:26 145

In addition to thQOeneral input of message data, a configuration table is provided for
MCCs to s é@/ typical or average file sizes for respective SIT messages. Figure 5.8
below p \g@s an example, and in this case all message sizes are defaulted to 1 Kb
(1024 bytes). This exemplifies the case where the protocol (e.g., FTP) or the computer
file/folder structure might dictate a minimum file size, even though the actual number of
bytes within may be only several hundred. Also, this design is a simplification of the
possibilities. For example, if an MCC generates SIT messages with multiple solutions
within, a SIT 125 may really have a range of possible data sizes, and in such cases the
MCC may have to configure this table with an estimated average.

13

Messages that are sent or received are collected in one input table.
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Figure 5.8: O-3 Worksheet Example — Configuration: Message Types and Sizes

SitType |Size
122 1024
123 1024
124 1024
125 1024
126 1024
127 1024
142 1024
143 1024
144 1024
145 1024 é
146 1024 6@
147 1024 (%)

\%

5.3.3  Data Analysis, Results, and Reporting Q

Each MCC should apply the provided Excel @ro named RunAnaly51sO3 to create a
summary report of all message counts, dafgsvol and comparisons. If an MCC
collects data on messages that would hay&been to SAR destinations (MCCs, RCCs
and SPOCs) in an operational MC \é ut were not sent because the SAR

destination was not participating i D&HR, then a second summary report should be
created that counts these virt al‘@essa as well as messages that were actually sent.
An example of outputs is pr: in Figure 5.9. It may be useful to note that in

generating the summary oufgut, t% cel macro creates columns as necessary based on
the actual SIT numbersfound i data set for MCC to MCC messages. As part of the
analysis process, eac C 1d be careful to identify and account for anomalies that
impact message @ c on the MEOSAR or LEOSAR/GEOSAR system; e.g., many
messages may esent due to a communication problem or many messages may have
never bee due to a software, hardware or communication problem. Non-nodal
MCCs s note the number of SIT 122 messages and SIT 125 messages that were
sent to the associated nodal MCC for QMS reference beacons. Limitations of the
area(s) of interest should be taken into account in analysing the relative message traffic
of the two systems.

Figure 5.9: O-3 Worksheet Example — Output: Summary Data

LEO_GEO | 122 | 123 124 125 126 127 132 133 | RCCs | SPOCs Total | Data Band-
MEO 142 | 143 144 145 146 147 136 137 Volume width
LEO GEO | 527 | 17 10 978 11 230 1 4 0 0 1778 1820672 .0036
MEO 65 | 10 7 999 300 | 240 10 70 1731584 .0034
Combined .0070

Note: (411) SIT 122 messages and (723) SIT 125 messages were sent to the nodal MCC for QMS
reference beacons.

5.3.4  Interpretation of Results

The results are simple message counts, data volumes and communication bandwidths,
with statistics provided for the existing LEOSAR/GEOSAR system, the new MEOSAR
system and the combined load. The interpretation includes evaluating the impact of
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these data volumes on standard Cospas-Sarsat data transfer technologies

(e.g., FTP-VPN) to determine if loads are within the capacity of the available
communication paths.

0-4: 406 MHz Alert Data Distribution Procedures

5.4.1 Objective and Definitions

The purpose of this test is to evaluate the initial concept of operations for alert data
distribution and recommend modifications, as needed, for an operational MEOSAR
system. In order to evaluate data distribution procedures, LEOSAR/GEOSAR and
MEOSAR alerts are categorised based on the beacon activation status (e.g., first alert,
confirmed alert), position type (e.g., DOA or encoded posmo & alert disposition.

Q)

Each participant will collect data to support the Q@luatlon of the data distribution
procedures as documented at Annex E. The eva@ on methodology entails collecting
information on the number of times various pro s1n scenarios occur.

5.4.2  Methodology and Data Collection

It is important to note that while data ser@o MCEsis usually the focus for operational
D&E data collection, all data proce séd by CC (i.e., including data within the
national service area) should be cted% catalogued. This additional data may
assist the evaluation of other ss ossibilities. In effect, the goal is to collect
sufficient information to full Kﬂlua% MEOSAR data distribution procedures.

1pan s(bshould collect and record counts for all
\/L@AR alerts that occur in the lifetime of selected test
ational beacon activations processed at their MCC and use the
et (MEOSAR D&E Report Data O-4.xls) to record the data (see
Figure 5 1 0 worksheets will be prov1ded one for LEOSAR/GEOSAR processmg
results ne for MEOSAR. Each incoming alert will be counted most often in
exactly one of the columns of the spreadsheet. A few conditions could occur in tandem
(e.g., conflicts in both DOA and encoded positions). The actual column headers are
listed in Table 5.1 with additional explanatory comments.

Figure 5.10: O-4 Worksheet Example — Inputs

MEOSAR D&E p
LEOSAR/GEOSAR
beacons and all
provided spr

Benld15s

FirstBurstTime

LastBurstTime

Number
of Bursts.

FA
UNL

FA
ENC

FA
DOA

FA

DOA
ENC
CFM

FA
DOA
ENC
DIF

NC
DOA
DOA
DIF

NC
DOA
ENC
DIF

NC
ENC
ENC
DIF

CcA

DOA
DOA
CFM

ENC
DOA
CFM

DOA
ENC
CFM

CFM

DOA
DIF

CcT
ENC
DIF

RD

1234

B388170D64334D1

2010/01/01 00:06:02

2010/01/01 03:34:22

251

13

1285

ADCD376AB5E1400

2010/01/01 03:15:47

2010/01/01 03:28:17

16,

1286

ADCC014DD040459

2010/01/01 04:01:54

2010/01/01 05:56:54

139

1287

ADSDOA131500A01

2010/01/01 06:18:57

2010/01/01 06:20:37

1288

2DCC3611EAFFBFF

2010/01/01 06:33:42

2010/01/01 06:35:22

1289

ADCD05453441401

2010/01/01 08:01:43

2010/01/01 23:28:23

1113

[l =l L el L T

61

1290

BEEEO0678800001

2010/01/01 07:19:43

2010/01/01 07:19:43

[N =R R N

1291

2DC838746AFFBFF

2010/01/01 08:17:50

2010/01/01 11:50:20

256,

14

1292

B38950D90D034D1

2010/01/01 08:15:04

2010/01/01 11:34:14

240

[ =

13

1293

A7S8ED0SEDCA0401

2010/01/01 10:07:20

2010/01/02 06:08:10

1442

=

80

1294

9EA9531534D34D1

2010/01/01 13:25:05

2010/01/01 13:25:05

1295

DAAGIBAEG2EBGSL

2010/01/01 12:12:10

2010/01/01 12:18:50

1296

ADCD018C5C42801

2010/01/01 12:43:07

2010/01/01 16:08:07

247

1297

ClABSCBA28A28D1

2010/01/01 12:50:02

2010/01/01 13:54:12

78]

1298

AZ0E046ADCS0501

2010/01/0113:21:39

2010/01/01 13:24:59

= =N = R I R

[ Ll L=l L

1299

C2AA40ETEZE04D1L

2010/01/01 14:02:18

2010/01/01 15:33:58

111
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Note that for the LEOSAR/GEOSAR processing results, the columns with DOA
position conflicts should be replaced with DOP (Doppler) position conflicts columns.

Except for “Redundant Data” (RD), an alert that meets the conditions for a category
should be counted as such regardless of whether the MCC transmitted the alert; e.g., an
alert with DOA position and no position conflict after position confirmation that met the
time threshold for continued transmission would be counted under “CT CFM”
regardless of whether the alert was transmitted.

Column Header

Comments

FA UNL First Alert, no location
FA ENC First Alert with location, encoded position only
FA DOA First Alert with location, DOA position only

FA DOA ENC CFM

First Alert with location, DOA/encoded Position Confirmation (dependent event)

FA DOA ENC DIF

First Alert with location, DOA/encoded Position Conflicttdependent event)

NC DOA DOA DIF

position Not Confirmed, DOA/DOA position confligt

NC DOA ENC DIF

position Not Confirmed, DOA/encoded positioagonflict

NC ENC ENC DIF

position Not Confirmed, encoded/encoded q0dsition conflict/update

CA DOA DOA CFM

Confirmation Alert, new DOA to previous DOA

CA ENC DOA CFM Confirmation AIertM, new DOA to prévjous/ngwencoded

CA DOA ENCCFM Confirmation Alert, new encodeght&/previdus'DOA

CTCFM Continued Transmission® event, DOA dad)or Encoded positions, no position conflict
CT DOA DIF Continued Transmission event, DOA position conflict

CT ENCDIF Continued Transmissien eventyeagoded position conflict/update

RD Redundant data (dependertt b€acon event and none of the above)

Table 5.1: O-4 List of Messagé/Status Conditions for Data Collection'®

5.4.3

Data Analysis, Results, and Reporting

MEOSAR  D&E participants should apply the provided Excel macro named
RunAnal§sisO4 to create a summary report of all data counts along with some high level
statistics. Example output is provided below in Figure 5.11.

Figure 5.11: O-4 Worksheet Example — Output: Summary Data

NMUMBER OF SITES 2579
NUMBER OF BURSTS 440435
FA FA FA FA FA NC NC NC CcA CA CA cT cT cT RD
UNL |ENC (DOA |DOA |DOA |DOA |DOA ENC |DOA |ENC (DOA |CFM [DOA |ENC
ENC [ENC |DOA (ENC ENC |DOA |DOA (ENC DIF DIF
CFM (DIF DIF  (DIF DIF CFEM  (CFM  |CFM
COLUMN TOTALS 13 17] 2338 194 12| 662 479 285 2003 42 52| 22764 1110 567 443
SITE LEVEL STATISTICS 0.70%)| 0.66%|90.66%| 7.52%| 0.47% 77.67%| 1.63%| 2.02%
BURST LEVEL STATISTICS 0.15%| 0.11%| 0.06% 5.17%| 0.25%]| 0.13%| 0.10%

“CA” (Confirmation Alert) implies that location data was previously received.
Continued Transmission only pertains to alert data that arrives after position confirmation has occurred.

16 For the LEOSAR/GEOSAR processing results the DOA position is replaced by the DOP (i.e. Doppler)
position to determine the position confirmation or position conflict status.
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In this case the generation and reporting of results is straight forward and automated, but
the analysis itself is not. Actual analysis entails using these basic statistics to formulate
conclusions as to whether or not any given aspect of the data distribution procedures is
producing the desired result. The analysis should attempt to determine whether these
procedures are enhancing or degrading search and rescue efforts, and/or creating
excessive or unnecessary processing or data transfer loads. Specific data collection and
reported results, as well as examples of possible interpretations are all provided below.
However, additional creativity in the analysis and interpretation processes on the part of
participants is encouraged for this D&E test, as aspects unforeseen may become clear as
the D&E proceeds and data is collected, reported and analysed.

5.4.4  Interpretation of Results

The analysis performed within the spreadsheet entails sum '@%e total occurrences of
each processing condition over the time interval of data c tion. The columns of the
spreadsheet list the total counts and percentages of processing conditions. The
analysis of these counts may prove to be more difficulP’as demonstrated by the following
two interpretations of the results. These are just f potentially many interpretations
that could be drawn from the data as our expérience with MEOSAR data distribution
matures. Meaningful conclusions will be%@ dra»@swhen all the real data has been
collected and the opportunity to absorb it occ

Analysis and Interpretation 1: C}ﬁ)nue smission could increase message traffic
by a factor of ten. Given the oad identified in Operational Test O-3, this is well
within the capabilities of th at communlcatlons network. This supports
the proposition that “contiied tr ission” should be the default mechanism for
MEOSAR, allowing tQQ\ be&@ of nearly continuous monitoring of beacon

transmissions. O
o ©

Analysis and Interpretation 2:  Unlocated alerts occurred only 18 times in 2,579
active alert Sifeés (0.7%). Furthermore, location was later provided in all 18 cases
leaving O<\a s in this data set that remained unlocated. It may then be suggested that
unlocated alerts are not needed at all, also observing that the D&E employed only a
reduced set of satellites (and/or ground stations) and finally that a large majority of all
detections are false alerts.

This testing presents an ideal opportunity to evaluate the entire MEOSAR data
distribution procedure. These procedures should be evaluated based on test results, in
particular as it pertains to the definition of redundant data, position confirmation and the
use of a quality factor associated with DOA positions. For example, test results could
be used to evaluate:

a)  if the position confirmation procedure is the most effective way to provide timely
information about the accuracy of DOA locations, or

b) if the dependent beacon event definition properly distinguishes redundant
solutions from independent ones.
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5.5 0-5: SAR/GALILEO Return Link Service
5.5.1  Objectives and Definitions

This test will encompass three objectives as detailed below. MCCs participating in the
D&E will collect data on RL messages transmitted to RCCs and to the other MCCs and
the FMCC as required. The major data collection and analysis will be accomplished by
the FMCC, the RLSP, and entities that will operate RLS capable beacons.

5.5.1.1 Definitions

As contained in document C/S R.012 (MIP), Figure 5.12 be]@v presents the overall
procedure for the Return Link Service and the specific inte@és involved in the RLM
request dissemination. All MEOSAR D&E test procedurgyassociated with the Return
Link Service will be based on the following procedu&&wth some of the steps being
applicable or not, depending on the test scenario. Q

O

Figure 5.12: High-Level Concept of RLS PrQQess I%Qgratlon within Cospas-Sarsat

e
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Table 5.2 presents the basic steps expected in the operational testing of the return link service.

Step ID Entities Step
1 Distress Beacon | The beacon is activated.

The FLAM encloses the RLM_Request.

2.1 LUT and MCC | The beacon is detected and located by one or several MEOLUTs. MCC receives the

and alert.

2.2 Once the MCC* has a confirmed location, the MCC* transmits the RLM_Request
(SIT138/SIT139) to the FMCC.
The MCC transmits the alert with the RLS Capability Notification to the RCC in
charge (MF#62 of SIT 185).

3 FMCC FMCC receives the RLM_Request and transmits it to ths\RLSP.

4 RLSP On RLM_Request reception, the RLSP checks the \ﬁequest previous reception.
The acknowledgment RL message (Type 1) is cre y RLSP with the “system level”
parameter and transmitted to the Galileo syste a dissemination schedule/
priority. )

5 Galileo System | The Galileo system receives the acknowl¢dgment RL message, processes it and
broadcasts it through the Galileo sate
The acknowledgment RL messag\i‘g{ype 1 broadcasted by Galileo SVs.

The RLM is sent every TBC ml@ by @ alileo system until a TBC time-out is
reached. \{.\)

6" RCC RCC Activation: The RCE recei @e RLS Capability Notification in MF#62 of
SIT 185 and reacts ai mglx h the RLSP

A
7 Distress Beacon | The beacon that ?lrea @quired several Galileo SV with its internal Galileo
receiver, rece ea ledgment RL message (Type 1).
The beaco ts upOn reception of the RLM.
The be messg%e 15 not changed
MCC* - MCC responsible for 5& rv1ce are where the beacon is located (confirmed location)
Note - Type 2 RL messagesswill not be tested as part of the MEOSAR D&E. However, assessment of the

MF#62 generati
as part of th,

ith RLS information will be checked. Furthermore the EC will perform these tests
testing by involving on an ad-hoc basis particular RCCs.

Table 5.2: RLS Test Procedure Overview

5.5.1.2 Objective RL-1: Validation of Return Link Service Interfaces

The RL-1 objective is to validate the different interfaces for a Return Link Service from
the MCC responsible for the service area where the beacon is located and confirm that
there is no erroneous definition in the SIT message format between the involved
equipment (SIT138, SIT 139 and SIT185).

5.5.1.3 Objective RL-2: RLM Transfer Time Measure

The RL-2 objective is to assess the waiting time between the RLM request transmission
by the originating MCC and the reception of the RLM by the beacon. The test will
characterise both the latency of the Cospas-Sarsat System to disseminate the RLM
request and the overall latency of the RLS in the context of the acknowledgment service.
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5.5.1.4 Objective RL-3: RLM Detection Probability

The RL-3 objective is to determine the probability of detecting the transmission of the
RLM from the Galileo system and recovering at the 406 MHz beacon with return link
capability a valid RLM within 15 minutes of the RLM transmission request sent by the
RLSP to the Galileo system. This is the maximum delay permitted by the SAR/Galileo
Return Link User Requirements for first Return Link Message notification.

5.5.2  Methodology and Data Collection

5.5.2.1 Pre-Conditions for RLS Testing within the MEOSAR D&E Phase

The following conditions should be met in order to proceed g[h RLS testing in the
MEOSAR D&E: (2

a)  Availability of sufficient Galileo coverage capabilit& provide sufficient testing
time slots: 4-6 satellites available by beginning of£2014.

b) MCC modifications: all participating M shall implement the specific
procedures detailed at Annex E for the R equest dissemination.

¢)  FMCC modification: the FMCC sh ave specific interface to the RLSP
implemented, in addition to the pro¢éssin ed at Annex E.

d)  Availability of RLS capable eaco&? LS capable beacons / RLS Beacon
Simulators shall be avail ating countries for remote activation. In
order to validate dlfferen& semifaation paths, RLS capable beacons will be made
available in several S wide. It is proposed to distribute RLS capable
beacons / RLS be& tors to the MCCs in Table 5.3. Each RLS beacon
will have a deditgted Qy.%put interface to extract data associated to the beacon
activation an. M rc?@) on times.

e) Avallab%[ f the RLSP to GMS interface and of GMS RLS related functions.

MCC /\\ ) Location Beacon Type Confirmation
FMCC (Nodal) Central DDR Toulouse (France) RLS Beacon Simulator Yes
SPMCC (Nodal) South Central DDR Maspalomas (Spain) RLS Beacon Yes
NMCC Central DDR Bodoe (Norway) RLS Beacon Yes
USMCC (Nodal) | Western DDR Suitland (USA) RLS Beacon Yes
UKMCC Central DDR Kinloss (UK) RLS Beacon Yes
AUMCC (Nodal) | South West Pacific DDR Canberra (Australia) RLS Beacon Yes
ITMCC Central DDR Bari RLS Beacon Yes
CMC (Nodal) Eastern DDR Moscow RLS Beacon TBC

Table 5.3: Distribution of RLS Beacons for MEOSAR D&E
5.5.2.2 Return Link Message Request Distribution Procedure Evaluation

Each participant will collect data to support the evaluation of the RLM request
distribution procedures as documented at Annex E of the D&E plan. The evaluation
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methodology entails collecting information on SIT content and time. The goal is to
collect sufficient information in order to fully evaluate the Cospas-Sarsat RLS
distribution procedures.

MEOSAR D&E participants should collect and record counts for all MEOSAR RLS
alerts that occur in the lifetime of selected RLS test beacons using the provided
spreadsheet (MEOSAR D&E Report Data O-5.xls) to record the data (see Figure 5.13).

The following interfaces will be assessed:

. FMCC - RLSP

. MCC* — FMCC

. MCC* — SPOC/RCC égb

. RLSP — Distress Beacon %Q)

In order to assess a variety of dissemination pat@&le following scenarios will be

tested: 0,

L. FMCC is responsible for the service a@g CL*) where the alert is located
2. One MCC of the Central DDR i&bons@ for the service area (MCC*) where

the alert is located ‘Q \%

3. One MCC of another DD es osk%le for the service area (MCC*) where the
alert is located A\ {
x<Q

4. Multiple various Fi ests. 0>

&L o
Scenario 1 Beacon actix;@@l ir},F;B&C‘é
Scenario 2 Beacon gg@&fion inWCC, UKMCC
Scenario 3 Beacon aefivation in SPMCC, USMCC, AUMCC, CMC (tbc), CMCC (tbc)
Scenario 4 ys(r&l"g field activation of real beacons

SN

Distinctions have to be made between the different scenarios since not all participating
MCCs will be involved in each of the test scenarios. Multiple tests will be performed
for each of test scenario. The tests will be referenced through a specific Test-ID defined
as S-xxx where S indicates the test scenario and xxx the specific test run.

The test procedures will be implemented as defined in Table 5.2. Steps 6 & 7, related to
the RCC acknowledgment within the RLSP are not required as part of the MEOSAR
D&E. However, assessment of the MF#62 generation with RLS information will be
checked. Furthermore, the EC will perform these tests in conjunction with the D&E
testing by involving particular RCCs on an ad-hoc basis.

5.5.2.3 Return Link Message Detection Probability Evaluation

Since measurements should be independent of the beacon location, but would rather
depend on the elevation angle between the beacon and the satellite, the associated tests
will be performed only at a few locations. In reality, however, as long as the Galileo
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system is not fully deployed, the actual performance will depend on the beacon location
as satellite coverage will vary.

The following steps will be performed to determine the RLM detection probability per
satellite-beacon elevation angle range of 5°:

a)  Note the number of RLMs transmitted within every satellite-beacon elevation
angle range of 5°.

b)  Determine the number of RLMs correctly received within 15 minutes by the
Galileo beacon within every satellite-beacon elevation angle range of 5°.

c)  Calculate the RLM detection probability.

5.5.2.4 RLS Test Slots @é

The slots for RLS testing will be based on suitable satelli nfigurations in order to:

a)  ensure that the beacon can be detected and loc@{d using either S-band or L-band
SAR transponders; and

b)  ensure that a sufficient number of Gal@&)%atellites are in visibility of the beacon
to broadcast the RLM message. Q" . OQ
N

g
Time slots for each test scenario andge% indpvidual test shall be established as part of
the planning of RLS tests. Q> A\

A
5.5.2.5 Data Collection N \Q)
@Q 4

5.5.2.5.1 MCC Data Cdfiection 0

Each MCC participafing in th9 RLS D&E test will collect the following information, as
available, and ard the data results to the FMCC, where the data will be
consolidated: &,

\S
a. RI« &acon ID
b.  MEOLUT ID
TOA of First Burst (MF14a) — [UTC]

o

o

Time of confirmed position in MCC (reception of SIT144/147 or position
confirmation by own MEOLUT) — [UTC]

Time of reception / transmission of SIT138/SIT139 [UTC]

MCC Responsible of Service Area [Yes/No]

MCC Responsible for activating RLS Beacon [Yes/No]

Time of first RLM Reception at Beacon [UTC] for MCC activating a RLS beacon
Time of last RLM Reception at Beacon [UTC] for MCC activating a RLS beacon

Record of RLM message [Short RLM format 80 bits: 15 HEX beacon ID + 4
message type bits + 16 parameters bits]

= @ oo

p— o

—.
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Figure 5.13: O-5 MCC Data Collection for RLS Operational Test

) [Benld15 MEOLUTID |TOA FirstBurst [UTC] |Time of Confirmed [Time of RLSSIT138 [MCC= |MCC RLS Beacon RLM First RLM Last RLM R RLM [20 bits data]
Position (SIT144,147 |/SIT139 Mcc* |A g Time ived |Time Time
lor own LUT) [UTC]  [Transmission/ RLS Beacon
Reception
1001(B388170D64334D1 |FR 2010/01/01 00:06:02| 2010/01/0103:34:22| 2010/01/01 03:36:22 1 1| 2010/01/01 00:05:02 1| 2010/01/01 03:46:22| 2010/01/01 03:56:22(00011000000000000001
1002|ADCD376A85E1400 [EU1 2010/01/01 03:15:47| 2010/01/0103:28:17| 2010/01/01 03:29:17 1] 1| 2010/01/01 03:15:00, 1| 2010/01/01 03:39:17| 2010/01/01 03:59:17{00011000000000000001
3001|ADCC014DD040459 |CAN 2010/01/01 04:01:54| 2010/01/01 05:56:54| 2010/01/01 05:57:54} 0| 0| 0|
3002|AD8D0A131900A01 |US 2010/01/01 06:18:57| 2010/01/01 06:20:37| 2010/01/02 06:21:37 0 0 0
1003[2DCC3611EAFFBFF [EU1 2010/01/01 06:33:42| 2010/01/01 06:35:22| 2010/01/01 06:37:22 1 1| 2010/01/0106:32:42 0
4001(ADCD05453441401 [FR 2010/01/01 08:01:43| 2010/01/01 23:28:23| 2010/01/01 23:29:33 1] 1| 2010/01/01 08:00:43| 0
2001|BEEE00678800001 |EU2 2010/01/01 07:19:43| 2010/01/0107:19:43| 2010/01/01 07:20:43 0| 0| 0|
3003|2DC838746AFFBFF |US 2010/01/01 08:17:50| 2010/01/01 11:50:20| 2010/01/01 11:52:20 0 0 0
4002(B38950D90D034D1 (RU 2010/01/01 08:15:04| 2010/01/0111:34:14| 2010/01/01 11:36:14 0 0 0
1004{A78E005EDC40401 |FR 2010/01/01 10:07:20| 2010/01/02 06:08:10 2010/01/02 06:10:10 1 1| 2010/01/01 10:06:20, 1| 2010/01/02 06:20:10| 2010/01/02 06:40:10{00011000000000000000
1005/9EA9531534D34D1 [FR 2010/01/01 13:25:05| 2010/01/01 13:25:05| 2010/01/01 13:27:05 1 1| 2010/01/01 13:23:05| 1| 2010/01/01 13:37:05| 2010/01/01 13:57:05{00011000000000000000
2002|DAAG4BAE62E8651 |EU2 2010/01/01 12:12:10| 2010/01/01 12:18:50| 2010/01/01 12:20:50 0 0 0
3004|ADCD018C5C42801 |EU3 2010/01/01 12:43:07| 2010/01/01 16:08:07| 2010/01/01 16:10:07 1 1| 2010/01/01 12:40:07 1| 2010/01/01 16:20:07| 2010/01/01 16:30:07/00011000000000000001
3005|C1AB5C8A28A28D1 |CAN 2010/01/01 12:50:02| 2010/01/01 13:54:12| 2010/01/01 13:56:12 0| 0| 0|
4003|A70E046ADC50501 [CAN 2010/01/01 13:21:39| 2010/01/01 13:24:59] 2010/01/01 13:26:59 0 0 0

O

<
5.5.2.5.2 RCC Data Collection — (For Information Only) Q)b

EC will involve some RCCs, on an ad-hoc basis, for
tests. These RCCs will collect specific informatio

)

Figure 5.14: O-5 RCC Data Collecti r RIS.Operational Test
g oor RS Op

TestSlotID [Bcnld15 MCCID Alert Notification e of Notification of{Time of RLM
Time ‘6 /2 Capability Autorisation to RLSP
1001|B388170D64334D1 [FMCC 2010/01/01 00;,06'62] 2010/01/01 03:34:22| 2010/01/01 04:36:22
2001{ADCD376A85E1400 [SPMCC 6/01/0103:15:47] 2010/01/0103:28:17] 2010/01/01 04:29:17
2002[2DCC3611EAFFBFF [SPMCC % 2010/01/0¥06:33:42] 2010/01/0106:35:22] 2010/01/01 07:37:22
2003|ADCD05453441401 [NMcC (N "2010/0401 08:01:43] 2010/01/01 23:28:23| 2010/01/01 09:29:33
«

5.5.2.5.3 RLSP

The RLSP wil
each RLS

.

N

& 2
olle@)

feving information on the RLS
3@ alidate the RLS Type-2.

oHect the arrival time of the Return Link Message Request associated to

alert.

For the “two-way” messaging testing, the RLSP will also store the “canned” messages

generated and sent to the various beacons.

5.5.3

Data Analysis, Results, and Reporting

5.5.3.1 Return Link Service Interfaces (RL-1)

Table 5.4 depicts the results expected for Return Link indicator RL-1.

The correct

reception at the FMCC and RLSP (and RCC) of the RLM Request associated to each
RLS beacon alert will validate the interfaces.
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Parameter Expected results Comments
After resolving the beacon position (Position Confirmation)
either from SIT144/SIT147 reception or own location
MCC*-FMCC RLM reqltlrzsris(riilsgjf/ SIT139) determination. The RLM request (SIT138/SIT139) will
transit through different MCCs on the path from MCC* to
FMCC.
FMCC-RLSP RLM request Upon reception of SIT138/SIT139 from MCC* or after
(SIT 138/SIT139) resolving the beacon position if FMCC is the MCC
Transmission responsible for the service area where the distress is located
MCC*-RCC SIT 185 with updated text informing on | The MF#62 will include the following text: "WARNING
beacon RLS Capability Notification | THIS BEACON HAS A RETURN LINK CAPABILITY"

Table 5.4: O-5

Specific results to be reported:

Interfaces Validation

6®

Validate the different interfaces for a Return Link SerVngfrom the MCC responsible for

the service area where the beacon is located and
definition in the SIT message format between th

and SIT185).

MCC*-FMCC Interface Valid (yes/no Q@O pr;

FMCC-RLSP Interface Valid (yes/no
MCC*-RCC Interface Valid (yes/n(ﬁ

5.5.3.2 RLM Transfer Tlmm 2),0

firm that there is no erroneous
lved equipment (SIT138, SIT 139

.

€ comments):
vide comments):

f noxﬁrovide comments):

and the end-to-end time transfer will be determined.

Based on the data collee@ at a@MCC the overall time transfer of the RLM request
within the Cospas-S S;@

Table 5.5 depictsé@expecte results for the Return Link indicator RL-2.

The time
RLSP/Gefilg

ry is based on expected MEOSAR system latency performance and
ilco System latency requirements. They are listed in Table 5.5 with associated

expected time contribution to the return link.
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Item Probability Expected Performance / Requirement Contribution to RL
The latency between the confirmation of a RLS
capable beacon position into the MCC* and the
reception of the RLM request in the RLSP shall be less
C/S System / than 10 min. Assuming that the beacon position 10 - 20 min
Latency confirmation can be achieved within 10 min
(MEOSAR requirements), the total C/S System
latency to transmit a RLM request to the RLSP will be
20 min.
. . The RLSP shall deliver a RLM request to the Galileo
Delivery Time by s . )
RLSP to / system Wlthln 5 mlnutes after receptlgn of confirmed 0 -5 min
Galileo System d1stre§s_ 1nforma.t10n from a beacon with RLS
capability, provided by the C/S Ground Segment J
(
Delivery Time by The Galileo system shall deliver the RLM to the @
Galileo System / appropriate beacon within 15 minutes of its rec 5-15 min
to distress beacon from the RLSP (6
A
Tota}l—@\sfer Time 15 - 40 min

Specific results to be reported: %)

transmission by the originating

QO
For the RLS Acknowledgment: deé@line @W

C/S System Time — Probabil
C/S System Time — Pro

Y
Table 5.5: O-5 Expected Res@? for RL-2

.
S

N
at lxﬁinutesz

ity at20 Minutes:

RLSP to Galileo %&1‘1 Tir@ﬁ’robability at 5 Minutes:

Galileo Systé

@0 Beacon Time — Probability at 5 Minutes:

Galileo S&i&l to Beacon Time — Probability at 15 Minutes:

Total Transfer Time — Probability at 15 Minutes:
Total Transfer Time — Probability at 40 Minutes:

5.5.3.3 RLM Detection Probability (RL-3)

aiting time between the RLM request
and&he reception of the RLM by the beacon.

Table 5.6 depicts the expected results for the Return Link indicator RL-3. As noted
above, the RL-3 objective is to determine the probability of detecting the transmission of
a RLM by the Galileo system and recovering a valid RLM at the 406 MHz beacon with
return link capability, within 15 minutes of the first RLM transmission request sent by
the RLSP to the Galileo system. The RLM detection probability will be calculated
using data collected at each MCC.
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5.6

Parameter Expected Comments
results
RLM detection The delay established as 15 minutes from the RLM
Prob ebc.elc. th >99% transmission by the RLSP to the Galileo system until the RLM
robability reception at the 406 MHz beacon.

Table 5.6: O-5 Expected Results for RL-3
Specific result to be reported:
The probability of detecting the transmission of the RLM from the Galileo system and

recovering at the 406 MHz beacon with return link capability a valid RLM within
15 minutes of the RLM transmission request sent by the RLSP tghe Galileo system.

15 Minute Detection Probability: 66
<

5.5.4  Interpretation of Results @\%

As in section 5.5.3 above. %Q.Q

0-6: Evaluation of Direct and Indirect ?@ﬁt&@ﬁle MEOSAR System
S
5.6.1  Objective and Definitions 6\0 Q}

Direct and indirect benefits p Vided to>SAR activities should be determined by each
MCC in coordination with %ﬁne{ agencies such as RCCs and SPOCs.

5.6.2 Methodolog@ D&%ollection
@)

Each participatinégtc should:
a) gather«ckﬁ'g on all distress and non-distress events within their service area;

b) preﬁ{@ narrative summaries where MEOSAR data made significant impact on
SAR mission;

c)  provide evaluation of benefits and disadvantages, based on guidelines contained
below, to SAR activities for each summary; and

d) use the C/S A.003 SAR events reporting format to indicate whether MEOSAR
provided the first alert and/or only alert, and whether MEOSAR data was found to
be useful from the RCC perspective.

5.6.3  Data Analysis and Reporting

Reporting is at the discretion of MCC operators but the following outline may be used
as a foundation.
Direct Benefits:

a. Human Lives Saved:

b. Reduction of Search Costs:
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c. Reduction of Property Losses:
d. Others:

Indirect Benefits:
a. Risk Reduction of SAR Forces:
b. Increased Public Confidence In and Reliance on the Value of 406 MHz Beacons:

c. Others:
Disadvantages:
5.6.4  Interpretation of Results 6@6
Direct and indirect benefits should be assessed using thi owing guidelines.
5.6.4.1 Direct Benefits O‘Q
During D&E a number of real SAR 1nc1den ur Some of these incidents will
involve the use of MEOSAR data. The ¢ the MEOSAR data on a case-by-
case study will be evaluated to determ fo

a)  Human Lives Saved

The MEOSAR system could %\Qbu @ an increase in lives saved because of a more
rapid response and rescue. @mn ¢ estimate of the increase may be difficult and it
will depend on the numb of the incidents which occur. The contribution of
the MEOSAR system ted on a case-by-case basis for each incident. As a

minimum, the fow}g 1nf8&10n should be captured, analysed and reported:

- Lives saved due to timeliness of MEOSAR alerting.
- Lives saved due to cases in which MEOSAR provided the only alert(s).

b)  Reduetion of Search Costs

The MEOSAR satellite system with its inherent capability of providing an immediate
alert could contribute to a reduction in search costs. Consider as a minimum any
reductions in search costs due to MEOSAR alerts in which there is a registration data
base point of contact provided location and reductions due to mitigation of false alarms.
Parameters which will contribute to an assessment of this benefit are:

- Reductions in flying hours.
- Reductions in direct costs, e.g., charges for civilian assistance.
- Reductions in operating costs for air/sea searches.

¢)  Reduction of Property Losses

Employment of the MEOSAR system could reduce the amount of property lost at sea
because of quicker rescues and better detection capabilities. As a minimum, the
following information could be captured, analysed and reported.

- Property saved due to timeliness of MEOSAR alerting.
- Property saved when MEOSAR provided the only alerts (s).
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5.7

5.6.4.2 Indirect Benefits

The indirect benefits of the MEOSAR system should be included in the national reports.
This information, while lacking in statistical validity, may be helpful in terms of greater
public acceptance of 406 MHz ELTs, EPIRBs, PLBs, and the MEOSAR alerting
capability.

a)  Risk Reduction of SAR Forces

The introduction of the MEOSAR system could affect the SAR Force exposure to risk.
Exposure to risk could be reduced because of reductions in:

- Travel distance,

- Travel,

- Number of search personnel, @b
- Chance of collision or crash, Q)é

- Air traffic control complexity, and \%

- Probability of rescuers being lost; <&

b) Increased Public Confidence In and Rel'ﬁggé on the Value of 406 MHz ELTs,
EPIRBs, and PLBs.

Assuming that the D&E demonstra @%t ) c%/IEOSAR system improves SAR
operations, a corresponding increase %bﬁ@nﬁdence in and reliance on the use of
0

406 MHz ELTs, EPIRBs, and\é (3& occur. This should be noted in the
participants’ reports.

S
5.6.4.3 Disadvantages . @ (O\

Disadvantages of th@E%k system when noted by the SAR services should be
included in the pafticipants’ Yeports. This information, which could be of subjective
nature, may be ful in overall evaluation of the MEOSAR system, and could provide
informatioq&%eads to system improvements.

The following are areas that could be included in participants’ reports:

- increase in the number of false alerts because of better detection or single burst
detection; and

- increase in the number of ceased alerts (beacon is only turned on for a short time
and then turned off, detected by the MEOSAR system, but not
LEOSAR/GEOSAR system).

O-7: MEOSAR Alert Data Distribution — Impact on Independent Location
Accuracy

5.71  Objective and Definitions

Similar to Operational Test O-4, the purpose of this test is to evaluate the initial concept
of operation for alert data distribution and recommend modifications, as needed, for an
operational MEOSAR system. This test procedure focuses on the distribution of same
beacon event data. The goal is to ensure that the MCC data distribution procedures
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provide SPOCs and other MCCs with accurate independent DOA location data in a
timely manner and to minimise the distribution of redundant data.

The key measure of performance is tied to the accuracy of the MEOSAR location data
transmitted by MCCs. Specifically, the objective is to evaluate the accuracy of filtered
location data versus the accuracy of distributed location data and to determine if a
quality factor can be identified which provides SPOCs and other MCCs with more
accurate location data in a timely manner.

5.7.2  Methodology and Data Collection

As the analysis involves location accuracy, this testing needs be performed with beacons
that have a known location. The deployment of beacons for Te@nical Test T-5 will be
used to generate the required data. é@

Each participant will collect specific data wheney, EOSAR data distribution
procedures determine that new location data is for s same beacon event as existing
data (see Annex E, sections 3.2.3 and III/B.4). T@ tent is to capture a “snap-shot” of
the location data and processing status when figw data for the same beacon event is
received, and record this information for a is. T@data collected will include at the
minimum the columns shown in Figure(d:15 ‘t%@r, which includes both inputs and
results (results computed by embedded\@mu@ ve coloured cells).
© 3\

While software can be develope& colléct this data, manual effort may be needed to
complete the columns. Colu eg%ﬁded to collect information on Quality Factor
(QF) computations or algorithims; participants should provide information on one
or more Quality Factors @., algeﬁbge C/Ny, DOP, error ellipse). If more information on

quality factors and theit)res e reliability is available (either from study outside the
D&E, or via res om Technical Tests T-4 or T-5), the data collection and analysis
could be reduced'te consider only a “best” quality indicator. The site status column uses
five abbrev\iég'gs similar to data for O-4:

- FA = First Alert with DOA location;

- CA = Confirmation Alert (confirmed but no data beyond);

- NC = Not Confirmed (but beyond first alert with DOA location);
- CT = Continued Transmission;

- PC = Position Conflict.

