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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 (MEO) 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.
6@6
11 Purpose of Document &%QJ

The purpose of this document is to provide the framework %Je demonstration and evaluation
of the MEOSAR system which should lead to a stateme capability of individual equipment
and the entire 406 MHz MEOSAR system. This s@}:ment f capability will provide the

information necessary for the Cospas-Sarsat Joint itte ake recommendations to the
Cospas-Sarsat Council on the integration of ME equ@ent into the existing Cospas-Sarsat
System. % %)

Succinctly stated, this document provid elin%@or:

)

participants;

J collecting a set OQ'@[S fmS individual participants, using compatible formats, that
can be consolidated into W Jirtal report for review by Cospas-Sarsat participants and
other intere parties; and

. conducting the D&E o®é MK R system in a standard manner among the

. anal sh\@nd translating the results into a set of recommendations for a decision by
the &as—Sarsat Council.

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. It also applies
to Cospas-Sarsat Participants that operate a MEOSAR ground station (MEOLUT) 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
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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.

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 " The LEO satellites
and associated ground receiving stations (referred to as the LEOS ystem) receive signals
from distress beacons operating at 406 MHz. The LEOSAR sy calculates the location of
distress beacons using the Doppler effect on the received beac ignals. Because of LEOSAR
satellite orbit patterns, there can be delays between beacon Qvatlon and the generation of an

alert message. 0

In 1998, following several years of testing, the C -Sars uncil decided to augment the
LEOSAR system by formally incorporating S { stru S on geostationary satellites for
detecting 406 MHz beacons (referred to as“@: system). Geostationary satellite
footprints are fixed with respect to the h’s e; therefore, each satellite provides
continuous coverage over the geogra eg eﬁned by its footprint. This reduces the
detection delays associated with the . Because of their altitude each GEOSAR

the Polar Regions). However, b e of ﬂ’Ese attributes (i.e. stationary with respect to the Earth

satellite provides coverage of a ve e ar ‘(bbout one third the surface of the Earth excluding
and high altitude): s

. GEOSAR sy @cﬁrowde cation information only if this information is available
from an exte ource (i.e. global navigation receiver in the beacon) and transmitted in
the 406 M@)eacon message,

. obstruchgns blocking the beacon to satellite link cannot be overcome because the
satellite is stationary with respect to the beacon,

o the beacon to satellite 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.

' 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.
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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,

robust beacon to satellite communication links, high levels of satellite redundancy and
availability,

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 prepa e introduction of a
MEOSAR capability into the Cospas-Sarsat System and to encour oordination among the
space segment providers for System compatibility and interoper with the proposed MEO

satellite systems.

1.3.1  MEOSAR System Development Q,%'Q

The MEOSAR programme time-line inc severé%ﬁases which clearly delineate
development and implementation activiti@s™ The f@vwmg five phases were established
for the realisation of the MEOSAR sg?@n @

. definition and development
. proof-of-concept (POC@blt y@ﬁﬂtion (I0V)
) demonstration and atio ‘b‘

o initial operation ability FOC)
. full operatio@&apab@FOC)

To date the ﬁvé'phase has been completed by all space segment providers. POC/IOV
activities been completed for the DASS space segment’ with several participants
undert technical tests to characterise the system. The EC and Russia plan to
complete’ POC/IOV activities on the SAR/Galileo and SAR/GLONASS systems as soon
as possible after the beginning of their constellation deployments. These POC/IOV
activities are expected to be completed prior to the beginning of demonstration and
evaluation activities. When D&E activities are completed, the Cospas-Sarsat Council
will decide when to begin the IOC and FOC phases.

Further information on the phases of MEOSAR system implementation can be found in the document
C/SR.012 (MIP).
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 2010, there were nine DASS satellites providing

POC/IOV capability.
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1.3.2

14

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.

The three MEOSAR satellite constellations will use transparent repeater instruments to
relay 406 MHz beacon signals, without onboard processi data storage, or
demodulation/remodulation. = The SAR/GPS, SAR/Galil@d SAR/GLONASS
payloads will operate with downlinks in the 1544 — 154 z band. The planned
technical characteristics of each satellite system are %ned in the Cospas-Sarsat
document C/S R.012 (MEOSAR implementation p IP)). MEOSAR satellite
providers will make their satellite downlinks availab{g)internationally for processing by
MEOLUTs operated by MEOSAR D&E grounggegihent participants. Cospas-Sarsat
MEDO satellite specification and commissioning%o cumeqts will be developed during the
latter portion of the D&E. @Q %

\,
1.3.2.2 MEOSAR System Ground S%&?;(lgnt 6&%

The MEOSAR ground segmeh@ se ground receiving stations (MEOLUTS),

Cospas-Sarsat Mission Cont)l Centr CCs) modified to process MEOSAR data,

and ground control statio ort rn link function. The MEOLUTSs used during
the D&E will operate the nical requirements developed during the definition
and development p of theﬁxl OSAR system. Cospas-Sarsat MCC and MEOLUT
specification andé missio documents will be developed during the latter stages of
the D&E.

From @grammatic perspective, Cospas-Sarsat Participants and the EC are
respondip¥e for providing MEOLUTs. However, these D&E participants may not be
able to provide all the MEOLUTSs necessary to support global coverage during the D&E.
Because the three MEOSAR constellations are expected to be interoperable, the
MEOLUTSs should have the capability to receive and process the downlinks of all three
MEOSAR satellite constellations.