This test could be performed more than once, but it is recommended that at least some
data for this test be collected in the later portion of the D&E period, when more
MEOSAR satellites are expected to be available, so that test results better represent the
MEOSAR system that will be used operationally.

5.7.3  Data Analysis, Results, and Reporting

MEOSAR D&E participants will populate the provided spreadsheet, and then cut and
paste embedded formulas to generate values in the results columns (coloured cells). The
key result is a difference between the location accuracy (also represents the match
distance) of the new redundant data relative to the existing data. Other useful
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information involves the relative quality factors and comments provided by MCC
analysts. Figure 5.15 provides an example data set.

This test also provides an opportunity to evaluate the use of a quality factor within MCC
processing. Performance of a given quality factor computation or algorithm will be best
determined from the full data sets that are collected under Technical Tests T-4 and T-5,
but the practical application of these potential quality factors can be captured here.

As an option, additional data collection may be performed in relation to modified data
distribution procedures based on quality related information. For example, the
Procedures to determine Better Quality Alert Data described at Annex M could be
applied for position conflict processing.

Note: If more quality factors need to be evaluated, coE@ﬂs should be added as

necessary. &%Q)

Figure 5.15: O-7 Worksheet Example éﬁlts and Results
<

dundant Instance Data Key Result |Supporting Data A -

site##  |Benld15 ReceiveTime Status|New Error [Exist Error |Error Dif | New QF1 |Exist QFL|0K1 Dif |[New\QFNExist QF2 [QF2 Dif _|Comments
1292|B38950D90D034D1 2010/01,/01 08:15:04|CA 2.13 2.67 -0.54] 422 iw 123| nﬁd 676 98|New data was better and both quality factors agree
1305|ADCCO183D4C5C01 2010/01/01 19:30:11|FA 1.3 1.57 0.23 771 V)l \v 828 824 4|New data was worse, quality factors inclusive
1348 |2DCV5BF884FFBFF 2010/01/03 11:01:10{CA 4.74 3.1 1.64 299 T?? ( } 593 499 96| New data was worse, quality factors agree
1410|9C09030D0DC34D1 2010/01/04 21:44:49|CT 1.93 2.82 -0.89 2] ¥ 3ss 0.\7 699 644 55|New data was better and both quality factors agree
1430|C2A8D258C34D34D1 2010/01/05 09:25:51|NC 1.12 5.16 -4.04] B: 2 \v402 881 367 514|Clear case where new data was better, quality factors agree
1507|B388A35D41C34D1 2010/01/07 13:54:05|CT 0.31] 0.5 -0.19 ‘(J 9 944 -45 999 999 0|New data was better and quality factor #1 conclusive
1576|A22C416BF400209 2010/01/09 09:11:34|FA 3.14] 3.33 019\, ¥ 3u h&ﬁ 56 545 491 54|New data was better and both quality factors agree
1608| ADCD062D2109431 2010/01/09 18:07:42|CT 1.27| 1.05 ‘&2 %K‘USZZ =1 754 759 -5|New data was worse and guality factors inconclusive
1625 ADCD04F26941C01 2010/01/09 23:38:40|CT 0.51 0.43 (N"E o 34 ¥ gaq] =1 999 999 0|New data was worse and guality factors inconclusive
1657|9006492BEADD371 | 2010/01/10 07:19:32[CA 0.1] 0.14](7y 2.0 NS 9s a 999 999 0[New data was better and quality factars inconclusive
1677|ADCD0233ED41C0L 2010/01/10 11:34:57|FA 1.53 ?\v -0.14 m 435 411 44 799 771 28|New data was better and both quality factors agree
1721|A689D65534D34D1 2010/01/10 15:53:37|CT 1.22 \wQ 044 68 611 -3 751 757| -6|New data was worse and guality factors inconclusive
1768|2DD7D54ABFB1FED 2010/01/11 02:06:15|CT 2.74 ’\)2v2 ‘ﬁ 399 377 22 695 680 15|New data was worse, quality factors agree
1814 |ADCD04DS2140401 2010/01/11 23:42:24|CT 0.2, 0.45 ‘)2 877 913 -36 999 999 0|New data was better and quality factor #1 conclusive
1844 |C2B339EEDEGASDL 2010/01/12 14:32:45(NC \gﬁz 3.99 ‘—0.33 199 123 76 295 189 106|New data was worse, quality factors agree
1845|A1A64925CFAD351 2010/01/12 16:01:38|CT 0 0.25 -0.06| 959 984 -25 999 999 0|New data was better and quality factor #1 conclusive
1886 |DB476E2E7AD34C1 2010/01/13 11:52:36|CT YZS 1.53 -0.25 741 744 -3 813 820 -2|New data was worse, quality factors inclusive
1909|ADCD020FD440801 2010/01,/14 09:22:50|CT M 0.05 0.11 -0.06| 985 989 -4 999 999 0|New data was better and quality factors inconclusive

%

5.7.4

Interpretation of Results

One purpose of MCC data distribution procedures is to filter information that is
cumbersome or confusing, so that the SPOC/RCC is provided only with data needed to
achieve an effective and timely rescue. Any improvement in location accuracy that is
achieved by distributing better quality, same beacon event data should be evaluated
against the burden on SPOCs/RCCs to handle additional data and the burden on MCCs
to implement additional data distribution procedures. It is noted that the burden on
SPOCs/RCCs to handle additional data may vary for different SAR authorities.

Due to the complexity of this analysis, no performance threshold is specified.

In addition, the distribution of more accurate data for the same beacon event is
worthwhile operationally only if a quality factor is provided to indicate, with a high
probability, which location is more accurate. Thus, an important goal of this test is to
validate a quality factor predictive of location accuracy.
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If possible, the analysis of results should also consider the impact of distributing more
accurate data in respect of timeliness for same beacon events. For example, a more
accurate same beacon event location might be distributed, but an even better solution
might follow on the very next burst. Thus, there may be an appropriate trade-off to
consider between the effort to implement the processing which potentially distributes
better quality same beacon event data and the timeliness of potentially better new data.

5.8 Summary of Data Collection for MEOSAR D&E Operational Tests
Table 5.7 summarises the data collection responsibilities of D&E participant(s) for
reporting results for each operational test.
AN
. ponsible Participant for
(Erpgtorel T Data Collection
o 4
O-1 Potential Time Advantage \% MCC
&
0-2  Unique Detections by MEOSAR System as Compared to Exi@ MCC
System %
. PP AR
0-3 Volume of MEOSAR Distress Alert Traffic in Groun@ gm.e1\® MCC
Network
Q7 &
0O-4 406 MHz Alert Data Distribution Procedurqrb6 AQ MCC
Vall £
. — N
0-5 SAR/Galileo Return Link Service (R@v O’*\ EC (SGDSP)
— \

. . . \“N N .

0-6 Evaluation of Direct and Indire neﬁts@MEOSAR System All participants
AN \
N\

O-7 MEOSAR Alert Data Dis@'G)tion —\@p\gct on Independent Location MCC

Accuracy

/<6?able 5.7: Data Collection for Operational Tests

- END OF SECTION 5 -
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6 MEOSAR D&E TIMELINE AND SCHEDULE

6.1 Establishing the Beginning of the MEOSAR D&E Testing

The following minimum requirements for a meaningful D&E of the MEOSAR system have been
determined by simulation as described below.

6.1.1 Overview

The three major components of the MEOSAR System are considered for the definition
of criteria to be met to start the MEOSAR D&E test phase:

e Space Segment: the total number of satellites in the stellations supporting the
MEOSAR system that are equipped with MEOSAR aters.

e Ground Segment: the number of MEOLU nd their respective antennas,
associated MCCs, along with the r d MEOSAR processing and
communication capabilities of all compone

e Beacon Segment: the number aw of\®gca‘[ed test beacons; operational

beacons deployed in a controlle nneg{%eacon simulators and Cospas-Sarsat

reference beacons.
& V2
As indicated in section 6.2 of ‘thi do nt the testing period for the MEOSAR D&E
is planned for the years 20 herefore the assets required are expected to be
ready by 1 January 201 eve addltlonal MEOLUTSs and a number of MEOSAR
satellites are planned ent during the D&E testing period, and while the

determination of a req must focus on the start date, the impact of these space
and ground segm€nt additions was considered in the evaluation of readiness to begin the
D&E. \@

6.1.2 /A%sets Required

6.1.2.1 Space Segment

Requirement: The current target date for the start of D&E (Phase I) testing is the
beginning of 2013, regardless of the number of available satellites. The determination of
readiness to begin Phase II of D&E testing includes the evaluation of unique satellite
visibility at all participating ground stations over a portion of a given day, i.e. requiring
at least 4 satellite visibility 80% of the day at each participating MEOLUT.

Rationale: Although some level of testing could occur before adequate visibility is
achieved, it is appropriate to perform the majority of D&E testing when system
capabilities are representative of the future system, in particular those tests addressing
location accuracy and the timeliness of independent locations.
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In Phase II, twenty-one satellites are expected to be available (17 from the GPS II
(DASS) constellation, 2 from Galileo and 2 from GLONASS constellations) and the
coverage area where independent location accuracy is better than 5 km within
10 minutes at least 75% of the time includes much of the northern hemisphere (at FOC
the requirement is to be met 95% of the time).

Among the anticipated MEOLUTSs, the corresponding minimum percentage of daily
visibility of at least 4 satellites is 94.7%. Allowing for the dynamics of actual satellite
launch dates and specific orbital positions, setting the 4 satellite mutual visibility
requirement at each participating MEOLUT at 80% is considered a reasonable goal to
start the Phase II.

efines the minimum
SAR system at full
the existing 406 MHz
SAR performance and its
the MEOSAR coverage area:

Annex E of the Cospas-Sarsat MIP, document C/S R.012
performance requirements that should be satisfied by a
operational capability (FOC) to ensure compatibility
Cospas-Sarsat System. The criteria that affect
evaluation are summarised by the following definiti

MEOSAR Coverage Area: The geo r@%c area where an unambiguous
independent position within 5 km fro é’m a beacon position is obtained
within 10 minutes from the first bea&ne S transmission, with a minimum

probability objective. Q A
o W

6.1.2.2 Ground Segment \(\(b A\
Q& X9
Country Locj{g\@\ = nnas Latitude Longitude
Brazil B@&‘ \ Y 2t04" -15.86 -47.90
Canada _ fBtawa “Q 7 45.34 -75.89
China 6JBeijing 4 39.91 116.01
F@ﬁ@@ Toulouse 4t06 43.56 1.48
&é% Moscow 4 55.62 37.51
Turkey Ankara 2to4 40.14 32.99
UK Kinloss 2to4 57.65 -3.57
USA Maryland 4 39.00 -76.85
USA Hawaii 6 21.52 -158.00

Table 6.1: List of MEOLUTSs at 1 January 2013 (as assumed in the simulation)

Requirement: A minimum number of MEOLUTSs with their associated MCC must be in
place to adequately evaluate the performance of the MEOSAR system.

Rationale: For the purpose of the simulation, nine MEOLUTSs have been assumed to be
available at the start of D&E testing. It is also assumed that these ground stations, or an

17 MEOLUT assets that are listed as a range of the number of antennas indicate potential planned expansion

of the minimum number. For purposes of the analysis and requirements the maximum number of
antennas was used.
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equivalent set of ground segment components, meet the minimum number required to
begin the D&E. An associated MCC is required as the host for each participating
MEOLUT. Table 6.1 provides details on anticipated MEOLUTs. These MEOLUTSs
should meet the performance requirements outlined at Annex C of this document.

6.1.2.3 Beacon Segment

Requirement: Readiness to begin the majority of D&E testing requires that visibility at
each participating MEOLUT of at least one beacon simulator via at least 4 satellites be
achieved at least 30% of the time.

The current target for starting D&E testing is the beginning of 2013. In
ea where independent
d at least 75% of the
equirement is to be met
’@ inimum mutual visibility at

eacon simulator is 32.5%.

Rationale:
Phase II, 21 satellites are expected to be available and coverage
location accuracy better than 5 km within 10 minutes is a
time includes most of the northern hemisphere (at FOC
95% of the time). Among the anticipated MEOLUTs,
this time between four or more satellites and at least

Allowing for the dynamics of actual satellite la dates and specific orbital positions,
setting the requirement at 30% is considered Q*eason(sde goal.

Four beacon simulators have been id ied %‘artlmpatlng equipment at the start of
icated transmitters are required to begin

D&E testing. These or an equival et OQ@
the D&E. The anticipated beac ulaQt)Qrs are provided in Table 6.2.
S

Name Country @ocatlﬁ\o Latitude | Longitude Type
Maryland | USA \Q Ma(y@d 39.00 -76.85 | Simulator
Hawaii Ui{)v @ii 21.52 -158.00 | Simulator
Ottawa ada O‘ttawa 45.34 -75.89 | Simulator
France’\‘@ France Toulouse 43.56 1.48 | Simulator

Tﬁﬁl\&l: Anticipated Beacon Simulators for MEOSAR D&E

While not explicitly required, Cospas-Sarsat orbitography and reference beacons will
provide supplemental beacon sources throughout the D&E. These transmitters are listed
in Table 6.3 below.
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Name Beacon ID Country | Latitude | Longitude Type
Thule 9B62197CA703590 Denmark 77.465 -69.217 | Orbitography
Toulouse 9C6000000000001 France 43.5605 1.4808 | Orbitography
Longyearbyen | A0234BF8A7335D0 Norway 78.229 15.396 | Orbitography
McMurdo ADC268F8EOD3780 USA -77.846 166.712 | Orbitography
Edmonton A79EEE26E32E1D0O Canada 53.679 -113.315 | Reference
Kerguelen 9C7FEC2AACD3590 France -49.352 70.256 | Reference
Moscow A23C00000000000 Russia 55.62 37.508 | Reference
Combe Martin | 9D1FCFA7ABOD990 UK 51.17 -4.051 | Reference
Toulouse 9C634E2AB509240 France 43.5605 1.4808, | MEOSAR Ref.

\
Table 6.3: Cospas-Sarsat Orbitography / Referen@eacons

(.06

6.1.2.4 Processing and Communication Capabilitie&@

Requirement: Key requirements are:

o All participating MCCs must have

processing defined in the ME
Annex E of this MEOSAR D&@

o All participating MCCs

communication paths

i
o

Q

)

O

W @%grades installed that provide the
]{ Data Distribution Plan (found in
<

st e established appropriate MCC to MCC
rot for MEOSAR “alert data” traffic.
o All participating U'Fs, that will support tests that involve the sharing of
TOA/FOA data (¢, net;%r ing) must have appropriate software installed.

g MEB?UTS that will support tests that involve the sharing of
ata (i.e., networking) must have appropriate communication paths
ols established.

o All partici
TOA/F

.

e
° The ¢haracteristics of beacon simulators and reference beacons to be used in the
testing need to be provided to all participants (see Annex C).

Rationale: In addition to having appropriate satellites, MEOLUTs, and beacons in
place, appropriate processing and communications related capabilities must be
established before the MEOSAR D&E can begin.

6.1.3  Supporting Assumptions

The minimum requirements pertaining to the space, ground and beacon segments
outlined above were determined via simulations of MEOSAR system performance.
Beyond the criteria listed above for the three segments, the assumptions listed in
Table 6.4 were applied in the simulations. These assumptions are based on a
combination of experimental data and expectations for future system performance. The
actual results achieved may vary in the operational environment of the D&E phase.
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6.1.4  Required Preparation

The following steps are necessary to determine that the MEOSAR D&E participants are
ready to begin MEOSAR D&E testing:

a)  confirm the general availability of space, ground and beacon segment capabilities
at least equivalent to those outlined above;

b)  confirm the availability of processing and communication capabilities listed above
for all participating ground segment components; and

c) perform a D&E Readiness Test as referenced in section 3 and specified at
Annex D to this document.

Prior to a D&E Readiness Test, the Secretariat will ¢ le the basic status of
MEOSAR assets, and if the resources are notably differeityfrom those outlined above,
the Cospas-Sarsat Council will decide whether or not thg%vailable assets are adequate to

begin D&E Testing, Q@
)
9

Name Comment 0"\\ ,\Q Applied in Simulation
TOA Standard deviation of time measure@‘h’t er@\v 20 us
FOA Standard deviation of frequep*‘bneasgn\!é?ént error 0.4 Hz
Single Satellite Modeled using a distribut{({@olvi(& the beacon to 70% for S-Band
Throughput satellite elevation angleX_ \@ 85% for L-Band
Networking Sharing of TOA/FOA@%{? pail\@(‘v'veen MEOLUTSs None (i.e., Stand-alone)
MEOLUT Between MEOLU&%nna&&na satellites 5 degrees
Minimum

Elevation Angle

RO

Beacon Minimum Betweer@ﬁcons and satellites 5 degrees
Elevation Angle .. Ca
Minimum @.ﬁm number of unique satellites providing | 3
Satellites /FOA considered necessary for computation of a

single-burst (2D) independent position
Location Some form of triangulation or linear regression Linear regression
Algorithm algorithm

Improvement in
Location Accuracy

Improvement in location accuracy expected as a result of
adding each additional burst over the activation period
for a given beacon

Error from first burst
divided by the square root
of the number of bursts

Satellite Tracking
Algorithm

When more satellites are in view of the MEOLUT than
available receive antennas, some selective tracking
algorithm should be applied, e.g., highest elevation for
simpler cases; optimised algorithm for cases with many
satellites (e.g., > 35)

Highest elevation

Number of Bursts

The number of bursts available after a beacon is
activated (roughly 33% only transmit 3 bursts or fewer)

Model based on actual
data collected at the
USMCC over a 3-month
period

Table 6.4: Supporting Assumptions Applied to the Simulation of MEOSAR Performance
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6.2 MEOSAR D&E Activities and Schedule

This section provides a brief description of the major activities to be undertaken in preparation of
and during the MEOSAR D&E Phase.

The overall schedule/timeline for the MEOSAR D&E Phase is based on a four-year period that
takes into consideration the readiness of the MEOSAR space and ground segment components
and Cospas-Sarsat institutional constraints. In a broad view, this schedule considers that in the
years 2011 through 2015 the following will occur:

= 2011 — planning for MEOSAR D&E testing;

= 2012 — participant ground segment preparation for D&E testing;

= 2013 — Phase | MEOSAR D&E technical testing; @6

= 2014 — Phase Il MEOSAR D&E operational and technical t@‘ ;

= 2015 — Phase Il MEOSAR D&E L-band operational a %hnical testing; and

= 2015 — compilation of test results and analysis, and aration of final D&E report.

Preparation of specifications and commissioning re s for MEOSAR ground segment
equipment will be undertaken during this five ye rio ear the conclusion of the D&E
phase, activities will be undertaken to transitio. @ SAR Initial Operational Capability
(IOC) Phase. Also considered in the time li 1 the ibility to engage in the distribution of
MEOSAR distress alert data to augment th@) Oi GEOSAR systems before the MEOSAR
system is declared at IOC.

S\

Figure 6.1 presents the tentative (egéhne(g} &E activities that are further amplified in the

following sections. O *
Q

6.2.1 MEOS@)&E Planning and Preparation

The first of the MEOSAR D&E phase will consist of planning and preparation
for the UgE operational and technical tests and the analysis and reporting of the results
of those tests. The D&E Plan should be completed during 2011 and Issue 1 should be
approved by the Council at the CSC-47 Session (October 2011). Once the initial Plan is
approved, D&E ground segment participants can undertake actions necessary to
contribute to the D&E test activities, such as MEOLUT and MCC modifications. As
required, the D&E Plan may be modified during 2012 with a revision approved by the
Council at the CSC-49 Session (October 2012).

After the expected Council approval of the D&E Plan and before beginning D&E test
activities, a D&E readiness test will be conducted to ensure that all MEOSAR
components are ready to engage in the testing.

6.2.2 MEOSAR D&E Test Activities

The MEOSAR D&E test activities should occur from 2013 to 2015. These activities
include the actual tests, data collection, analysis, and reporting. The final D&E report
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should be ready for approval by the Council in 2015 for a decision to begin the
MEOSAR IOC phase in 2015.

Interim findings, reports, and analyses may be prepared for review and consideration at
Task Group and Joint Committee meetings, as appropriate.

6.2.3  System Documentation Development

To be prepared to begin the MEOSAR IOC phase in 2015, system documentation must
be completed to allow for the commissioning of MEOLUTs and for commissioning
MCCs with MEOSAR processing capabilities. The development of the MEOSAR
system specification documents could begin in 2012 and continue during the next three
years to be ready for Council approval in 2015. This Plan specifically addresses the
development of ground segment specification and commissi documents necessary
to begin the IOC phase. However, several other Cospas-%at System documents will
need to be modified to reflect the new MEOSAR systeri@ abilities.

6.2.4  Pre Initial Operational Capability \}Q

There may be a period prior to the ofﬁ de ation of MEOSAR IOC when
MEOSAR alert data could be used to %p ény “the existing LEOSAR/GEOSAR
system. In this situation data avallabll oul Qm be guaranteed, but efforts would be
made to ensure data quality. The dec 1510 @ implement pre-IOC operations will be
based on the results of the D d1n §est and the operational and technical test
activities to date. During a pre;I0C @e MEOSAR alert data would be forwarded to
RCCs using the MCC net d}ﬁ& data distribution procedures developed for the
exchange of operational duru@, e D&E.

Use of the MCC n k fo‘@nange of pre-10C operational MEOSAR data should be
limited to regionﬁ}ollaboratlon and MEOSAR data should not be sent to any MCC that
has not agree@ exchange data during this pre-IOC phase.

The decision for pre-IOC operational use of MEOSAR alert data before the declaration
of MEOSAR 10C status will be made by Administrations. Administrations will decide
on the basis of an evaluation of specific D&E test results whether MEOSAR alert data
quality is acceptable for pre-IOC use by their associated RCCs and SPOCs. MEOSAR
data will not be merged with nor used to filter LEOSAR or GEOSAR data during pre-
IOC operations.

Administrations wishing to participate in pre-IOC alert data distribution should collect
specific data as part of the MEOSAR D&E to evaluate the MEOSAR capability of their
equipment in terms of beacon message validation, location accuracy, and timing and
notify the Cospas-Sarsat Secretariat of their intention to use MEOSAR data for pre-IOC
operations.

The Secretariat will report on pre-IOC use of MEOSAR data to the Council.
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6.2.5 10C Preparation

After the Council has adopted the final D&E Report and approved the ground segment
documentation (i.e., MEOLUTSs specifications and commissioning standard, MEOSAR
alert data processing requirements for MCCs), MEOLUT and MCC providers can
undertake required equipment modifications and conduct the appropriate commissioning
tests. This preparation for IOC operations could take place in 2015.

During this period, ground segment equipment operators’ training shall be provided as
well as training for SPOCs and RCCs. Finally, the Cospas-Sarsat Council will establish
the system requirements to be met to begin IOC and decide on the initiation of that
phase of MEOSAR implementation, with a formal declaration of MEOSAR IOC status.

Figure 6.1). It is based only on the successful completion e D&E and the approved
definition of operational requirements for MEOLUTs a&
%
The second decision will depend on the actu:a\})@us of the MEOSAR system (i.e.
number of commissioned L-band satellites, LUTs and MCCs) and minimum
MEOSAR system requirements adopted by{the Cotncil. In particular, the transition
from pre-IOC operations to IOC operations; hwEOSAR alert data will be merged
with LEO and GEO alert data, is to b@cons'( d to ensure that all MCCs have the
minimum operational capability to ess SAR data. Minimum upgrades may be
required for all MCCs, to be i r&&d at a date to be determined by the Council,
red.

before effective IOC can be %
\’()

@
SN

The decision to move to IOC preparation is tentatively ;%?eq in October 2015 (see

Y
&
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Figure 6.1: Tentative Schedule of D&E Activities
2010 2011 2012 2013 2014 2015
Planned D&E Phase Activities and Time Line
1(2]3(4(1]2]3(4]|1]2(3 2|3 23 21314

D&E Planning & Preparation
D&E Plan Development e@

Draft Plan Development A i _,Q) I

Draft Plan Review by C/S p— %)

Draft Plan Refinement (TG-1) A N Y

Participant Review of Draft Plan __?\‘O A

Finalise Draft Plan (JC-25) KZ2Re)

D&E Plan Approval (CSC-47) DT CPA
D&E Test Preparations LD, N

MEOLUT and MCC Modifications X N K Q)\

D&E Readiness Test(s) ‘e\\ A\(O'
D&E Test Activities N N \ ‘0

Council Decision to Start D&E R (\C)V ‘(D"

Beginning of MEOSAR D&E Tests OV

Interim review of progress - TM‘O

Test/Data Collection \N°

Interim review of progress - JC A A

Data Analysis

Reporting of Results

Consolidation of Data (Draft Report) -

Review draft Report - TG A

Review of Final Report — JC A

Approval of D&E Final Report - CSC A
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Figure 6.1 (cont.): Tentative Schedule of D&E Activities

Planned D&E Phase Activities and Time Line

2010

20

11

2012

2013

2014

2015

2i3

2

3

2|3

System Document Preparation

JC recommendation to prepare System Docs (A.001, A.002,
MEO Spec. T.0xx)

>Q‘b

Update C/S A.001 (DDP) Draft

Update C/S A.002 (SID) Draft

Review Draft Docs (w/recommendation to be ready by JC)

Finalise C/S A.001 (DDP) Draft Issue 7

Finalise C/S A.002 (SID) Draft Issue 6

(NN

Update C/S A.005 Issue 4 (MCC Specification)

)
QL

\<

Update C/S A.006 Issue 4(MCC Commissioning)

Prepare C/S T.102 (MEOLUT Specification)

7

o

Prepare C/S T.105 (MEOLUT Commissioning) ,(\Q)

@ 174
O Pk

Review Draft Docs (w/recommendation to be ready by JIG,D\‘ A

L

Council Approve System Docs AOV

Vi
h

Pre-10C (optional) ,\(-OV

Operational MEOSAR Alert Data Distributiénto RCCs/SPOCs

I0C Preparation

Council decision to begin IOC preparation

Upgrades to MEOLUTs/MCCs (as required)

Commissioning of MEOLUTs and MCCs

Review commissioning reports

Training

Approve commissioning reports

Council decision to declare MEOSAR system at IOC
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6.3 Criteria for Successful Completion of the MEOSAR D&E

The achievement of the following conditions will characterise the successful completion of the
Cospas-Sarsat MEOSAR demonstration and evaluation phase:

o a final report that provides official results of the evaluation, including the documentation of
MEOSAR system performance using test and operational beacons, and the characterisation
of operational performance;

. a sufficient amount of test results using only satellites with L-band downlinks to confirm
the expected performance of the operational MEOSAR system;

. specifications and commissioning standards for MEOSAR and ground segment
equipment (for MCCs documents C/S A.005 and C/S 6, and for MEOLUTs
documents C/S T.X02 and C/S T.X05); and \%

. completion of documentation for the exchange Qperational MEOSAR alert data
(C/S A.001, DDP), system operation (C/S A.002

Except for the testing of combined MEO/GEO 10 @est T-8), all tests proposed in the
D&E plan should have been accomplished by soﬁ@ rticipant.

Successful completion of demonstratlon @ atlon activities should form the basis for a
Cospas-Sarsat Council decision on tlf’{qper use of the MEOSAR system as part of the

Cospas-Sarsat System. ((\

é‘ - END OF SECTION 6 -

L&
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7 RESPONSIBILITIES AND TEST COORDINATION

The D&E test period of the MEOSAR system is expected to begin on 1 January 2013. Prior to
participation, MEOSAR satellite and MEOSAR ground segment providers should declare their
equipment “ready for D&E testing” with a one week notice and advise all participants of changes
in equipment status which could impact on factors being evaluated in the D&E. All participants
shall notify other participants if they intend to bring additional satellites or MEOSAR ground
equipment into use, and the date on which this equipment will be available for D&E testing.

Tests beyond those specifically detailed in this plan may be needed to meet national or regional
requirements. These tests should be designed and managed to have th. n%nimum impact on the
Cospas-Sarsat System or the international MEOSAR D&E effort. dination with MCCs or
SPOC:s likely to be affected must occur prior to the test. Responsibdity for the coordination rests
with the participant initiating the test. Tests by organisations which are not D&E participants are
not permitted unless they are conducted under the sponsorsth d the direct oversight of a D&E

articipant.
p p %

To ensure appropriate coordination among all inte@ﬂ\d ]@ participants and avoid possible
schedule conflicts between tests run by differ rtlc ts, a General Test Schedule will be
maintained by the Master Test Coordinator made available to Participants via an
internet sharing system allowing live up &ru@ e D&E tests and hosted by the Secretariat
website. This General Test Schedule wi cord\'

. the Test Coordinator, who wi@erse (Q'e execution of the test (one test coordinator per
test);

o the originator(s) of th‘ @gda@ applicable), i.e. the D&E participant(s) who plans to
transmit test signals éég test units or beacon simulators;

J the planned s @e of the test;

. the apphcab«echmcal or operational test objective, as described in sections 4 and 5 of this

document;

. a brief description of the signals transmitted or a reference to the applicable annex to this
Plan; and

J the list of participants having declared their intention to collect test data and provide
reports.

Each D&E participant should provide reports to the Test Coordinator in accordance with the
MEOSAR D&E guidelines. The guidelines concerning the administration and coordination of
the technical tests are provided in section 4 and those for the operational tests are provided in
section 5.

The Test Coordinator will be responsible for making sure that the format and content of each
report meets the reporting specifications provided in sections 4 and 5 or associated annex. The
purpose of this task is not to analyse or interpret the results, but to ensure that the results will be
properly collated and compiled effectively into a final report. The final reports are provided to
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the Master Test Coordinator, who submits them to the D&E Report Preparation Group for
incorporation into a draft D&E Final Report.

The Test Coordinators shall provide to the Master Test Coordinator the information to be
recorded in the General Test Schedule.

The responsibilities of a Test Participant are to:

J Arrange and provide the resources required to participate in the test within its
administration;
J Identify a person as the point of contact for interaction with the Test Coordinator;

. Monitor the existing LEOSAR/GEOSAR system to ensure that D&E testing results in
minimal impact to on-going operations;

)
. Collect the measurement data produced by MEOLUTSs and @s according to document

C/S R.018 section 4 and 5 and relevant annexes; Q
. If relevant, record data on transmission of beacon me§sages and provide them to the Test
Coordinator; )

° If relevant, coordinate with the Test Coordinat@’%r p]éamg of test beacons emissions;

J Analyse the data according to the method*@%ed \ach test in document C/S R.018;

o Produce the data analysis report and p@{ﬂde itﬁ%e Test Coordinator for further inclusion
in the test report;

AN O | |
J Report to the Test Coordi am{bconﬁguratlon change that might modify the
interpretation of results erfoffpances (e.g., new software, processing algorithm
modification, hardware 1cati<§l or replacement, etc.); and

Q

J Participate in coordi@n meetings requested by the Test Coordinator.

gg%%s in the MEOSAR D&E is shown in Table 7.1 for technical tests and in
al

A summary of part
Table 7.2 for ope(a{&o tests.

The responsibilities of a Test Coordinator (one per test) are to:
. Perform the above mentioned Participant tasks;

. Consider the impact to the existing LEOSAR/GEOSAR system by D&E testing and ensure
that it is minimized;

o Take appropriate action should an impact to the existing LEOSAR/GEOSAR system be

reported;

. Coordinate participants’ activities to be performed during the test and manage a test
schedule (e.g., providing suitable periods for the transmission of data by the test beacons);

. Arrange for the provision of test resources with test participants (as applicable);

o Organise coordination meetings among participants if needed (e.g., a readiness meeting to

ensure that all the material, configuration and resources required for the test are ready, a
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post test meeting to check the successful completion of the test and to ensure that all data
has been correctly collected);

Collect and re-distribute to and from Participants and to the Master Test Coordinator the
data required to perform analyses;

Gather configuration changes from Participants and provide them to the Master Test
Coordinator for further inclusion in the D&E Test Report;

Collate the Test Reports from each Participant, performs basic checks by ensuring that the
format and content of the report meets the specifications provided in sections 4 and 5 or
associated annexes (e.g., same analysis method and same data collection format used by all
the participants) and determine whether retest is necessary or not; and

Create the consolidated final Test Report from the Test reports pro@led by the Participants
and forward it to the Master Test Coordinator. The Tests@dordinator shall not be
responsible for reviewing, modifying, interpreting the indivi@ report, nor for validation
of the raw data they were derived from. @\

Table 7.3 provides the test coordinators for each test of the% phases of the D&E.

The responsibilities of the Master Test Coordinator £ N\
O

Monitor the conduct of all tests; %) )

Consider the impact to the existing LEQSA @AR system by D&E testing and ensure
that it is minimized; \(\

For efficiency, maximize synerg'eﬂ e@g{ests;
Gather configuration chan om egsh Test Coordinator;

Maintain the General T@ch and ensure its provision via the internet sharing system
hosted by the Secret@ website;

Provide and maitdin up to date any ad hoc documents that might be required or useful for
the D&E tes& dination and make it available to Participants (as possible via the internet
sharing system);

Propose coordination meetings as needed; and

Gather the Test Reports for further inclusion in the draft D&E Test Report by the D&E
Report Preparation Group.
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Test No

Participants

Additional Resources

Remarks

T-1

T-2

T-3

T-4

T-5

T-6

T-7

A

T-8

Nl

. . . e
Table 7.1: Participants in Techmca&@sts
Note: during the MEOSAR D&E phase, the participants list

e provided and maintained up-

to-date on the Cospas-Sarsat website. %\}
QN O\
- . O\
Test No Participants Additional urc Remarks

AN Py
0-1 ’(}% \).@
0-2 x:(\ y\\
0-3 SN

N 77
04 \§\ Q [0
SEE L
0-5 @)
—

0-6 ‘ ;}@
0-7 AN

Table 7.2: Participants in Operational Tests

Note: during the MEOSAR D&E phase, the participants list will be provided and maintained up-
to-date on the Cospas-Sarsat website.
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Participant acting as
Test Test goordinat(g)r
T-1 USA
T-2 Canada
T-3 France
T-4 USA
T-5 Turkey
T-6 France
T-7 Canada
T-8 Turkey Qj
0-1 Q
20
0-2 USA
S

0-3 0@ &
0-4 %?A’ 2
(0] SC:\ é

QO \;\'

<(g€- (HAustralia
P 0@?}

60

Note: during the S

Table 7.3 — Test Coordinators

to-date on the Cospas-Sarsat website.

- END OF SECTION 7 -
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8 REPORTING GUIDELINES

The primary objective of the final D&E report is to present overall MEOSAR technical and
operational characteristics in a clear and concise way that will demonstrate the capabilities of the
system. The report will include conclusions on the MEOSAR system performance and
recommendations regarding its transition to operational capability substantiated by the D&E
results. In particular, the D&E report should aim to facilitate the final decision by the Cospas-
Sarsat Council on the integration of the MEOSAR system into Cospas-Sarsat operations.

Each technical and operational parameter evaluated in the D&E will be reported and will include
a statement on the parameter contribution to the global MEOS system performance,
particularly with regard to the ultimate derivation of conclusions and mmendations.

Technical and operational test reporting formats are detailed in@c%ons 4 and 5. Each participant
shall submit to the Test Coordinators a report after completion of testing of each technical
objective identified in this D&E Plan and its final bbo t addressing both technical and
operational test results by 31 December 2014. This report“will.cover the results of the D&E tests
undertaken by that participant and any D&E activ@e’esQin ich the participant engaged in an
active way. The Test Coordinators and then th%ﬁer 63 oordinator will compile the reports
received from participants for submission to t E ort Preparation Group for consolidation
and to the Cospas-Sarsat Joint Committee. {g¥ reV'eVAin June 2015. The Joint Committee will
complete the final report, draw the r nt l1'1.1si0ns from the results provided and make
appropriate recommendations to the @unci\ e Cospas-Sarsat Council will then consider at
the Open Meeting of the CSC-55 @&ion ctober 2015) the final draft of the D&E Report and

decide on its adoption.
O S

The Final Report will be égmpendium of the results of the participants’ endeavours and the
combined impact of MEQSAR operations on workload, communications requirements and search
and rescue alertingq@fesponding.

Participants are encouraged to submit interim and progress reports of MEOSAR D&E testing to

Cospas-Sarsat working groups or to the Joint Committee, as appropriate, at any time during the
D&E testing phase.