Concept of MEOSAR Operations

Using SAR instruments on MEO GNSS satellites and ground processing stations, the MEOSAR
system will receive, decode 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).
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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. ‘&is picture shows the
relay of beacon signals, via multiple satellites, to the MEOLUT. Be cqnydata is processed and
passed onto the MCC, which in turn notifies the RCC. Also depicte@ new service offered by
SAR/Galileo, the “Return Link Service” (RLS), which provides mmunication back to the
beacon (e.g., to acknowledge receipt of an alert). At this timéﬁe Galileo constellation is the

only system planning to deploy this emerging technology. %Q
Figure 1: The MEOSAR %m C@ept
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All existing and planned MEOSAR satellite instruments are 406 MHz signal repeaters. When
fully implemented, each MEOSAR constellation will provide continuous visibility between a
distress beacon located 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 ad¥jtion of a computed
altitude) are possible when the beacon burst is relayed to a MEOLUT xj r or more MEOSAR
satellites. %'

Q

In addition to calculating beacon locations using a single bur, &e ayed by different satellites,
subsequent bursts can then be used to refine the beacon locat; Finally, theory and preliminary
studies indicate that MEOLUTSs can also improve locati cturacy by processing TOA/FOA
data acquired through antennas associated with a diffe@ MEQLUT, a process referred to as
MEOLUT networking. Q - O
S
NS S
15 Responsibilities (b‘% QQ)

Each participating MEOSAR space se \% pro)d@ér is responsible for ensuring that the nominal
operation of its satellite instrumen ain in specification during the D&E period. This
responsibility includes the monitgIg of cni‘épa performance parameters and the timely reporting

of changes in system status. 0 4%
Y N0

MEOSAR ground statﬁroviders are responsible for the development, implementation and
operation of their UT and communication networks, and the implementation of agreed
procedures for ‘ﬂgpmessing and distribution of MEOSAR alert messages and the exchange of
data required fo completion of specific technical tests.

All D&E participants are responsible for the implementation of the agreed procedures for the
distribution of MEOSAR alerts as given at Annex E. All participants are also responsible for
collecting, analysing, and reporting the results of agreed tests as appropriate.

1.6 Schedule

The MEOSAR D&E schedule is detailed in section 6.2 which provides the major milestones of
MEOSAR D&E activities. The timeline presented in section 6.2 includes concurrent activities
that need to be accomplished during the D&E phase to ensure that the MEOSAR system will be
able to attain IOC status, as decided by the Cospas-Sarsat Council, as soon as possible after the
D&E is completed.

- END OF SECTION 1 -
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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@LE phase are to:

- characterise the technical performance of the MEOSAR system; bg)
- characterise the operational performance of the MEOSAR s ;
- evaluate the operational effectiveness of the MEOSAR %}n; and

a

- provide the basis for recommendations to the COZ%& sat Council on the integration of
the MEOSAR system in the Cospas-Sarsat Prograithe. Q
O
Therefore, D&E testing needs to be as repres@ive @he planned MEOSAR system as
possible. Even though D&E will take place b@@e thergriya fully operational space and ground
segment, it is the intent to operate the ME%R sysm% n a context as close as possible to that

expected for standard operations. \Q QJ&
XN o
In particular, it is assumed that: @Q \(b'

a)  the operational reﬁnt MEOSAR global coverage will be achieved by a
distribution of st@ one 1@@) UTs;

b) MEOLUT astworking will be implemented by some participants to enhance system
perfom@ and support redundancy of the Cospas-Sarsat Ground Segment;
Y

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

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.

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.

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 one-year D&E period in 2013, therefore, this plan
assumes that both satellite bands will be processed during the D&E. However, test results will be
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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 two phases to more confidently characterise the expected operational
MEOSAR system which will only feature SAR payloads with L-band downlinks.

In the first phase, S-band systems using current beacon waveforms and beacon simulators will be
used. Performance of these “preliminary” systems can be evaluated by collecting data from the
existing experimental MEOLUT systems. The goal for this phase of the D&E is to demonstrate
that the MEOLUT system can perform as well as, or better than, the existing LEOSAR/GEOSAR
system. It is possible that a set of these tests could form the basic testi%sequence for future
MEOLUT commissioning. b@

In a second phase, when satellites with L-band downlinks will Qd/idely available, a second
series of tests replicating the tests of the first phase will be accongpshed.

The technical and operational objectives of the D&E are d@% in the following sections.

2.2 Technical Objectives %8
The objectives of technical tests are to irm thelggmpatibility of the various MEOSAR
components and establish the baseline p anc&)ﬁl;aracteristics of the MEOSAR system.

Most technical tests will be perfon@ccor Q&/to test scenarios generated by beacon simulators
producing controlled signals wi)sSpecifi€flvoutput power and message content. The beacon
simulators will record beaco nsmiss%tn characteristics such as frequency and time of burst
transmission. However, e techml ests will use operational first generation beacons of
various types (ELTs, s and PLBs) to characterise their actual level of performance in
comparison with the @r ormance assessed using controlled beacon simulator signals.

The test scenari&\%ﬂl 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, except if the satellite selection process is managed
dynamically. 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 MEOLUTs
which process transmissions from simulators located at a great distance may exhibit differences
due to less favourable satellite geometries. Therefore, MEOLUTs 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.

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 documents
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C/ST.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 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. The complete description of
each technical test is provided in section 4 of this document. All technical tests scenarios
described in section 4 may be repeated as required by D&E participants dgd as decided by the
Cospas-Sarsat Council for completing the evaluation of MEOSAR sys formance.

As a minimum, D&E participants should endeavour to perform t 6? sts T-1, T-3, T-4, T-5 and
T-6 and provide reports on their MEOLUT performance as dg@g¥ibed in section 4. The other
technical tests, i.e., T-2, T-7 and T-8, will be performed by 101pants as an option, depending
on available ground segment equipment capability. 0

T-1 Processing Threshold and System %@gm . QQ

Determine the minimum value of the b\@)n ou power for which a single MEOLUT
satellite channel is able to produce a, d/corn ¢ message for each beacon burst [70%]
of the time. The system margin dlff%&p e between the nominal output power of a
beacon and this processing thre \‘b‘

Detection probabilities fi leti-ch&@nel MEOLUTSs may also be derived from this test

data. CJQ, \04%

T-2 Impact terference

Initially assﬁhe presence of interference in the 406 MHz frequency channel to be used
for this te¥>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
[30 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
[30 dBm].