- END OF SECTION 8 —
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2D
3D

AOI

Cospas

CSC
DASS
DBE
DDM
DDP
DDR
DOA
DOP
D&E
EC
EEM
FDOA
FOA
FOC
GEO
GEOLUT

GEOSAR

ANNEX A

LIST OF ACRONYMS

Two dimensional position (latitude and longitude)

Three dimensional position (latitude, longitude and altitude)
Area of Interest

Action Word

Cosmicheskaya Sistyema Poiska Avariynich Sudov (@ae system for the search
of vessels in distress) 2)

{o
\x,Q

(\ \
Dependent Beacon Event @® é\o
N

Cospas-Sarsat Council

Distress Alerting Satellite System

Doppler to Doppler and DOQ@DOQ%’smons Matching Flag
Cospas-Sarsat Data Di@butlo ’&n (C/S A.001)
Data Dlstrlbutlo ®10n >

leference@ﬁ) 1val

Dllu®%f Precision

Dgﬁonstration and Evaluation

European Commission

Encoded position / Encoded position Matching flag
Frequency Difference of Arrival

Frequency Of Arrival

Full Operational Capability

Geostationary Earth Orbit

GEO Local User Terminal (ground station)

GEO Search and Rescue (satellite system)
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GNSS

GPS

Iw

10C

| (00

JC

km

LEO

LEOLUT

LEOSAR

LGDT

LGET

LGST

LGTT

MCC

Global Navigation Satellite Systems

Global Positioning System

Input (word)

Initial Operational Capability

In Orbit Validation

Cospas-Sarsat Joint Committee

kllometr'e | b@b
Low-altitude Earth Orbit %)
LEO Local User Terminal (ground station) Q@
LEO Search and Rescue (satellite system)%
LEO/GEOQO Data Type @® O

LEO/GEO End Time ,0"0 AQ)

AN
LEO/GEO Start Time, é’@@/Gpg@lT Type
S N\
LEO/GEO Tran@%or&@e

Mission C q)Cent;eQ
AEMC ted Arab Emirates MCC
ALM&Igerian MCC
Am C Argentine MCC
ASMCC South African MCC
AUMCC Australian MCC
BRMCC Brazilian MCC
CHMCC Chilean MCC
CMC Cospas Mission Centre
CMCC Canadian MCC
CNMCC Chinese MCC
CYMCC Cyprus MCC (Planned)
FMCC French MCC
GRMCC Greek MCC
HKMCC Hong Kong MCC
IDMCC Indonesia MCC
INMCC Indian MCC
ITMCC Italian MCC
JAMCC Japan MCC
KOMCC Korea MCC
NIMCC Nigeria MCC
NMCC Norwegian MCC
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MDT
MEO
MEOLUT
MEOSAR
MET
MHz

MIP

MST
MTT

NB

NCM
NOCR
NTB
NVIM
PDVM
POC

PQF

PTA

PTAA

PAMCC Pakistan MCC
PEMCC Peruvian MCC
SAMCC Saudi Arabian MCC
SIMCC Singapore MCC
SPMCC Spanish MCC
TAMCC ITDC / Taipei MCC
THMCC Thailand MCC
TRMCC Turkey MCC
UKMCC United Kingdom MCC
USMCC United States MCC
VNMCC Vietnam MCC

MEO Data Type 6

6@
Medium-altitude Earth Orbit %)
MEO Local User Terminal (ground station) Q@

MEO Search and Rescue (satellite systemﬁb

MEO End Time @® 6\0
0 >
Megahertz (0'(0 A
MEOSAR Impl t ‘(\1 \.
mp emen \Fb

(o

MEO Start Time ((\
O \QA

Message T er Time

Nu;{@% Beacons

Number of Complete Messages

Notification of Country of Beacon Registration
Number of Transmitted Bursts

Number of Valid/Incomplete Messages
Probability of Detecting a Valid Message
Proof-of-Concept

Poor Quality Flag

Potential Time Advantage

Potential Time Advantage All locations
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PTAE Potential Time Advantage Encoded
PTAL Potential Time Advantage Location
PTAO Potential Time Advantage Overall
PTAU Potential Time Advantage Unlocated
QF Quality Factor
RCC Rescue Coordination Centre
RD Redundant Data 6
RLM Return Link Message %Qbe
RLS Return Link Service Q@K
RLSP Return Link Service Provider (\%o
RTB Received Transponded Burst @® Ké\()o
SAR Search and Rescue (0{0 QQ)
N
SARP SAR processor (s\\ (5\.
S N\
SARR SAR repeater \)((\ >
Sarsat Search and@cc)ue Sa\teQite-Aided Tracking
SBE SameBeacon Event
SID Cospas-Sarsat Mission Control Centres Standard Interface Description (C/S A.002)
SIT Subject Indicator Type
SPOC SAR Point of Contact
SRR Search and Rescue Region
Sw Status Word
TCA Time of Closest Approach
TDOA Time Difference of Arrival
TGANE Time of First GEOSAR Alert Notification Encoded

TGANU Time of First GEOSAR Alert Notification Unlocated
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TLANE Time of First LEOSAR Alert Notification Encoded
TLANL Time of First LEOSAR Alert Notification Location
TLANU Time of First LEOSAR Alert Notification Unlocated
TMANE Time of First MEOSAR Alert Notification Encoded
TMANL Time of First MEOSAR Alert Notification Location

TMANU Time of First MEOSAR Alert Notification Unlocated

TOA Time Of Arrival b
b@
UTC Coordinated Universal Time QO
\%
Q@
- END OF ANNE Qp\}
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?
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ANNEX B
DEFINITIONS OF TERMS

Beacon Activation Period

The time during which a 406 MHz beacon transmits, as detected by LUTs and
processed by MCCs. If the gap between successive detections of a beacon is
sufficiently large then the earlier beacon activation period is treated as ended and the
later detection is associated with a new beacon activation period. For the MEOSAR
D&E, a beacon activation period is treated as ended and the associated alert site is
closed if the beacon is not detected for 120 minutes. 6

Beacon Event 66

Alert data produced by a LUT for a specific beacm{@%ltiﬁcation in a specific time

frame. Q®
Combined MEQ/GEO Processing %\)

The procedures and algorithms allov@%’ the’@nputation of independent location
data by combining TOA/FOA meastftémen m MEO and GEO satellites.
@
Complete Beacon Message \\(\ \6\
A 406 MHz first generati beé&@' message produced by a MEOLUT is complete
when it consists of:

- the first pr. @ﬁ:d ﬁ@X(PDF-HBCH-l) of a valid short message; or

- the ﬁrsbnd second protected fields (PDF-1+BCH-1+PDF-2+BCH-2) of a
Vali‘d?.lbng message where the second protected field contains less than
&Eg}rected bit errors.

Bits 113 to 144 of the second protected field of a valid long message shall all be set
to “1” if this field contains 2 or more bit errors. The message is then declared
incomplete.

Confirmed Beacon Message

A confirmed beacon message may be a confirmed valid message or a confirmed
complete message. The message confirmation process requires that two independent
burst processing results produce identical valid or complete messages.

The confirmation can be obtained from successive transmitted burst processing or, in
the case of the MEOSAR system and multi channel MEOLUT processing, from the
result of the processing of the same transmitted burst via two or more satellite
channels provided each received burst is processed independently to produce a
beacon message and both messages produced are identical.
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Dependent Beacon Event

Similar in principle to “same beacon event” for LEOLUTS, alert data produced by
MEOLUTs is considered to be a dependent beacon event if it lacks sufficient
independence to enable position confirmation. Specifically, MEOLUT alert is
considered to be a dependent beacon event when it has the same beacon
identification and:

a) prior to position confirmation:

1. the unique set of satellites used to compute the new DOA position is not
contained in (or does not contain) the unique set of satellites used to compute
a previously sent DOA position and every porti@ of the time period
associated with the new DOA position (i.e., th e from the first to last
burst used to compute the new DOA position)zis-within 2 seconds of some
portion of the time period associated with a 1ously sent DOA position; or

ii. the unique set of satellites used to\&lpute the new DOA position is
contained in (or contains) the uniq@ set of satellites used to compute a
previously sent DOA position a f the latest beacon burst used to
compute the new DOA p0s1t10® w1[,h8 0 minutes of the time of the latest
beacon burst used to comput usly sent DOA position; or

e of the latest beacon burst used to compute
minutes of the time of the latest beacon burst
nt DOA position.

b) after position conﬁrmatﬁﬁ\%
the new DOA positiopis-withi
used to Compute a 1ou%

Dependent MEOLUT \QA

As per deﬁ%lg provided in document C/S R.012 Annex A.

Dilution of Precnﬁ;\l(\

A computed factor based on the geometry of the beacon/transmitter to satellite link
used to characterise the expected impact of this geometry on the precision of a
computed location.

DOA Locations

Cospas-Sarsat distress beacon locations are calculated by using Frequency and Time
Difference of Arrival (DOA) measurements. Three methods of computing DOA
locations are Single Burst DOA Location, Multiple Burst DOA Location and Merged
DOA Location (see definitions).

First Generation Beacon

A 406 MHz beacon which complies with the specifications of document C/S T.001
and is tested against the type approval standards of document C/S T.007.
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Independent Location

A location computed by the LEOSAR or the MEOSAR system, independently of the
data encoded in the beacon message. The LEOSAR system provides independent
beacon locations using a Doppler technique based on received beacon burst
frequency measurements over a LEO satellite pass. The MEOSAR system provides
independent locations using a triangulation technique based on multiple TOA/FOA
measurements from burst detections received through a number of MEO satellite
channels.

JDOP Joint Dilution of Precision. JDOP is defined as the Horizontal Dilution of Precision
using DOA observations assuming uncorrelated observations with identical standards
deviations per observation type (see detailed definition in An@x N).

)
MEOLUT Event @6
9

In the MEOSAR system, a MEOLUT event is @} reception at a MEOLUT of a
beacon burst transmission through one or seve tellite channels and its processing
to produce an independent location and/or a ®@acon message (which may include an
encoded GNSS location). The time of OLUQ\event is the average TOA for all
measurements associated with the sa ns% burst.

If measurement data from sevp@) ME@T events is used by the MEOLUT to
generate an alert message sefit™to associated MCC (i.e. a MEOSAR beacon
event), such beacon event @Lst be tagged with both the time of the first and last
MEOLUT event used to@ duce'tli¢ alert data.

MEOLUT Networking 0 @
The exchan&é TOA/FOA measurement data between MEOLUTS.

MEOLUT slnglwzuﬁ%t Location Confirmation

An algorithm used by a MEOLUT in order to confirm the quality of a single burst
DOA location.

For example, a single burst n-channel location, where n > 4, can be considered
confirmed if all n of the (n-1)-channel locations are within close vicinity (10 km) of
the original single burst n-channel location.

MEOSAR Beacon Event

Alert data produced by the MEOLUT from any number of bursts sent to the MCC,
and time tagged with both the time of the first and last burst.

MEOSAR Coverage Area

The geographic area where MEOSAR system performance requirements are met.
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Merged DOA Location

A DOA location that is computed, by a MEOLUT or MCC from a set of single burst
locations by combining the latitude and longitude of each of the single burst locations
used. The ‘combining’ process may be a weighted average based on parameters such
as the quality of the location data, etc.

Message Transfer Time (MTT)

The minimum time interval between the activation of a beacon and the readout of the
first valid or complete message at the LUT.

Multiple Burst DOA Location 6

)
A DOA location that is computed by the MEOLUT d@ly from the TOA and /or
FOA measurements from various bursts received oviﬁy €.

%)
Position Confirmation \)Q

The procedures / algorithms used to confifih locatfon data from a unique source (e.g.
Doppler location, encoded location o, O’l@tion) through a matching process
with other location data from a séfarate sQ%’ce or a different beacon event (e.g.
Doppler with a different TC %E%gbation derived from different satellite
channels or different beacon , eted).

Processing Threshold @Q\' \(5\
The minimum g@é&g \t@gcon transmit power at which the throughput drops
below expect OSAR'system performance.

PTA \(‘\\"o
The I%%ential Time Advantage (PTA) is the elapsed time between the receipt at a

MCC of the first MEOSAR alert notification and the first LEOSAR or GEOSAR
alert notification for the same 406 MHz beacon.

Satellite Channel

The unique combination of a single MEOLUT antenna and MEO satellite in
visibility.

Second Generation Beacon

A 406 MHz beacon which complies with the specifications of document C/S T.X01
and is tested against the type approval standards of document C/S T.X07.

Second generation beacon signal characteristics, message format and message
contents have not been defined at this stage.
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Single Burst DOA Location

A DOA location that is computed by the MEOLUT using only one single burst
transmission, received through multiple satellite relays.

Single Satellite Channel Throughput

The probability of detecting a valid message from a single burst transmission relayed
by a single satellite channel to a single MEOLUT antenna.

Stand-alone MEOLUT
As per definition provided in document C/S R.012 Annex A.G

6@
System Margin 6®
The difference between the minimum processin @esbold and the typical transmit
power of a beacon, i.e. 37 dBm. %\)é

Valid Beacon Messages Q
o O

A 406 MHz first generation beacon&ssa%‘p%duced by a MEOLUT is valid when:

- the first protected field -1+ B%H-l) has 2 or less corrected bit errors and
the fixed bits of Stan@ ani' tional location protocols that start at bit 107

contain no errors; @ \(b.
- the first protec@ ﬁe?d"bDF-l + BCH-1) has 3 corrected bit errors and is
i

confirmed ! cal match with another valid message from the same
beacon etected 'Within £ 20 minutes and the fixed bits of Standard and
NationaMocation protocols that start at bit 107 contain no errors.

N

- END OF ANNEX B -
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ANNEX C

MEOSAR D&E GROUND SEGMENT

C.1 BASIC REQUIREMENTS FOR MEOLUTS PARTICIPATING IN MEOSAR D&E
C.1.1  Overview

The primary function of a MEOLUT is to receive and process signals transmitted by 406 MHz
emergency distress beacons that operate in accordance with document C/S T.001 and the planned
specification document for future second generation beacons. In general, a MEOLUT shall detect
and locate 406 MHz emergency beacons and transmit associated data téan associated Mission
Control Centre (MCC). During the Cospas-Sarsat D&E phase, a M @VUT shall be capable of
receiving L- and S-Band or L-Band downlinks from GNSS satel@‘g? equipped with 406 MHz
SAR repeaters, known as MEOSAR satellites. @\

A MEOLUT shall measure the frequency of arrival (FOA Q time of arrival (TOA) of detected
bursts and use the results to locate the beacon. This methodd of beacon location is referred to as
Difference of Arrival (DOA), which includes in ibnis of Frequency Difference of
Arrival / Time Difference of Arrival measuremenfs; ~ A g@LUT shall have the capability to
calculate an unambiguous location for the bee}%s@afte eiving a single transmission (burst) of
the beacon message. Q

X
For the purposes of the D&E, the foll@ng t)qgs%f MEOLUTs are noted from the definitions in
the document C/S R.012 (MIP): & ¢

IR
a ependen N A
) Dep t MEOLUO"Q') Q

b) Stand-Alone‘l\%QUT
N\

Data exchanged \ﬁ&\&\EOLUT networking shall only be used when it is specifically designated
as part of the respective test plan (e.g., Technical Test T-7). Data generated using other satellite
systems (e.g., GEOSAR) shall only be used when it is specifically designated as part of the
respective test plan (e.g., Technical Test T-8).

C.1.2  Basic Operational Requirements
C.1.2.2 Satellites

A MEOLUT shall process signals from 406 MHz distress beacons that are relayed from
GNSS satellites equipped with 406 MHz repeaters. During the Cospas-Sarsat D&E
phase, this includes GPS Block II satellites using an S-Band downlink, and/or
constellations using L-Band downlinks (SAR/Galileo, SAR/Glonass and SAR/GPS).
MEOSAR L-Band satellite parameters are provided in document C/S R.012 (MIP).
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C.13

C.1.23 Satellite Tracking

A MEOLUT shall be capable of simultaneously tracking as many visible MEOSAR
satellites equipped with SAR instruments as the MEOLUT has tracking antennas or in
its field of view if using other technology (e.g., phased-array antenna). A MEOLUT
shall be capable of continuously receiving and processing all available satellite data for
all portions of a satellite pass above its specified field of view (e.g. five degree
elevation) with the exception of minor local obstructions (site masking).

C.1.24 Transmission of Alert Data to an Associated MCC

A MEOLUT shall process signals and transmit 406 MHz distress beacon data to the
associated MCC as per the specifications in the following sectio@,

CQ
C.1.25 RF Radiation and Emissions %Q
A MEOLUT shall not radiate or emit any radio fre Ky (RF) signals that will interfere
with the functioning of the Cospas-Sarsat Syste systems operating on other radio
frequencies.

.
At a minimum, a MEOLUT shal re a géacon message, TOA/FOA and location
data, [orbital data (as defined in\Avine of document C/S R.012); periodic (e.g. one
minute) antenna azimuth an ati gles for the duration of a given pass, and pass
schedule (i.e. Satellite, A O sed to support D&E testing. It is recommended
that the MEOLUT o or tain this stored data until the conclusion of the
MEOSAR D&E. Q)

o0 ©

C.1.2.6 Data Archival

Functional a roessing Requirements

N\
C.1.3.1 ’<<A\ntenna Subsystem

The S-band downlink is centred at 2226.472340 MHz with a 3 dB bandwidth of
200 kHz through a left-hand-circularly polarised antenna. S-Band antenna subsystems
of a MEOLUT shall be able to acquire, track and receive the S-band downlink from
GPS II satellites equipped with SAR repeater capability.

The L-band downlink can be centred anywhere in the 1544-1545 MHz band with a 3 dB
bandwidth of 100 kHz through a left or right-hand-circularly polarised antenna. L-Band
antenna subsystems of a MEOLUT shall be able to acquire, track, and receive L-band
downlinks as described in document C/S R.012.

C.1.3.2 Time Subsystem
A MEOLUT shall maintain accurate system time and sufficient precision in the

measurement of time and frequency. It is recommended that the MEOLUT time source
be maintained to within 0.2 microseconds of universal coordinated time (UTC).
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C.133 Orbit Maintenance Subsystem

A MEOLUT shall maintain accurate GNSS satellite orbit vectors. It is recommended
that the MEOLUT maintain orbit vector accuracy to within 50 centimetres and
20 nanoseconds before and after any propagation.

C.1.34 Satellite Tracking

A MEOLUT shall maintain accurate tracking schedules for all L-Band and S-Band
MEOSAR satellites, as applicable, that have been declared as operational for the D&E.

C.1.3.5 Beacon Message Data Recovery

The MEOLUT shall process and transmit to the associated M@C only beacon messages
that achieve a perfect match of bits 16 to 24 with the 9 bit e synchronisation pattern
as described in document C/S T.001. @\

Any validation performed by the MEOLUT i&e beacon message data recovery
process not specified in Annex C (e.g., requiri@ bits 1 to 15 to be all 1’s), should be
documented with D&E technical test result%

Self-test mode beacon messages hav& Qgﬁ%ed frame synchronisation pattern as
described in document C/S T. 001 shall process and archive self-test mode
beacon messages. A MEOLU"lQh smit self-test mode beacon messages to the
associated MCC as requeste he iated MCC.

Z)

C.13.6  Bit Veriﬁcsf&

A MEOLUT sha&@:tect a?correct bit errors in the 406 MHz beacon messages, as
follows.

a. T}&?‘cal message transmitted by 406 MHz beacons includes a 21-bit BCH error
correcting code, and, in the long message format, an additional 12-bit BCH error
correcting code (except for the orbitography protocol as noted below). A
MEOLUT shall use these BCH codes to verify and correct as necessary received
data. All beacon messages include the following fields:

1. first protected data field (PDF-1, bits 25 to 85) which contains the beacon
identification and can include position data; and

ii.  first BCH error correcting field (BCH-1, bits 86 to 106) which contains the
21-bit BCH error correcting code that protects the 82 bits of PDF-1 and
BCH-1. The 82 bits of PDF-1 and BCH-1 are also referred to as the first
protected field.

b.  The long message format also includes:

1. the second protected data field (PDF-2, bits 107 to 132) which contains
position and supplementary data; and



C-4 C/S R.018 - Issue 2 - Rev.1
October 2013

ii.  the second BCH error correcting field (BCH-2, bits 133 to 144) which
contains the 12-bit BCH error correcting code that protects the 38 bits of
PDF-2 and BCH-2. The 38 bits of PDF-2 and BCH-2 are also referred to as
the second protected field.

c. A MEOLUT shall use BCH-1 to correct all messages that have a maximum of
three bit errors in the first protected field, and detect the existence of more than
three (3) errors with a probability of 95%. A MEOLUT shall use BCH-2 to
correct any messages that have one bit error in the second protected field of the
long message format and to detect the existence of two or more bit errors. When a
MEOLUT determines there are 2 or more bit errors in the second protected field,
bits 113 to 144 shall all be replaced with “1”. 6

d. A MEOLUT shall process the orbitography protoco%@bcon messages with the
short message portion (bits 25-106) which is errgy~corrected by BCH-1; the
MEOLUT shall send the uncorrected data in bits 3\@ to 144.

As defined in document C/S T.001, Speciﬁcatioskﬁ Cospas-Sarsat 406 MHz Distress
Beacons, Standard location protocol beacon messages contain fixed values of (1101) in
bits 107-110 and National location protoc ac essages contain fixed values of
(110) in bits 107-109. These fixed bits ch inmnédiately follow BCH-1, are used to
identify a beacon message that is corrupted d bit-shift errors, in case the bit-shifted
beacon message passes BCH-1 e etectiplt. After using the BCH-1 and BCH-2 to
correct bit errors in the 406 MM beaceh, message (as defined above), the MEOLUT
shall verify the fixed bits th gin Amnbit 107 for location protocol beacons (i.e., bits
107-110 for Standard locatign protoeo] beacons and bits 107-109 for National location
protocol beacons).

C.1.3.7 Bea essag\gf alidation
As Deﬁned&\oA’nnex B under Valid Beacon Message.

A 406 MHz beacon message is complete when it is a valid long message and the second
protected field contains no errors or 1 corrected bit error or it is a valid short message.

If a long message is valid but not complete, bits 113 to 144 of the second protected field
shall all be set to “1” by a MEOLUT, provided that the protocol is not orbitography.

C.1.3.8 Beacon Message Bursts

Beacon messages shall only be treated as being for the “same burst” when the associated
times are within 1.5 seconds. If the associated times for two beacon messages exceeds
this threshold, then the messages should be treated as being for separate bursts.

C.1.3.9 Beacon Message Association

In order to provide updated beacon messages and to generate DOA locations, it is
necessary to associate 406 MHz beacon messages received from different satellites and
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at different times for the “same” beacon. This section specifies the rules for associating
independent TOA/FOA data for the same beacon.

Two 406 MHz beacon messages are associated when the fixed bits of the first protected
field (PDF-1 + BCH-1) of the two beacon messages are identical. Since the encoded
position data in 406 MHz beacon messages using location protocols may change over
time (per document C/S T.001), only fixed bits in a beacon message can be used for
matching. Beacon messages shall be matched based on the fixed bits per Protocol type,
as follows:

Protocol Fixed Bits

User 25 to 85 (61 bits)

Standard Location 25 to 64 (40 bits)

National Location 25 to 58 (34 bits) 6@
Undefined 25 to 106 (82 bits) %Q

If a beacon message is not valid, then its Protocol i @h‘deﬁned” and matching shall be
based on bits 25 to 106, as specified above. %\}Q

itrerrors in PDF-1 + BCH-1 it can
-1 is identical to the PDF-1 of the
s are within 20 minutes.

In addition, if one beacon message has 3 c@s}cte
be associated with a valid message provided its
valid beacon message and the associatedburs

5
C.1.3.10  Data Sharing with’l@erna@mal MEOLUTSs
"\

A MEOLUT may provi A/F\&' data to, and/or receive TOA/FOA data from
other MEOLUTs. Ife ngi TOA/FOA data with other MEOLUTs, the MEOLUT
shall transfer data ac&in e specifications contained in C/S R.012.

O

C.1.3.11 D%A ocation Processing
N\

A MEOEﬁL\"ﬁ\shall measure the FOA and TOA of each beacon message received. When
the same burst is received from the same beacon through three or more satellites, a
MEOLUT shall use these measurements to calculate a DOA location. It is noted that a
MEOLUT may produce a location with less than three satellites.

A MEOLUT shall be capable of identifying and filtering beacon messages that degrade
location accuracy.

A MEOLUT shall be capable of identifying the quality of the calculated location. A
MEOLUT may apply processing in order to confirm the quality of a single burst DOA
location and to provide the data quality to MCCs. The parameters comprising the
quality indicator will be developed during the D & E phase.

A MEOLUT shall be capable of computing and forwarding to the associated MCC a
single burst location.

A MEOLUT may also be capable of combining data from multiple bursts
(transmissions) in order to improve location accuracy. If combining multiple bursts, the
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MEOLUT shall send DOA locations to the MCC for bursts with associated times less
than 5 minutes apart. In addition, the MEOLUT may send DOA locations for the bursts
that span a longer period.

C.1.3.12  Processing Logic and Transmission of Data to the Associated MCC

A MEOLUT shall process all available data for a beacon burst before sending data to
the associated MCC for that burst. The MEOLUT shall wait at least 15 seconds after
the first detection of each burst before processing the burst data and complete processing
for that burst no later than 45 seconds after the first detection.

A MEOLUT shall send an alert with DOA location for a 406 MHz beacon to the
associated MCC as soon as it is available for the beacon activa@n. A MEOLUT shall
not send a located solution if the location is outside the rint of any satellite for
which data was used to compute the location at the time ofgfhe’associated burst data.

A MEOLUT shall send an alert with encoded po@ for a 406 MHz beacon to the
associated MCC:
- as soon as it is available for the beacon ac@ation, and
- when the encoded position changes. %) O
.\O

. O 2 . .
If a MEOLUT has not previously sent cat@a ert for a given beacon, it shall send an

unlocated alert to the associated M Q)

- as soon as the valid beaco ssagéNs confirmed, or

- after 3 minutes from t@me validation if the valid beacon message is not
confirmed, with the ifidi at%i at the message is not confirmed.

After sending an ale@} a given beacon, the MEOLUT shall continue to send alerts to
the associated M(&@lo less frequently than every 5 minutes.

MEOLUT&?@ provide to the associated MCC all information needed to satisfy the
requiren{éq of documents C/S A.001 and C/S A.002 as defined at Annex E.

The MEOLUT shall have the capability to suppress all orbitography and calibration
beacon messages and pass them to the MCC only on request.

C.1.3.13  Status and Monitoring Functions

A MEOLUT shall monitor environmental conditions (e.g., temperature, wind speed, and
humidity), test hardware and software to verify operational capability. A MEOLUT
shall automatically send warning messages and alarm messages to the associated MCC
on events that may significantly impact the MEOLUT operation when the time of
impact is either in the near future (warnings) or immediately (alarms). All status and
alarm information shall be logged.
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C.1.3.14 Minimum Performance Requirements for MEOLUTSs

The Table C.1 provided below defines the minimum performance requirements that
should be satisfied by a MEOLUT. These minimum requirements should be satisfied
assuming that:

a)

b)

¢)

d)

the 406 MHz beacon transmissions satisfy the specifications of document
C/S T.001;

beacon transmissions will be relayed through the MEOSAR space segment
currently identified in the MEOSAR Implementation Plan, document C/S R.012;

the performance requirements will be met over a cove@ge area defined by a
radius of at least 3000 km from a reference location ( the geographical centre
of associated antennas); and 6@

MEOLUTs at full operational capability may, Klbit better performance than the
requirements specified below. %\)
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Performance L I
Parameter Requirement Definition LEOLUT Performance
Specification C/S T.002
Detection 99% The probability of detecting the Paragraph 5.3.2
Probability transmission of a 406 MHz beacon and
recovering at the MEOLUT a valid beacon
message, within 10 minutes from the first
beacon message transmission.
Independent 98% The probability of obtaining at the Paragraph 5.3.3
Location MEOLUT a 2D location (Lat/Long), 6
Probability independently of any encoded position da@
in the 406 MHz beacon message, withi
10 minutes from the first beacon m e
transmission. @\
Independent P(e <5 km) The system independent location’ solution Paragraph 5.3.6
Location Error >95% should be within 5 km fro ¢ actual
beacon position 95% ofighe time(‘\
Single Burst 90% The probability O\t@mnin 916
Independent MEOLUT a 2D_loedtio /Long),
Location independentl C@any ercoded position data
Probability in the 406 zb n message, using a
single tra sion.
e ¢
Single Burst P(e <5 km) T gle ét independent location
Independent > 90% ion shotld be within 5 km from the
Location Error ,gactua n position 90% of the time.
Sensitivity <34.8 dB—I-ﬁ) The minimum C/No level at which the Paragraph 5.3.1
‘\(ﬂ MEOLUT will correctly process beacon
&\(\ messages, where C/No is the ratio of the
unmodulated carrier power to noise power
density in dB-Hz. The value is that
necessary to obtain a 5x10” BER for the
beacon message.

Table C.1: MEOLUT Minimum Performance Requirements
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C.2

DESCRIPTION OF MEOLUTS PARTICIPATING IN D&E

Table C.2 provides characteristics and reference information for all MEOLUTS participating in the D&E. The status column is populated based on
isfies all the requirements and provides all the

MEOLUT readiness to participate, with a status of “D&E Ready” indicating that the MEOLU
capabilities identified in this Annex.

O

D
Name
Status (website! Antenna ? . . Antenna Antenna G/T
(C):u:;tll;za(t)il;)n (Planned or City / State | www.cospas S(;:;;;eli])) A;::i:ll:a ID L"SQe:) I(;g:g;?;;i)e Al?l::;de Diameter | L-band/S-band | Comments
g D&E Ready) -sartsat.org (MF#71) g (m) (dB/K)
(TBD)) o\ o
. Brasilia/ - .
Brazil Planned Brasil 7106 Bra-1 @ 15. S 47.90211W 1046.4 2.4 8.2/10.2
AVa\ 3
A% =
Bra-2 A@ \@\.9021 1w 47.90216W 1046.4 2.4 8.0/10.44
4 N
Bra-3 \0 n\ 15.85700 S 4790197 W 1046.4 2.3 7.3/11.9
Bra-4(’\\' \mv 15.85716 S 4790193 W 1046.4 2.3 7.0/10.7
£\ \v
Canada Planned Ottawa/ ? (b» 4535303 N 75.90141 W 89.8 24 8/10
Canada N \
N
Aodéan@ 4535295 N 75.90116 W 89.7 24 8/10
\J
b Can-3 4535264 N 75.90139 W 90.6 2.4 8/10
/\& Can-4 4535251 N 7590136 W 76.3 3 8/10
N
’\. Can-77 452987 N 75.90689 W 74.0 24 8/10
Can-78 452987 N 75.90689 W 74.0 2.3 8/10
China Planned Beu ing/ Chn-1
China
Chn-2

New table proposed to capture MEOLUT information on the Cospas-Sarsat website www.cospas-sarsat.org (TBD), including a unique MEOLUT “name”, used to

support FTPV communications etc.
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Name
e 1
Country or Status . (website Source ID Antenna Antenna Latitude Longitude Altitude A.ntenna Antenna G/T
Orsanisation (Planned or City / State | www.cospas (MF#11) Name ID (degrees) ) (m) Diameter | L-band/S-band | Comments
g D&E Ready) _sartsat.org (MF#71) g 6g (m) (dB/K)
(TBD)) . O
N
Chn-3 QS}
Chn-4 (%
Planned Makarios / O
EC(CYPrus) | vav 2013) | Cyprus EC-CY-1 34.83@ 333839 E 310.0 2.3
EC-CY-2 4@36 I'\'I\ 33.3839E 310.0 2.3
v Y
EC-CY-3 DQ) 4,86\@ 33.3839E 310.0 2.3
\ ¥ ")
EC-CY-4 \Q ,3’(‘%6 N 33.3839E 310.0 2.3
Toulouse / g‘J
EC (France) | Planned Framoe EC-FR-1 \(\fb (\ 43.55896 N 148373 E 144 3.0 10.0
EC-F I (;S'O 43.55896 N 148373 E 144 3.0 10.0
A3 \U
EE&-S q 43.55896 N 1.48373 E 144 3.0 10.0
¥
r\ -F\E} \ 43.55896 N 1.48373 E 144 3.0 10.0
Planned Svalbard /
EC (Norway) (Oct... 2013) Norway 60 EC-NO-1 78.2303 N 153739 E 450.0 2.3
’\% EC-NO-2 78.2303 N 153739 E 450.0 2.3
& EC-NO-3 78.2303 N 15.3739 E 450.0 2.3
EC-NO-4 78.2303 N 15.3739 E 450.0 2.3
. Planned Maspalomas /
EC (Spain) (Jul. 2013) Spain EC-SP-1 27.7638 N 15.6331 W 155.0 2.3
EC-SP-2 27.7638 N 15.6331 W 155.0 2.3
EC-SP-3 27.7638 N 15.6331 W 155.0 2.3
EC-SP-4 27.7638 N 15.6331 W 155.0 2.3
France Planned Toulouse / Toulouse(4) | 2274 Fra-1 01 43.56079 1.48076 E 200.0 24 9.9
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Name
eg 1
Country or Status . (website Source ID Antenna Antenna Latitude Longitude Altitude A.ntenna Antenna G/T
Orsanisation (Planned or City / State | www.cospas (MF#11) Name ID (degrees) ) (m) Diameter | L-band/S-band | Comments
g D&E Ready) _sartsat.org (MF#71) g 6g (m) (dB/K)
(TBD)) o\
\"4
France
O
A"4
Fra-2 02 43.56064 N(% 1.48090 E 200.0 2.4 9.9
Fra-3 03 43.569,@‘9 1.48076 E 200.0 2.3
N
Fra-4 04 43@94 N 1.48061 E 200.0 2.3
Russia Planned Moscow/ Rus-1 Q%,M@ 37.72301 E 207.0 35 8/13
Russia o V 4
v )
Rus-2 ‘\Q gﬁ@ TBD TBD 35 8/13
Rus-3 Q§° , RN TBD TBD 3.5 8/13
P ‘\
Rus-4 \‘f \Q\ TBD TBD TBD 3.5 8/13
A\ N
Turkey Planned ?35(":;‘/ 2714 T » ) &0’ 40.141431 N 32.989833 E 936 2.4 8.0/10.9
A
2714 K\-;A’ 02 40.141111 N 32.989764 E 936 2.4 8.2/10.9
2714>\O TRK-3 | 04 40.141461 N 32.989619 E 936 2.3 6.9/9.3
A
27 TRK-4 05 40.141397 N 32.990033 E 936 2.3 7.1/10.1
N
NQovia TRK-5 06 40.141306 N 32.989583 E 936 2.3 6.9/9.3
2714 TRK-6 07 40.141083 N 32.989956 E 936 2.3 7.1/10.0
UK Planned IIEE‘IOSS/ 2324 UK-1 57.658 N 3.5585 W 8.0 2.4 102
UK-2 57.658 N 3.5585 W 8.0 2.4 102
USA Planned Il\f;‘gyla“dj 3669 Mar-1 38.99908 N 76.8543 W 100 43
Mar-2 38.99942 N 76.8534 W 100 4.3
Mar-3 38.99893 N 76.8533 W 100 4.3
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Name
e 1
Country or Status . (website Source ID Antenna Antenna Latitude Longitude Altitude A.ntenna Antenna G/T
Orsanisation (Planned or City / State | www.cospas (MF#11) Name ID (degrees) ) (m) Diameter | L-band/S-band | Comments
g D&E Ready) -sartsat.org (MF#71) g 6g (m) (dB/K)
(TBD)) O
O

Mar-4 38.99868 N 06'8539 W 100 43

USA Planned avatt 3385 Haw-1 21.52491 N | 158.0015 W 374.9 3.7 10/15
USA )

Haw-2 21.52 158.0012 W 374.0 3.7 10/15

Haw-3 132521 N 158.0012 W 375.8 3.7 10/15

Haw-4 Q' I52 Q‘ 158.0010 W 375.8 3.7 10/15

aw- & 21 éi@ X . .
Haw-5 ‘\Q ,2,{\ 55N 158.0008 W 3743 3.7 10/15
Haw-6 69 i \w.52428 N 158.0015 W 3719 3.7 10/15
e ‘\ @\
Table C.2 - ]\gséL articipating in the D&E

Note: during the MEOSAR D&E phase, the list of the MEOLL@partic@ting in the D&E phase will be provided and maintained up-to-date on the Cospas-
Sarsat web site.

O

&
~N

o O
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C3 DESCRIPTION OF ORBITOGRAPHY, REFERENCE, AND BEACON SIMULATORS TO BE USED IN D&E
Type " " Rep n Carrier Antenna Mod Mod Relative
Name (Orb Ref Beacon ID (IE):tltr:::) I('Szg::ti(; (l: t) (rwrﬁg) r;;’n‘:; Rate Efp 7 ) BE:)R:;e Duration | Polarisati | Index | Time gl or(; Tx
Sim) 9 9 (sec) ﬁf\ P (ms) on (rad) (us) v Time
Thule (%) Orb 9B62197CAT03500 77465N 69.217 W \Q
Toulouse Orb 9C6000000000001 43.5605N 1.4808 E 214 406.022 39-41 ﬁ% ﬂx;e'g 400.0 160 RHCP 1.1 150 0
v -
Toulouse Orb 9C634E2AB509240 43.5605 N 1.4808 E 214 406.034 39-41 D(&} .~®\ 400.0 160 LHCP 141 150 0
N
Longyearbyen | Orb A0234BF8A7335D0 | 78229N 15.396 € Q n&%
McMurdo orb ADC268FSEOD3730 | 77.846'S 166.712 a2 {\Y
AN S
Edmonton Ref A79EEE26E32E1DO | 53679N 113.315 W ,3\\. (A\'@
Kerguelen Ref 9CTFEC2AACD3590 493528 70.256 E N
O V_N
4
Moscow Ref A23C00000000000 55.62N 37508 E Q 0
D <\
} Nd )
Combe Martin | Ref 9D1FCFA7ABOD990 5117N 4.051W N (.p
Maryland Sim As per test script 38.9986 N 76.842; WO 53.35
Hawaii Sim As per test script 21.524910N WO W | 375
Ottawa Sim As per test script 4534N %‘.89 W
France Sim As per test script 43.5605N 1.4808 E
HH:02':12": 000
) HH:02':22": 000
ESTEC-1 Sim 9E9COES5AQEC0100 51.21838 N 441955 E 18 406.061 37 fixed 400.0 160 RHCP 1.1 150 HH 32" 12" - 000
HH :32': 22" : 000
HH :12':12": 000
ESTEC-2 Sim 5121838N | 441955E 18 406.061 | 37 fixed 4000 | 160 Linear (V) | 1.4 150 HH:12":22": 000
9E9COES5AQECOFO00 ’ ’ ' ' ' HH :42':12": 000
HH : 42" : 22" : 000
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o | @A | s | bl | g | W Ee | R gl | Pl | S oo | o | | Toe | B |
HH : 22" 12" 000
ESTEC-3 Sim 9E9COESAOEC0200 | 5121838 N | 4.41955E 18 406.061 | 37 fixed ) @é’ 160 LHCP 11 150 ::gg?gggg
,.,(3 HH : 52 22" : 000

9
Table C.3 — Beacons Used in the&E

(*) Note: “Thule03” was declared operational on 26 January 2012 with beacon ID 9B62197CA
Note: during the MEOSAR D&E phase, the beacons list used in the D&E tests will b@arovid@and maintained up-to-date on the Cospas-Sarsat website.
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C4 DESCRIPTION OF PLANNED MEOLUT NETWORKING

MEOLUTsS shall transfer data to/from other MEOLUTs in accordance with all specifications detailtgin C/S R.012. Planned connections

and readiness status are captured in Table C.4. %)
Send — Brasilia | Ottawa | Beijing | Toulouse | Moscow | Ankara | Kinloss Maryl'zg@’ Hawaii | Makarios | Svalbard | Maspalomas
(P)lanned | (P)lanned | (P)lanned | (P)lanned | (P)lanned | (P)lanned | (P)lanned | (P)I (P)lanned | (P)lanned (P)lanned | (P)lanned
Receive | (R)eady (R)eady (R)eady (R)eady (R)eady (R)eady (R)eady ( (R)eady (R)eady (R)eady (R)eady
Brasilia R p* P N C'g\’ P P
Ottawa R R(NF) p R B | AP P P P p
Beijing p ol P p
Toulouse px R(NF) p P P*Q}G'J PQ@ P P p p
Moscow P P X:Q \Q} P
Ankara 3 R p Q,"Q Nl
Kinloss R p* \(Q K2 P p
Maryland P P C)Y \O\\ P P
Hawaii P P P é,. P
Makarios 3 Nz P
Svalbard P N P
Maspalomas P P P P

Table C.4 — Planned MEOLUT Networking During the D&E
III Effective, using the node forwarding method

(*) Toulouse TOA/FOA data already being exchanged via Ottawa MEOLUT, using the node forwarding method
Note: during the MEOSAR D&E phase, the status of the MEOLUT networking will be provided and maintained up-to-date on the Cospas-Sarsat website.
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Parameter Units Value
Location Russia, Moscow
(55.747N 37.723E)
Number of antennas 4
Diameter of antenna m 3.5
G/T 8 (L-band
dB/K (L-band)
13 (S-band)
Min. Elevation angle deg 5
Signal frequency 1544.5+0.5 and
MHz
2226.5 0.1
System Noise temperature X 250 (L-band)
200 (S-band)
Antenna gain 4B 32 (L-Band)
36 (S-Band)
TOA measurement accuracy\fms us 20
FOA measurement accuraty (|bias|)*, rms Hz 0.04 (<0.03)
TOA/FOA data sharing capabilities Yes
Valid Message Processing Performance (minimum C/No
measured at MEOLUT that allows to produce beacon location dB-Hz 29
within 5 minutes from activation time in 95% of cases)

Table C.4.a - Technical Parameters of Russian MEOLUT N°.1
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CS

MCCs shall process MEOSAR data and transfer alert data to/from other MCCs in accordance
Annex E of this document (captured as updates to C/S A.001, the DDP). Planned connections are

COMMUNICATIONS BETWEEN THE MCCs PLANNING TO PARTICIPATE IN D&E

red in Table C.5.

wg h all specifications detailed in C/S R.012 and/or

O
%)

Send —
Receive | BRMCC | CHMCC | CMCC | CNMCC? | CYMCC | FMCC | ITMCC PEMCCKCOTRMCC UKMCC | USMCC | NMCC | SPMCC
ecelve
BRMCC Nat.Pr Q X
CHMCC Nat.Pr © X
S
CcMCC Nat.Pr 6@ \\O X
CNMCC Nat.Pr QY k9 X3
CYMCC Nat.Pr X 0@ x \Y X X X
"4
FMCC X N%PQ s‘@g\ X X X X X
ul Z
ITMCC x | Q8 e X X X
\ N
PEMCC o\ 103 Nat.Pr X X
Kq .
TRMCC %‘-}) \(SA X Nat.Pr X X
UKMCC ?\Q X X X Nat.Pr X
USMCC X X X X G) X X Nat.Pr X
\\
NMCC ,Q(\ X X X X X Nat.Pr
SPMCC X X Nat.Pr

Table C.5 — Planned Communications between the MCCs Participating in the MEOSAR D&E
Note: during the MEOSAR D&E phase, the readiness status of the communications will be provided and maintained up-to-date on the Cospas-Sarsat website.

Pending confirmation of participation in the MEOSAR D&E
Pending involvement of JAMCC (North West Pacific DDR), CNMCC might be treated as part of the Western DDR for the purposes of the D&E.
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MCCs shall process MEOSAR data and transfer alert data to/from other MCCs in accordance with all specifications detailed in C/S R.012 and/or
Annex E of this document (captured as updates to C/S A.001, the DDP). Note: Nat.Pr. - National Procedures.

C.5.1 ALERT ROUTING FOR NON-PARTICIPATING MCCs @6

MEOSAR alert data shall not be sent to MCCs that are not participating in the D&E. Alerts fofhon-participating MCCs shall be routed to the destination
nodal MCC listed in Table C.6. If a participating MCC is in a DDR for which the nodal M s not participating in the D&E, alerts for the participating
MCC shall be routed via the destination nodal MCC listed in Table C.6. Except where no@therwise in Tables C.5 and C.6, MCC data shall be routed in
accordance with Figure III / A.8 of document C/S A.001. O

9
- SNIPRN
DDR of non-participating MCFA es(t;@lon Nodal MCC
\) "4
Central I@CC
entra \QQ}% &
East M
astern (s\\ A\@ CMC
— o ¢
North West Pac1ﬁ® Q USMCC
South Centra&)C)\) *Q\\ SPMCC(*)
3
South.West Pacifi USMCC
u‘ A\@ acific
\\
V&feSSern USMCC

Table C.6— Alert Routing for non-participating MCCs

(*) to be confirmed

- END OF ANNEX C -
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ANNEX D

PROCEDURES FOR MEOSAR D&E READINESS TEST

D.1 Objective and Definitions

The purpose of this test is to establish that minimum criteria are satisfied for starting the
MEOSAR D&E testing, as outlined in Section 6 and Annex L of this D&E plan. As noted in
section 6.1, the respective areas of interest reflect the three major components of the Cospas-
Sarsat System:

Space Segment: constellations and numbers of satellites in eac@hat are equipped with
MEOSAR repeaters. 6@

Ground Segment: number of MEOLUTs and their %ective antennas, associated
MCCs, along with the related MEOSAR processin communication capabilities of
all components. \>

Beacon Segment: number and type of dew beaé0ns; operational beacons deployed
in a controlled manner, beacon simulator Cospas-Sarsat reference beacons (i.e., test
and orbitography protocols). Q A

IR\“

The test procedure exercises all three com&nt ‘Collecting data at both MEOLUTSs and MCCs,
to ensure that all components are fun ing pected. Specifically, beacon simulators need
to provide beacon transmissions, satgllites rhs& to relay the bursts, MEOLUTSs need to receive
and process the bursts, and MCCs@ed to féeeive, process and distribute the resulting alert data.

D.2 Methodology an&@clga Coi&tion
The D&E readiness {&’%‘%r each test period will be performed over a 24 hour period.

There are two categories of data collection involved. The first collects burst- detection and
location data at MEOLUTSs to demonstrate the availability of the required space segment along
with a ground segment that can successfully collect data relayed via these satellites. The second
collects MCC messages generated by participating MCCs in order to validate a basic end-to-end
alert data transmission capability.

D.2.1 MEOLUT Data Collection

All burst data received by each MEOLUT for all operational and test coded beacons should be
recorded.

D.2.2 MCC Data Collection

MCCs will receive alert data from associated MEOLUTSs and foreign MCCs, and process alert
data per the DDP procedures provided in Annex E. MCCs will collect and record alert messages
exchanged during the test period with other MCCs.
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D.3 Data Analysis, Results and Reporting

Each D&E participant will collect data processed by its associated MEOLUT(s) and MCC, as
described above. Participants will collate results, using the analysis methods described below.

MEOLUT analysis will provide a statistic for the percentage of one minute slots during the period
where the MEOLUT detected beacon data from four or more independent satellites and a statistic
for locations computed over the period. Note that the MEOLUT need not detect bursts or
compute locations for any specific beacon ID.

The second key result involves the generation of MEOSAR alert data by the MCC. The goal is to
use this data to validate that the end-to-end components (beacon, space and ground segments) are
all operating as expected. Specifically, the goal is to validate that beacongywere detected, located
and confirmed with location data provided to National MCCs, and th&f)resulting alert data was
passed through the Cospas-Sarsat MCC network as required by M R D&E data distribution
procedures. \%

Two elements of success are: QQ

Measure of Visibility: The percentage for detec QQ th ughout the test period where
simultaneous data from four or more satellites was d@ ted. O

End to End Functionality: Three beacon actlvah@s wit %’and three outside of the MCC area of
responsibility, are to be identified by each 1mp@@and all related message traffic is to be

collected and reported. <
\Q)
Participants will collate results and rt th‘q%"eadlness status to enter D&E testing to the Test
Coordinators, the Master Test C ator@d the Secretariat.
S S
o - END OF ANNEX D -

L&
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ANNEX E

MEOSAR D&E ALERT DATA DISTRIBUTION PROCEDURES
AND MESSAGE FORMATS

Note: This Annex is based on documents C/S A.001 (DDP) and C/S A.002 (SID); therefore,
section numbers in this Annex are referenced to those documents.
The occurrences of “.../...” mean that the corresponding sections of documents C/S
A.001 and C/S A.002 should be inserted and applied as the specification to be followed.

MEOSAR ALERT DATA DISTRIBUTION PROCEWRES
(reference C/S A.001) b'@
%)

\%
3. PROCEDURES %)

R

3.1 General Procedures for the Distribution of Cgspas-Sarsat Alert Data

. <" . OQ
3.1.1  Introduction ‘QQ (O\
N
Alert data is the generic term for Cospas-S alexﬁ%d position* data derived from 406 MHz
distress beacon signal processing. Alert eéged from beacon signals may contain beacon
n

d
position information and other coded 1@{@, cluding the beacon identification.
%

Beacon signals are relayed via l@ sateflite systems, low earth orbiting (LEO), geostationary
earth orbiting (GEO) and me@&t eq@gprbiting (MEO). Position data can be derived in three

ways: 60

J by Doppler p@gessing via the tracking of a LEO satellite receiving 406 MHz beacon
transmissi ﬁ@
. by difference of arrival (DOA) processing using time of arrival (TOA) and frequency of

arrival (FOA) measurements received from multiple MEO satellites relaying the same
beacon transmissions,

. by position data encoded in beacon messages.

MCC:s receive alert data from their LUTs or from other MCCs and distribute this alert data to the
appropriate RCC or SPOC in their service area, or forward the alert data to another MCC. MCCs
should transmit Cospas-Sarsat alert data in accordance with the principles for data distribution
listed in section 2.2 of this Cospas-Sarsat Data Distribution Plan (DDP). The corresponding
procedures are outlined in Figures 3.1 and 3.2, and in the following sections. These procedures
are further detailed at Annex III / B of this DDP.

* Position is used throughout as the generic term for locations determined by any type of processing, Doppler,

DOA or encoded information in the beacon identification code.
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Alert data received from MEO satellites shall be processed and distributed independently from
alert data received from LEO and GEO satellites. Alert data received from a single LEO satellite
pass or in a single MCC message shall be processed in TCA or detection time order.

3.1.2  Geographical Sorting of Alert Data

Alert data are distributed according to the geographical sorting of the available position(s). The
geographical distribution of alert data is organised as follows:

a) Beacon position is within an MCC's service area:

An MCC that receives alert data for a beacon position in its own service area forwards the alert
data to the appropriate SPOC or national RCC, in accordance with the applicable Cospas-Sarsat
or national procedures. 6

b) Beacon position is within another MCC's service area: b.@

An MCC that receives alert data for a beacon position in another{&)'s service area forwards the
alert data to the appropriate MCC, in accordance with the appligable Cospas-Sarsat procedures as
described in the Annexes III / A and II1/ B to this DDP. O

c) Unlocated alerts: Q <

There will be occasions when a LEOLUT or @%U @*Ounable to calculate a position for a
beacon or a beacon is detected by a GEOLU U&Q;nly information available is the beacon
message. If this data does not contain an tion, the alert is unlocated. In these cases
the only information available will be %gl éentiﬁcation contained in the beacon message
which includes a country code de&gn@ng tx ntry of registration of the beacon. MCCs will
transmit this information to the c y O, istration according to the procedure described in

section 3.2.8.
&

d) MCC Service Ar@ for the D&E:

The MCC service \used in the D&E need not be the same service area used at the time of
MCC commissionirfig. Different or new service areas should only be used in the D&E in order to
fulfil the purposes of the D&E.

3.1.3  Message Formats

Alert messages are exchanged between MCCs using standard formats which permit automatic
processing and retransmission of all data. These message formats are referenced in the Cospas-
Sarsat Mission Control Centres Standard Interface Description (C/S A.002). A list of message
formats that are implemented at each MCC is provided at Annex II / B of this DDP.

3.14 Beacon Identification

MCCs when transmitting narrative messages and making reference to beacon identification
should take particular care in providing the identification as 15 contiguous hexadecimal
characters comprising bits 26 to 85 of the beacon message. If a location protocol beacon is
involved, the coarse position fields must be set to the specified default values.
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Not Confirmed*** Confirmed
Transmit Incident Transmit Confirmed
Message Based on Message to Resolved
Dop/DOA Position(s) Pogition
v A
LUTs
Encoded
l Encodgd** Position Transmit Incident Message
P ogmon Based on Dop/DOA and
Available? Matches -
. ’ Encoded Positions
Validate
4 Not Confirmed
First Alert
MCC »  Validate for
Beacon?
MCCs
*  Dop/DOA refers to Doppler and DOA processing, L Encoded ]\T/lransmitl;ncic(lient
noting that LEOLUT/GEOLUT data is to be Position esszged asec on
processed and distributed separately from MEOLUT Available? Encoded Position
data. l
** Encoded Position is used generically, but it is implied
that Doppler Positions are only compared with Not Confirmed
LEOLUT/GEOLUT Encoded Positions and DOA
Positions are only compared with MEOLUT Encoded Transmit Incident Message
Positions. Based on Country Code
* « ”» i i . o e .
**# The word “confirmed” (or confirmation) applies to ! Figure 3.1: 406 MHz Alert Data Distribution Procedures (1/2)
both ambiguity resolution for Doppler positions and
confirmation of DOA Positions
Not Confirmed
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Distribution Procedures (2/2)
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3.2 406 MHz Alert Data Distribution Procedures
3.2.1 Doppler, DOA, and Encoded Positions

Position data provided by Doppler processing and DOA processing of 406 MHz signals relayed
through LEO and MEO Cospas-Sarsat satellites respectively and position data encoded in beacon
messages which are relayed through all Cospas-Sarsat satellites, constitute independent sources
of beacon position information. All types of position data are used by MCCs in the filtering and
geographical sorting process, and distributed with alerts to RCCs and / or SPOCs, in accordance
with the procedures described hereunder.

Position data provided by LEOLUT Doppler processing shall not be removed or altered by a
distributing MCC, unless the Doppler position fails Doppler footprint V&ll@tlon

é@
3.2.2  Validation of Beacon Message Data

&6
Under various circumstances such as interference, weak beacdassignals or high noise levels, the
LUT processing can produce erroneous alert data (i.e. prqﬁng anomalies) which may cause
false alerts. Q
The alert data produced by the LUTs must be Va@{ed imaccordance with the requirements of
document C/S T.002. In addition, to avoid proﬁati invalid alerts through the Cospas-Sarsat
Ground Segment, the procedure for validati lert.data described at Annex III/ B of this DDP
should be implemented at the MCC level 1’s tlsféﬂle requirements of document C/S A.005.

3.2.3  Filtering of Redundant ? \(b

After validation, alert data r@led@\an MCC must be compared to previous information
concerning the same beaae}@entiﬁcatlon which has already been processed by that MCC.

Alert data producei@s EOLUTs is considered to be the same beacon event when it has the
same beacon 1de tion, is received by the same spacecraft and has the same time of closest
approach (TCA) + 20 minutes. LEOLUT/GEOLUT data is deemed to be redundant if, using the
distance criterion defined at Annex III / B of this DDP, either:

a) the new alert message does not include Doppler position data and the
LEOLUT/GEOLUT encoded position matches LEOLUT/GEOLUT encoded position
information received earlier by the MCC; or

b) the new alert message includes Doppler position data, each Doppler position in the new
alert matches a Doppler position in an alert received previously for the same beacon
event and, either:

o the new alert message does not include LEOLUT/GEOLUT encoded position
data, or

. the LEOLUT/GEOLUT encoded position data in the new alert message matches
LEOLUT/GEOLUT encoded position information received earlier by the MCC;
or
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¢) an alert with the same beacon ID has already been processed for the same beacon
event and the new alert message does not include Doppler position data or
LEOLUT/GEOLUT encoded position data.

Before ambiguity resolution for Doppler positions, LEOLUT data for the same beacon event
should not be considered redundant if it contains information on image position determination not
previously received (see document C/S A.002, Appendix B.2 to Annex B).

Alert data produced by MEOLUTS is considered to be a dependent beacon event based on the
criterion for setting the ‘Dependent Beacon Event’ flag defined at Annex III / B of this DDP.
MEOLUT alert data is deemed to be redundant if, using the distance criterion defined at Annex
111 / B of this DDP, cither:

a) the new alert message does not include DOA position data QQ\e MEOLUT encoded
position matches MEOLUT encoded position informationéived earlier by the MCC;
or &6
%)
b) the new alert message includes DOA position d Qhe DOA position in the new alert

matches a DOA position in an alert received previously for a dependent beacon event

and, either: @Q ) OQ

ol y
o the new alert message does not intlude WLUT encoded position data, or
o the encoded position data 1 ne rt message matches MEOLUT encoded
osition information receiv€d €arligrby the MCC; or
p \V@ @\ y

c) an alert with the same be ?ID M@already been processed for a dependent beacon
event and the new al @s g@does not include DOA position data or MEOLUT
encoded position dat() Q)

However, prior to p051‘u.?o onﬁrmatlon a dependent beacon event alert shall be transmitted if

the time of the lates{? on burst used to compute the new DOA position is more than 5 minutes

from the time of t t beacon burst used to compute all previously sent DOA positions.

Alert data produced by GEOLUTs for the same beacon identification is deemed to be redundant
if:

a) the new alert message does not include encoded position data; or

b) the encoded position data in the new alert message matches encoded position data
received in an earlier message, using the distance matching criterion defined at
Annex 111/ B of this DDP.

To minimise redundant message traffic in the Ground Segment, MCCs must not distribute alert
data which have been determined as redundant in accordance with the procedure described at
Annex III / B of this DDP.

The matching test for new encoded position data shall be performed with all encoded position
data previously received and forwarded (i.e. not deemed redundant) for the same ID, without
respect to whether the new position is coarse (i.e. without usable encoded position in the second
protected field of the beacon message) or refined (i.e. with usable encoded position in the second
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protected field of the beacon message). However, the matching test for a coarse encoded position
shall also be performed with the position derived from the first protected field of previous non-
redundant messages: a coarse encoded position will be deemed redundant if it matches the
position encoded in the first protected field of a previous beacon message.

LEOSAR, GEOSAR and MEOSAR data deemed to be redundant shall not be used to determine
whether subsequent data is redundant.

3.2.4 Confirmation of 406 MHz Positions

The objective of this process is to confirm the position of a beacon on the basis of independent
information.

Doppler data always includes two sets of position data, the ‘true’ and image’ solutions which
are symmetrical relative to the trace of the orbit. Each solution i ciated with a probability
which is generally sufficient to resolve the Doppler ambignity. However, the actual
characteristics of the 406 MHz transmission are not known_lythe receiving LUT and reliable
ambiguity resolution of the Doppler solutions can only, achieved with a set of Doppler
positions from two different beacon events, or using an @gfernal source of data such as position
data encoded in the beacon message. Ambigui @solut@s is a specific type of position
confirmation; as such, the ‘true’ position is a type position, the ‘image’ position is a
type of incorrect position and an unresolved (D(ﬁ@er) &6@ on is a type of unconfirmed position.

While a DOA position does not have a t amblgulty, it is still appropriate to require
confirmation of the position as errors onﬁrmatlon of MEOLUT alert data can only
be achieved with a set of DOA posigighs fr wo different beacon events, or using an external

source of data such as position @ dded in the beacon message and received via a MEO
satellite. 0 \Q&

A beacon message Wlt% oded position data provides a unique position which may be very
accurate in most cir ances. However, since the source of that position data is not under the
control of Cospa&egr@at, errors could remain undetected and confirmation of the encoded
position via an independent source is also desirable. As several alert messages from the same
beacon received through different satellites and/or different LUTs can all originate from the same
beacon transmission and, therefore, from the same navigational data, confirmation of encoded
position data can only be provided by a Doppler position matching the encoded position from a
LEOLUT or GEOLUT or by a DOA position matching the encoded position from a MEOLUT.

Therefore, independent position information will consist of either:

a) Doppler positions obtained from two different beacon events;

b) Doppler position and LEOLUT/GEOLUT encoded position data;
C) DOA positions obtained from two different beacon events; and
d) DOA position and MEOLUT encoded position data.

The beacon position is confirmed only if two independent sets of position data match the distance
criterion specified at Annex III / B of this DDP.
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Alert data for beacons located outside an MCC’s service area will be forwarded until beacon
position is confirmed. Once the position is confirmed, an ambiguity resolution message or a
position confirmation message shall be transmitted to each MCC and/or SPOC that has the
confirmed position or a previous incorrect position in its MCC service area, or its SAR Region(s),
respectively.

3.2.5 Continued Transmission after Position Confirmation

If necessary, continued transmission of alert data after position confirmation may be requested by
an MCC.

Alert data transmitted after position confirmation should not be geographically sorted according
to the received position, but sent to the same MCC, SPOC or RCC whigh received the alert for
the confirmed beacon position or requested the continued transmissioBQ

%)

MCCs shall provide continued transmission of DOA position every 15 minutes®, based on
the time of the latest beacon transmission included in the iated alert, unless a request is
made to discontinue transmission. O

3.2.6  Exchange of Ship Security Alerts @Q OQ

N\
Ship security alerts are initiated and transmitted“Qy ves é&whose security is threatened and who
need to notify a competent authority desi db é{e flag state. The transmission of ship
security alerts is based on the country co ntaified in the beacon identification, which is then
used to route the alert to the appropria@d C )@npetent authority.

MCCs will exchange ship securit,@ferts L@’lg the formats specified in the document C/S A.002
and according to the ship secy al% tribution procedures described in Annex I/ B of this

DDFP. éo

An MCC will transg\%ship security alert only to the MCC or competent authority associated
with the country &\ . An MCC will not transmit a ship security alert to the RCC or SPOC
associated with the position of the alert.

3.2.7 Requesting Transmission of Alerts

MCCs, SPOCs or RCCs may request transmission of alerts by geographical area or
15 hexadecimal beacon identifier.

If the request is by geographical area, then the request should specify the area for which new
alerts would be provided, either as a radius in nautical miles around a position or as a rectangle
defined by two opposing corner positions.

The request should indicate the MCCs that would receive alerts for that area in real time from
their associated LUTs and take into account that some MCCs may not have associated

This interval implies a similar requirement for a minimum interval of updates between the MEOLUT and
its associated MCC at the National level. In addition, a maximum timeout is required which ensures that
MEOSAR unlocated/encoded position only data, or a DOA position before confirmation, is forwarded to
the MCC in a timely manner (e.g., 5 minutes).
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MEOLUTSs. A nodal MCC that receives a request for transmission should forward the request to
the appropriate MCCs, to ensure that the requested alerts are sent.

The requesting agency should indicate when transmissions are to be discontinued.
3.2.8  Exchange of Unlocated Alerts

When a LEOLUT or MEOLUT is unable to calculate a position for a beacon, or a beacon
message is detected by a GEOLUT, the only information available is the beacon message. If this
data does not contain an encoded position, the alert is unlocated. An unlocated alert shall be
distributed using the country code in the beacon identification for routing to the appropriate MCC
or SPOC. Unlocated alerts shall be validated at LUT and MCC level in accordance with the
applicable procedure.

MCCs will exchange unlocated alert messages using the form@b ec1ﬁed in the document
C/S A.002 and according to the alert distribution procedures ed in Annex I/ A of this

DDP.
Q

An MCC will transmit an unlocated alert message onfy)if no position information has been
received previously for the same beacon identifica @ T increase the probability of Image
Position Determination (as defined in document C@ pendlx B.2 to Annex B), multiple
LEOLUT/GEOLUT unlocated alert messages m@ e t@ itted for a beacon, provided that:

a) only one unlocated alert messagb@t@ént gg GEO satellite, and
N
b) only one unlocated alert m e 158& per LEO satellite beacon event.

3.29 Combined LEO/GE@)mQ@*g

For the purposes of leg data distribution procedures, solutions derived from combined
LEO/GEO processm&e%l be treated as LEOSAR alerts.

33 Notification of Country of Beacon Registration (NOCR) Service

e

35 MCC Communication During the D&E

An MCC shall maintain FTP over Internet (FTPV) communication links with other MCCs. In
addition, an MCC may maintain aeronautical fixed telecommunications network (AFTN)
communication links with other MCCs, on a bi-lateral basis, consistent with the authorized use of

AFTN for D&E purposes.

.
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3.11 Return Link Service (RLS)

The Return Link Service (RLS) provides notification to a 406 MHz beacon that an alert
transmitted by the beacon has been detected by a MEOLUT and distributed via the C/S MCC
network to the designated Return Link Service Provider (RLSP). This service is intended to
provide information to persons in distress about the disposition of the SAR effort, and is only
available for 406 MHz beacons coded to provide a return link.

While variations on the RLS have been envisaged, Cospas-Sarsat participation in the RLS is
limited to notification to the RLSP that a RLS capable beacon has been located (per document
C/SR.012, F.7.6.1, Type 1). Once notified, the RLSP interfaces to the Galileo ground segment
for uploading return link messages to Galileo satellites, which, in turn, download return link
messages to the transmitting beacon. Further information on the Return Efb(lk Service is provided
in document C/S R.012, sections 7.1 and 7.2. 6@

The detailed procedure for the RLS is described in Annex III / B,Kﬁ'g 1on I11/B.10.

)
e
S O

&
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ANNEXIII/ A

III/ A5 INTER-MCC ROUTING OF ALERT DATA

The receiving MCC shall route alert data (other than ship security alerts) to the MCC in which
service area the alert is located (i.e., the destination MCC) as described in Figure 111/ A.8.

Location data provided by LEOLUT Doppler processing shall not be removed or altered by a
distributing MCC, unless the Doppler location fails Doppler footprint validation. Location data
provided by MEOLUT DOA processing shall not be removed or altered&a distributing MCC.

III/ A.6 INTER-MCC ROUTING OF SYSTEM INFORMA{%

The routing of System information between MCCs is d. ’Qbed in Figure III / A.9 “System
Information Distribution”. MCCs shall route System inft tion as described in Figure 111/ A.8.

Q~O(\

1T/ A.8 MCC DATA ROUTING MATRIX Q)® S
N

All alerts that are destined for (or transit)}zan M%@that is not participating in the D&E
shall be distributed in accordance with on g\s. of document C/S R.018.

AP
@Q %
2
S
N

L&
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=
Figure 111/ A.8 : MC(@\?ta Kting Matrix (1/2)

Notes: 1) Nat.Pr. - National Procedures. * er@pment

2) All alerts that are destine (or t@lsnt) an MCC that is not participating in the D&E shall be
distributed in accordance wi ctlon .6 of document C/S R.018.
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Figure 111 / : Data Routing Matrix (2/2)

Notes: 1) Nat.Pr. - National P G)res. der development.
2) All alerts that ar ined for (or transit) an MCC that is not participating in the D&E shall be
distributed in acgo%ln e with section C.5.6 of document C/S R.018.

L&
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ANNEXIII/B

DETAILED IMPLEMENTATION OF DATA DISTRIBUTION PROCEDURES

The following sections provide detailed implementation information on selected data distribution
procedures and requirements. These procedures are agreed by the Joint Committee and apply to
all MCCs unless otherwise stated. A reference to the contents of this Annex follows:

I1/B.1 Alert Message Validation (Filtering Anomalous Data) ..........cccccceevverieenennen. 11/ B-1
[I/B.2 406 MHz Position MatChing ...........cccceevuieriieiiieiienieeieeee e 11/ B-7
I1/B.3 406 MHz Ambiguity Resolution ...........ccceeeviiieciiiiiii et 11/ B-7
II1/B.4 Procedures to Determine Better Quality Alert Data for Same

Beacon Event Position Conflicts..........cccovieeiieiienieiiieience e e 111/ B-8
[II/B.5  Detailed Procedures for 406 MHz Alert Data Distributions, (s "....c.covuvenenn. 11/ B-10
[II/B.6  Distribution of 406 MHz Beacon Registration Informatjon-"......................... 11/ B-21
III/B.7  NOCR Procedures.........cccoeeevriereerueeieeireeneeereenseese s Zhorresreereenseeseesveennens 111/ B-24
III/B.8  Distribution of 406 MHz Ship Security Alerts ..... (08" oo 1/ B-26
III/B.9  Processing and Distribution of 406 MHz Interfergrice Data ..........cccoeeneneee 1/ B-28
III/B.10  Return Link Service (RLS) Procedures......... 50 oo I/ B-xx

III/B.1 ALERT MESSAGE VALIDATION@ETLTERING ANOMALOUS DATA)

Alert message validation should be performedat eacih\MCC to prevent incorrect data from being
transmitted to other MCCs and eventually®e*RCC$ and SPOCs. The flowchart (Figure 111/ B.1)
is provided to illustrate data validation pro&edures for ease of comprehension, given the
complexity of the validation process® ThaHlowchart is intended to clarify data validation
procedures and incorporates all(the validation requirements for LEOSAR and GEOSAR of
Annex III / B. It is not intendeé\td repldee the detailed requirements provided in the remainder of
Annex III / B. The associatédalert message validation table (Table II1 / B.1) follows the logic of
the flowchart and includes'the same decision diamonds.

I/ B.1.1 AMalidation of Alert Message Format and Content

Each MCC should validate all incoming MEOSAR, LEOSAR and GEOSAR beacon alert
messages based on the format and content of the SIT message.

111/ B.1.1.1 Validation of SIT Message Format

The format of a SIT message should be deemed corrupt if:

- any message field is missing;

- the size of any message field is incorrect;

- a numeric message field contains non-numeric character(s); or

- a space or decimal point is incorrectly placed.

The resultant MCC action is defined by Table III / B.1.
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Figure 111/ B.1 : 406 MHz Alert Message Validation Flowchart
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SIT Format ACTION
Corrupt Suppress
Not Corrupt See Table 111/ B.2
Table II1/ B.1 : MCC Action Based on SIT Format
1 2 3 4 5 6 7 8 9 10 11
SF MF | 24TTE | BCH-1 PV F PDF-2 | BCH-2 EP EF D BOX

1 0 00
2 1 0 00
3 1 1 0 00
4 1 1 1 0 0 00
5 1 1 1 0 1 01
6 1 1 1 1 0 N 0 00
7 1 1 1 1 0 oo 1 01
8 1 1 1 1 1 0 L9 o 0 02
9 1 1 1 1 1 0 O 0 1 03
10 1 1 1 1 1 0 O 1 0 0 04
11 1 1 1 1 1 0 29 1 0 1 05
12 1 1 1 1 1 0 Q}\ A 1 1 0 02
13 1 1 1 1 1 o & N 1 1 1 03
14 1 1 1 1 1 1 0 0 0 02
15 1 1 1 1 1 1 0 0 1 03
16 1 1 1 1 1 1 0 1 0 0 04
17 1 1 1 1 1 1 0 1 0 1 05
18 1 1 1 1 1 1 0 1 1 0 02
19 1 1 1 1 1 1 0 1 1 1 03
20 1 1 1 ) ! 1 1 0 0 0 06
21 1 1 1 1 1 1 1 0 0 1 07
22 1 1 1 1 1 1 1 0 1 0 0 08
23 1 1 i 1 1 1 1 0 1 0 1 09
24 1 1 1 1 1 1 1 0 1 1 0 06
25 1 1 1 1 1 1 1 0 1 1 1 07
26 1 1 1 1 1 1 1 1 0 0 10
27 1 1 1 1 1 1 1 1 0 1 11
28 1 1 1 1 1 1 1 1 1 0 0 12
29 1 1 1 1 1 1 1 1 1 0 1 13
30 1 1 1 1 1 1 1 1 1 1 0 10
31 1 1 1 1 1 1 1 1 1 1 1 11

Table I11/ B.2 : 406 MHz Alert Message Validation
Legend — Flowchart abbreviation equivalence
SF: Equivalent to diamond: <"Pass SIT Format? Table III/B.1">: (0=No / 1=Yes)
MF: Equivalent to diamond: <"Pass Message Field? Table I1I/B.2">: (0=No / 1=Yes)
24TTE: Equivalent to diamond: <"Pass 24h TTE Validation? Sec I1I/B.1.2">: (0=No / 1=Yes)
BCH-1: Equivalent to diamond <"Number of Uncorrected BCH-1 errors=0?

Table I1I/B.3">: (0=No /1=Yes)

PV: Protocol Validation (0=Fail / 1=Pass)
F: Format (0=Short / 1=Long)
PDF-2: Equivalent to diamond <PDF-2 is Not Truncated?>: (0=No / 1=Yes)

BCH-2: Equivalent to diamond <Number of uncorrected BCH-2 errors=0?>: (0=No / 1=Yes)
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EP:
EF:

Note:

Encoded Position (0=No / 1=Yes)

LEOSAR/GEOSAR Encoded Location in Footprint (0=No / 1=Yes)

Valid Doppler Locations. Equivalent to Diamond <D=TRUE? >:

(0=No/ 1=Yes). If YES, the flag means that there are Doppler locations available, and both
Doppler locations are inside satellite footprint, if NO, it is otherwise.

If a test is irrelevant in a particular context (e.g. the BCH-2 test for Short Format Messages [F=0]) then
the cell in the table is shaded.

III/ B.1.1.2 Validation of SIT Message Field Content

Some message fields are essential to MCC alert processing. Each MCC should validate the
contents of these fields. The contents of the message fields can be validated against
allowable values defined in documents C/S A.002 or C/S T.001. sage Fields 2, 4, 6, 8,
10, 12, 13, 14, 21, 25, 26, 27 and 31 should be checked st the range of values
contained in Table B.1 of C/S A.002. Table III / B.3 deﬁrﬁ‘ resultant action of the

validation process. &%
f\@
NY Data Contents
Message Field O,_Q ccording to C/S A.002, Table B.1)
1N IdRange Out of Range
2,4,6,8,10,12, 13, 14, 21,25, 26, 27 and 31 o‘fJ L Process Suppress
Other SIT Fields Yo (‘ﬂ‘ Process Process

Table 11 / B.3: MCC Actl@%asi&n Message Field Content

Alert messages shall not be su ss@ed on out-of-range values unless the message
field is contained in the abov, 0

111/ B.1.1.3 406 MHbﬁggcon‘@ersage Validation
incoming 4 z alert messages from MCCs and LUTs to ensure that the 406 MHz

beacon messdge (message field 23) is valid. If the first protected field (bits 25 - 106)
contains any uncorrected BCH errors, then the MCC shall:

In addition /%‘g’%ove validation, each MCC should perform a BCH check of all
0

a)  match for the “same beacon Id” based on bits 26 — 85 of the 406 MHz Beacon
Message with no bits defaulted;

b)  perform no other processing based on any portion of the 406 MHz Beacon Message;
c) distribute the alert based on Doppler/DOA position only; and

d)  not distribute the data if there is no Doppler/DOA position.

In addition, when the first protected field has no BCH errors, each MCC should compare
the beacon message contents against a known protocol specification. Specifically, the
following items in the protected field(s) should be validated against C/S T.001:

- country code,

- user protocol,

- Baudot characters,

- supplementary data field,
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binary coded decimal fields, and
encoded latitude and longitude.

A 406 MHz beacon alert message fails when one or more of the conditions in
Table 111 / B.4 below are met.

Item to Check Bits Fail if:

Country Code Not Allocated Decimal Value < 200 or > 780

27-36 or

not allocated between 200 and 780

User Protocol Bit26=1

37-39 and

Bits 37 -39 =101

Serial User Protocol Bit26=1

40 - 42 and

Bits 40 - 42,401 or 111
Is,lrfgci‘l’rmat Location 25-26 Bit 25 _@and Bit 26-0
RLS Location Protocol 41-42 Bit 25 = 1 andB1t26 = 0 and bits 37-40 = 1101
O Bits41-42=11
Standard Location Ship 61 — 64 i#25 = 1 and Bit 26 = 0 and
Security Protocol Bits37= 40 = 1100 and Bits 61 - 64 = 0000
Maritime User or ®\ ) N \\ Bit 26 = 1 and
Radio Call Sign 82-83 %) $37-39=0100r 110
_\Q ,.,\ d Bits 82 - 83 are non-zero
Unallocated Location (b“ﬂ AU Bit26=0
Protocols 37-40 \<\ *& and
X \Q) Bits 37 - 40 = 0000, 0001, or 1001

Modified Baudot Code Var@‘ \(07 Unassigned Baudot Character
Binary Coded Decimal des Decimal Value for Four

R

Bit Group > 10

Encoded Latitude and ‘DV Variesw Encoded Latitude > 90 or
Longitude b» Encoded Longitude > 180
Supplementary Data ~ + 6 Bit 26 =0 and
(Standard LocationK Is) 107 - 110 Bits 37 - 40 = 0010, 0011, 0100, 0101, 0110, 0111 1110,
and Bits 107 - 110 # 1101
(Sf“pcfleénimart.y Dagﬁ. Bit 25 = 1 and Bit 26 = 0 and
eare ~ovaton Sup 107 - 110 Bits 37 - 40 = 1100, and Bits 107 - 110 # 1101
Security Protocol)
Supplementary Data Bit 25=1 and Bit 26 =0, and
(National Location 107 - 109 Bits 37 - 40 = 1000, 1010, 1011, 1101 or 1111, and
Protocol, Long) Bits 107 - 109 # 110
Bit 25 =1 and Bit 26 = 0, and
Supplementary Data (RLS 107 - 109 Bits 37-40 =1101, and

Location Protocol, Long)

Bit 107 —-109 = 110

Table 111 / B.5: Protocol Validation for 406 MHz Alert Messages
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If the 406 MHz beacon fails any condition in Table III / B.4, then the MCC shall:

a)  match for the “same beacon Id” based on bits 26 — 85 of the 406 MHz Beacon
Message with no bits defaulted;

b)  perform no other processing based on any portion of the 406 MHz Beacon Message;
c) distribute the alert based on Doppler/DOA position only; and
d)  not distribute the data if there is no Doppler/DOA position.