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 in the following configurations:

- using four satellite channels only; and

- using any number of satellite channels available to the s@one MEOLUT.

Independent Location Probability
Characterise the probability for a stand-alone MEOLU prov1de an independent 2D
location with a location error less than X km (X = 2 r 10 km), for a given number of
transmitted bursts (1 to 7 bursts) and for a beacon tr itting at 37 dBm.

Independent Locatikaccu.rac\Q

Characterise the cumulative dlstrlbutlon 0 atlo vors, and the average and median
values of the distribution, for 1ndepende ocatio, ced by a stand-alone MEOLUT
after a given number of transmltted s (1 teg’x rsts) and for a beacon transmitting at

37 dBm.
m \Q @&
Tll’l’]&@}—“ rst m&bendent Location

Characterise the time elaj etweehthe beacon activation and the first 2D independent
location provided by a d—alo EOLUT with an error less than X km (X = 2, 5 or
10 km) and for a be@@p rans at 37 dBm.

T-5 Ind.e@étnt 2D Location Capability for Operational Beacons

[Characte'%bx 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 beacons of various
types (ELT, EPIRB and PLB), by determining two parameters used in test T-4:

- Independent Location Probability
- Independent Location Accuracy]
The above parameters are assessed for stand-alone MEOLUTs using four satellite channels

only and for the stand-alone MEOLUTS using any number of satellite channels available at
the MEOLUT.

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 single satellite channel throughput (probability of detecting a valid message
for each transmitted burst received via a single satellite channel); and

- the single burst location probability of a stand-alone MEOLUT using four satellite
channels.

T-7 Networked MEOLUT Advantage

Evaluate the performance improvement that can be achieved by exchanging data between
MEOLUTSs. For this evaluation the tests T-4 and T-5 listed above be repeated, or the
transmissions processed in parallel in the stand-alone and netw figurations, and the
results compared with results obtained for the stand-alone MEC@T configuration.

T-8 Combined MEO/GEO Operation Performanc%&,

Evaluate the ability of a MEOLUT to merge GEO EO data to provide a combined
MEO/GEOQO alert. For this evaluation, tests T-3, % andJ-5 as listed above need to be
repeated, or processed in parallel, in the degse¥ confy tions (stand-alone MEOLUT,

combined MEO/GEO, networked MEOL and @mr results compared with results
previously obtained with MEO data 0nly50 QO

S Q
N

2.3 Operational Objectives

&
The MEOSAR D&E operationa S aim %ﬁvaluate the contribution to SAR operations of alert
data provided by the 406 M OSA;%?ystem and are designed to gain operational experience
in the use of MEOSAR di S alertwh overall operational objectives are to:

a. assess the perforhnce of the MEOSAR system in supporting actual search and rescue
operations; '\%

b.  provide S&SGrvices with experience using MEOSAR system data and assess the
effectiveness of MEOSAR 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.

O-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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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 to 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. &

Validate the initial concept of operations for alert da strlbutlon, compare performance
to the LEO/GEO system and suggest modification red for an operational MEOSAR

system. Q% QQ

0-5 SAR/Galileo Return Link Serwc@gfLS)&%\

0O-4 406 MHz Alert Data Distribution Procedures

Evaluate the SAR/Galileo RLS 1n(§pect ata volume, the effectiveness of data
distribution procedures and the tnﬁ@; e@bf return link messages.

0-6 Evaluation of Dlre@d In&&t Benefits of MEOSAR System

Evaluate the direct and&ect ban\,gﬁts to SAR services derived from the use of MEOSAR
data. CJ \0

8
O-7 ME Q’ Alert Data Distribution — Impact on Independent Location

cy
"
[Evaluate the initial concept of operation for alert data distribution to ensure that MCCs
provide SPOCs and other MCCs with accurate independent location data in a timely
manner while minimising the distribution of unnecessary 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

3.1

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. b’
- ¥
The MEOSAR D&E methodology includes: é
a. standard procedures for each test applicable to 'Q?P participants for collecting,
analysing and reporting data required for the e tion of the stated objective;

b. guidelines for interpreting and reporting th,%%u ts of the D&E tests by individual
participants, integrating these results into%conso idated D&E report, and drawing
appropriate recommendations for su ion,t ospas-Sarsat Council;

c. procedures for the exchange oﬂ%@ﬂ)SAR&@and system information messages
as provided at Annex E; Q

d.  procedures to track syste@nges hich may affect D&E test results; and

e. procedures for interi% iew,0 test progress.

N

The subsections belos,i@@vide Bader description of the overall methodology.
3.12 Metlg{@g{]y \0

The ove %)eriod for collecting test data is detailed in the timeline provided in
sectio@f this 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 performed by each
participant (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 Secretariat, 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 MCCs.
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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 provided to the D&E Report
Preparation Group which will collate results into a draft D&E Final Report. Participants
are encouraged to perform additional analysis of test results.

Unless explicitly documented by specific test beacon scripth\ within a test plan,
participants should document the transmission of beacon s for the D&E in a
common Excel spreadsheet. These populated spreadsheets@¥ll be provided to D&E
participants and the D&E Report Preparation Group on lar basis. At a minimum,
this spreadsheet will contain the following fields: if

A
hZ
Field Description C‘Q‘p

v
Beacon ID 15 character Hex id Q)Q '\QQ

Power transmission poﬁ@gvdBr&)&%y

A\

Frequency transmissio quengy i MHz

Y

. . N X
Duration duratlle@f ac}l\v in minutes

hd
Time of first burst %@Sf the ﬁ@%urst (to nearest second)

Yy
. Ay
Time of 1 r 1m r near n
e of last bu stc e O@e Jast burst (to nearest second)

\)
Latitude b decimal latitude accurate to at least 3 decimal places (6 preferred)
o

Long@o decimal longitude accurate to at least 3 decimal places (6 preferred)
o

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 the Cospas-Sarsat DDP (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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3.1.3 MEOSAR D&E Readiness Testing

To provide consistency in the reporting of objectives, one or more readiness test 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.

The results of the readiness test(s) will be exchanged among the D&E participants and
provided to the Secretariat. After review by the Secretariat, the Cospas-Sarsat Council
will decide whether the readiness test(s) has demonstrated that th&{ormal D&E tests can
begin. If necessary, the readiness test(s) will be repeate system readiness is
assured. Once the Cospas-Sarsat Council has declared that @al D&E tests can begin,
a baseline MEOSAR system status (e.g., MEOSA tellites, MEOLUTs and
participating MCCs) will be provided. Subsequentl system changes should be
documented and provided to the other D&E par% ants as outlined in sections 3.2

and 3.3. %
>

3.2 Exchange of MEOSAR System Informa@ %\

To facilitate a thorough data gathering ag?ccurate&%‘[istical analysis, all D&E participants

should maintain and distribute systenw
information shall include: X

tus %@rmatlon to all other participants. This

all periods of MEOLUT d@y' tlm‘%
any change in status EOSAR satellites or 406 MHz repeater instruments;

any MEOSA ite co&uration which may affect the processing of MEOSAR
data;

any cha%e%[ MEOLUT status, configuration or software which affects the collection
and prdseysing of MEOSAR data;

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; and

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).
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3.3 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 Description . 66
Entity The entity or component changed (e.g., MEOI@'MCC, satellite)
Type of Change e.g., Newly Added, Removed/Disabled, ated, Updated
Date/Time of Change Self-explanatory \%Q
Classification Hardware, software, software Kl%urati%
>y Q)

Organisation Administration/Organisati@@ocum@%}g this change

O~ oY
Description of Change | A short but reasona{b\@umma% e change

TS
- - & \@ -
3.4 Monitoring of D&E Tes gress\& Test Plan Adjustments

A mechanism is needed by W@ C%Sarsat and the D&E participants can evaluate progress
and determine condition: t wou essitate new analysis and/or retests. Cospas-Sarsat
meetings throughout th@g Test period will provide the opportunity to carry out these tasks
(e.g., Expert Worki toups, Task Groups, Joint Committee, and Council). In each case an
agenda item wil edicated for the review of D&E test data collected and analysed to date,
summaries of pregress 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.

- 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.

4.1

T-1: Processing Threshold and System Margin

IS

411  Objective and Definitions b@

The objective of this test is to determine the minimum T output of first generation
beacons and the corresponding C/No at a MEOLUT u test, for which the throughput
of a valid/complete beacon message for a transmitt rst meets expected performance
for a single satellite channel and for multiple sate@i channels. These threshold values
will allow a computation of the system margin. Q

Throughput will be measured for each I@LU %\ellite channel and as a function of
the number of antennas used, incremehting 1 up to the maximum number of
antennas available at the MEOLUIb‘%

The test will be run for a pepidd of 24 but will be repeated as necessary to obtain a
sufficiently large data s ¢ to bdMtatistically significant and to allow for testing
different space segmeq@nditionﬁb

Rationale: The hd Varia%@y of spatial geometry due to constellation population
density and sateijfte motion must be considered in this test. The MEOSAR system will
consist of mijltlple satellites, all in motion relative to the Earth. Hence, this test must
accou N@ the variability of geometry by ensuring sufficient measurements are
availa%ﬁy or statistical validity.

The processing threshold and system margin are “figures of merit” fora 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.

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.
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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.

Ensure the beacon simulator is located within the operational radius of the MEOLUT
under test.

Select a frequency channel outside those used by operational beacons, e.g.
[406.064 MHz]. Calibrate the beacon simulator's output powsr to ensure validity of
the output level.

Turn on the beacon simulator and allow it to stabilise. @b

Transmit 10 bursts at 3 second intervals with a po %utput decreasing by one dB
after each burst to cover the range 37 dBm to 28 g

Repeat the 10 burst sequence continuously féﬁ hours, hence producing 120 bursts
at each power level, each hour, for eac 1lite ,@cked, assuming a continuous
visibility of the tracked satellite during our.-\Q

For each transmitted burst, collec\&eceiva@ursts at the MEOLUT and capture
the C/No value of each received b5rs . 4

Compile the lists of all medAges pr%&wed by each MEOLUT satellite channel at
each power level and deg ine t mber of valid/incomplete messages (NVIM)
and complete message M).

Determine the nu of tr. s‘lgi'tted bursts (NTB) that should have been received in
each satellite c el fO¥agh power level, using the satellite visibility schedules
during the 2¢@ur test period and assuming a minimum MEOLUT/satellite elevation
angle gf nd a minimum beacon/satellite elevation angle of [5°].

\Q\a Single Satellite Channel Threshold and Margin

Aggregate the NVIM, NCM, NTB values for single satellite channels.

Compute for each transmit power level the single satellite channel throughput
(INVIM+NCM)/NTB and NCM/NTB) and the average C/No for the complete
24 hour test period.

Determine the single satellite channel processing threshold as the beacon transmit
power for which the throughput drops below expected performance.