If the second protected field (bits 107 - 144) has uncorrected BCH errors, then no
processing shall be based on any portion of this field, except for the Supplementary Data
Bits as defined in Table I1I / B.4.

é@

%)

II1/ B.1.4 Encoded Position Footprint Validation @.K@
Each MCC shall implement the algorithm for detem;@Qg if the encoded position is inside
the LEOSAR or GEOSAR satellite footprint #Othe time of detection (MF#14 per
C/S A.002) as per Figure B.2 of the Cospas- €G Standard Interface Description,
C/S A.002 document. If the encoded posm(@ co %&wely outside the footprint then no
processing shall be based on the encoded tlo A\

MCC:s are not required to validate a@&ed @)’&sltlon from MEOSAR satellites.

(\ \"0

III1/B.2  POSITION MATC G >

Position matching is the c@arlson z)?the computed distance between two beacon positions and
i iteri used to decide if two positions should be considered operationally as

a set distance criterion. It
a unique beacon pogifion or as separate beacon positions. The matching process can include
other technical paf&p ters.

Matching criteria are necessary to determine if two sets of independent position data should be
regarded as corresponding to the same beacon position. Such matching criteria are used, for
example, in the ambiguity resolution process to determine whether two Doppler positions from
two independent beacon events, or an encoded position and a Doppler position, are sufficiently
close to determine which Doppler position is the “true” position and which is the image or
incorrect position(s). Matching criteria are also used, before position confirmation, to decide if a
separate alert message should be transmitted for a beacon when a new position is at a distance
from any previously received position greater than the distance separation defined by the
matching criteria.

The points listed below concerning the matching of positions apply to the matching criteria
distance to be used by MCCs:

a)  for Doppler to Doppler matches and Doppler to encoded matches, the distance match
criterion to be used for position confirmation and for position conflict determination shall
be the same;

b)  the Doppler to Doppler distance match criterion shall be 50 kilometres;
c) the Doppler to encoded distance match criterion shall be 50 kilometres;
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d) the encoded to encoded distance match criterion shall be 3 kilometres;
e) the DOA to DOA distance match criterion shall be 10 kilometres;

f) the DOA to encoded distance match criterion shall be 10 kilometres;
g)  each of the above distance match criterion shall be configurable;

h)  in the match process, the “best” match shall be used to confirm position when multiple
candidate positions meet the match criterion; however

1) if both pairs of Doppler positions meet the match criterion prior to position confirmation
for different satellite passes, this is deemed an Unresolved Doppler Position Match, and:

(i) position shall not be confirmed from either pair of Doppler positions,

(i1) other pairs of positions shall remain eligible to confirm position, even if the “best”
distance match was between ineligible Doppler positions;

1) the distance between positions shall be computed independent ofjaltitude (which may be
provided for DOA positions).

I1I1/B.3  POSITION CONFIRMATION

Position confirmation is the process by which the beacofi-p0sition is confirmed by data from an
independent source. This is achieved by the matching{of Doppler position data from two unique
LEO satellite passes (beacon events), the matchitfg of ‘e€ncoded position data with Doppler
position data from a LEO satellite pass, the matching of DOA position data from two different
MEOSAR beacon events, the matching of erfeoded position data with DOA position data or by
using operational criteria. Details on positiof¥matching are provided in Annex II1/ B.2.

Position confirmation is necessary peeause sbme uncertainty exists in the determination of a
unique beacon position when position infofghation is available from only one data source - either
an encoded position, a DOA pesition from a single MEOSAR beacon event or Doppler positions
from a single LEO satellite pass. This uncertainty can be resolved by successfully matching
position data from at least two independent beacon events.

Two separate inputs ‘with encoded position only cannot be considered as independent beacon
events. However, position confirmation can be achieved with Doppler position and encoded
position from a single LEO satellite pass or DOA position and encoded position in a single
MEOSAR beacon event.

Based on the principles above, the following rules concerning position confirmation notifications
apply between MCCs:

a)  alert data shall be transmitted between MCCs until position is confirmed;
b)  all MCCs shall provide position confirmation notification;

c)  MCCs shall send a position confirmation notification to each MCC that has the resolved
position or a previous incorrect position in its service area;

d) LEOSAR and GEOSAR alert data will not be transmitted between MCCs after position is
confirmed unless an MCC requests continued transmission;

e) MEOSAR alert data will be transmitted between MCCs after position is confirmed unless
the destination MCC (i.e., the MCC with the confirmed position in its service area) requests
that transmission be discontinued; and

f)  an MCC requesting continued transmission after position confirmation should co-ordinate
its request with the appropriate MCC(s).
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II1/B4 PROCEDURES TO DETERMINE BETTER QUALITY ALERT DATA FOR
SAME BEACON EVENT POSITION CONFLICTS

111/ B.4.1 Introduction

A position conflict exists when an alert is received at an MCC and the position data fails to
match (see section III / B.2 above) any previously received position data for the same
beacon. The filtering procedure detailed below should be used by MCCs for filtering
Doppler position conflict alerts for the same beacon event when position confirmation has
not been achieved, or continued transmission has been requested.

The purpose of the filtering procedure is to minimise the distribution of alert messages
containing “poor” quality Doppler position data. If a new alert with Doppler position
conflict is for the same beacon event as previously received data, additional checks can be
performed to determine if the new Doppler position data is of b quality than previously
received Doppler position data and should be transmitted, or ipf poorer quality and can be
deemed redundant. If the relative quality of the Dopple 1itions cannot be determined,
then the new data should be transmitted. The proce ow ensures that “good” data
will not be suppressed while limiting the amount of eous data distributed to RCCs and
SPOCs.

111/ B.4.2 Position Conflict Procedure Q)® %\
AN
“AIR\4

X
‘Q <@

(\\"b
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II1/B.5 DETAILED PROCEDURES FOR ALERT DATA DISTRIBUTION
111/ B.5.1 Analysis and General Representation of Alert Data Processing

Alert data received by a Cospas-Sarsat MCC, either from its associated LUTs or from
another MCC, must be forwarded to a MCC, a SPOC or a RCC if it contains ‘new’
information useful to SAR services. The alert data distribution process consists of a set of
rules commonly used by Cospas-Sarsat MCCs for deciding whether new input data
concerning a particular 406 MHz beacon ID contains ‘new’ information. It is based on a
number of parameters (defined in the document C/S G.004 ‘Cospas-Sarsat Glossary’) and
matching rules (defined in this document), which include:

- the definitions of ‘beacon events’, ‘position confirmation’ and ‘position conflict’; and

- the definition of distance criteria for matching Doppler, DOéand encoded position

data. GQ

However, these basic rules and the variety of position available in 406 MHz alert
messages create a large number of possible combinatigh$ which need to be thoroughly
analysed to ensure the consistency of the alert da]@ stribution process throughout the
Cospas-Sarsat MCC network. S

N\
In order to implement this data distributigg%ces \@ ‘position information content’ of
each valid incoming alert message (refe to %nput’ or ‘I’ in this Annex) must be
compared with the information aqu@ tra ted concerning the same beacon ID.
Therefore, the history of all data ai@a trafismitted must be preserved. For each beacon
ID, that history can be summari n tus word’ (Sw). Input and Status words are
both characterised by the type osi&nformation (received in the input or transmitted
in previous messages). S@ilarl [S&he ‘action(s)’ resulting from the process (i.e. the
message to be transmi 1ts\§|§pat and recipients) can be summarised in an ‘Action
word’ (Aw) and ch rised by the type of position information to be forwarded, taking
also into account &ition data already distributed. The functional relations between
‘Input’, ‘Status A > and ‘Action word’ in the process are summarised in Figure 111/ B.2.

3 > —» Output:
— Process | Awg [T >idata |
1, = Input Swy > / i

Sw,, = current Status word
Aw,y = Action word Sw[*
Swyq = new Status word

Figure 111/ B.2 : Alert Data Processing Concept
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111/ B.5.2 Definition of Input, Status and Action Words

The possible combinations of position data which characterise an input (I), the current
status (Sw) or the resulting action (Aw) of the process concerning a given beacon ID, are
described in Figure 111/ B.3. No other combinations of the type of position data are
allowed and the possible position information contents of I, Sw and Aw are summarised in
the last column.

Figure 111/ B.3 : Definition of the Input, Status and Action Words for 406 MHz Alerts

Input Type of position data Status | Action Comments
word word
No DOA Encoded DOA Dop./DO Position Information
Position Doppler Position Doppler A&E 6 Content
Data Positions Data Pos. Positions @
Matched le
)
- 0 0 0 0 0 S@ Aw, No message received
@ or sent
I 1 0 0 0 0 é>QSW1 Aw, Unlocated alert
L 0 1 0 0 (\ Q\Vz Aw, | Dopplet/DOA
<" . \O positions only
& o
Iz 0 0 1 0 %\Q (b& Sw; Aw; Encoded position only
L, 0 1 1 \((b ,&% Sw, Aw, | Doppler/DOA
\ 5@ & E positions all
@Q \(b~ Unmatched
Is 0 1 § % 0 Sws Aws Doppler/DOA only
0 @ Position confirmed.
Is 0 1 éo 1 1 0 Swi Awg Doppler/DOA pos.
’\% (position confirmed)
,QQ + E pos. unmatched
I; 0 1 1 1 1 Sw; Aw, Resolved positions
(Doppler/DOA & E
matched)
Notes: - The Input word ( 1) is specific to each individual input and independent of the origin of the data (e.g.

another MCC or the LUTs associated with the receiving MCC).

- The Status word (Sw) summarises all previous inputs and actions in respect of a
particular beacon ID. Sws, Swe and Sw; are functionally equivalent in the process since
no further transmissions are required after position confirmation. However, the
distinction between the various position information contents after position confirmation
is relevant for the Input and Action words.

- The Actions to be carried out as a result of the process depend on the Input / Status
combination, but also on the results of comparisons (matching tests) between ‘old’ and
‘new’ position data received by the MCC, as shown in the matrix (Figure 111/ B.3). The
selected Action word is also used to define the message format to be sent and, before
position confirmation, characterises the new status associated with that beacon 1D after
completion of the selected Action (i.e.. Aw; —> Swj).
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II1/B.5.3 Process Matrix for Alerts

The process is summarised in Figures 111 / B.4.1 and I1I/ B.4.2 which define, for each Input
/ Status combination, the possible output (Action words), the corresponding SIT message
numbers (to be used if the new data in the Input has to be forwarded to another MCC,
outside the processing MCC service area) and the appropriate recipient(s) of this
information, as determined by the geographic sorting of position data. These figures do not
describe the distribution of NOCR messages and RLS messages.

III/B.5.3.1 Processing Before Position Confirmation (Swy, Sw;, Sw,, Swi, Swy
Status)

The process is quite simple when no data was previously received for the beacon ID in a
new Input (Status Swy), or when the previously received alert(s) foéhat ID did not include
any position information (Status Swy). 6@

However, as shown in Figures III/B.4.1 and III / B. @Qz{ number of Input / Status
combinations may result in several possible Actions. Tis occurs when a number of alert
messages have been received prior to the new input the available position data did not
satisfy the matching criteria for ambiguity resolutfah. The new position data in the input

message must then be compared with all positj reyiQusly received for the same beacon
ID, and these matching tests can lead to erent\Actions. The position information
content of each possible Action is used to'Glect ppropriate Action word as illustrated
in the special algorithm described in @ﬁon 4 (Figures 111/ B.5, 111/ B.6, 111 / B.7 and
111/ B.8). Q S

2

@Q 4
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Figure 111/ B.4.1: Processing Matrix, Message Formats and Distribution of 406 MHz LEOSAR/GEOSAR Alerts
Il 12 I3 I4 IS 16 I7
(no position data) (A / B Doppler positions) (Encoded only) (A / B/ E unmatched) (Confirmed Doppler) [(Conf. D + E unmatched)| (Confirmed D and E)
Aw SIT Dest | Aw SIT Dest | Aw SIT Dest | Aw SIT Dest| Aw SIT De?&QJAW SIT Dest | Aw SIT Dest
Swy | Aw; 122 C Aw, 125 AB |Aw; 122 E | Aw; 126 ABE| Aws 127 9% Awg 127 R | Aw; 127 R
Sw; | Awy - - Aw, 125 AB |Aw; 122 E | Aws; 126 ABE Awsﬁv R |Awg 127 R |Aw; 127 R
Aw, 122 C 1%5)
QS
Aws 127 RI |Aw, 124 RI |Aw, 127 RIQ} A
Sw, | Aw, - } Awg - - |Aws 123 E | Awg 127@1 A¥GN127  RI Awg 127 RI | Aw; 127 RI
Aw, 126 AB Aw, 12 E @
Aw, 125 AB > $
2 S CaY
Aw; 127 Rl |Aw, - - A 127 Aw; 127 RI | Aw; 127 RI | Aw; 127 RI
Sws | Awo - " | Aws 126 AB |Aw; 123 E @, ,1\2\& ABE | Aws 127 RI | Aws 127 RI
Aw, 127 RI |Aw, 124 %Q‘Aw ©7 R [Aw, 127 RI |Aw, 127 RI |Aw, 127 RI
Awg 127 Rl |Aw, - OC)— A@ 127 RI | Awg 127 RI | Awg 127 RI
Swy | Awo - - | Aw, - - |Awy 1@) E [Awy - -
Aw, 126 AB | D Aw, 126 ABE
Sws o ] ] Cty - - 1o - - Cty - - Cty - - Ct - - Cty - -
Swe 0 Ct, 126 RD |Ct; 123 RD | Cty 126 RD | Cts 127 RD | Ctg 127 RD | Ct; 127 RD
Sws Cts 127 RD |Ct;, 124 RD | Ct; 127 RD
Notes:.JC-23/Annex 4.
I; = Input B =B Doppler position E = Encoded position
A = A Doppler position I = Incorrect previous position(s) C = Country code destination
R = Confirmed position SIT = Subject Indicator Type / Ct; = Continue transmission
Dest = Destination of SIT message (standard message format) RD = Requesting destination

Sw; = Status word Aw;= Action word



E -26 C/SR.018 - Issue 2 - Rev.1

October 2013
Figure 111/ B.4.2: Processing Matrix, Message Formats and Distribution of 406 MHz MEOSAR Alerts
Il I? I’; 14 Iq Iﬁ I7
(no position data) (DOA position) (Encoded only) (O / E unmatched) (Confirmed DOA)  |(Conf. D + E unmatched)| (Confirmed D and E)
AN
Aw SIT Dest | Aw SIT Dest | Aw SIT Dest | Aw SIT Dest | Aw SIT De&t >’QN SIT Dest | Aw SIT Dest
Swo | Aw; 142 C Aw, 145 O [(Aw; 142 E | Awy 146 OE | Aws 147 O\®0 Awg 147 R | Aw; 147 R
o
Sw; | Awy - - Aw, 145 O |Aw; 142 E |Aw, 146 OE |Aws 1) R |Aws 147 R |Aw, 147 R
%\‘r
Aws 147 Rl |Aw; 144 RI | Aw; 147 RI Q
p.
Sw, | Aw, - ) Aw, - - |Awy, 143 E | Awg 147 F%Q)Awé\&7 RI | Awg 147 RI | Aw; 147 RI
Aw, 146 O Aws 146 NOE |
Aw, 145 O o2 \\Q
\
Aw; 147 RI |Aw, - - 1A 7 @* Aw; 147 RI | Aw; 147 RI | Aw; 147 RI
Sws | Awy - - \)
Aw, 146 O |[Aw; 143 E A@ 1@ E [ Aws 147 RI [ Awgs 147 RI
Y4 N
Aw; 147 Rl |Aw; 144 R ‘\Aw7 @7 RI [ Aw; 147 RI | Aw; 147 RI | Aw; 147 RI
Awg 147 Rl |Awy, - 00 147 RI | Awg 147 RI | Awg 147 RI
Swy | Awg - - | Aw, - - | Aw, 180 E | AW, - -
Aw, 146 o & Aw, 146 OE
Aw, 145 O \S
L
Sws . Cto - - Cto - - Cto - - Cto - - Cto - - Cto - -
Swe o ) Ct, 146 RD |Ct; 143 RD | Ct, 146 RD [ Cts 147 RD | Ct, 147 RD | Ct; 147 RD
SWr Cts 147 RD |Ct 144 RD | Ct; 147 RD
Notes:
I; = Input Sw; = Status word Aw; = Action word
O =DOA position E = Encoded position C = Country code destination
R = Confirmed position I =Incorrect previous position(s) Ct; = Continue transmission

Dest = Destination of SIT message SIT = Subject Indicator Type/(standard message format) RD= Requesting destination
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III/B.5.3.2 Processing After Position Confirmation (Sws , Swg , Sw; Status)

After position confirmation, the distribution of input MEOSAR alert data is normally
continued, and the distribution of input LEOSAR and GEOSAR alert data is normally
discontinued unless continued transmission is specifically requested by a SPOC or an
MCC. If continued transmission is enabled, a different processing logic must be
implemented since the initial objective of increasing the position information content to
obtain a confirmed position has already been achieved. To reflect this different approach,
the new ‘Actions’ are identified in the matrices as Ct; (see Figures 111/ B.4.1, 111/ B.4.2,
and III/ B.8).

All input position data is compared to the last confirmed position processed by the MCC, in
accordance with the usual processing criteria. The confirmed positzen may be formed from
a merge of matching positions, which may be based on a weightifdg Tactor assigned to each
matching position. If the process results in an Action diffe from Cty (redundant data
not to be distributed), the input position data is sent to t estination(s) which requested
the continued transmission (for the LEOSAR/GEOSAR»and MEOSAR systems) or the
destination in whose service area the position is confirred (for the MEOSAR system).
)
Notes: ‘(\

The suffix of Inputs (I words), Actions (CQ}% s (Sw) remain consistent with the
definitions of Figure III / B.3, although thége is actical differences between the three
Status words (Sws, Swe, and Sw) in S of essing after position confirmation in the
specified procedure. \(\ K

Although Figures 111/ B.4.1 ar@g\l 11/ B\& indicates several p0351ble outcome for all Inputs
but one after position co t@a‘uo %nly one comparison is performed between the new
position data in the @mown confirmed position. Therefore, the outcome is
always unamblguoué&o pridrity rule’ is required.

111/ B.54 \&%&lal Processing Procedures
II1/B.5.4.1 Tests and Flag Setting for Special Processing Procedures

a)  Before position confirmation, five flags may be positioned to determine the output of
an In / Swp combination which requires special procedures:

DEM = Doppler / DOA to Encoded positions Matching flag : set to “1” if a
Doppler or DOA position and an Encoded position match the distance separation
criterion (and other criteria as may be required) and set to “0” otherwise. However,
in some Input / Status combinations this flag has no relevance, for example, if the
Input is the I, type, containing only Doppler or DOA position data. In such cases the
DEM flag is assumed to be set to default value “0”.

In the DEM test, the E position is compared to all previously received Doppler/DOA
positions or the confirmed D (Doppler/DOA) position. Alternatively, the A / B
Doppler positions or DOA position of the Input are compared with any E position
previously received at the MCC. A correct match with one solution of a Doppler
location or the DOA position is sufficient to achieve position confirmation. It also
provides very reliable information since the D and E data are totally independent.
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SBE = the ‘Same Beacon Event’ flag is to be set for each matching test as follows:

SBE set to “1” if, for the same Beacon ID, previous A / B Doppler positions to be
compared with Input are from same satellite and same TCA + 20 minutes.

Otherwise, SBE set to “0”.

The SBE flag is used only in relation with the Doppler to Dopplerposition matching
tests. It has no relevance for DEM or EEM tests and is assumed to be set to the
default value “0” in such cases.

DBE = the ‘Dependent Beacon Event’ flag is to be set for each matching test as
follows:

DBE set to “1” if, for the same Beacon ID: 6
<
a) prior to position confirmation: 6

1. the unique set of satellites used to c \e the new DOA position is not
contained in (or does not contai &mque set of satellites used to
compute a previously sent DOACposmon and every portion of the time
period associated with the newh DOA _y0sition (i.e., the time from the first
to last burst used to comp e &OA position) is within 2 seconds
of some portion of the tﬂ@ per&du?ssociated with a previously sent DOA
position; or

ii.  the unique se sate used to compute the new DOA position is
contained 1n® ) the unique set of satellites used to compute a
previous] t D@posmon and the time of the latest beacon burst used

to cor@@& tl@é‘w DOA position is within 30 minutes of the time of the

lat& acon burst used to compute the previously sent DOA position; or

b) afte(ﬁcsﬂlon confirmation, the time of the latest beacon burst used to compute

D

OA position is within 15 minutes of the time of the latest beacon burst
used to compute a previously sent DOA position.

Otherwise DBE =0

DDM = Doppler to Doppler and DOA to DOA positions Matching flag: set to “1”
if two Doppler positions or two DOA positions match the distance separation
criterion (and other criteria as may be required) and set to “0” otherwise. For an
Unresolved Doppler Position Match (as specified in Annex III /B.2) set to “0”.
However, in some Input / Status combinations this flag has no relevance, for
example, if the current status is Swj (previous alert data received at the MCC contain
only encoded position data). In such cases the DDM flag is assumed to be set to
default value “0”.

EEM = Encoded position / Encoded position Matching flag : set to “1” if two
encoded positions match the distance separation criterion (and other criteria as may
be required) and set to “0” otherwise. However, the EEM test is relevant only in a
limited number of cases (e.g. for the processing of I; type Inputs (E position only) in
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a Sw; context (only E positions were previously received)). In all other situations the
EEM flag should be set to its default value “0”.

PQF = Poor Quality Flag : The Poor Quality Flag is used in conjunction with the
DDM test only, when a position conflict exists between Doppler positions for the
same/dependent beacon event (SBE = 1 and DDM = 0). In such cases, parameters
characterising the quality of the position data are tested to determine whether the new
data provide a better quality position.

PQF is set to “1” if the new position data is of inferior quality than the data
previously processed by the MCC for the same/dependent beacon event. The new
data should then be considered as redundant.

PQF is set to “0” if the new position data is of better quality than the data previously
processed for the same/dependent beacon event, or if the relative quality of the new
versus the old position data cannot be determined. PQF t to “0” for DOA to
DOA position matches. If PQF is set to “0”, the new d ould then be forwarded
as a position conflict alert.

SRF = Send Redundant Flag : SRF is used prior to position confirmation, to
determine if a dependent beacon event MEO%& lert should be transmitted. SRF is
set to “1”, prior to position confirmation, i time of the latest beacon burst used to
compute the new DOA position is mor&’than inutes from the time of the latest
beacon burst used to compute all p@%usl&@g\t DOA positions. Otherwise SRF is

set to “0”.
9 AQ
b)  After position confirmati ,\Q} c ed transmission of alerts for a particular
beacon ID is enabled, the in¢iples apply, but input Doppler or DOA position
is compared for redu t*only with the confirmed (R) position previously
processed by the and 11"additional information is forwarded to the recipient of

the confirmed p @t)on daf@)(no additional geographic sorting is performed using the
new position or to the requesting MCC/SPOC.

In thi@%{t, the DDM test is reinterpreted as a DRM test (Doppler or DOA to
Confirmed position Matching). Input encoded position is compared for redundancy
test with the confirmed (R) position previously distributed by the MCC only if there
is no previous encoded position. The SBE and PQF tests are unchanged in their
definition. The DEM test is not applicable after position confirmation.

III1/B.5.4.2 Selection of the Relevant Action in Input / Status Combinations with
Multiple Outputs

When the I / Sw combination leads to several possible actions, it is essential to clarify
which Action in the sequence supersedes others and should be completed. The logic to be
followed in this selection is always that:

Actions enhancing the ‘position information content’ of the alert to be forwarded by the
MCC should have overall precedence (Aw; > Awg > Aws > etc.) provided the ‘position
information content’ (or suffix) of the Action word is superior to the suffix of the current
Status word; and

Action Aw, (which means that the same data as in the Input has already been processed)
has precedence over an Action which has same ‘position information content’ as the
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current Status (in Swy status, Awy > Awy). This rule reflects the fact that the Input is
redundant, i.e. the Input matches all the characteristics of at least one set of data previously
received, and all other matching tests have failed to enhance the ‘position information
content’ of the possible output.

III/B.5.4.3 Definition of Special Processing Matrices

Special processing matrices are defined for each Status of the process to clarify the
implementation of the test sequence to be performed for each possible input data. The
Input / Status combinations which have a unique output Action (see Figures 111/ B.4.1 and
II1/B.4.2) are not repeated in the special processing matrices shown in the following
sections.

Notes:
Shaded cells in the ‘Input’ columns correspond to flag combgaittions which are not
applicable for the particular Input / Status combination. %

The default value for all flags is “0”. If a test is irrelevant i&articular context (e.g. in the
Sw, status, DEM =1 and DDM =1 means the P est is irrelevant) then the
corresponding flag is set to “0” and the cell in the ix is shaded. The flag column is
entirely shaded if the corresponding test is inapplic r all inputs in the Sw context (e.g.
the EEM column in the Sw; status).

An “X” indicated in the flag column meaq&( g Values are possible, but the actual
flag value does not affect the output ction efore the test can be ignored in this
context).

II1 / B.5.4.3.1 Sw, Special Pr&&n&@‘trlx

Doppler or DOA p0s1t10 @ ﬁgme beacon ID have already been processed by the
MCC which receives tb(pew infut

Since no encode osmon has previously been received, the EEM test is irrelevant (see
shaded colu imilarly, the PQF test is irrelevant when a DEM test or a DDM test
show a succe 1 match (DEM =1 and / or DDM =1).
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Figure I11 / B.5.a : Special Processing for Sw, Status for LEOSAR/GEOSAR Alerts

DEM SBE DDM PQF EEM L I I
[A/BI [E] [A/B/El
[0] [0/E]
1 X 1 0 0 Aw,
1 X 0 0 0 AW7 AW7
0 1 1 0 0 Aw, Awy
0 1 0 1 0 Aw, Awy
0 1 0 0 0 AW2 AW4 AW4
0 0 1 0 0 Aws Awg
0 0 0 0 0 Aw, Aw& Awy
Aws Awp @) Aw;,
Aw priority if multiple matching tests are required || > Aw, &ml > Awg
> AW2 > AW4
52

Figure 111/ B.5.b : Special Processing for Swz,@us for MEOSAR Alerts
7o)

DEM DBE DDM PQF EEM SR$ {z\ I; 1,
@ ’\Q/B] [E] [A/B/E]

\(‘) \6 [0] [0/E]

1 X 1 0 0 (0§> OAQ’ Aw;
1 X 0 0 X xg}a Aw, Aw,
0 1 1 0 @ 0 ¢ o Aw, Aw,
0 1 1 é(\ *@' 1 Aw, Awy

O7 P
0 1 0 &D 1 0 0 Aw, Awy
0 1 . 1 0 1 Aw, Awy
\%

0 1 &:(\o 0 0 0 AW, Aw, Aw,
0 1 0 0 0 Aws Awg

0 0 0 0 0 Aw, Awy Awy

Aws Aw; Aw;
Aw priority if multiple matching tests are required > Awy > Awy > Awg
> AW2 > AW4

111/ B.5.4.3.2 Sw; Special Processing Matrix

An ‘E’ (encoded) position for the same beacon ID has already been processed by the MCC
which receives the new input I;, but no Doppler or DOA position data were received.

Therefore, the Doppler / Doppler and DOA / DOA matching tests, and the associated
SBE/DBE and PQF tests, are irrelevant in this Status (columns SBE/DBE, DDM and PQF
are shaded).
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Figure 111/ B.6 : Special Processing for Sw; Status
DEM | SBE/D | DDM PQF EEM I, I; Iy Is Is
BE [A/Bl [E] [A/B/El [D] [D+(E)]
[0] [0/E]

1 0 0 0 1 Aw, Aw;

1 0 0 0 0 AW7 AW7 AW7 AW7

0 0 0 0 1 AWO AW4 AW6

0 0 0 0 0 Aw, Aws Awy Awg Awg

Aw priority if multiple matching tests are required || Aw; Awy Aw, Aw, Aw,
> AW4 > AW3 > AW4 > AW6 > AW6

111/ B.5.4.3.3 Sw4 Special Processing Matrix

Doppler or DOA positions and encoded position data for the s &?Jeacon ID have already

t no Doppler / Doppler,
Doppler / encoded, DOA / DOA or DOA / encoded pos{fbn matching tests have been
successful.

been processed by the MCC which receives the new 1np

QQ

Figure 111/ B.7.a : Special Processing for Sw@tus &Q\LEOSAR/GEOSAR Alerts

DEM SBE | DDM | PQF | EEM \ég 6\'3 I, Is I
[X/BI Q'} [E] [A/B/EI[O/ (D] [D+(E)]
4 [O] A E]
1 X 1 0 th(\ \@}7 Aw, Aw, Aw,
QO o
1 X 0 0 D0 ~ N Aw, Aw, Aw, Aw, Aw,
R
0 1 1 @) ‘Q\}’ Aw, Awg
0 1 1 % > 0 0 AWO AW4 AW6 AW6
X
0 | ,&‘Q 1 1 Aw, Awg
0 1 0 1 0 Aw, Aw, Awg Awg
0 X 0 0 1 Aw, Awy Awg
0 X 0 0 0 AW4 AW4 AW4 AW6 AW6
0 0 1 0 1 AW6 AW6
0 0 1 0 0 Awg Awg Awg Awg
Aw priority if multiple matching tests are required || Aw, Aw, Awy Awy Awy
> AW6 > AWO > AW6 > AW6 > AW6
> AWO > AW4 > AWO
> AW4 > AW4
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Figure II1/ B.7.b : Special Processing for Sw4 Status for MEOSAR Alerts

DEM DBE DDM PQF EEM SRF I, I I, Is Is
TA /Bl [E] [A/B/E] [D] [D+(E)]
[0] [0/E]
1 X 1 0 0 0 AW7 AW7 AW7 AW7
1 X 0 0 0 0 AW7 AW7 AW7 AW7 AW7
0 1 1 0 1 1 Awy Awg
0 1 1 0 0 1 AW2 AW4 AW6 AW6
0 1 1 0 0 0 AW() AW4 AW6 AW6
0 1 0 1 1 1 QQW4 Awg
)
0 1 0 | | 0 %® Awo Awg
0 1 0 1 0 1 AW2 @ AW4 AW6 AW6
3N
0 | 0 1 0 0 1}@% AW, Awg Awg
O\
N\ \¢
0 X 0 0 1 0 ®® 6\0 Aw, Aw, Awg
O

0 X 0 0 0 (g’c &@K Aw, Aw, Awg Aw,
0 0 1 0 1 ‘(\0 ’K Aw, Aw,
& Y 6 6

0 0 1 0 Q}‘ Awg Awg Awg Awg

N\
Aw priority if multiple matchingo are \sed Awy Aw, Aw, Aw, Aw,
> AW6 > AWO > AW6 > AW6 > AW6
6 > Awy > Awy > Aw,
’\% > Awy > Awy
«Q > AWz

111/ B.5.4.3.4 Special Filtering Matrix After Position Confirmation

It is assumed that continued transmission is enabled, otherwise no action should be taken

when receiving new alerts for the particular beacon ID under consideration.

The filtering procedure after position confirmation is as follows:

- the Doppler or DOA position data received in the new input is compared only
to the confirmed position (R) used for reference (i.e. the DRM test replaces the

DDM test);

- the encoded position data received in the new input is compared to previous
encoded position, unless there is no previous encoded position, in which case it
is compared to the confirmed position (R) used for reference;

- all new beacon events are transmitted, based on the setting of the
Same/Dependent Beacon Event flag; and
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- position data for Same/Dependent Beacon Events is forwarded if any one of
the possible tests fails.

Figure 111/ B.8 : Special Processing for Sws, Sws and Sw; Status

SBE/ | DRM | PQF |EEM* I, I I Is I I,
DBE [A/B] [E] [A/B/E] [D] [D+(E)] [Conf. D+E]
[O] [O/E]
1 1 0 1 Ct, Ct, Ct,
| | 0 0 Ct, Ct, Ct Ct, Ct,
1 0 1 1 Ct, Ct, Ct,
1 0 1 0 Cto Cty cg} Ctg Cty
1 0 0 1 Ct, Ct, b Ct Ct,
\"@
1 0 0 0 Ct, Ct; C(L\Q Cts Ctg Ct;
\ 4
0 1 0 1 %Qb Ct Ct,
N
0 1 0 0 Cts @Q . @{\ Cts Ctq Ct;
272)
0 0 0 1 "oQt7 Q’)\ Ct, Ct, Ct,
N
0 0 0 0 gtz\(\ Cty Cts Ctq Ct;

%
g 3
* The encoded position data receive@he né&lput is compared to the confirmed position (R) used for
reference if there is no previous@oded I@ition.

S

III1/B.6 DISTRIBUT OF BEACON REGISTRATION INFORMATION

9
BIPAN
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II1/B.7 NOCR PROCEDURES
II1/B.7.1 Procedure

An NOCR message is initiated by an MCC when a 406 MHz alert for a beacon ID is first
located in its service area and the country code in the 406 MHz beacon message is
associated with another country’s search and rescue region (SRR). The MCC service area
includes the entire service area of the MCC and is not limited to its national SRR. . The
location can be provided by either Doppler location processing, DOA processing or by the
encoded position contained in beacons coded using a location protocol. In some conditions
multiple MCCs may initiate an NOCR message to the same support MCC.

An MCC in whose service area an alert is located transmits the NOCR message to the
associated MCC (i.e., the destination MCC) based on the distribution matrix provided in
Figure III / A.8. The appropriate associated MCC for NOCR .message distribution is
determined by the country code contained in the beacon ID of the %sage.

An MCC that has assumed backup responsibilities for er MCC shall initiate and
distribute NOCR messages on behalf of the MCC being d up.

In addition to distributing the NOCR message t gppropriate SPOC, the associated
MCC should also process the NOCR message s an {@rt message, in accordance with
Figures 111/ B.4.1 and 111/ B.4.2.

An NOCR message is not required for \Qa ﬁ%ﬁs because, by definition, the message
initiation process is based on geogr: ‘Q}@ pos formation. An MCC is not required to

send an NOCR message to anot T n the sending MCC has already sent to the
receiving MCC an alert locate SK e area of the receiving MCC.
The receiving MCC may {1 @rered%@ﬁt NOCRs for the same beacon ID.
60
i
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III/B.8  Distribution of 406 MHz Ship Security Alerts

The identification data in the beacon message includes a protocol code which can identify the
406 MHz transmission as a ship security alert. In addition, the beacon message also contains a
country code which can be associated with the “flag state” of the vessel. When an MCC receives
a ship security alert, the alert should be processed according to the same procedures that apply for
distress alerts except that the resulting ship security alert message will be forwarded based only
on the country code included in the beacon message.

All States wishing to use the Cospas-Sarsat System to relay ship security alerts
should make the necessary arrangements with their associated MCC.
Arrangements should include the identification of the competent authority
responsible for receiving the ship security alert and the communication link to the
competent authority

O

111/ B.8.1 Procedure Qé'@

An MCC will process ship security alerts (beacon messa@(golts 37-40 = 1100) according to
the logic provided in Figure III / B.9. Routing of ship.security alerts will be based on the
country code contained in the beacon message, that,is, the message will be transmitted to
the MCC associated with the country code, and(hot tr itted to other MCCs, RCCs, or
SPOCs based on the Doppler positions, DO smo@' encoded position contained in the
beacon message. Message routing for ship secur rts will follow the data distribution
matrix as provided at Figure IIl / A.8, hip @Hy message will be exchanged between
MCCs using the formats and dat ent .(or alert messages as contained in document
C/S A.002 (SID). X, \

S\
When a ship security alert celv by the Associated MCC, that MCC will notify the

relevant competent secu; th@*[y as provided by IMO or another appropriate point of
contact as prev1ousl ged

MCCs will co e to transmit the appropriate alert messages until the position is
confirmed, @ for the Associated MCC which will continue to provide information to
the competent authority after position confirmation, as described in section 3.2.5.
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II1/B.9 PROCESSING AND DISTRIBUTION OF 406 MHz INTERFERENCE DATA
111/ B.9.1 406 MHz Interference Data Processing

When processing 406 MHz interference data, the matching of interferer solutions is based
strictly on location, with a 100 km criterion. In addition, the thresholds for closing
interferer sites, 72 hours without new data or 20 missed LEO satellite passes, takes into
account the fact that interferers often do not transmit continually.

111/ B.9.2 406 MHz Interference Data Distribution

MCCs exchange 406 MHz interference data received from LEOLUTs and MEOLUTSs in
the SIT 121 and SIT 141 message formats, respectively. MCCs shall automatically
distribute 406 MHz interference data to other MCCs only when the position is confirmed
based on the location of the interferer. MCCs shall send at least two messages to other
MCC:s for each interferer site. @

Interference data received from MEO satellites shall %‘@processed and distributed
independently from interference data received from LEO ites

QQ

III1/B.10 RETURN LINK SERVICE (RLS) PR%E%U%@S

II1/B.10.1  Procedure @ \@\O

An MCC shall initiate a Return k{{(b?erv (RLS) message to the FMCC when the
position of a 406 MHz beacon with iﬂk capability (beacon message bits 37 to 40:
1101) is confirmed to be in t C rvice area. A RLS message is only sent for
beacons with Return Link ablhg Beacon position is confirmed as specified in
section 3.2.4. The FMC all ibute the RLS message to the Return Link Service

O
60
RLS messages shal] be transmitted to the FMCC based on the distribution matrix provided
in Figure III /A8: In addition to distributing the RLS message to the appropriate MCC or
the RLSP, MCGCs shall also process the RLS message as an alert message, in accordance
with Figures 11I/B.4.1 and 111 / B.4.2.

Provider (RLSP).

An MCC that has assumed backup responsibilities for another MCC shall initiate and
distribute RLS messages on behalf of the MCC being backed up.
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II1/B.10.2  RLS Example

Scenario

Country code in Beacon ID: Australia (503)
Confirmed (DOA) Position Service Area: CMCC (Canadian MCC)

SIT 139 (TBD)

L SIT 139 %

Y
@)
©®\Q« Q) (
A Provider
ﬁ
@Q
‘Q
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MEOSAR D&E SIT MESSAGES FORMAT AND CONTENT (reference C/S A.002)

Table 1: SIT Message Correlations from Existing LEOSAR/GEOSAR System

to MEOSAR System

SIT Meaning New SIT

121 | 406 DOPPLER This message is used for notification 141 406 DOA
INTERFERER of 406 MHz interferer signals. INTERFERER
NOTIFICATION NOTIFICATION

122 | 406 INCIDENT A 406 MHz alert message with no 142 406 INCIDENT
(NO DOPPLER) Doppler/DOA positions. An encoded (NO DOA)

position may or may not be available.

123 | 406 POSITION A 406 MHz alert message with no 143 406 POSITION
CONFLICT Doppler/DOA positions for which the CONFLICT
(ENCODED ONLY) encoded position differs by more than (ENCODED ONLY)

the match criteria from all previous
positions.

124 | 406 AMBIGUITY A 406 MHz alert message with n 144 406 POSITION
RESOLUTION Doppler/DOA positions that idgittifies CONFIRMATION
(ENCODED ONLY) the confirmed position of 2406 MHz (ENCODED ONLY)

alert.

125 | 406 INCIDENT A beacon alert message computed 145 406 INCIDENT

from 406 MHz ireident datal) The
message contains*Dopplet"DOA
position.

126 | 406 POSITION A beag¢opalert mgssage computed 146 406 POSITION
CONFLICT fromd 406 MH2yincident data. The CONFLICT

ntessage contains Doppler/DOA
afrd/or efisoded position(s) which
differ from other position(s) by the
match criteria.

127 | 406 AMBIGUIRY A 406 MHz alert message with 147 406 POSITION
RESOLUTION Doppler/DOA positions that identifies CONFIRMATION

the resolved/confirmed position of a
406 MHz alert. It may or may not
contain an encoded position.

132 | 406 NOTIFICATION | This message is used between MCCs 136 406 NOTIFICATION
OF COUNTRY OF to notify the country of registration of OF COUNTRY OF
REGISTRATION a 406 MHz beacon (NOCR). This REGISTRATION
(ENCODED ONLY) message contains only an encoded (ENCODED ONLY)

position.

133 | 406 NOTIFICATION This message is used between MCCs 137 406 NOTIFICATION
OF COUNTRY OF to notify the country of registration of OF COUNTRY OF
REGISTRATION a 406 MHz beacon (NOCR). This REGISTRATION

message contains Doppler/DOA
position. It may or may not contain an
encoded position.

N/A | See note 1 This message is used between MCCs 138 406 NOTIFICATION

to notify the responsible MCC OF RETURN LINK
(FMCC) of a 406 MHz beacon with SERVICE PROVIDER
RLS capability. This message (ENCODED ONLY)

contains only an encoded position.




RLS capability. This message
contains a DOA position. It may or
may not contain an encoded position.
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SIT Meaning New SIT
N/A | See note 1 This message is used between MCCs 139 406 NOTIFICATION
to notify the responsible MCC OF RETURN LINK
(FMCC) of a 406 MHz beacon with SERVICE PROVIDER

Note 1: SIT formats are not currently defined to notify the RLSP. In the Return Link Service operational phase,
corresponding SIT messages (e.g., 134 and 135) would be defined to notify the RLSP, based on alerts from the
LEO/GEO system that may or may not contain Doppler position.
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MEOSAR SIT Formats

All MEOSAR SIT messages contain message fields 1 — 5, per the current SID. There are two
MEOSAR SIT formats, one for alerts with DOA position (per Table 2.1) and the other for alerts
without DOA position (per Table 2.2).

Table 2.1: Message Content for MEOSAR SITs with DOA Position
(SITs 141,145,146,147,137,139)

Field Name MF# Description

Number of Alerts 8 Number of alerts in message (with DOA position)

MEOLUT ID 11 MEOLUT identifier

Frequency 13 Frequency

Time Tag First Burst 14a Time of the first burst (average TOA) — sa@; format as TCA (MF 14)

Time Tag Last Burst 14b Time of the last burst (average TOA) e)gfne format as TCA (MF 14)

Bursts 21 The number of independent 406 beacon bursts (transmissions)
used in generating this alert. O,

Full 406 Beacon Message 77* 36 character hexadecimal (Q 1-144). For SIT 141 messages (i.c.,
Interference detected b MEOSAR system), the beacon message
is not applicable and@set to geroes.

Service Area 24 DDR/Service A@Qnd ;%os@n status flag

Latitude 25 Latitude fobj\MOSl\@

Longitude 26 Longit or th{;ﬁition

. N ) "
DOA Quality Factor 78%* A s?sasure (ok& quality of the position (TBD)

Average C/No

79*
N

Malert

aV%}E Carrier over Noise Density of RTBs associated with this

\
RTBs g") mr of Received Transponded Bursts (i.e., beacon bursts as
a} received by a MEOLUT antenna) used to generate this alert.
Antennas A\ 81* Number of unique antennas used to generate this alert.
Y
Altitude &\ 82% Altitude for the position
Satellite IDs 83* List of unique satellites used to compute the DOA position for this
alert
Quality Indicator 84* Indicates additional quality processing
Error Ellipse 27 An ellipse centred at latitude (MF#25) and longitude (MF#26) and

containing the true location with a 50% probability.

* New field
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Table 2.2: Message Content for MEOSAR SITs without DOA Position

(SITs 142,143,144,136,138)

Field Name MF# Description

Number of Alerts 10 Number of alerts in message (with no DOA position)

MEOLUT ID 11 MEOLUT identifier

Frequency 13 Frequency

Time Tag First Burst 14a Time of the first burst (average TOA) — same format as TCA (MF 14)

Time Tag Last Burst 14b Time of the last burst (average TOA) — same format as TCA (MF 14)

Bursts 21 The number of independent 406 MHz beacon bursts (transmissions) used in
generating this alert.

Beacon Message 77 36 character hexadecimal (bits 1-144).

Average C/No 79* The average Carrier over Noise Density of R,”_l;é.associated with this alert

RTBs 80* Number of Received Transponded Bursts @K.,)beacon bursts as received by
a MEOLUT antenna) used to generat‘e&@alert.

Antennas 81* Number of unique antennas used i@%ﬂ?ra‘[e this alert.

* New field 0\8




E-43 C/SR.018 - Issue 2 - Rev.1

October 2013
CHANGES TO C/S A.002 - ANNEX B
(Only changes and new fields included)
TABLE B.1
Message Fields Description
MF# NAME CONTENT CHARACTER TEXT
0 SYSTEM STATUS HEADING 0.bb
WARNING — ALERT DATA FROM NON-OPERATIONAL MEOSAR SYSTEM !!!
8 NUMBER OF ALERTS 01 ->99 nn
WITH DOPPLER/DOA
POSITIONS
10  NUMBER OF ALERTS 01 ->99 )
WITHOUT DOPPLER/DOA o)
POSITIONS
0
24  DDR/SERVICE AREA MCC COUNTRY CODE = 100- snnn
PS FLAG POSITION STATUS: Q
“+” IN ‘A’ AND ‘B’= N \BNFIRMED POSITION
“+” = CONFIRMED ‘AQB , QQA OR
NON-IMAG ON@MED ‘A’ or ‘B’ POSITION
“» = INCORRE ’ ch DOA, OR UNCONFIRMED DOA
POSITI(%
QQ \’()
54  POSITIONS* 0&% %GO 8.bbPOSITIONS
AO A Q)
54a  CONFIRMED POSITI&N HEADING bbbbbbbbCONFIRMEDbb-b
\9
CONFIRME]S&ATITUDE LAT nnbnn.na
DEGREES 00 -> 90 I
MINUTES 00.0 ->59.9
NORTH OR SOUTH NorS
CONFIRMED LONGITUDE LONG bbn_r'mbma
DEGREES 000 -> 180 ‘
MINUTES 00.0 -> 59.9
EAST OR WEST EorW

Note: * If the latitude is exactly 90 degrees (North or South) or if the longitude is exactly
180 degrees (East or West) for a Confirmed, DOA or Doppler Position, then the
corresponding value for minutes must be exactly 00.0.
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MF# NAME CONTENT CHARACTER TEXT
54b A POSITION HEADING bbbbbbbbDOPPLERbAb-b

& PROBABILITY

A LATITUDE LAT nnbnn.na

DEGREES 00 -> 90 T

MINUTES 00.0 -> 59.9 ‘

NORTH OR SOUTH NorS

A LONGITUDE LONG bbnnnbnn.nabbbb

DEGREES 000 -> 180 T

MINUTES 00.0 > 59.9

EAST OR WEST EorW

A PROBABILITY (%) PROB PROBbnn

01 ->99 T

54c B POSITION HEADING bbbbb@DOPPLERbBb-b

& PROBABILITY 6

B LATITUDE (SAME AS MF#54b) fhbnn.na

B LONGITUDE (SAME AS MF#54b) @K bbnnnbnn.nabbbb

B PROBABILITY (%) (SAME AS MF#54b) R Q PROBbnn

"4

54d  DOA POSITION HEADING Q Q bbbbbbbbDOAbbbbbbb-b

AND ALTITUDE ®® O

DOA LATITUDE (SAME AS MF#54b) 6\% nnbnn.na

DOA LONGITUDE (SAME AS @%54@4 bbnnnbnn.nabbb

DOA ALTITUDE ALTIT{D \Q) ALTITUDEbnnnnn
54e ENCODED POSITION HE@\IG bbbbbbbbENCODEDbbb-b

& TIME OF UPDATE

ENCODED LATITUDE (’}}SA@S MF#54b) nnbnn.nna

ENCODED LONGIT (SAME AS MF#54b) bbnnnbnn.nnabbbb

TIME OF UPDQE’E\% TIME OF UPDATE UNKNOWN?78 DOA
QUALITY FACTO 001-> 999 nnn

DEFAULT VALUE = 000

79 AVERAGE CARRIER

00.00 ->99.99

nn.nn

TO NOISE RATIO DEFAULT VALUE = 99.99

80 RTBs (RECEIVED TRANS- 01->99 nn
PONDED BURSTYS) DEFAULT VALUE =00

82 ALTITUDE 00.000000 ->99.999999 nn.nnnnnn

DEFAULT VALUE = 99.999999

81 ANTENNAS

01->99
DEFAULT VALUE = 00

nn

83 SATELLITE IDS 001->999 nnn nnn nnn ... (list of 17)
DEFAULT VALUE = 000
84 QUALITY INDICATOR 00->99 nn

DEFAULT VALUE =00
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MESSAGE FIELDS DEFINITION

Message Fields Definition

10.

14.

21.

Number of Alerts with Doppler/DOA Positions

The number of alerts of this SIT format with Doppler or DOA positions, that are included
between the SIT header and the SIT trailer as specified in Table C.1. 406 MHz alerts may
or may not contain encoded position information.

Number of Alerts without Doppler/DOA Positions

The number of alerts of this SIT format without Doppler or DOA positions, that are
included between the SIT header and the SIT trailer as specified in Table C.1.

O

TCA ®6®

For LEOSAR Doppler location data, the Time of Clos %pproach (TCA) indicates the
time at which the satellite was closest to the beacon. LEOSAR detect only solutions,
the TCA is the time of the last data point. For G , the TCA field contains the time
of the first beacon burst for the alert. For MEO 7the TCA field contains the time of the
burst as computed by averaging the associated) O@surements; the time of the first
burst (field 14a) and the time of the last bu&ﬁel @b are provided separately.

For LEOSAR alerts, the value for this %6111 sha&& computed from the ‘A’ solution.

Number of Points (406 MHz) \\(\ x<Q

For data originating from t @EO%\R system: The number of bursts detected by the
LEOLUT for each 406 beacon identification, used to develop a solution. For
combined SARP and S , 1t% number of unique time-frequency data points after the
two processes have merged.

For data originett@g from the GEOSAR system: The number of independent integrations
performed K@duce a 406 MHz beacon message as described in document C/S T.009.
For unconfirmed messages, the number of points shall be set to “1". For confirmed
messages the number of independent integrations shall be reported.

For combined LEO/GEO processing, it is the number of data points used from the
406 MHz LEOSAR channel in the combined processing.

The value for this field shall be computed from the ‘A’ solution.

For data originating from the MEOSAR system: The number of bursts used to develop the
DOA position or, when no DOA position is provided, the number of bursts associated with
the alert.
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24.

45.

48.

DDR/Service Area

The MCC country code for the individual MCC service area or the MCC country code of
the nodal MCC for the DDR as provided on the Cospas-Sarsat website www.cospas-
sarsat.org. Nodal MCCs will fill this field with service area.

Position Status Flag
Indicates the position status as confirmed, non-image, unconfirmed or incorrect.

For position confirmation messages, “+” indicates the confirmed position and “-” indicates
an incorrect position. A “-” in both the “A” and “B” solution, or in the DOA solution,
indicates that the confirmed position is the encoded position contained in the Beacon
Message.

For messages with Doppler position prior to position conﬁrmati@a “+” in both the “A”
and “B” solution indicates that no position is confirmed. If on > or “B”) solution is set
to “-” and the other solution is set to “+”, then a 1nd1ca at this position is an image
(incorrect) and a “+” indicates that this position is a @n image, as determined by the
“406 MHz LEOSAR Image Position Determination” thm in Appendix B.2 to Annex
B. Determining that a position is an image prior to @Qt n confirmation is optional.

(13 ”

For messages with DOA position prior to &(@u‘%ﬂ. (@19 rmation, a “-* indicates that the
position is unconfirmed. \
AQ

Message Type
For a sh1p securlty alert, the mes yp 1ns with “SHIP SECURITY COSPAS-
SARSAT ...”, otherwise, the begins with “DISTRESS COSPAS-SARSAT

Indicates type of alwage ‘@xample

- DISTRESS COS -SARSAT POSITION CONFIRMED ALERT

- DISTRESS C@’AS SARSAT POSITION CONFIRMED UPDATE ALERT

- DISTRESg\ SPAS-SARSAT POSITION CONFLICT ALERT

- DISTRESS COSPAS-SARSAT INITIAL ALERT

- DISTRESS COSPAS-SARSAT UNRESOLVED DOPPLER POSITION MATCH

- DISTRESS COSPAS-SARSAT NOTIFICATION OF COUNTRY OF BEACON
REGISTRATION ALERT

- SHIP SECURITY COSPAS-SARSAT POSITION CONFIRMED ALERT

- SHIP SECURITY COSPAS-SARSAT POSITION CONFIRMED UPDATE ALERT
- SHIP SECURITY COSPAS-SARSAT POSITION CONFLICT ALERT

- SHIP SECURITY COSPAS-SARSAT INITIAL ALERT

Detection Time & Spacecraft ID

The detection time is TCA (as defined at MF#14) and abbreviation for months is as per
table below. The time is followed on the same line by the identity of the LEOSAR or
GEOSAR satellite which provided the alert data. For MEOSAR alerts, the time of the
first burst is provided and is followed on the same line by “MEOSAR”.

Abbreviation Month Abbreviation Month
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51.

54.

October 2013
JAN January JUL July
FEB February AUG August
MAR March SEP September
APR April OCT October
MAY May NOV November
JUN June DEC December

User Class of Beacon

User class information as per table below and produced from beacon information by the
MCC. Enter “NIL” if the Beacon Message is invalid per C/S A.001, section III/B.1.1.3.

Beacon Protocol User Class in RCC Message
Standard Location Protocol STANDARD LOCATION - followed by
Aviation ELT - AIRCRAFT SERIAL NO: CSTA
CERTIFICATE NO
ELT - AIRCRAFT 24-BI RESS
6 HEX CHARACTERS;
ELT - AIRCRAFT TOR DESIGNATOR
OPERATOR: S L NO:
Maritime EPIRB - SER O: CSTA CERTIFICATE NO
EPIRB - W%&AST 6 DIGITS:
Personal Locator Beacon PLB - SERIAL NO: CSTA CERTIFICATE NO:
Ship Security SH%@CU% - MMSI LAST 6 DIGITS:
O~ S
National Location Protocol ®(€NATJ&AL LOCATION - followed by
Aviation \(\ ELK SERIAL NO:
Aviation XL (RETURN LINK) - SERIAL NO:
Maritime QQ \QPIRB - SERIAL NO:
Maritime

(> EPIRB (RETURN LINK) - SERIAL NO:
Personal Locator Beagon A PLB - SERIAL NO:
Personal Locatobﬁgacon‘Q PLB (RETURN LINK) - SERIAL NO:

Position Information
&

The positi({r&information associated with the confirmed position, A & B Doppler
positions, DOA position and the encoded position as appropriate.

54a Confirmed Position
Latitude and longitude of confirmed position. This position may be formed by a
merge of matching positions, which may be based on a weighting factor assigned
to each matching position.
54b. A Position & Probability
The latitude and longitude of the A Doppler Position and the percentage
probability that the A Position is the actual position of the incident.
54c. B Position & Probability
Same as MF#54b above but for B Position.
54d. DOA Position and Altitude
Latitude and longitude of the DOA position and the altitude of the DOA position
from the mean sea level in metres. Enter “NIL” for altitude if it is not available.
54e. Encoded Position and Time of Update
Latitude and longitude of encoded position. Time of update is UNKNOWN.
Enter “NIL” if the Beacon Message is invalid per C/S A.001, section I1I/B.1.1.3.
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5S.

56.

61.

Source of Encoded Position Data

This indicates whether the encoded position data was provided to the beacon by an internal
or external device. Enter “NIL” if the Beacon Message is invalid per C/S A.001,
section I1I/B.1.1.3.

Next Pass / Expected Data Times

The predicted time (predicted Loss of Signal — LOS) at which the next LEOSAR beacon
event (in local mode) for the position being reported will occur or the time period for which
MEOSAR alert data is expected to be distributed.

56a. Next Time of Visibility/ Expected Data Time of Confirmed Position
1. LEOSAR/GEOSAR: Optional information indicating the next time of
LEOSAR visibility for the confirmed position; X\ UNKNOWN” if the
information is not available.
2. MEOSAR: Enter “NIL” as default. After posittent confirmation, optionally
provide the time period for which the DOZ position is provided; e.g.,
NORMALLY DISTRIBUTED EVERY [} MINUTES”.
56b. Next Time of Visibility A Doppler Position
Same as MF#56a.1 above but for A Position:
S6c¢. Next Time of Visibility B Doppler PoSition
Same as MF#56a.1 above but for BP6ésitioh,
56d. Next Expected Data Time of DOA Position
MEOSAR: Same as for MF#56a.2 but\#éf the DOA Position.
S6e. Next Time of Visibility ofdEncoded Position
LEOSAR/GEOSAR: Sathe as fotMF#56a.1 but for the Encoded Position.
MEOSAR: Same as for\MF#56&/2 but for the Encoded Position.

Operational Informagion

Operational information obtained separately from encoded beacon information such as:

reliability*indicator for encoded or Doppler position data *
database registry information

people on board

- 'NIL"if not available.

The statement, “THE [A|B] POSITION IS LIKELY TO BE AN IMAGE POSITION.”
shall be included, as appropriate, per the “LEOSAR Image Position Determination”
algorithm in Appendix B.2 to Annex B. Determining that a position is an image prior to
ambiguity resolution is optional.

Note 1: * The warning “RELIABILITY OF DOPPLER POSITION DATA -
SUSPECT” for 406 MHz solutions shall be included on the SIT 185
message when at least one of the following criteria from the alert data
values is satisfied:

- Window factor > 3, or

- Bias standard deviation > 20 Hz, or

- The absolute value of the cross track angle is <1 or > 22, or
- Position calculated from < 4-point solution.

This warning is only included in messages before ambiguity
resolution.
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62.

77.

78.

79.

80.

Note 2: * The warning “RELIABILITY OF DOPPLER POSITION DATA -
SUSPECT DUE TO SATELLITE MANOEUVRE.” shall be included
in the SIT 185 message during the 24-hour period after the
manoeuvre, when the maximum expected error in Doppler location
exceeds 10 kilometres within 24 hours of the manoeuvre. See
C/S A.001, section 3.7.5.

Note 3: * The warning “WARNING: AMBIGUITY IS NOT RESOLVED” shall be
included in the SIT 185 message for an Unresolved Doppler Position
Match, as defined in document C/S A.001, Annex III/ B.2.

If the Beacon Message is invalid per C/S A.001, section III/B.1.1.3 then the warning
“DATA DECODED FROM THE BEACON MESSAGE IS NOT RELIABLE” shall be
included in SIT 185 message.

The statement “POSITION CONFLICT BASED ON DISTANCESEPARATION OF AT
LEAST [10] KM” shall be included on the SIT 185 Position@a ict message for DOA

position. %)

{o
Remarks \}Q

Heading for the variable length section of the % ge. Additional information may be
provided at the discretion of the originating, CQ? illustrated in the sample alert
s

messages. ‘NIL’ if no Remarks are avai{@ R @r about beacon type (e.g., for ship
security beacons and return link beacon% éovided if the Beacon Message is invalid
per C/S A.001, section I1I/B.1.1.3. \

For ship security alerts the foll@ﬁﬁg @‘ld be included: “THIS IS A SHIP SECURITY

ALERT. PROCESS THISFAL ACCORDING TO RELEVANT SECURITY
REQUIREMENTS.” 0 *

For Return Link ﬁce (RLS) beacons, the following should be included: “THIS
BEACON HAS.Hf9 RN LINK CAPABILITY”.

)
Full 406 Message
36 character hexadecimal (bits 1-144) of the 406 beacon message.

DOA Quality Factor
A measure of quality associated with the DOA position (algorithm TBD).

Average Carrier to Noise Ratio

The average Carrier to Noise Ratio (dB-Hz) as computed from all contributing TOA/FOA
measurements, computed by taking the log of the average of inverse logs of all
measurements.

Received Transponded Bursts (RTBs)

Number of Received Transponded Bursts (i.e., beacon bursts as received by a MEOLUT
antenna) used to generate this alert.
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81.

82.

83.

84.

Antennas

Number of unique antennas used to generate this alert.

Altitude

The calculated altitude of the DOA position relative to mean sea level, given in kilometres.

Satellite IDs

The list of unique satellites used to compute the DOA position for this alert. Unused
satellite slots are filled with zeroes.

Quality Indicator

This field is used to provide additional information regarding the quality or quality related
processing performed by MEOLUTs and/or MCCs. If not used it c%tains the default value

(00). Otherwise the following values are defined: b@
10 MEOLUT Single Burst Location Confirmation pe%ﬁqed: position confirmed
20 MEOLUT Single Burst Location Confirmationjérformed: position not confirmed

&



E-51 C/SR.018 - Issue 2 - Rev.1

October 2013

TABLE C.3
MESSAGE CONTENT

FOR SIT 185 MESSAGES

PRINTED MF TITLE
LINE #
#
[.]
0 0 SYSTEM STATUS
8 54 POSITIONS
9 54a CONFIRMED POSITION
10 54b A POSITION & PROBABILITY
11 S54c¢ B POSITION & PROBABILITY
12 54d DOA POSITION AND ALTITUDE b
13 S54e ENCODED POSITION AND TIME OF UPDATE @
14 55 SOURCE OF ENCODED POSITION DATA b
15 56 NEXT PASS / EXPECTED DATA TIMES @
16 56a NEXT TIME OF VISIBILITY / EXPECTED@& OF
CONFIRMED POSITION
17 56b NEXT TIME OF VISIBILITY A POSIT
18 56¢ NEXT TIME OF VISIBILITY B POSI
19 56d NEXT EXPECTED TIME OF DO SITI
20 56¢ NEXT TIME OF VISIBILITY CO@) POSITION
‘Q &
21 [.] (0' QAQ)
‘(\
(\ \’0

@
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SAMPLE MESSAGE FOR
SITs 141, 145, 146, 147,137, 139
FORMAT MF# CONTENT
FRAMES
HEADER (as per communication network requirements if any)
1,2,3 /01614 00000/3660/09 280 1518
4,58 /145/3160/02
11,13,14a /3668/-00405.0 001.0 +99.99/09 280 1516 36.21
14b,21,77 /09 280 1518 16. 19/03/FFFE2F789ABCDEF01%5600000000123456
24,25,26,78 /+316/+53.225/-130.102/750 b,@
79,80,81,82,84,27 /35.12/09/04/06.379410/00/000 000. &&) 0
83 /301 302 303 304 000 000 000 @00 000 000 000 000 000 000 000 000
o 11,13,14a, /3667/+01923.0 999.9 +99QQ/09 2%\1517 10.01
14b,21,77 /09 280 1517 10.0 @FFE 9ABCDEFO123456700000000123456
24,25,26,78 /+316/+58. 451% 8105&@
79,80,81,82,84,27 /34.39/ 9%g99/00/000 000.0 000.0
83 /3(}&@ 303@4 000 000 000 000 000 000 000 000 000 000 000 000 000
42 QﬁSSIﬁQ*
&‘(\\%b /ENDMSG
TRAILER (as per communication network requirements if any)
Note: MF #4 must reflect SIT which is being used.
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FORMAT
FRAMES

HEADER

INFO

TRAILER

Note:

MF#

12,3
4,58
11,13,14a

14b,21,77

79,80,81

11,13,14a
14b,21,77
79,80,81
42

43

SAMPLE MESSAGE FOR
SITs 142, 143, 144, 136, 138

CONTENT
(as per communication network requirements if any)

/01614 00000/3660/09 280 1518
/142/3160/02
/3668/-00405.0 001.0 +99.99/09 280 1516 36.21

/09 280 1518 16.19/03/ FFFE2F789ABCDEF012345600000000123456

)
/35.12/09/04 @é
&
%)

/3667/+01923.0 999.9 +99. 99@%0 1517 10.01
/09 280 1517 10.01/01/ Qﬁzm@cmﬂ:o123456700000000123456
/34.39/05/05 ‘Q

fo 46

/LASSIT

/END@

~ @

bo (as per communication network requirements if any)

MF #ﬂ&@ reflect SIT which is being used.

A
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10.

11.

12.

13.

14.

15.

16.

SAMPLE MESSAGE FOR SIT 185
SAMPLE 406 MHz INITIAL DOA POSITION ALERT
(STANDARD LOCATION - EPIRB: SERIAL NUMBER)

WARNING — ALERT DATA FROM NON-OPERATIONAL MEOSAR SYSTEM !!!
DISTRESS COSPAS-SARSAT INITIAL ALERT

MSG NO: 00306 BRMCC REF: 12345

DETECTED AT: 17 DEC 10 1627 UTC BY MEOSAR

DETECTION FREQUENCY: 406.0371 MHz

COUNTRY OF BEACON REGISTRATION: 316/ CANADA

USER CLASS: STANDARD LOCATION - EPIRB ®€>
SERIAL NO: 05918 6
%)
EMERGENCY CODE: NIL \6
%)
POSITIONS: Q
CONFIRMED - NIL %0

DOPPLER A  -NIL

DOPPLER B -NIL Q . Q
DOA -0510.1S 17801.4 E&TI'@@ 45METRES

ENCODED  -NIL Q
UPDATE TIME WITHIN 4 HOURS,0F DERECTION TIME

ENCODED POSITION PROVIDEQ&&EX@AL DEVICE

NEXT PASS / EXPECTED DAT@%ME§\®
CONFIRMED -NIL

DOPPLER A -NIL ) A
DOPPLERB  -NIL.O~ O
DOA -
ENCODED
N

HEX ID: 278C$6E3CFFBFF HOMING SIGNAL: 121.5 MHZ
ACTIVATION TYPE: NIL
BEACON NUMBER ON AIRCRAFT OR VESSEL: NIL
OTHER ENCODED INFORMATION:

CSTA CERTIFICATE NO: 0108

BEACON MODEL - ACR, RLB-33

OPERATIONAL INFORMATION:
BEACON REGISTRATION AT CMCC

REMARKS: NIL

END OF MESSAGE
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10.

11.

12.

13.

14.

15.

16.

SAMPLE MESSAGE FOR SIT 185
SAMPLE 406 MHz DOA POSITION CONFIRMATION ALERT
(STANDARD LOCATION - EPIRB: SERIAL NUMBER)

WARNING — ALERT DATA FROM NON-OPERATIONAL MEOSAR SYSTEM !!!
DISTRESS COSPAS-SARSAT POSITION CONFIRMED ALERT

MSG NO: 00306 BRMCC REF: 12345

DETECTED AT: 17 DEC 10 1630 UTC BY MEOSAR

DETECTION FREQUENCY: 406.0371 MHz

COUNTRY OF BEACON REGISTRATION: 316/ CANADA

USER CLASS: STANDARD LOCATION - EPIRB @6
SERIAL NO: 05918 6
%)
EMERGENCY CODE: NIL \%
%)
POSITIONS: Q
CONFIRMED - 05 10.1S 178 01.3 E %\\}

DOPPLER A - NIL

DOPPLER B - NIL N\ O
DOA -05102S 178012 E A@@UD@QSMETRES

ENCODED - NIL Q
UPDATE TIME WITHIN 4 HOURS,0F DERECTION TIME

ENCODED POSITION PROVIDEQ@&X@AL DEVICE
NEXT PASS / EXPECTED DAT@%MEg\(b
CONFIRMED - 15 MINUTE@TER HETECTION TIME ABOVE
DOPPLER A - NIL
DOPPLERB -NIL O
DOA S15MI S AFTER DETECTION TIME ABOVE
ENCODED - NIl
\

HEX ID: 2%®E3CFFBFF HOMING SIGNAL: 121.5 MHZ
ACTIVATION TYPE: NIL
BEACON NUMBER ON AIRCRAFT OR VESSEL: NIL
OTHER ENCODED INFORMATION:

CSTA CERTIFICATE NO: 0108

BEACON MODEL - ACR, RLB-33

OPERATIONAL INFORMATION:
BEACON REGISTRATION AT CMCC

REMARKS: NIL

END OF MESSAGE
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10.

11.

12.

13.

14.

15.

16.

SAMPLE MESSAGE FOR SIT 185
SAMPLE 406 MHz INITIAL ALERT
(RETURN LINK LOCATION —-PLB: SERIAL NUMBER)

WARNING — ALERT DATA FROM NON-OPERATIONAL MEOSAR SYSTEM !!!
DISTRESS COSPAS-SARSAT POSITION CONFLICT ALERT

MSG NO: 00308 USMCC REF: 12345

DETECTED AT: 18 DEC 10 1630 UTC BY SARSAT S09

DETECTION FREQUENCY: 406.0370 MHz

COUNTRY OF BEACON REGISTRATION: 227/ FRANCE

USER CLASS: NATIONAL LOCATION — PLB (RETURN LINK) @6
SERIAL NO: 00029

EMERGENCY CODE: NIL K%

%)
POSITIONS: Q
%0

CONFIRMED - NIL

DOPPLER A - NIL

DOPPLER B - NIL QQ ) O{\
DOA - NIL N
ENCODED - 1744.1 N 087263 BQ S
UPDATE TIME WITHIN 4 HOURS,OF DEFECTION TIME

ENCODED POSITION PROVIDEQ@X@AL DEVICE

NEXT PASS / EXPECTED DAT@%ME§\®
CONFIRMED - NIL

o
DOPPLER A - NIL OOQ ‘QA

DOPPLER B - NIL

DOA -NIL
ENCODED - 18 10 1655 UTC
NS

HEX ID: 1@(& EBF81FEO0 HOMING SIGNAL: 121.5 MHZ
ACTIVATION TYPE: NIL

BEACON NUMBER ON AIRCRAFT OR VESSEL: NIL
OTHER ENCODED INFORMATION: NIL

OPERATIONAL INFORMATION:
BEACON REGISTRATION AT FMCC

REMARKS: THIS BEACON HAS RETURN LINK CAPABILITY

END OF MESSAGE

- END OF ANNEXE -
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ANNEX F
TEST SCRIPT FOR TEST T-1

This annex provides a description of the test signals that have to be transmitted by a beacon
simulator for test T-1, for a given slot during a 24-hour period

The purpose of this test is to determine the system margin for each MEOLUT; i.e., the minimum
beacon power level of a beacon burst which allows that burst to be received, processed and
correctly decoded by a given MEOLUT with an acceptable probability. As per the T-1 test
definition, a beacon simulator is used to transmit bursts every 3.125 seconds, at 1dB power steps
between 37 dBm and 22 dBm for a period of 24 hours. Long message with 144 data bits (520 ms
transmit time which includes the 160 ms of unmodulated carrier time) are transmitted with a bit
rate set at 400 bps, the modulation index set at 1.1, and the rise and fall té@s each at 150 ps.

In order to facilitate the identification of each different type o rst transmitted, a unique
15 Hex ID is used for bursts that correspond to a set transmfopower level. Only the last
hexadecimal digit of the 15 Hex ID will be varied to indicate é?}transmitted power of the burst at
the output of the cable that connects to the beacon si tor antenna (see the 15 Hex ID
definition below). The appropriate country code is coded®vithin the 15 Hex ID to indicate which
beacon simulator is transmitting the burst. Q)Q O{\

The coding structure of the beacon simulator ﬁ@for O"?est T-1 is provided below. A linear
antenna must be used on the beacon 51mula or t -1 to better simulate the antenna pattern
of a beacon.

The 15 Hex ID of beacon events ar &ed as lows: ADFC000001000XX
e ADFC000001000: Fixe@e f«a | beacon events

e XX: value of emis&@power i1 dBm

The appropriate coq@@code is to be coded within the 15 Hex ID to indicate which beacon
simulator is trans g the burst.

The same sequence of 16 bursts is repeated every 50 seconds for a period of 24 hours.

15 Hex ID of beacon AL oEEE Time of beacon burst | Emission power Frequency
message

ADFC00000100037 T0+ 0.000 37 dBm 406.064 MHz
ADFC00000100036 TO+ 3.125 36 dBm 406.064 MHz
ADFC00000100035 TO+ 6.250 35 dBm 406.064 MHz
ADFC00000100034 TO+ 9.375 34 dBm 406.064 MHz
ADFC00000100033 TO + 12.500 33 dBm 406.064 MHz
ADFC00000100032 TO + 15.625 32 dBm 406.064 MHz
ADFC00000100031 TO + 18.750 31 dBm 406.064 MHz
ADFC00000100030 TO +21.875 30 dBm 406.064 MHz
ADFC00000100029 TO + 25.000 29 dBm 406.064 MHz
ADFC00000100028 TO + 28.125 28 dBm 406.064 MHz
ADFC00000100027 TO +31.250 27 dBm 406.064 MHz
ADFC00000100026 TO + 34.375 26 dBm 406.064 MHz




F-2 C/SR.018 - Issue 2 - Rev.1

October 2013
ADFC00000100025 TO + 37.500 25 dBm 406.064 MHz
ADFC00000100024 TO + 40.625 24 dBm 406.064 MHz
ADFC00000100023 TO +43.750 23 dBm 406.064 MHz
ADFC00000100022 TO +46.875 22 dBm 406.064 MHz

- END OF ANNEX F -
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ANNEX G

TEST SCRIPT FOR TEST T-3

This annex provides a description of the test signals that have to be transmitted by a beacon
simulator for test T-3, for a given slot during a 24-hour period, at the nominal power of 37 dBm.

The basic sequence, provided in the table below, is comprised of 100 beacon events, which are
transmitted per four sets of 25 beacon IDs each. The beacon events are spaced by 2 s, using the
406.064 MHz frequency. Each beacon message is transmitted 7 times with a fixed repetition
period of 50 s.. Each 25 beacon ID set has a total duration of 350 s and consequently the four sets

of 25 beacon IDs each (i.e., 100 beacon IDs in total) have a total duration of 1400 s.

The 100 available beacon events transmitted with 7 bursts allow buildi

he required statistics,

for a given time slot and for the nominal power of 37 dBm. The scri@o e used at 33 dBm can

be easily derived from the one at 37 dBm.

%)

)
The 15 Hex ID of beacon events are coded as follows: 9C9D ®§YYDOO37
e 9C9D000: Fixed value for all beacon events %0

e YYY: Beacon event serial 001 to 100 Q)Q
e DO00: Fixed value for all beacon events, exg ted@:

<
O

o YYY =062 : in this case, us?ﬁm inst& of DOO

o YYY =071 :in this cass\t& A@stead of D00

e 37 or 33: value of emission

The appropriate country c
simulator is transmitting t

37dBm 1400562
N

rin

33dBm 1400 sec
A

[ N 1

|

od ‘@‘to b ded within the 15 Hex ID to indicate which beacon
&’st

ID=1..25 | ID=26..50 | ID=51..75 |ID=76..100| ID=1..25 | ID=26..50 | ID=51..75 |ID=76..100 ID=1..25 | ID=26..50
HH:00 HH+1:00
15 Hex ID of ben S Time of ben burst Emission power Frequency
message

9Cc9D000001D0037 TO 37 dBm 406.064 MHz
9Cc9D000002D0037 TO + 2s 37 dBm 406. 064 MHz
9Cc9D000003D0037 TO + 4s 37 dBm 406. 064 MHz
9Cc9D000025D0037 TO + 48s
9Cc9D000001D0037 TO + 50s 37 dBm 406. 064 MHz
9Cc9D000002D0037 TO + 52s 37 dBm 406. 064 MHz
9Cc9D000025D0037 TO + 348s 37 dBm 406. 064 MHz
9Cc9D000026D0037 TO + 350s 37 dBm 406. 064 MHz
9Cc9D000050D0037 TO + 698s 37 dBm 406. 064 MHz
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9C9D000051D0037 TO + 700s 37 dBm 406. 064 MHz
9C9D00006200037 37 dBm 406. 064 MHz
9C9D000071A0037 37 dBm 406. 064 MHz
9C9D000075D0037 TO + 1050s 37 dBm 406. 064 MHz
9C9D000100D0037 TO + 1398s 37 dBm 406. 064 MHz

- END OF ANNEX G -
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ANNEX H
TEST SCRIPT FOR TEST T-4
This annex provides a description of the test signals that have to be transmitted by a beacon
simulator for objectives of T-4. The script is comprised of 25 beacon events which are
transmitted with NB bursts, NB being from 1 to 7. The 25 beacon events for NB=1 are different
from the 25 beacon events for NB=2, NB=3, etc.
The beacon events are spaced by 2 s, and use a 406.064 MHz frequency.