Determine the single satellite channel margin as the difference in dB between
37 dBm and the value of beacon transmit power at which the throughput drops below
expected performance.

b) Multiple satellite channel threshold and margin

[Determine the number of transmitted bursts (MNTB) that should have been received
by the MEOLUT 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°].
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Compile the lists of all messages produced by each MEOLUT satellite channel at
each power level and determine the number of valid/incomplete messages (NVIM)
and complete messages (NCM).

Compute for each transmit power level the throughput ((NVIM+NCM)/MNTB and
NCM/MNTB) and the average C/No 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 bet\/&n 37 dBm and the
transmit power value at which the throughput drops below e@ ed performance.]

4.1.3  Data Analysis and Results %Q)

Table 4.1 depicts the data that should be compiled fo@ test.

Number of | Average C/No Number of %‘\}( umber of Throughput | Throughput
Beacon Tx . . . :
ower transmitted of received valid messages; com for valid for complete
P bursts: NTB bursts NVIM 2% messaied: NCM messages messages
37 dBm A& | &
36 dBm N oY
35 dBm oD AN
AN A
X, XY
28 dBm 'Qy' \‘b"
Table@ T-1 %ults for the 24 Hour Test Sequence
Note: NTB number of bursts will depend on the duration of beacon

1 r/satelhte/MEOLUT visibility during the 24-hour test period.

From &able the processing threshold and system margin can be computed for each
24-hour test sequence. The average processing threshold and system margin should be
computed for each MEOLUT and satellite type combination.

The following data should be recorded:

a)
b)
c)
d)
e)
f)

g

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 power of each transmitted burst;

the C/No of each relayed burst;

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

all messages produced by the MEOLUT during the tests.
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4.2

All invalid messages produced by the MEOLUT should be examined to determine if the
error can be explained by a known reason that degraded the MEOLUT’s ability to
produce a valid/complete message.

4.1.4  Interpretation of Results

The processing threshold and system margin characterise the ability of the MEOLUT to
provide valid alert messages over the expected range of beacon transmit power.
Characterising throughput performance of a single antenna allows a comparison of
performance between MEOLUT channels (i.e. each satellite type and MEOLUT
combination). The processing threshold and system margin of a MEOLUT, as a
function of the number of antennas used, allows for a meas of the number of
antennas necessary for the MEOLUT to achieve a given thro rate performance.

@Q’

T-2: Impact of Interference

421  Objective and Definitions C:"Q

%

The purpose of this test is to determine tl@ility 0@ MEOSAR system to provide

valid messages and accurate locatlons i pres m}?&of in-band interference and noise.
The objective is to monitor the 406 band e presence of interference while the
technical tests are being performe rder té&m erstand any anomalies in the results.

4.2.2  Methodology and&}%ol}?&

This test will use the @f‘s obtafye d during technical tests to determine the impact of
actual interferers s in th EOSAR field of view. It will also examine the
relatlonshlp betv@) ch\@ téristic nature of the interfering signals and any changes
in the producti alid messages and locations.

The fol&@% methodology should be used:

a) Pr10r 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 antennae in the downlink band. Document the time the evaluation took
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.

b)  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 segments.
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d)

2

Continuously monitor the 406 MHz band using the spectrum monitoring HW/SW.
Record the output in a storage device for later detailed analysis (e.g., data plots,
spectrograms, and/or spectral images).
When interference is detected, collect the following parameters of the interfering
signal:
i. the MEOSAR satellite and MEOLUT used for detection;
ii. duration and time of occurrence;
iii. location in the 406 MHz band (i.e. which part of the band is affected);
iv. spectral occupancy;
v. signal strength;
vi. time patterns (e.g., on/off, continuous, sweepin s constant, etc.);
vii. nature of modulation (i.e., analogue versus di@, if known; and
viii. location, if known. %
In addition, examine the production of mess Q?md locations by the MEOSAR
processor during the period that the interfer as present, noting (i) any lost or
invalid messages, (ii) any increases in @ 66 transfer time, and (iii) any
increase in location accuracy or uncer@ty Q

For controlled test beacons, rego, € tlm& eacon activation and the location
of the beacon.

Use the results obtaine@ng applicable technical tests and compare results
obtained during perio knq@) nterference and during periods where no
interference was obs

Continue the d lectioﬁﬁprocess until a broad range of interferers has been
observed over@ riod gf&§everal months.

F re 4.1: Test Apparatus for Interference Evaluation.

\% EOSAR
atellite Slgnals

MEOSAR Alert Messages
»> — )
Processor and Locations
Spectrum
» Monitoring
HW/SW

4

Interferer Characterization Data

Storage . '
[ * (including plots, spectrograms, etc.)

Device
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4.3

4.2.3  Data Analysis and Results

When interference is detected, examine all MEOSAR messages and locations produced
during the period when it is present to determine if there is:

a)  any loss of expected messages;

b)  a decrease in the percentage of valid messages produced from [both operational
and] test beacons;

¢) anincrease in false messages, i.c., false alerts; or

d) adecrease in the percentage or precision of computed locations.

This analysis assumes that data is recorded before, during, after the interferer is
present. Subsequently, examine the technical parameters e interferer and try to
relate the impact on both message and location processi @0 specific characteristics of
the interferer. For example, is there a relationshigUbetween a reduction in valid
messages and the interferer’s signal strength? %

424  Interpretation of Results Q
Q

Based upon the results of the analysi qusm&q 11 be drawn concerning the ability
of the MEOSAR system to withst arlogsgy els and types of interfering signals.
it

This information will permit r me s to be made to external agencies
concerning the impact of interﬁ@ce in 06 MHz band upon the MEOSAR system.
Cospas-Sarsat participants~Mll  ga a specific body of evidence to support

deactivating 406 MHz int ers th h other regulatory bodies and agencies.