The 15 Hex ID of beacon events are coded as follows: 9CIDOXAYYYDO0037

e 9C9DO0: Fixed value for all beacon events b@b‘
e X: NB burst from 1 to 7 %2

e YYY : Beacon event serial 001 to 025 6\6

e DO00: Fixed value for all beacon events QQ

e 37 or 33: value of emission power, in dBm Q

Note: For the lower power level tests at 33 c@gf, t ’\gt character in each Hex ID of the
script shall be changed from 7 to 3 to reflect the 33 @ transmission power level.
°
The appropriate country code is to bexcoded \n the 15 Hex ID to indicate which beacon
simulator is transmitting the burst. ®Q \(b

O

Each case of NB transmits in , 25$zacon IDs at 2 s intervals, repeated for the indicated
number of bursts, and then ed Bithe next set of for NB, starting with 7 and working down
to 1. The script has a duratiofrof 1400 s. The periods are defined in detail as follows.

>
37d 0 sec 33dBm 1400 sec
)

|

NB=7 | NB=6 . NB=2 | NB=1 | NB=7 | NB=6 .. NB=2 | NB=1 NB=7 | NB=6

HH:00 HH+1:00
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bcn 30 Hex message Time of ben Emission power Frequency
burst
AA5C074001D0037 70 37 dBm 406.064 MHz
AA5C074025D0037 70 + 48s 37 dBm 406.064 MHz
AA5C074001D0037 70 + 50s 37 dBm 406.064 MHz
AA5C074025D0037 70 + 98s 37 dBm 406.064 MHz
AA5C074001D0037 70 + 100s 37 dBm 406.064 MHz
A445C074025D0037 70 + 148s 37 dBm 406.064 MHz
A445C074001D0037 70 + 150s 37 dBm 406.064 MHz
A445C074025D0037 70 + 198s 37dBm 5. 406.064 MHz
A445C074001D0037 70 + 200s 37dBm_ > 406.064 MHz
A445C074025D0037 70 + 248s 37 4Bt 406.064 MHz
A445C074001D0037 70 + 250s 37dBm 406.064 MHz
.................. N A
A445C074025D0037 T0+298s < \'S7dBm 406.064 MHz
A445C074001D0037 70+ 300s _ “D | 37 dBm 406.064 MHz
.............. A0 ..
S
AA45C074025D0037 70 + ~\\P37 dBm 406.064 MHz
A45C064001D0037 T0N350s < | 37dBm 406.064 MHz
AA45C064025D0037 {0 + 3985 37 dBm 406.064 MHz
AA5C064001D0037 % | 1044005 37 dBm 406.064 MHz
= N

......... RO A
AA5C064025D0037 AT AL T0+ 448s 37 dBm 406.064 MHz
AA5C064001D0037 N\ Y10+ 4508 37 dBm 406.064 MHz
......... [ \Q‘&
AA5C064025D0037 20O 70 + 498s 37 dBm 406.064 MHz
AA45C064001D0037 P 70 + 500s 37 dBm 406.064 MHz
......... NS
AA5C064025D0037 A, 70 + 548s 37 dBm 406.064 MHz
AA45C064001D0037 70 + 550s 37 dBm 406.064 MHz
AA5C064025D0037 70 + 598s 37 dBm 406.064 MHz
AA5C064001D0037 70 + 600s 37 dBm 406.064 MHz
AA5C064025D0037 70 + 648s 37 dBm 406.064 MHz
AA45C054001D0037 70 + 650s 37 dBm 406.064 MHz
A45C054025D0037 70 + 698s 37 dBm 406.064 MHz
AA45C054001D0037 70 + 700s 37 dBm 406.064 MHz
AA45C054025D0037 70 + 748s 37 dBm 406.064 MHz
AA45C054001D0037 70 + 750s 37 dBm 406.064 MHz
A45C054025D0037 70 + 798s 37 dBm 406.064 MHz
AA45C054001D0037 70 + 800s 37 dBm 406.064 MHz
A445C054025D0037 70 + 848s 37 dBm 406.064 MHz
A445C054001D0037 70 + 850s 37 dBm 406.064 MHz
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A445C054025D0037 70 + 898s 37 dBm 406.064 MHz
A445C044001D0037 70 + 900s 37 dBm 406.064 MHz
AA5C044025D0037 70 + 948s 37 dBm 406.064 MHz
A45C044001D0037 70 + 950s 37 dBm 406.064 MHz
A45C044025D0037 70 + 998s 37 dBm 406.064 MHz
A45C044001D0037 70 + 1000s 37 dBm 406.064 MHz
A45C044025D0037 70 + 1048s 37 dBm 406.064 MHz
A45C044001D0037 70 + 1050s 37 dBm 406.064 MHz
A45C044025D0037 70 + 1098s 37 dBm 406.064 MHz
A445C034001D0037 70 + 1000s 37dBm N, 406.064 MHz
A\
....................... N2 .
A445C034025D0037 70 + 1148s 37 dBu > 406.064 MHz
A445C034001D0037 70 + 1150s 37 dBf 406.064 MHz
o
.................. AN .. ...
A445C034025D0037 T0+1198s  {§7dBm 406.064 MHz
A445C034001D0037 70 + 1200s )37 dBm 406.064 MHz
<
................ e R
AA5C034025D0037 T0 + 1248 87 dBm 406.064 MHz
A445C024001D0037 70 + @50s  ~\Y'37 dBm 406.064 MHz
......... N A\
A45C024025D0037 gnur 1298% 37 dBm 406.064 MHz
A45C024001D0037 10 + 13005 37 dBm 406.064 MHz
......... X [ . XD
AA5C024025D0037 AN\ N0+ 13485 37 dBm 406.064 MHz
AA5C014001D0037 T OMTO + 1350 37 dBm 406.064 MHz
......... O N\ |
AA5C014025D0037 P O [ 10+ 1398 37 dBm 406.064 MHz
o~
P
« - END OF ANNEX H -
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ANNEX |
TEST SCRIPT FOR TEST T-6

This annex provides a description of the test signals that have to be transmitted by a beacon
simulator for capacity testing T-6. There is one script for each value of NB, the number of
beacons simultaneously active (NB = 25, 50, 75 or 100). Each script has a duration of 350 s
(7 bursts*50 s). The four scripts needed for testing the four capacity levels (NB = 25, 50, 75 and
100) require a time slot lasting 1400s (4*350 s). To obtain sufficient data, the four scripts are
performed four times. The IDs in the script for NB = 25, 50, 75 and 100 are different to clearly
separate the locations.

The beacon event N° X is transmitted at T = TO + (X-1)*(50/NB) + %@9 , with DeltaT being a
random real value within the range [0, 50/NB sec].

%)
9
Each beacon event is transmitted at the frequency 406.04 @[—Iz + CH*3 kHz, CH being a
random integer value within the range [0, 11]. 0

The 7 bursts of each beacon event are spaced by 5@@‘4- Rep» Rep being a random real value
within the range [- 2.5 s, + 2.5 s]. %) é\CD

Q

The 15 Hex ID of beacon events are coded a, 10WQ€C9DOXXXDYYYO37
e 9C9DO : Fixed value for all beasé@velq{g}
e XXX : Beacon event serial 0@% NB\(O
e D : Fixed value for all n evénts, excepted for:
o YYY =06 @C{his C;_%, use 0 instead of D
o YYY = gé in this case, use A instead of DYYY : NB value (025, 050, 075 or
10%\0
e (0 : Fixed value for all beacon events
e 37 :value of emission power

The appropriate country code is to be coded within the 15 Hex ID to indicate which beacon
simulator is transmitting the burst.
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Test script for NB = 25 simultaneous beacons (Part 1: Time and Frequency)
30 Hex beacon Time of ben burst Frequenc

ll e L) @ ee message TO + Xsec l\‘/IIHz '

9C9D0001D025037 0,00 406,076
9C9D0002D025037 1,37 406,073
9C9D0003D025037 2,19 406,064
9C9D0004D025037 5,70 406,061
9C9D0005D025037 6,13 406,082
9C9D0006D025037 8,40 406,052
9C9D0007D025037 11,79 406,082
9C9D0008D025037 12,97 406,076
9C9D0009D025037 14,57 406,058
9C9D0010D025037 17,57 | & 406,052
9C9D0011D025037 19,58 (>~ 406,070
9C9D0012D025037 20,07 406,070
9C9D0013D025037 2365 406,070
9C9D0014D025037 L2470 406,073
9C9D0015D025037 27,99 406,073
9C9D0016D025037 W)Y 2829 406,058
9C9D0017D025037 9 30,71 406,082
9C9D0018D025037 A0 V3279 406,061
9C9D0019D025037 o U 3524 406,064
9C9D0020D025037 - (P 3644 406,067
9C9D0021D025037 & N 39,99 406,064
9C9D0022D025037 ' < 41,55 406,082
9C9D0023D025037 x N @ 42,27 406,064
9C9D0024D025037 RN, 44,64 406,067
9C9D0025D025037 2PN 47,13 406,070

SN
> 3
60

&
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Test script for NB = 25 simultaneous beacons (Part 2: Repetition intervals)
lst 2nd 3rd 4nd snd 6rd

15 Hex ID of Beacon repetition repetition repetition repetition | repetition | repetition

interval interval interval interval interval interval
9C9D0001D025037 49,28 47,57 48,43 48,39 48,53 49,81
9C9D0002D025037 48,50 51,73 48,88 50,88 49,04 50,07
9C9D0003D025037 51,82 47,96 47,93 49,48 50,25 51,25
9C9D0004D025037 48,42 52,16 52,44 50,91 49,93 48,14
9C9D0005D025037 49,81 50,04 51,90 51,85 47,56 49,97
9C9D0006D025037 50,69 50,79 51,77 52,03 50,86 51,95
9C9D0007D025037 51,25 50,45 49,08 52,49 48,88 51,72
9C9D0008D025037 48,07 49,72 52,34 50,80 51,61 49,39
9C9D0009D025037 49,22 49,14 51,23 49,23, 52,07 49,07
9C9D0010D025037 50,84 50,25 49,12 48¢6! 48,39 50,03
9C9D0011D025037 48,16 49,29 49,83 8 51,21 48,89
9C9D0012D025037 47,53 51,94 4937 | ‘761 51,51 50,60
9C9D0013D025037 48,52 49,28 52,41 [~ 48,96 51,14 51,78
9C9D0014D025037 50,14 48,10 52,28~ 49,54 48,00 48,22
9C9D0015D025037 50,79 50,85 51,329 47,91 51,20 52,33
9C9D0016D025037 48,62 51,60 50125 51,32 49,36 52,33
9C9D0017D025037 52,04 5205 | L usee{N 4785 49,13 49,07
9C9D0018D025037 51,18 50,21 | < 5045 49,96 51,18 51,02
9C9D0019D025037 47,68 51,01\~ 51,68 48,64 48,01 50,82
9C9D0020D025037 52,06 51,2 \{s247 49,88 50,92 48,80
9C9D0021D025037 51,55 B0 | o 50,86 51,99 52,48 51,76
9C9D0022D025037 49,88 % 50,13./7° 51,20 48,57 50,73 47,89
9C9D0023D025037 48,02 | _ O\ 51,560 49,29 52,15 47,71 50,87
9C9D0024D025037 51,10 AU 49,55 48,38 50,72 51,89 47,54
9C9D0025D025037 4760\ 4813 51,32 51,34 49,07 47,97

o))




-4 C/SR.018 - Issue 2 - Rev.1
October 2013

Test script for NB = 50 simultaneous beacons (Part 1: Time and Frequency)

Time of Beacon Burst Frequency
15 Hex ID of Beacon 30 Hex Beacon Message TO + Xsec MHz

9C9D0001D050037 0,00 406,049
9C9D0002D050037 0,16 406,070
9C9D0003D050037 1,25 406,067
9C9D0004D050037 2,84 406,061
9C9D0005D050037 3,05 406,079
9C9D0006D050037 4,53 406,052
9C9D0007D050037 5,30 406,073
9C9D0008D050037 6,57 406,055
9C9D0009D050037 7,85 406,067
9C9D0010D050037 8,12\ 406,064
9C9D0011D050037 99y 406,073
9C9D0012D050037 E 406,055
9C9D0013D050037 ~\anes 406,070
9C9D0014D050037 L~ 1289 406,070
9C9D0015D050037 o 13,50 406,073
9C9D0016D050037 O 14,65 406,058
9C9D0017D050037 9 15,38 406,052
9C9D0018D050037 A0 O 1687 406,082
9C9D0019D050037 SR\ 17,76 406,061
9C9D0020D050037 ) i 18,51 406,064
9C9D0021D050037 & | O 19,35 406,064
9C9D0022D050037 ' e 20,73 406,064
9C9D0023D050037 x N b 21,95 406,073
9C9D0024D050037 RO\ 22,06 406,055
9C9D0025D050037 2N 23,44 406,064
9C9D0026D050037 RN 24,80 406,070
9C9D0027D050037 [ e)>) 25,38 406,058
9C9D0028D050037 2O~ ~ 26,14 406,079
9C9D0029D050037 1< 27,91 406,073
9C9D0030D050037 P 28,11 406,073
9C9D0031D050037 A \° 29,85 406,058
9C9D0032D050037 30,65 406,073
9C9D0033D050037 31,44 406,073
9C9D0034D050037 32,20 406,082
9C9D0035D050037 33,29 406,073
9C9D0036D050037 34,83 406,073
9C9D0037D050037 35,87 406,058
9C9D0038D050037 36,85 406,055
9C9D0039D050037 37,70 406,082
9C9D0040D050037 38,46 406,055
9C9D0041D050037 39,13 406,055
9C9D0042D050037 40,86 406,067
9C9D0043D050037 41,32 406,082
9C9D0044D050037 42,85 406,049
9C9D0045D050037 43,58 406,073
9C9D0046D050037 44,22 406,058
9C9D0047D050037 45,02 406,073
9C9D0048D050037 46,38 406,049
9C9D0049D050037 47,77 406,076
9C9D0050D050037 48,80 406,073
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Test script for NB = 50 simultaneous beacons (Part 2: Repetition intervals)

lst 2nd 3rd 4nd snd 6rd

15 Hex ID of Beacon repetition repetition repetition repetition | repetition repetition
interval interval interval interval interval interval

9C9D0001D050037 47,68 49,58 48,26 49,20 48,23 49,36
9C9D0002D050037 50,23 47,60 50,53 52,43 48,58 50,64
9C9D0003D050037 48,47 48,00 52,11 47,99 47,84 48,28
9C9D0004D050037 50,32 50,46 48,33 49,67 49,73 48,65
9C9D0005D050037 52,39 50,08 52,21 51,27 52,32 49,47
9C9D0006D050037 49,35 51,35 50,81 52,09 48,16 49,07
9C9D0007D050037 47,65 49,68 48,35 47,87 51,40 48,21
9C9D0008D050037 47,97 48,54 47,56 50,38 49,97 48,27
9C9D0009D050037 49,58 49,12 48,80 5065 48,32 48,34
9C9D0010D050037 51,22 50,87 52,19 50,74 48,15 50,43
9C9D0011D050037 49,76 50,35 49,37 48,00 48,45 49,00
9C9D0012D050037 50,80 49,34 50,88 51,02 49,91 49,51
9C9D0013D050037 50,26 48,95 51,61 50,02 52,39 51,36
9C9D0014D050037 51,92 51,73 51,24 50,80 48,08 51,82
9C9D0015D050037 50,65 50,86 51509 51,81 48,50 47,95
9C9D0016D050037 49,26 50,42 47,61 51,81 48,59 48,52
9C9D0017D050037 47,66 47,75 48,24 50,04 50,74 50,06
9C9D0018D050037 49,88 49,37 50144 51,04 49,05 50,74
9C9D0019D050037 49,11 47,82 49,89 49,40 50,90 51,85
9C9D0020D050037 51,26 50#0 50,10 49,33 51,89 51,25
9C9D0021D050037 49,62 49,32 52,30 51,39 51,14 50,80
9C9D0022D050037 52,41 49,14 49,44 52,05 52,27 48,77
9C9D0023D050037 50,18 ST A2 48,28 48,17 48,68 48,99
9C9D0024D050037 50,99 48,75 51,10 48,23 47,89 47,75
9C9D0025D050037 48,56 48,01 47,68 48,57 51,08 49,29
9C9D0026D050037 48711 50,56 48,72 50,13 51,82 51,13
9C9D0027D050037 50,61 50,85 49,25 47,88 52,43 48,00
9C9D0028D050037 47,89 50,23 50,83 50,65 48,21 47,75
9C9D0029D050037 49,77 48,90 49,59 51,36 48,05 48,01
9C9D0030D050037 49,85 47,71 50,47 48,31 50,23 51,07
9C9D0031D050037 50,23 49,33 52,43 52,03 48,24 48,59
9C9D0032D050037 47,53 48,73 48,03 50,01 49,81 51,72
9C9D0033D050037 47,71 51,64 50,34 49,57 51,94 49,18
9C9D0034D050037 50,00 47,95 51,08 49,88 49,68 48,11
9C9D0035D050037 48,07 48,73 52,21 50,38 51,41 48,51
9C9D0036D050037 52,00 52,46 48,92 49,49 48,12 51,23
9C9D0037D050037 47,52 49,63 50,31 52,08 48,29 49,32
9C9D0038D050037 52,40 48,38 49,73 48,95 49,66 48,86
9C9D0039D050037 50,76 47,82 50,65 49,73 48,06 48,68
9C9D0040D050037 52,24 47,53 47,59 48,94 51,63 50,02
9C9D0041D050037 48,76 48,53 49,41 51,04 49,80 51,66
9C9D0042D050037 49,27 52,09 49,13 50,55 47,79 47,54
9C9D0043D050037 51,38 48,48 47,99 47,99 50,94 51,32
9C9D0044D050037 50,91 49,20 48,38 51,59 51,40 49,25
9C9D0045D050037 48,66 50,64 48,49 49,40 49,67 47,67
9C9D0046D050037 51,32 47,62 48,66 52,48 49,97 49,03
9C9D0047D050037 48,21 50,64 48,79 51,90 52,08 51,11
9C9D0048D050037 52,39 49,98 49,47 48,72 49,78 50,77
9C9D0049D050037 51,45 48,04 49,45 48,93 50,75 50,76
9C9D0050D050037 48,39 50,60 50,25 48,13 51,71 48,59
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Test script for NB = 75 simultaneous beacons (Part 1: Time and Frequency)

Time of ben burst Frequency
15 Hex ID of Beacon 30 Hex beacon message TO + Xsec MHz

9C9D0001D075037 0,00 406,064
9C9D0002D075037 0,18 406,049
9C9D0003D075037 1,22 406,079
9C9D0004D075037 1,67 406,055
9C9D0005D075037 2,43 406,073
9C9D0006D075037 2,84 406,061
9C9D0007D075037 3,90 406,070
9C9D0008D075037 4,25 406,058
9C9D0009D075037 4,95 406,064
9C9D0010D075037 5,56M 406,082
9C9D0011D075037 651 406,064
9C9D0012D075037 G 406,064
9C9D0013D075037 ~ 01,80 406,070
9C9D0014D075037 R 406,082
9C9D0015D075037 ~F 908 406,082
9C9D0016D075037 O 9,65 406,064
9C9D0017D075037 9 10,28 406,070
9C9D0018D075037 A0 O 1094 406,082
9C9D0019D075037 SR\ 11,52 406,052
9C9D0020D075037 ) i 12,13 406,067
9C9D0021D075037 & | O 13,32 406,064
9C9D0022D075037 ' e 13,92 406,055
9C9D0023D075037 x > & 14,60 406,061
9C9D0024D075037 RO\ 15,23 406,058
9C9D0025D075037 2N 15,71 406,076
9C9D0026D075037 RN 16,29 406,079
9C9D0027D075037 [ e)>) 17,17 406,055
9C9D0028D075037 2O~ ~ 17,43 406,052
9C9D0029D075037 1< 18,09 406,055
9C9D0030D075037 P 18,88 406,049
9C9D0031D075037 A \° 19,92 406,064
9C9D0032D075037 20,31 406,058
9C9D0033D075037 20,95 406,076
9C9D0034D075037 21,47 406,073
9C9D0035D075037 22,56 406,079
9C9D0036D075037 22,71 406,070
9C9D0037D075037 23,71 406,061
9C9D0038D075037 24,21 406,082
9C9D0039D075037 25,12 406,055
9C9D0040D075037 25,85 406,070
9C9D0041D075037 26,43 406,064
9C9D0042D075037 27,25 406,079
9C9D0043D075037 27,56 406,052
9C9D0044D075037 28,00 406,070
9C9D0045D075037 28,91 406,082
9C9D0046D075037 29,45 406,079
9C9D0047D075037 30,49 406,055
9C9D0048D075037 30,70 406,082
9C9D0049D075037 31,74 406,061
9C9D0050D075037 32,41 406,076
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Test script for NB = 75 simultaneous beacons (Part 1: Time and Frequency continued)

15 Hex ID of Beacon 30 Hex beacon message Tlm;(()) f_'_b;;sletéumt Fri(/lllll_f:cy
9C9D0051D075037 32,70 406,064
9C9D0052D075037 33,52 406,067
9C9D0053D075037 34,63 406,079
9C9D0054D075037 35,03 406,079
9C9D0055D075037 35,76 406,070
9C9D0056D075037 36,47 406,073
9C9D0057D075037 37,30 406,079
9C9D0058D075037 37,70 406,052
9C9D0059D075037 38,12 406,052
9C9D0060D075037 38,76 406,076
9C9D0061D075037 . 3935 406,073
9C9D00620075037 (40,51 406,058
9C9D0063D075037 ~O 140,85 406,058
9C9D0064D075037 LY a157 406,058
9C9D0065D075037 o 42,50 406,049
9C9D0066D075037 O 43,30 406,058
9C9D0067D075037 9 43,73 406,058
9C9D0068D075037 RO 44,34 406,070
9C9D0069D075037 SR\ 45,20 406,076
9C9D0070D075037 ) i 45,44 406,064
9C9D0071A075037 & | O 46,51 406,049
9C9D0072D075037 ' e 47,13 406,061
9C9D0073D075037 x N & 47,94 406,055
9C9D0074D075037 RO\ 48,36 406,064
9C9D0075D075037 2N 49,12 406,076

SN
> 3
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October 2013
Test script for NB = 75 simultaneous beacons (Part 2: Repetition intervals)
lst 2nd 3rd 4nd snd 6rd
15 Hex ID of Beacon repetition repetition repetition repetition | repetition | repetition
interval interval interval interval interval interval

9C9D0001D075037 51,52 48,50 51,44 52,07 48,76 48,01
9C9D0002D075037 48,74 52,20 47,93 47,54 52,07 52,43
9C9D0003D075037 47,56 49,32 50,01 47,83 49,99 49,25
9C9D0004D075037 52,30 47,61 48,74 51,54 49,64 48,48
9C9D0005D075037 49,06 52,00 49,00 50,33 50,77 49,44
9C9D0006D075037 49,99 48,37 49,06 52,18 48,16 48,48
9C9D0007D075037 47,98 51,60 52,03 48,95 51,79 50,25
9C9D0008D075037 48,06 51,08 51,37 50,82 48,58 49,33
9C9D0009D075037 48,19 49,70 51,95 48,72 52,31 50,77
9C9D0010D075037 50,33 48,49 51,83 49,69 52,47 50,02
9C9D0011D075037 48,80 48,05 51,29 5@,3T 51,94 50,05
9C9D0012D075037 50,92 47,64 49,10 49,08 51,37 51,64
9C9D0013D075037 51,46 51,35 48,43 48,32 50,55 51,64
9C9D0014D075037 48,56 48,63 49,54 51,45 47,98 50,09
9C9D0015D075037 47,64 49,21 47,89 51,21 49,58 50,98
9C9D0016D075037 47,81 51,26 48;36 50,58 49,62 50,09
9C9D0017D075037 50,87 51,15 48,07 51,10 47,89 49,59
9C9D0018D075037 50,83 50,99 49,82 49,73 51,90 50,65
9C9D0019D075037 51,42 48,44 49,14 49,89 51,80 52,09
9C9D0020D075037 49,19 47,96 62,44 52,23 51,44 51,22
9C9D0021D075037 49,42 48,06 48,99 49,89 49,02 52,25
9C9D0022D075037 49,64 47154 48,67 51,48 51,43 51,21
9C9D0023D075037 51,00 49,46 52,08 51,02 48,87 49,21
9C9D0024D075037 49,27 51464 49,51 49,16 50,23 49,34
9C9D0025D075037 49,88 50;32 52,26 47,53 48,19 49,80
9C9D0026D075037 49,74 49,71 49,59 47,62 51,14 47,51
9C9D0027D075037 49,72 50,50 49,03 49,42 51,61 50,39
9C9D0028D075037 52,16 50,57 49,62 51,16 52,43 48,39
9C9D0029D075037 50,63 49,29 47,93 49,21 52,04 50,91
9C9D0030D075037 49,41 48,81 51,04 51,10 48,39 51,92
9C9D0031D075037 48,44 51,96 51,22 48,78 50,05 48,23
9C9D0032D075037 52,26 50,70 48,23 48,41 51,25 48,03
9C9D0033D075037 49,21 51,61 51,60 51,94 49,14 49,65
9C9D0034D075037 49,33 48,96 51,91 50,02 48,82 48,55
9C9D0035D075037 50,95 47,70 49,26 48,16 48,28 50,62
9C9D0036D075037 52,20 48,61 49,96 52,10 50,75 51,43
9C9D0037D075037 48,53 49,30 49,47 50,17 48,64 52,05
9C9D0038D075037 49,95 52,34 48,85 51,11 50,36 49,49
9C9D0039D075037 49,45 52,38 52,05 50,46 51,58 52,26
9C9D0040D075037 52,15 52,41 50,27 49,66 47,93 51,23
9C9D0041D075037 48,07 49,75 47,56 51,65 50,88 47,80
9C9D0042D075037 51,60 50,22 49,84 48,17 50,70 47,51
9C9D0043D075037 52,25 50,92 49,44 49,72 50,42 49,52
9C9D0044D075037 50,04 52,35 49,21 49,74 51,21 48,88
9C9D0045D075037 50,31 48,97 48,40 48,97 51,55 52,09
9C9D0046D075037 51,71 47,50 50,69 48,48 49,59 48,89
9C9D0047D075037 47,52 49,61 51,04 52,48 49,71 49,67
9C9D0048D075037 50,45 47,70 51,34 51,61 50,84 49,63
9C9D0049D075037 50,59 50,82 51,78 52,19 50,04 51,99
9C9D0050D075037 48,70 51,95 49,19 49,75 52,40 48,26
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Test script for NB = 75 simultaneous beacons (Part 2: Repetition intervals continued)

lst 2nd 3rd 4nd snd 6rd
15 Hex ID of ben repetition repetition repetition repetition | repetition | repetition
interval interval interval interval interval interval
9C9D0051D075037 48,47 51,62 51,77 50,76 51,24 49,10
9C9D0052D075037 50,65 48,46 48,65 50,77 50,86 48,20
9C9D0053D075037 52,34 47,74 51,39 52,22 52,43 51,07
9C9D0054D075037 50,65 52,02 51,70 52,28 49,53 48,62
9C9D0055D075037 48,75 50,95 50,56 50,66 52,24 51,13
9C9D0056D075037 48,87 48,11 48,54 50,28 51,51 48,12
9C9D0057D075037 48,43 51,76 49,73 48,58 51,45 48,24
9C9D0058D075037 52,23 48,48 48,84 48,95 48,03 51,42
9C9D0059D075037 51,47 50,80 48,52 49,01 4. 48,15 48,44
9C9D0060D075037 49,58 49,66 51,14 4896 5127 50,69
9C9D0061D075037 48,38 51,89 51,11 4 47,70 52,24
9C9D00620075037 49,69 47 64 50,71 52,43 49,67 51,29
9C9D0063D075037 48,74 4755 51,20 | £ 49,34 48,85 48,80
9C9D0064D075037 51,42 52,10 50,64 /N 49,88 47,66 50,23
9C9D0065D075037 47,54 51,72 50,14} 51,94 50,12 49,69
9C9D0066D075037 51,58 47,76 50760 50,53 49,86 48,93
9C9D0067D075037 50,48 52,49 L5234 [ON 4863 47,97 50,11
9C9D0068D075037 50,69 50,94 49860 5218 49,32 48,59
9C9D0069D075037 51,07 49,41 N0~ 5098 50,39 50,09 49,96
9C9D0070D075037 50,14 51,620  ®1,08 48,02 49,34 48,54
9C9D0071A075037 48,67 5240 ¢ 50,35 49,96 50,18 51,85
9C9D0072D075037 48,17 %4922 |L@)° 5047 49,64 51,70 51,08
9C9D0073D075037 50,72 | _{\Ase5)y 4858 50,52 49,60 50,56
9C9D0074D075037 51,93 | AU 51,88\ 50,87 50,85 47,88 51,39
9C9D0075D075037 52,45\ §M4 51,40 50,10 49,42 50,02
o7 QO
60
©
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Test script NB = 100 simultaneous beacons (Part 1: Time and Frequency)

15 Hex ID of ben 30 Hex beacon message Tlm;(()) f_'_b;;sletéumt Fr?/lllll_f:cy
9C9D0001D100037 0,00 406,073
9C9D0002D100037 0,12 406,049
9C9D0003D100037 0,83 406,049
9C9D0004D100037 1,44 406,082
9C9D0005D100037 1,74 406,073
9C9D0006D100037 2,08 406,079
9C9D0007D100037 2,55 406,064
9C9D0008D100037 3,05 406,061
9C9D0009D 100037 3,57 406,058
9C9D0010D100037 438 406,049
9C9D0011D100037 . (A6b 406,049
9C9D0012D100037 _()544 406,082
9C9D0013D100037 ~O 558 406,073
9C9D0014D100037 LY 644 406,082
9C9D0015D100037 o \% 6,73 406,055
9C9D0016D100037 O 7,36 406,073
9C9D0017D100037 9 7,91 406,076
9C9D0018D100037 RO 8,27 406,061
9C9D0019D100037 SR\ 8,69 406,052
9C9D0020D100037 ) i 9,46 406,076
9C9D0021D100037 & | O 9,72 406,049
9C9D0022D100037 ' e 10,03 406,073
9C9D0023D100037 x N b 10,69 406,052
9C9D0024D100037 RO\ 11,44 406,064
9C9D0025D100037 2N 11,63 406,079
9C9D0026D100037 RN 12,18 406,049
9C9D0027D100037 [ e)>) 12,56 406,073
9C9D0028D100037 2O~ ~ 13,00 406,052
9C9D0029D100037 1< 13,76 406,052
9C9D0030D100037 P 14,05 406,052
9C9D0031D100037 A \° 14,52 406,073
9C9D0032D100037 15,28 406,076
9C9D0033D100037 15,80 406,070
9C9D0034D100037 16,12 406,064
9C9D0035D100037 16,74 406,049
9C9D0036D100037 17,16 406,067
9C9D0037D100037 17,55 406,058
9C9D0038D100037 18,08 406,067
9C9D0039D100037 18,78 406,058
9C9D0040D 100037 19,42 406,067
9C9D0041D100037 19,93 406,049
9C9D0042D100037 20,14 406,070
9C9D0043D100037 20,73 406,055
9C9D0044D100037 21,47 406,067
9C9D0045D100037 21,51 406,055
9C9D0046D100037 22,21 406,067
9C9D0047D100037 22,77 406,082
9C9D0048D100037 23,15 406,058
9C9D0049D 100037 23,87 406,082
9C9D0050D100037 24,13 406,082
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Test script for NB = 100 simultaneous beacons (Part 1: Time and Frequency continued)

15 Hex ID of ben 30 Hex beacon message Tlm;(()) f_'_b;;sletéumt Fr?/lllll_f:cy
9C9D0051D100037 24,63 406,070
9C9D0052D100037 25,05 406,061
9C9D0053D100037 25,54 406,079
9C9D0054D100037 26,47 406,076
9C9D0055D100037 26,84 406,049
9C9D0056D100037 27,02 406,049
9C9D0057D100037 27,62 406,061
9C9D0058D100037 28,28 406,064
9C9D0059D100037 28,56 406,079
9C9D0060D100037 29:3 406,070
9C9D0061D100037 . 2963 406,073
9C9D00620100037 (80,22 406,052
9C9D0063D100037 ~O 3065 406,070
9C9D0064D100037 L~ 3105 406,070
9C9D0065D100037 o 31,92 406,079
9C9D0066D100037 O 32,16 406,058
9C9D0067D100037 9 32,86 406,067
9C9D0068D100037 RO 33,11 406,079
9C9D0069D 100037 SR\ 33,78 406,082
9C9D0070D100037 i 34,17 406,070
9C9D0071A100037 & | O 34,95 406,061
9C9D0072D100037 ' - 35,24 406,073
9C9D0073D100037 x N b 35,51 406,070
9C9D0074D100037 RO\ 36,03 406,076
9C9D0075D100037 2N 36,69 406,079
9C9D0076D100037 RN 37,42 406,064
9C9D0077D100037 [ e)>) 37,76 406,049
9C9D0078D100037 2O~ ~ 38,14 406,049
9C9D0079D100037 1O 38,60 406,058
9C9D0080D100037 P 39,38 406,079
9C9D0081D100037 A \° 39,55 406,073
9C9D0082D100037 40,46 406,073
9C9D0083D100037 40,58 406,052
9C9D0084D100037 41,37 406,064
9C9D0085D100037 41,87 406,052
9C9D0086D100037 42,36 406,049
9C9D0087D100037 42,74 406,067
9C9D0088D100037 43,11 406,073
9C9D0089D100037 43,59 406,049
9C9D0090D 100037 44,13 406,079
9C9D0091D100037 44,66 406,067
9C9D0092D100037 45,28 406,076
9C9D0093D100037 45,69 406,064
9C9D0094D100037 46,42 406,073
9C9D0095D100037 46,72 406,070
9C9D0096D100037 47,04 406,058
9C9D0097D100037 47,65 406,049
9C9D0098D100037 48,08 406,055
9C9D0099D 100037 48,78 406,049
9C9D0100D100037 49,19 406,082




[-12 C/S R.018 - Issue 2 - Rev.1
October 2013

Test script NB = 100 simultaneous beacons (Part 2: Repetition intervals)

lst 2nd 3rd 4nd snd 6rd
15 Hex ID of ben repetition repetition repetition repetition | repetition | repetition
interval interval interval interval interval interval

9C9D0001D100037 49,62 48,66 50,19 49,82 52,01 50,99
9C9D0002D100037 48,38 48,35 47,82 52,09 48,02 51,10
9C9D0003D100037 49,37 48,90 49,44 49,62 49,56 48,32
9C9D0004D100037 49,70 49,45 48,15 48,90 52,42 48,86
9C9D0005D100037 51,81 50,89 51,50 51,45 51,12 51,76
9C9D0006D100037 51,02 47,71 51,29 51,35 50,80 50,06
9C9D0007D100037 49,86 47,95 52,17 48,06 48,26 47,79
9C9D0008D100037 51,33 51,94 50,73 51,67 49,90 48,89
9C9D0009D100037 48,21 50,99 50,25 49,61 52,21 48,59
9C9D0010D100037 48,36 51,92 49,19 51,26 47,99 52,37
9C9D0011D100037 50,57 51,07 48,77 51,52 48,60 50,72
9C9D0012D100037 52,44 52,33 49,43 50,31 47,72 49,14
9C9D0013D100037 49,16 51,58 49,68 49,48 49,98 47,87
9C9D0014D100037 51,09 50,55 49,73 49,57 50,13 48,77
9C9D0015D100037 50,45 50,64 51,55 49,27 49,99 49,46
9C9D0016D100037 48,61 51,44 47778 48,17 51,72 48,15
9C9D0017D100037 49,13 50,80 48,76 51,42 51,20 52,06
9C9D0018D100037 51,83 51,62 51,50 50,87 51,03 50,82
9C9D0019D100037 49,26 48,59 51,36 51,54 52,17 49,55
9C9D0020D100037 49,50 51,75 61,60 47,59 48,97 49,48
9C9D0021D100037 49,23 49,18 47,70 49,31 48,34 50,16
9C9D0022D100037 51,11 48,17 50,50 47,93 50,40 50,05
9C9D0023D100037 48,65 47,84 51,73 48,55 51,68 51,49
9C9D0024D100037 50,30 51,01 49,00 51,92 50,30 48,71
9C9D0025D100037 49,24 51567 47,68 51,63 51,02 49,36
9C9D0026D100037 50,67 52,07 51,47 48,85 50,32 52,18
9C9D0027D100037 48,84 49,48 51,97 51,45 52,00 47,60
9C9D0028D100037 49,86 51,35 52,40 47,97 51,49 50,81
9C9D0029D100037 47,61 50,06 51,99 51,61 48,74 51,46
9C9D0030D100037 47,99 52,45 48,15 49,81 50,74 49,19
9C9D0031D100037 48,70 50,32 48,92 50,02 48,39 49,19
9C9D0032D100037 50,54 48,34 50,32 47,91 49,56 51,81
9C9D0033D100037 50,07 49,34 49,16 52,04 50,45 47,95
9C9D0034D100037 50,63 50,87 47,74 48,32 48,13 48,97
9C9D0035D100037 50,76 52,40 48,61 50,15 48,65 50,13
9C9D0036D100037 48,83 47,98 51,67 51,44 47,95 52,27
9C9D0037D100037 50,11 52,49 47,59 47,99 49,09 48,59
9C9D0038D100037 49,70 50,87 51,91 49,07 48,24 49,69
9C9D0039D100037 51,57 50,51 50,89 52,27 50,55 48,23
9C9D0040D100037 52,26 50,01 49,70 47,79 47,86 47,78
9C9D0041D100037 52,01 52,36 50,54 51,29 49,26 48,07
9C9D0042D100037 51,08 49,57 48,77 47,90 48,65 51,19
9C9D0043D100037 49,96 47,74 48,26 50,04 48,04 47,82
9C9D0044D100037 48,74 47,84 50,94 51,26 49,18 50,75
9C9D0045D100037 48,82 49,57 50,72 51,16 49,38 47,98
9C9D0046D100037 48,20 48,24 52,45 47,90 50,46 51,86
9C9D0047D100037 48,30 48,71 50,72 48,16 49,50 48,98
9C9D0048D100037 51,81 48,17 50,84 48,55 51,31 48,16
9C9D0049D 100037 48,92 50,73 47,83 48,92 51,06 52,33
9C9D0050D100037 51,70 51,46 51,15 49,72 48,99 48,06
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Test script NB = 100 simultaneous beacons (Part 2: Repetition intervals continued)

lst 2nd 3rd 4nd snd 6rd
15 Hex ID of ben repetition repetition repetition repetition | repetition | repetition
interval interval interval interval interval interval
9C9D0051D100037 50,46 48,89 48,17 48,52 52,22 48,87
9C9D0052D100037 51,05 48,86 49,48 49,47 49,87 48,08
9C9D0053D100037 49,57 52,38 51,72 51,46 51,23 50,89
9C9D0054D100037 51,23 49,04 49,66 49,38 51,95 51,00
9C9D0055D100037 51,52 51,61 51,29 51,75 51,87 47,92
9C9D0056D100037 48,73 48,83 51,46 50,49 50,62 47,64
9C9D0057D100037 49,92 50,36 50,72 49,86 50,32 49,08
9C9D0058D100037 48,78 52,20 48,20 51,71 51,57 52,21
9C9D0059D100037 50,91 52,16 51,56 49,31 50,00 50,80
9C9D0060D100037 48,22 48,85 47,86 48,26 52,34 50,02
9C9D0061D100037 50,21 49,78 52,42 47,84 50,05 49,59
9C9D00620100037 50,29 47,84 50,64 81,73 51,62 47,67
9C9D0063D100037 50,93 48,04 48,33 48,30 47,97 51,57
9C9D0064D100037 50,28 51,64 50,84 50,49 47,65 50,77
9C9D0065D100037 52,25 50,83 48,21 49,02 49,51 49,78
9C9D0066D100037 51,17 49,00 50;19 48,16 50,80 49,52
9C9D0067D100037 50,60 48,35 48,49 50,87 49,59 49,74
9C9D0068D100037 51,61 50,67 50,16, 48,26 51,04 52,29
9C9D0069D100037 50,33 51,41 54,36 49,62 49,32 47,79
9C9D0070D100037 50,44 51,24 47,91 50,20 49,24 49,87
9C9D0071A100037 52,17 49,90 50,78 47,51 52,07 51,76
9C9D0072D100037 49,61 4799 51,89 51,13 47,89 47,56
9C9D0073D100037 49,96 951,47 49,87 51,11 49,52 49,76
9C9D0074D100037 51,99 49435 49,81 47,69 48,48 47,68
9C9D0075D100037 50,64 5041 51,01 52,01 48,73 52,11
9C9D0076D100037 49,61 47,61 48,31 48,42 52,15 50,71
9C9D0077D100037 50,64 49,19 50,23 51,81 50,92 48,95
9C9D0078D100037 50,04 47,88 51,06 48,51 49,29 47,81
9C9D0079D100037 49,01 51,07 49,21 49,52 52,02 47,85
9C9D0080D100037 51,00 48,87 49,50 52,02 52,03 51,78
9C9D0081D100037 51,42 49,28 50,53 50,83 48,41 50,67
9C9D0082D100037 52,47 49,98 49,61 48,76 50,93 51,81
9C9D0083D100037 48,18 48,60 52,11 52,01 48,01 48,46
9C9D0084D100037 49,55 49,90 47,85 50,14 47,99 48,34
9C9D0085D100037 49,92 51,30 49,32 52,31 51,80 49,89
9C9D0086D 100037 51,83 49,22 48,46 50,71 51,91 52,20
9C9D0087D100037 50,48 52,25 51,85 52,13 50,00 47,56
9C9D0088D100037 48,43 48,66 51,34 48,70 50,74 48,01
9C9D0089D 100037 49,64 50,77 48,31 50,68 52,44 51,66
9C9D0090D 100037 49,41 51,51 49,73 50,60 51,15 51,44
9C9D0091D100037 48,24 49,20 48,06 50,64 48,90 49,22
9C9D0092D100037 52,46 51,28 50,46 51,72 49,54 50,27
9C9D0093D100037 51,22 51,94 52,19 50,14 51,13 49,85
9C9D0094D100037 52,45 47,62 48,74 52,49 49,07 49,56
9C9D0095D100037 48,29 51,39 50,83 52,15 51,38 49,87
9C9D0096D100037 49,51 50,85 50,34 48,28 51,61 50,37
9C9D0097D100037 49,37 49,09 48,34 52,34 48,88 48,62
9C9D0098D100037 49,22 47,80 49,82 49,53 47,72 51,96
9C9D0099D 100037 49,30 47,94 52,07 48,17 52,26 51,19
9C9D0100D100037 52,19 51,45 51,31 49,92 51,48 49,03
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ANNEX J

DATA TO BE COLLECTED FOR TECHNICAL gESTS

Raw data recorded during the D&E tests shall be documented according to the format defined in,

le J.1, in a CSV (Comma Separated Values) file.

Burst Raw/ Full | Beacon Time of Freq TOA Time rate Sat Satellite velocity’ Correction
number 36 Hex 15 Hex | beacon burst Offset (UTC) Offset | (dB/Hz) Ps) ID (km/s) (normalization
(as collected) | message 1D received (Hz) (s) ) value
(UTC) Vx Vy vz (dB)
yyyy-mm-dd yyyy-mm-dd
Format hh:mm:ss.x hh:mm:ss.x C>‘Q
< \4
Table J.1: Data Format to Docun@@ M@UT Raw Data Recorded
Note:

The correction values (one per raw dat
PTx Corrected = PTx + correction value

The transmitter power output normalization value
from variables such as angle-dependent param
the beacon simulator antenna gain pattern) wit

i

Only the raw data which match the transmitted beacon messa,
collected in this table,

Each participant is expected to provide the definition o

£s) signa

Tmzbo beacon burst receive” used for the table,

Sukp

1 pdth length between beacon and spacecraft, satellite antenna off-axis gain characteristics, and
e reference to the link budget established at 5°of elevation above the horizon,

o

g\@ansn@ed by the beacon simulator or test beacon used for the particular test should be

lated to reflect the link budget variations that occur during satellite passes (originating

Kﬁ@}tded) shall be calculated to comply with the following formula to assess the normalized transmitted power:

As available, associated satellite position data and associated reference frame (preferably Earth-Centered Earth-Fixed frame) may be provided or optionally disclosed, but
should always be recorded. Each axis to be separated by a comma.
As available, associated satellite velocity data and associated reference frame (preferably Earth-Centered Earth-Fixed frame) may be provided or optionally disclosed, but
should always be recorded. Each axis to be separated by a comma.
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The location data computed during the D&E tests shall be documented according to the format defined in Table J.2, in a CSV (Comma Separated
Values) file, for further analyses. If a column in not relevant according to the test definition, then the column fields shall remain empty.

AN
Slot Time Time Time of Beacon | Number Data Antenna Number of Number Sat ﬁ JDOP | Quality Location Lat™ Long" T
number | stamp of | stamp of location 15 Hex | of bursts | used IDs" packets used of IDs' | ) factor | methodology" | (degrees) | (degrees) | (km)
1* burst last computation ID used® T/F/D° in location satellites ( (0-999)
used for burst (UTO) computation' | tracked %Q
location | used for K
(UTC) | location (%)
(UTC) \Q
91011 @V 312
1 7 D 12 4 317 4 100 45.273 75.657 10
O T Nais
% y é\Q_) 312
317
91011 \Q & 318,
1 6 F 1213 14 (-3 \@ 6 301 3 900 45.111 75.511 2
WO O 302
AP 311
\Z4

(*) values are required in at least one of these columns

Table J.2: Data Format to

&
~N

Number of bursts used in location computation

® T —-TDOA only, F —- FDOA only, D - TDOA/FDOA

A list of antenna IDs separated by spaces.
" A packet is a pair of TOA/FOA measurements from a specific satellite/antenna combination (channel) for a beacon burst.

\m
g Q>
6000(0‘0\\

ocation Data Computed by MEOLUTSs

2 Alist of satellite IDs (as per document C/S R.012) separated by spaces. As available, associated orbit data may be provided in a separate table.
B As available, location methodology for the generation of the computed location (e.g., median, mean, weighted average) may be provided or optionally disclosed, but

should always be recorded
4 Latitude to be provided in decimal and + format (i.e., without North or South indication).
13 Longitude to be provided in decimal and + format (i.e., without East or West indication).
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The pass tracking schedule of the MEOLUT antennas shall be documented according to the format defined in Table J.3, in a CSV (Comma Separated

Values) file, for further analyses. If a column is not relevant according to the test definition, then theg)lumn fields shall remain empty.

oD

MEOLUT
ID

Antenna
1D

Sat ID

AOS_Time
(Acquisition of Signal)
(UTC)

LOS_Time
(Loss of Signal)
(UTC)

N
"

Duration'® | Azim
(minutes) eg)

o
AOS"

Elevation at AOS"
(deg)

Azimuth at
LOS"

(deg)

Elevation at LOS?
(deg)

Format XXXX

XX

XXX

yyyy-mm-dd hh:mm:ss.x

yyyy-mm-dd hh:mm:ss.x

xxx.)&.‘o‘

XXX.X

XX.X

XXX XX

XX.X

"4
Table J.3: Data Format to Document the Pass Tréﬁng 8@edule of the MEOLUT Antennas

N\
&

coc’

&
~N

As available, may be provided or optionally disclosed.
As available, may be provided or optionally disclosed.
As available, may be provided or optionally disclosed.
As available, may be provided or optionally disclosed.
As available, may be provided or optionally disclosed.

X
'\
%)
& o
Q\Q\\

& AQ
E‘?(&)F\ éNNEX J-
4
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ANNEX K

O

)
TEMPLATE FOR DOCUMENTING DYNAMIC SPACEﬁMENT PARAMETERS

o

Table K.1 defines the template for providing the actual space segment parameters % y influence MEOSAR system performance, specifically beacon
location accuracy. Each table row will be completed when actual satellite perfo ce values become available. As the table contents will be dynamic,
the process for editing needs to be equally dynamic, hence located on the ?{% This allows rapid and dynamic exchange of data without
submission through formal procedures. The approach for such a procedurqégm ave one web page/link to the L-band Web-site Portal (Table K.1
below) to make changes. The space segment providers would ask one foyp parties to inform the secretariat that a change to the website has been
made. All C/S participants can view the web-page with their passwor(b hangs& can only be made by the parties when requested by the space segment

roviders.

The space segment providers should populate the table with, @l av%ﬁ@é information and update it as necessary, particularly when satellite mode is
changed. S

Any new or changed data should be placed in the tabB@lcén pos&le. Changes to this table will be notified by a SIT605.

&
~N
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1 2 3 4 5a | sb | 5c | 5d [ se 6 7 8 9 10a 10b 10c 10d 10
Mode SAT ID | MODE_ID | Group Delay Group Delay Data Curve Fit Coeff Group Delay | FG Setting Short Downlink Pre-Filter Characteristics Historical
Selection @ Centre Uncertainty dB Term quency
Frequency (ns) Stability @ Hz) 3dB 10dB 45 dB BWn
Coeff.a0 | al | a2 | a3 | a4 | as e> BW | BW | OBW |
(1s) O, (kHz) | (kHz) | (kHz)
SEL 4XY WA XX.y 777 - 5 Kqﬂr 1544 .xxxxXX yyy yyy yyy XXXXXX Since 01/09/2011 07:00
(04 XX
NIU 4XY NA XXy 222 o A x10m | 1544xxxx Never Used
-\5' XX
NIU 4XY WF XX.y 772 XX 5x 10" 1544 xxxxXX i) 15/02/2011 09:00-
(\ Q XX 29/04/201115:00
<" . O ii) 30/05/2011 07:00-
&7 N 01/09/2011 07:00
NIU 4XY NF XXy 77z N{ N7 5x10 | 15440000 i) 29/04/2011 15:00-
) ~\® xx 30/04/2011 07:00
4 0 o~
Table K.1: Measured L-Bg@pa@egment Parameters Web-Site Portal
Notes for each column: (QQ >
1. Mode selection is the actual mode in operationégkhe sme. The format is “SEL” for the mode in use (selected) and “NIU” (not in use) for the
other entries of the same satellite. 6
2. SAT ID is the unique identifier forn;@t is the same as defined for MEOSAR satellite identification. There are a maximum of four modes per
satellite but only one will be in selected at any time. Therefore, any satellite ID will have data populated in rows equal to the number of satellite
modes as defined by Column 3.
3. MODE ID is a single unique identifier defining the specific single satellite mode. All data contained in the row are the space segment parameter

values for the unique combination of SAT ID and MODE ID. The four unique identifiers are:
a. WA = Wideband filter and ALC
b. NA = Narrowband filter and ALC
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10.

c¢. WF = Wideband filter and Fixed Gain
d. NF = Narrowband filter and Fixed Gain

Group delay is a single value that defines the actual group delay at 406.05 MHz for wid l@ﬁlter and 406.43 MHz for narrowband. The format
is xx.y in microseconds. This value is coefficient a0 derived from the group curv data defined in Column 5 at the associated downlink
frequency (column 9) for wideband and narrowband filters. K@

bandwidth. The format of the table is shown in Tables K.2 and K.3. Tiu$“data represents a single best fit curve of the filter’s group delay
performance as a function of a variety of environmental conditions. C@e icignt, a0 is the group delay at the associated downlink frequency
(column 9) for wideband and narrowband filters. Note this value is p%@a‘[ed"\ olumn 4.

9
Group delay uncertainty is single value defining the maximum erér?f t @tual group delay due to any satellite environmental condition from the
best fit curve (Column 4) and quantifies the uncertainty of ¢ lay\t ugh the satellite at any time. The format is a single integer number in

nanoseconds. %)
(’\\ X

o
The FG Gain Setting is a single value that sets the @gf of e\transponder/repeater for the nominal output power. This value only applies to

MODE ID WF and NF. Format is xx.
> S

Short term frequency stability is a value quan@ng the actual performance of the satellite for any 100 ms per MIP (C/S R.012) (< 1 x 10™").

The group delay curve fit data defines the coefficients of the group delay Varia;'@ curve as a function of frequency over the respective filter’s 1 dB

.

Downlink frequency is that frequenc;%@%nced to 406.05 MHz. Downlink frequency may not be exact. It is to be noted that any satellite may
have a nominal offset of [+/- 100 Hz[NHowever, once this value is set for each repeater, the frequency translation accuracy requirement applies.
The format is [1544.xxxxxxx MHz] (8 decimal places) (TBC).

Pre-Filter Characteristics provides the BW range in kHz (yyy) for 3 dB, 10 dB, 45 dB rejection points, and noise bandwidth. MEOSAR payload
providers should provide within future technical documents rejection characteristics of any repeater filtering. The bandwidth at rejection points of
3 dB, 10 dB, and 45dB should be provided at a minimum within this Annex. Final rejection values (i.e., 60dB or 70 dB) and its respective BW
should be provided in future technical documents. In addition, to quantify the impacts of the general background interfering noise signals, the



K-4 C/SR.018 - Issue 2 - Rev.1
October 2013

11.

knowledge of the equivalent Gaussian noise bandwidth, BWn in kHz (xxxxx) of any repeater input filtering if used would be beneficial for
definition of ITU protection requirement and should be provided in future technical documents . This is fourth sub-column (10d).

Column 10 is intended to provide a means whereby historical data can be accessed. For t@nent mode selected, the start date and UTC time of
when this current mode was in use is provided at the top of its cell (i.e. since 01/09/201 e date should be specified in the format dd/mm/yyyy,
where dd is the day of the month, mm is the month (as a number), and yyyy is the é@r The time should be specified as hh:mm:ss, where hh is
hour, mm is minutes, and ss is seconds. ®\

%QQ
QT Qo
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ANNEX L
SCHEDULES FOR TESTING DURING THE MEOSAR D&E
L.1 Phase I
Figure L.1 - Schedule for Phase I (20 Weeks)
T-3 Valid/Complete Message Acquisition _ |
T-1 Processing Threshold and System Margin *
T-4/T-7 Independent 2D Location Capability r |
T-6 MEOSAR System Capacity" |
T-1 Retest — Processing Threshold and System Margin -
T-3 Valid/Complete Message Acquisition - >\
T-5/T-7 Location Capability for Operational Beacons N w
T-4/T-7 Retest - Independent 2D Location Capability Ov |
T-6 Retest - MEOSAR Systern Capacity ,.‘Q) -
T-8 Combined MEO/GEQ Operation (Optional) _\("J _

The following is noted with regard to Figure L.1: @Q . OQ

Test T-3 is considered the most basic ts%gfcal ,@)\ as well as the most straight forward
indication that the space segment and MJEOL Ty are performing as expected and hence is
conducted first. Also, there is a Week gap fter the Test T-3 to allow for data analysis
and minimal system evaluation b&reﬁ@otential initial problems,

Test T-2 (Impact of Interferefite) is(é}n(gdered to be on-going throughout the phase and is
not listed, &

In general, Techni @eésts inValve test scripts that last 24 hours or less, and even with
planned retests w&m these tests, actual testing will only involve a few day time.
However, a miftmum of 1 week is always allocated to allow for intermediate result
evaluatior\.(gﬁ}bntial adjustments, restarts etc., with this cushion extended to 2 weeks
during the first half of the overall phase during Phase I,

Test T-7 (Networked MEOLUT Advantage) is not listed separately, but is coupled with
the testing for Tests T-4 and T-5 respectively as these procedures provide the underlying
mechanism for this testing (all testing to be performed when MEOLUT networking is
active is shown in grey),

With the exception of T-7 and T-8 all tests are repeated throughout the phase to ensure at
least one dependable set of results as well as to allow for evaluation of results from space
segments with differing numbers of satellites,

Test T-8 is optional and hence is scheduled at the end of the phase allowing for the
possibility that other testing (or retesting) may supersede if necessary*'.

! This testing can be performed in parallel to other tests, provided data collection and reporting is carefully
separated from other results



L-2 C/S R.018 - Issue 2 - Rev.1
October 2013

L.2 Phases II and 111

Figure L.2 - Schedule for Phases II and III (34 Weeks Each)

T-3 Valid/Complete Message Acquisition i |

T-1 Processing Threshold and System Margin *

T-5/T-7 Location Capability for Operational Beacons |

T-4/T-7 Independent 20 Location Capability | ]

T-6 MEOSAR System Capacity | ]

T-8 Combined MEQ/GEQ Operation (Optional) | |

0O-1 Potential Time Advantage W \
0-2 Unigque Detections by MEDSAR System % ’\13
0-3 Volume of MEDSAR Distress Alert Traffic w
0-4 406 MHz Alert Data Distribution Procedures w
0-5 SAR/Galileo Return Link Service (RLS) %
0-6 Directand Indirect Benefits of the MEOSAR System %
0-7 DDP Impact on IndependentLocation Accuracy S( H
6 8

@Q @mber
\
&
AQ’
e Test T-2 (Impact of Interference)\@rghmé(ed to be ongoing throughout the phase and is

not listed, (’\\. \(b

e Test T-7 (Networked M T A@antage) is not listed separately, but is coupled with
the testing for Tests T d spectively,

The following is noted with regard to Figure L.2XQ

e all testing to be %Qrmed when MEOLUT networking is active is shown in grey,

e Test O-5 6&& later than other operational tests to allow for preliminary validation of
basic MCC processing and data distribution before introducing the added feature of RLS.
Test O-5 should not begin before October 2013 (to allow for the availability of a full RLS
infrastructure to be in place),

e as long as Beacon Simulators use test encoded beacons and MCCs are properly
configured to filter these inputs, additional overlapping technical tests could be scheduled
for retesting as necessary.

Note: the schedules proposed above for phase I, II and III are subject to discussion and
modifications as coordinated by Test Coordinators and the Master Test Coordinator. In particular,
lessons learned as the tests are performed might lead to repeating some tests or re-organising the
tests order.

- END OF ANNEX L -
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ANNEX M

PROCEDURES TO DETERMINE BETTER QUALITY ALERT DATA
M.1 Introduction

A position conflict exists when an alert is received at an MCC and the new position data fails to
match any previously received position data for the same beacon. The filtering procedure detailed
below could be used by MCCs for filtering DOA position conflict alerts for a dependent beacon
event when position confirmation has not been achieved, or after continued transmission has been

requested. 6
%)

The purpose of the filtering procedure is to minimise the distributio alert messages containing

“poor” quality DOA position data. If a new alert with a positio flict is received for a beacon
activation, additional checks can be performed to determine if¢the new DOA position data is of
better quality than previously received position data and Id be transmitted, or is of poorer
quality and can be deemed redundant. If the relatlvco quality of the positions cannot be
determined, then the new data should be transmitte dure below ensures that “good”
data will not be suppressed while limiting the amc& of xi dant or erroneous data distributed

to RCCs and SPOCs. A
> @Q’

M.2 Position Conflict Procedure ’Q (0

For the duration of the D&E, th ces 1@‘descrlbed here may be used to compute the Quality
Factor Filter Flag (QFFF), W@C&l be used to analyse the results of the selected quality
factor processing.

For each beacon actiyation w1th DOA position data, an MCC must identify a reference alert. By
default, the first with DOA position data for the beacon activation becomes the reference
until another alert of better quality is received. Should an alert with new DOA position data for
the beacon activation be received which is determined to be of better quality, the new alert
becomes the reference and a position conflict alert is transmitted. In the other cases, the reference
alert remains unchanged. However, if the quality cannot be determined, the new alert is also
transmitted.

At the beginning of the Better Quality Alert Processing, the QFFF should be set to 0 (to indicate
that the new solution is not of better quality that the reference solution).

The better quality check is a multi-step process. In each step, one characteristic of the solution
(as identified in the tables, below) is evaluated. The result may be any of the states listed in
Table M.1, below.
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Condition QFFF
The parameter to be tested in this step is not available: The quality of the two
alerts cannot be differentiated. The reference alert remains unchanged, and the Step#
new incident alert message is transmitted.
Both alerts are of good quality (according to the characteristic defined by this
parameter): This step does not determine a better quality alert, so proceed to the no change

next step.

The new alert is of good quality and the reference alert is not of good quality:
The new alert is a better quality solution, and it becomes the reference alert. The 10 + Step#
new incident alert message is transmitted.

The new alert is redundant. The reference alert remains unchanged

The reference alert is of good quality and the new alert is not of go
@é no new
incident alert message is transmitted.

Neither alert is of good quality: The quality of the two alerts.é’not be
differentiated. The reference alert remains unchanged, ana:,{he new incident alert Step#
message is transmitted.

Table M.1: Position Better@@aht%@utmn Check

If the end of the last step of this processing \ﬁache @d the two alerts are both of good quality,
then the quality of the two alerts cannot b er: ted. The reference alert remains unchanged,
and the new incident alert message is t mlt he value of the QFFF flag should be set to 9.
@

During the MEOSAR D&E, t cid @lert message is transmitted, and the QFFF flag is
recorded with the incident al éwever the intent is that once the Better Quality Alert
Processing has been Vahda&t the end of the D&E, the flag shall be used to control the filtering
of redundant data. If th%’ g is less than 10, the alert would not be distributed, but if the flag is
greater than 10, the qb{( ould be distributed.

M.3  Better Quality Alert Check Tables

The better quality alert check for a MEOSAR DOA solution is performed in two steps.
Table M.2 identifies the parameters to be checked in each of these steps.

Step Parameter Good Quality | Poor Quality
1 Number of satellites (#S) #S>=5 #S <5
2 Error Ellipse EE <5.0 EE>=5.0
3

Table M.2: DOA Position Better Quality Solution Check

Note: The parameters and the check values for the DOA Better Quality Solution Check are
preliminary proposals, and other parameters may be identified during the MEOSAR D&E phase.
Once the parameters have been identified, the check values may be determined or adjusted during
the latter part of the MEOSAR D&E. During the MEOSAR D&E, MCCs may test different sets




M-3 C/SR.018 - Issue 2 - Rev.1
October 2013

of parameters to determine a Better Quality Solution Check. At all times, the Test Coordinator
should be notified of the parameters that are being used by each MCC for its Better Quality
Solution Check.

For the Operational Test O-7, the QFFF data may be collected with each alert, and the quality of
the results can be evaluated to determine how successful each set of test parameters is in
predicting the actual quality of the solution data.

- END OF ANNEX M -
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ANNEX N

JDOP DEFINITION

N.1 JDOP IMPLEMENTATION ALGORITHM

JDOP definition

JDOP is defined as the Horizontal Dilution of Precision using DOA observations assuming
uncorrelated observations with identical standards deviations per ol@rvation type:

Oroq = 25 psec for all TOA observations, and b@
Oros = 025Hz  for all FOA observations. %6

®K
The following algorithm shall be used: QQ

Let there be N MEOSAR satellites visible simult@eousl t the beacon location and the
participating MEOLUT(s) above an elevation ang@gf 5 %Q@aes. Let these (ECEF) locations be

denoted as: Q Q
{xb, yb,zb} and {)'cb, j/b,Z'b} the approx(@%sitiom&%i velocity of the alert beacon

{x,., yl.,zl.} and {)'ci , )'/l.,z’l.} the a&(ox. p(obggbn and velocity of satellite i (i =1,..,N).

Z)
The linearized observation equa&és\ ca&l{& be written as

REES N
AR | @OA Aﬁ

N

Ar (1
_ ai _aref ﬂi _ﬁref 7/1' _7ref Ay
_di_drq' ﬁi_ﬂref 7'/1'_7'/}’(_7” AZ
where
OR. . OR . . . .
o, = —- = =X, o, = —— = Xy [xbixbi+ybiybi+zbizbi ]_xbi
o0x, ox,
OR, . OR . . . :
B=—=-y, B=— =y, [xbi‘xbi+ybiybi+zbizbi]_ybi (2)
oy, 0y,
_ aRl _ . aRl . . . .
Vi = a = T Zy Vi = _azb = Zy [xbixbi+ybiybi+zbizbi]_Zbi
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with the coordinate and velocity differences
Xpi = (xi X )/Ri X = (xi —X, )/Ri
Vi = (yi_yb)/Ri and Vpi = (.)}i_yb)/Ri 3)
Zy = (Zi —Zy )/Ri Zy = (Zi -z, )/Ri
with
R, :\/('xi_xb)2+(yi_yb)2+(zi_zb)2 4)

The subscript “ref” in equation (1) refers to the reference satellite, relative to which all DOA
observations are build.

If there are N pairs of DOA observations available, the left hand side is a [2Nx1] matrix, where
AR, is the [Nx1] sub-matrix with the linearized TDOA observations co@erted from seconds to

meter, and ARi is the [Nx1] sub-matrix with the linearized FDOA &rvations converted from

z to m/s. 2
Hz t \%

AR, = (T04 -T04,,) ¢ \\}QQ
: (%)

AR = (FO4 -Fo4 )< %)
i ( i ref)fb Q Q

with f;, the beacon transmission frequency, and ¢ @%ee@@ight.

The matrix at the right contains the 3 beaco@ositi Q}lknowns, where the first two elements
represent the horizontal position and the thifd’one the Vertical position (e.g. Ax, Ay and Az could
point to the East, North and zenith respe(cj ly)\'Q)

S\
For the DOP concept, all obgév(;tio are assumed to be uncorrelated and have identical

standards deviations per obs§§dtion ?@e, 1. 67poy for all TDOA observations, and 6rpo, for all
FDOA observations. The ance-covariance matrix of the linearized observations, Cpoy, is then

given by &
\S
L&

C 0 LI | 0 207, -1 0
Cpos = { TDOA } _ |:O-TDOA } _ { O 104 6)

0 Crpou 0 o ;DOA - 0 20'12?0/1 I

And the variance-covariance matrix of the unknowns, G, is given by

-1
1 _ 1 _
G = ( E O-TéA H TTDOAH oa t 5 O-FéA H ;DOA H 1po4 J (7

In analogy to the HDOP concept in GNSS, the standard deviation of the estimated horizontal
location can be given as the trace of the matrix G:

O iorzros = A G110y, (8)



N-3 C/SR.0O18 - Issue 2 - Rev.1
October 2013

In contrast to the DOP concept in GNSS, here the contribution of the beacon-satellite geometry
cannot be separated from the measurement accuracy as two different observation types have been
used. Therefore the auxiliary matrix G’ is defined by

1
N o
G'=— O-TéA G=|H TTDOAH moa T %H }{DOAH FDOA )
2 FOA
And JDOP is then given as
JDOP = /G, +G',, (10)

The expected standard deviation for the estimated horizontal location is given by

O-HorzPos = \/E O-TOA x JDOP (1 1)

O

. Q}Q
Some closing remarks:

1. The definition of G’ in equation (9) contains a multiplicati g‘f'?ctor based on the variances of
the TOA and FOA measurements. These variances mus iven in meter and meter/second
respectively. With the proposed values of 25 psec zg&% Hz, the multiplication factor is
thus equal to

Q Q
oy, 2 < . O
TOA 25 Hsec ) C ' N S .
20A (0'25 Hz C/fbj - (10< ﬁﬁ = (40600 )

o
taking f, = 406.05 MHz, the middlg«f the Q@}requency band.

2. The achievable JDOP is depe, \y on the beacon and satellite positions, but also on
the MEOLUT(s) position. te.%ltes that are both visible at the beacon and MEOLUT(s)
should be taken into co ratlo the JDOP computation.

3. JDOP is also dep t on the number of available antennas at the MEOLUT(s). Only
satellites that ¢ ‘& ually be tracked should be taken into consideration. E.g., for a stand-
alone MEOL %lth four antennas, the maximum number of satellites can be four at most.
If more satellites could be tracked, i.e., if more satellites are visible both at the MEOLUT
and beacon, the JDOP algorithm should determine the minimum JDOP out of all potential
combination of satellites. If the JDOP is used to characterize an actual test situation, then of
course only the satellites that are involved in the test should be taken into consideration when
computing JDOP.

4. Also, regarding the choice of the reference satellite with respect to which the DOA
observations are built, all satellites out of the N satellites should be evaluated as reference
and the one giving minimum JDOP should be chosen.

5. The minimum elevation angle of 5 degrees is in line with document C/S R.012, Annex N.
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N.2 JDOP COMPARED TO HDOP

Here JDOP and the classical HDOP are compared in an
example with 4 DASS satellites simultaneous observed
by an alert beacon and MEOLUT, both in Toulouse, see
the sky plot to the right.

oe 32

The figure beneath shows the resulting values for the
classical HDOP and MEOSAR JDOP.

Towards 02:00, HDOP increases rapidly due to the near
alignment of all four satellites and the beacon in a single
plane. If only HDOP is considered, one could interpret
this an unfavourable time for a MEOSAR localization.
The JDOP however shows only a slight increase towards
the end of the evaluated epoch, indicating that a :
localization is still feasible with a good accuracy. %) 180°

The table below shows some values for the JDOP,
which is between 0.19 and 0.30 during this time-
span. The expected standard deviation of the
horizontal location can be estimated as @Q)

Q

CTanfbs = JZ)()}).\/E.CTTOA c%) ~l§25

JDOP-J2 - [25 “’@Q‘b\é

0 i
0:00 0:30 1:00 130 200
IR
The location accuracy with 26& co %)ce level is equal to 2.4477 Gporzpos-
O
« A time JDOP GHorzPos 95%

&(\\ 00:00 | 0275 | 29km | 7.1km
01:00 0.187 2.0 km 4.9 km
02:00 0.303 3.2 km 7.9 km

N.3 NUMERICAL EXAMPLE FOR JDOP COMPUTATION

This attachment provides a numerical example for all steps in the JDOP computation. For this
example, the beacon-satellite constellation from section N.2 will be evaluated at epoch 01:00.

The approximate beacon position in ellipsoidal WGS-84 coordinates is given as:

Py [deg] Ap [deg] hy [m]
43.55896 1.48373 144.0
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Approximate beacon position in ECEF coordinates [m]:
Xp Yo Zp Xp Vb Zp
4627932.896 119871.625 4372810.338 0.0 0.0 0.0
Satellite position in ECEF coordinates [m]:
i X3 Yi Z; X3 Vi Z;
1 14473971.955 | -7832995.284 | 20830145.566 131.653767 2646.645504 907.553640
2 9491732.521 | -19294589.707 | 15760160.626 1821.654768 ~757.320984 | -2113.407054
3 10794083.534 19129385.521 15316333.557 -1703.556362 -849.593981 2271.346027
4 23929166.460 -10809572.853 3090142.279 -240.428338 388.774588 3207.984673
Satellite position relative to beacon position in ECEF coordinates [m]:
i Xi -~ Xp Yi - ¥ 2i - Zp Xi - Xp Vi - ¥ Z; — Zp
1 9846039.059 | -7952866.909 | 16457335.228 131.653767 2646.645504 907.553640
2 4863799.625 -19414461.332 11387350.288 1821.654768 -757.320984 -2113.407054
3 6166150.638 19009513.896 10943523.219 -1703.556362 N9.593981 2271.346027
4 19301233.564 -10929444.478 -1282668.059 -240.428338 | 0}9&8.774588 3207.984673
"4

Satellite position relative to beacon position in ECEF coordinatei ﬁ.;gt‘malized):

i Xpi Yoi Zpi *KQ‘ VYbi Zp;

1 | 0.4742469545 | -0.3830599176 0.7926884165 | 0.000089341271 | 0.000127479036 | 0.000043713472

2 | 0.2112202242 | -0.8431118038 0.4945184559 | 0.p0B079109001 | -0.000032888178 | ~0.000091778927

3 | 0.2706265010 | 0.8343095287 0.4803008509 | —0.000074767472 | -0.000037287874 | 0.000099687222

4 | 0.8687240104 | -0.4919204157 0.0577312604 ASQ.\00001{§Q1374 0.000017498250 | 0.000144387316

°

Derivative of range R and range-rate R with resﬁ@ to }gﬁ%acon position in ECEF directions:

i aR;/ax,, aR;/ayy, oR; /@;b ) ° aR; /ax,, aR;/ayy, aR;/azy,

1 | -0.4742469545 | 0.3830599176 | —0.792B884165 -0.000011640325 | -0.000123198871 | ~0.000052570669

2 | -0.2112202242 | 0.8431118038 | -Q%4945184650/| —0.000079309352 | 0.000033687904 | 0.000091309856

3 | -0.2706265010 | -0.8343095287 | _0.%803QEP$08 | 0.000073830068 | 0.000034397967 | -0.000101350903

4 | -0.8687240104 o.4919204157,\*0).05;13‘}7604 ~0.000012064461 | -0.000004539003 | ~0.000142866432
‘O

Derivative of range R and ra rata@nth respect to the beacon position in local topocentric

directions {East, North, Z

gnfdl}

i ai=aRi/axb \{%%Ri/aYb Yi=aRi/azb di =aRi/axb IBZ' =3Ri/ayb 7}1« =aRi/aZb

1 0.395211198 \\).2545746564 -0.8826096831 -0.000122856161 -0.000027879262 -0.000046970680
2 0.8482982656 | ~-0.2279009305 -0.4779657085 0.000035730173 0.000120201826 0.000006100303
3 -0.8270224462 -0.1467446168 -0.5426784416 0.00003247474¢6 -0.000124918568 -0.000015711361
4 0.5142494235 0.6314961269 | -0.5803104101 | -0.000004225095 | -0.000095138564 | -0.000107274291
where the rotation matrix from ECEF to the local topocentric coordinate frame at the beacon

position is

given by

0

—sin A, cos 4, 0
R =|—sing,cosA, —sing,sind, cose,
cos@, cosA,  cose,sind, sing,
-0.025893079495  0.999664718010
= |-0.688869611749 -0.017842938034 0.724665638465
0.724422671127  0.018763824984 0.689100654787




N-6 C/SR.0O18 - Issue 2 - Rev.1
October 2013

Now the JDOP is computed for all choices of reference satellite. For ref = 1, the values are

U~y Bo= By V2~V 0453087067 0.026673726 0.404643975

Hppor=| &=y By=Buye  7s— 7wy |=| -1222233645 0107830040 0.339931242
Uy~ Bi= By V4= Voo 0119038225 0886070783 0.302299273
G~y By Buys To—Twga | | 0000158586  0.000148081  0.000053071 ]

Hppor =| @=dyys By=Boye 75— Frga |=| 0000155331 -0.000097039  0.000031259
Gy =Gy Bo B Ta— T 0.000118631 -0.000067259 -0.000060304

4 0.010467671  0.002734429 -0.011444031 |
H., ] 0.002734429 ($1406890 -0.031069667

2

, O
G' = (HTTDOAHTDOA +§—0AH17;DOA
-0.011444031 6®

FOA

1069667  0.125022699 |

o 25usec ¢ ’ 2
with Zrot _ : = (10%s2-7£,)* = 40605 (O
oo 0.25Hz c/f, ( / b) Qg\
JDOPref:l = o G'+G'y, Q Q
= \/ 0.010467671+0. 02440689(10@6 %\()
= 0186747317 N
"o AQ)
The computation of Hrpos, Hrpos, G’ a \% @epeated for ref=2, 3 and 4; this results in four
JDOP values, one for each choice of ellite:
ref=1: JDOP, - = 74

ref =2: JDOPref 2
ref=13: JDOP 0 20 3
ref=4: JDO L, =0.237619737
The final JDOP VarﬁiQs then the minimum of these four values:
JDOP = min( JDOP,i ) = 0.186747317

- END OF ANNEX N -

- END OF DOCUMENT -
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