T-3: MEOLK@"Id/CO@G Message Acquisition
4.3.1 Q@ctlve and Definitions

Test TS objective is to investigate three 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 [30 dBm].

(i1) Valid/Complete/Confirmed Message Transfer Time

This parameter characterises the time elapsed between beacon activation and the
production of valid/complete/confirmed messages by a MEOLUT for beacon output
powers of 37 dBm and [30 dBm)].

The MEOLUT throughput is defined as the ratio of the number of valid (or complete)
messages produced by the MEOLUT over the number of bursts emitted during a given
period of time.
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Test T-3 will be performed over a pre-determined 24-hour period.
4.3.2  Methodology and Data Collection

A beacon simulator is used to replicate beacons that transmit long format messages at
the frequencies [406.064] and [406.070] MHz with two different emission powers: 37
and [30] dBm. Data is collected over a 24-hour period.

Rationale: The access probability/detection probability/transfer time are characterised at
37 dBm which is the nominal beacon power, and at a lower value [30 dBm]. The
MEOLUT throughput will depend upon the elevation of the Sstellites used for the
characterisation. However, considering that MEO satellite qrily~Configurations repeat
approximately every 24 hours, varied geometrical confi ions will be achieved,
without the need for a coordinated tracking schedule, in Kﬁ&r period.

The following steps are required to perform test T-}LOQ

a)  In each one-hour period within 24 hou& selectafour time slots of at least 350

seconds (two for 37 dBm and two fi 1 dB smissions). Ensure each time
slot is adequately separated in tifhg”to e that MEOLUTs will separately
process each transmission sequeb¢t with ame beacon ID.

b)  Implement the test scripf}&fded nnex G on a beacon simulator and calibrate
the beacon simulat 1ss er and carrier frequency to confirm the
characteristics of th@smltt gnals.

c¢)  Transmit 700 er: nnex G test script (7 x 100 IDs) at 37 dBm in the first
time slot ted agl% a, produced by the MEOLUT for the beacon IDs
transmit y the simulator.

d) Rﬁ‘@}t the process at [30 dBm] during the second time slot selected at step a, with
pproprlate scripts.

e)  Repeat the test sequence in slots 3 and 4 of the first one-hour period, i.e. two 350
second transmission sequences at 37 and [30] dBm, and repeat the 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 tests.
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4.3.3

Data Analysis and Results

Data collected as described in section 4.3.2 is used for assessing the two parameters
described in 4.3.1, each with a specific procedure for data reduction and analysis, as
described below.

4.3.3.1 Valid/Complete Message Detection Probability

For the 24 hour test period, for each emission power, perform the following steps:

a)  Filter the beacon bursts list collected per Annex J to retain only the valid/complete
messages.
b)  For each MEOLUT event, using the time stamp infor t'@?ﬁetermine whether a
valid and/or complete beacon message was produced. &)
¢)  Determine whether at least one valid* or comple@lessage was produced after
one, two and seven burst transmissions for h beacon IDs and report the
corresponding numbers in each slot. %
d)  Determine the probability of detection@ valid/complete message after one
burst, two and seven burst. SO Q
e) Build Table 4.2 for the detect%?%éabi!@fter one, two and seven bursts, as
illustrated below for the case “é, tl‘ﬂ@l ed bursts”:
Beacon Slot No NTBI NV’INQ‘ N@} Valid Message Det. Complete Message
emission Number 7 ) T 7 Prob. (%) After Det. Prob (%) After
power transmitted sts. ursts. 7 Bursts. 7 Bursts
beacon IDSI< v (NVIM+NCM)/NTBI NCM/NTBI
37dBm— |Slotl  [100 N, Q
[30dBm] | Slot2 100 ~ ‘
o~
37dBm— | Slot7 ',\3;\)0
[30 dBm] | Slot 8)\}'100
37 dBm Slot 95 100
[30dBm] | Slot96 | 100

Table 4.2: T-3 Detection Probability after Seven Burst Transmissions

4.3.3.2 Valid/Complete/Confirmed Message Transfer Time

For each slot and each emission power perform the following steps.

a)

Filter the beacon burst lists collected per AnnexJ to retain only the
valid/complete/confirmed messages.

* If: NCM = Number of Complete Messages; NVIM = Number of Valid and Incomplete Messages,
then Number of Valid Messages = NVIM + NCM
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b)  For each slot and using the time stamp information, calculate for each beacon ID
the time elapsed between beacon activation and the production of the first
valid/complete and confirmed valid/complete message.

¢)  Using the 100 beacon IDs in each slot, derive the mean value of the time elapsed
between beacon activation and the production of a valid/complete/confirmed
message.

d)  Build Table 4.3 for the 24-hour test sequence.

4.3.4 Interpretation of Results
decoding bursts to

T-3 test results will characterise the MEOSAR performang
]%roughput for valid and

produce valid and complete messages, i.e. the MEOLU
complete beacon messages and the time required to prodL%d valid or complete beacon
message after beacon activation. This performance pdy be affected by a number of
constraints, such as the distance from the beacon to Q VIEOLUT.

A

Beacon Slot No Mean value of | Mean value %\' Mean value of Mean value of
emission Valid Mess. Conﬁnﬁ(?d | (&ete Mess. Confirmed
power Transfer time Valj & SS. ‘\\ ansfer time Complete Mess.
r timg(‘@ Transfer time
37 dBm — Slot 1 S A
[30 dBm] Slot 2 & ok
N 7
X, ‘A\)‘O
37 dBm - Slot 7 AN
[30 dBm] Slot 8 >
Yy
/‘0 \f\*
L N Y
\ -
37 dBm Slot S
[30dBm] ] SED%

4.4

Yy
\»& Table 4.3: T-3 Message Transfer Time

T-4: Independent Location Capability

44.1  Objective and Definitions

Test T-4 objective is to investigate three main parameters which characterise the
production of independent location data by stand-alone MEOLUTs using four satellite
channels and by MEOLUTSs using any number of satellite channels.

(i)  Independent Location Probability

Characterise the capability of a MEOLUT to provide an independent 2D location with a
location error less than X km (X = 2, 5 or 10 km), for a given number of transmitted
bursts (1 to 7 bursts) and for a beacon transmitting at 37 dBm.
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(i1)) Independent Location Accuracy

Characterise the average value and the standard deviation of the location error of 2D
locations provided by a MEOLUT, for a given number of bursts (1 to 7 bursts) and for a
beacon transmitting at 37 dBm.

(iii) Time to First Independent Location

Characterise the time elapsed between beacon activation and the first 2D independent
location provided by a MEOLUT with an error less than X km (X =2, 5 or 10 km), for a
beacon transmitting at 37 dBm.

The test T-4 will be performed over a pre-determined 24-hour lgod using a standard
first generation beacon signal fed to a linear antenna. &

4.4.2  Methodology and Data Collection &%QJ

A beacon simulator is used to replicate distress )Qcons that transmit long format
messages,

- with the nominal beacon emission povy§ 37 d ; and

- at the frequencies [406.064] and [ \\gl?

Sequences of beacons IDs are trar@utted @nerate sets of 100 locations produced
from 1, 2, 3,4,5, 6 or7 bur%(b\ll se%ences are repeated twice in each one-hour
period over a 24-hour duratlox

Rationale: Beacon eve @e tra \ted with a controlled number of bursts to clearly
assess the locations ﬁatedl%' e MEOLUT under varied conditions. It is relevant
to assess the perf nce low number of bursts as one of the objectives of the
MEOSAR sys S to derlve locations from a limited number of bursts. The value of 7
bursts is refai because simulations have shown that locations reach a stable and
optimu@e 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.

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.

¢)  Transmit 1,400 bursts per Annex H test script at 37 dBm in the first time slot
selected at step (a) and collect location data produced by the MEOLUT for the
beacon IDs transmitted by the simulator.

d)  Repeat the test sequence in the second slot of the hour and repeat both sequences
each hour for a total duration of 24 hours.
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Data Analysis and Results

Data collected in section 4.4.2 is used for assessing three parameters, each with a
specific procedure for data reduction and analysis, as described below.

4.43.1 Independent Location Probability

For each slot perform the following steps:

a)

For each location collected per Annex J, calculate the location error:

Loc Error=_f({Lat - Lat TH} x111)2 -+ ((Long - Long Th)x c@a«u@)ﬁh) x111)2

Lat, Long = computed latitude and longitude in de
Lat Th, Long Th = theoretical (simulated) latitud, longitude in degrees

Loc Error is in km.

b)  For each burst sequence, select a single 2@:2&1%

¢)  Foreach location, determine the lo&bn err@

d)  For each set of 100 IDs (1 e, 1 tranx@%fed once, Set 2 transmitted twice, Set 3
transmitted three times Set 7@nsm1tted seven times), count the number of
locations:

(i) with an error les@ 2 Kﬁ&'bLoczm)
(ii) with an erro tha 5Bm (NbLocCsm).
(iii) with an les %10 Km (NbLoc;km)-

e) For eac@t of 100 IDs calculate the probability of obtaining an independent 2D
locasg® with a location error less than 2, 5 and 10 km (i.e. the ratio
NDOC cn/100).

1) Populate Table 4.4 for errors less than 2 km, 5 km and 10 km.

Independent Location probability...
Slot No | DOP value | 1 burst 2 bursts | 3 bursts | 4 bursts | 5 bursts | 6 bursts | 7 bursts
Slot 1
Slot 48

Table 4.4: T-4 Independent Location Probability
with Errors less than X km (X=2, 5 or 10 km)
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4.4.3.2 Independent Location Accuracy

For each slot, perform the following steps.

a)  For each burst sequence, select a single 2D location. This single location
selection should not use a priori knowledge of the beacon location.

b)  For each location selected per Annex J, calculate the location error:

Loc Error= J&Lat -Lat Th) %111)2 + ((Long - Long Th)x Cos(Lat Th)} x111)?

c) For each set of 100 IDs calculate the mean value and the st@ard deviation of the
corresponding location error. b’

Q
d)  Populate Table 4.5. ,{,%
~

Independent Location Errors:A®¥Jalue / Standard Deviation
Slot No | DOP value | 1 burst 2 bursts | 3 bursts %\Jrsts A bursts | 6 bursts | 7 bursts
Slot 1 > . Q\"
A A@V J%\
Q>
G Sl
Slot 48 \\, N g}

Table 4.5: T-4 Independent tlonk&rs (Mean Value and Standard Deviation)

oo o

4.43.3 Time to Fi depen&nt Location
QY W'

For each slot, @rm the following steps:

F}g&}ach burst sequence, select a single 2D location. This single location
tion should not use a priori knowledge of the beacon location.

b)  For each location selected per Annex J, calculate the location error:

Loc Error= J([Lat - Lat Th} x111)2 + ((Long - Long Th)x Cees(Lat Th) x111)%

c) For each location, determine whether the location error is less than 2, 5 or 10 km
and flag the list accordingly.

d)  For each location flagged with a location error lower than X km, if the location
probability determined per Table 4.4 is greater than [90%] use the time of beacon
first burst and the time stamp of the location information to calculate the time
elapsed between beacon activation and the production of the location.

e)  Derive the mean value of the time elapsed between beacon activation and the
production of a location.
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4.5

f) Populate Table 4.6.

Time to First Location (Mean Value)

Slot No | DOP value Error less than Error less than Error less than
2 km 5 km 10 km

Slot 1

Slot 48

A

&

%6
Interpretation of Results Q}’

Table 4.6: T-4 Time to First Location

The results should indicate whether the MEOSA m is providing locations that are
accurate enough for effective operational use@l illugtrate the level of performance
which could be expected from an operati MEO@ system with first generation
beacons. %)

%\
o0 &
T-5: Independent 2D Locati@@pab%&for Operational Beacons
451  Objective and D \'fion\‘s\‘

Characterise the 2 epend%m)cation performance of the MEOSAR system after
receiving each sin@lg*burstNflyo) consecutive received bursts, three consecutive bursts,
and so on up en consecutive bursts for each operational first generation beacon
used in the test™y determining two parameters used in test T-4:

- I@?éndent Location Probability, and
- Independent Location Accuracy.
The above parameters are assessed for stand-alone MEOLUTSs using four satellite

channels only and for stand-alone MEOLUTSs using any number of satellite channels
available at the MEOLUT.

Test T-5 will be performed over several days in three slots of 24 hours using a specific
number of operational beacons.

45.2  Methodology and Data Collection
Real operational beacons will be deployed in various parts of the world. The locations
of the transmitting operational beacons will be initially unknown to the MEOLUT

operators but will be made available after the experiment for post processing.

Operational beacons (ELTs, EPIRBs and PLBs) coded with the Test User protocol are
to be used to transmit long format messages:
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- at the nominal beacon emission power of 37 dBm (+ or — 2 dB); and

- in operational frequency bands.

Each operational beacon used must be set to force the encoded location bits of the
beacon message to remain in their default state throughout the test (so that the beacon
position is not divulged by broadcasting the GNSS position within the beacon message).

Each operational beacon transmission sequence of 24 hours is repeated 3 times within a
two-week time period. Each unique operational beacon used in the test will transmit at
the same location for the three 24-hour sequences.

ours to assess the
itions and to take into

Rationale: Beacon bursts are transmitted over a period Qf
locations calculated by the MEOLUT under operational
account the varying satellite geometry. It is relevant t ss the performance for a
low number of bursts, as one of the objectives of t EOSAR system is to derive
locations from a limited number of bursts. As It would be useful to compute
locations after longer time periods to determine j Ocation accuracy improves given
more bursts available to compute a location. e test sqould be conducted three times,
each time over a period of 24 hours to en lay abase of results for statistical
validity. \QQ) &%\

The following steps are required tgggform tﬁ@—S:

a)  For each beacon used h\}?etest&gﬁ the beacon on, document the activation time

of the beacon and witt\ Oeacon tester that the beacon is transmitting per
C/S T.001 requi ts (e%proper power level and correctly coded message)
with the enco cation%its set to their default state.

oY N0

b)  Keep th@con on for a 24-hour period and collect location data produced by
theJV%O T for the transmitted beacon ID as described at Annex J.
D

C) F'N&hr}to turning the beacon off, run the beacon tester again to confirm that the
beacon is still transmitting within C/S T.001 specifications (e.g. battery is still
within specification).

d)  Conduct the 24-hour test sequence a total of three times within a 2-week period.

45.3  Data Analysis and Results

Data collected used for assessing two parameters, each with a specific procedure for
data reduction and analysis, as described below.

45.3.1 Independent Location Probability and Independent location Accuracy

For each operational beacon used in each 24 hour test:

a)  Foreach burst received, compute a 2D location.
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b)  For each computed location, calculate the location error from the post experiment
known beacon location.

¢)  Construct a histogram of location errors in 1 km increments in steps from 0-1 km
to 25+ km.

d)  Calculate the probability of obtaining an independent 2D location with a location
error less than 1 km to 25 km in steps of 1 km (e.g. for 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 mean, median standard deviation and 90th pexgentile of all location

errors computed. &Z’

Repeat this process from step (a) for each set of two co ditive received bursts, three
consecutive bursts, and so on up to seven consecutlv sts received. However, note

0 sets of two consecutive bursts,

burst groupings. For example, for grouping bu

that the denominator in the probability calculatio st be changed to the number of
s%%l 2

calculate the probability of obtaining an indep

less than 1 km to 25 km in steps of 1 km (e

2-3 km step, calculate the ratio of the (ngner of&
cutive beacon bursts received)).

two consecutive bursts)/(Number of se two

Using the histograms, pop
Probability [Note: Table 4. 7

r the

location with a location error

4 7 -
ified for T-5 use]

ability of location errors in the
m location errors computed from

Independent Location Cumulative

v
Slot No DoP value @ 4 ‘b‘ Independent Location Cumulative Probability
ur ursts ursts ursts ursts ursts ursts
C ML burk\ P2 b 3b 4b 5b 6b 7b
Error 1 km or less kov e
Error 5 km or less QV
Error 10 km or less \\‘}
Distance MEOLUT to "N
beacon (km)

Table 4.7: T-5 Independent Location Cumulative Probability with Errors less than X km

(X=1,50r 10 km)
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Populate Table 4.8 - Independent Location Errors [Note: Table 4.8 needs to be modified for T-5
use]

Independent Location Errors: Mean, Median, Std Dev, 90" Percentile
Slot No DOP value

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

Mean Error

Median Error

Standard Deviation

90" Percentile

Distance MEOLUT to
beacon (km) K

\ "4
Table 4.8: T-5 Independent Location Error Qo
(Mean, Median, Standard Deviation 90" Per@ﬂ e)

45.4  Interpretation of Results ,Qe

The results should indicate whether the MEOS@ystem is providing locations that are
accurate enough for effective operational uge\n™vari perational environments (e.g.
land and sea), and illustrate the level @Zr i that can be expected from an
operational MEOSAR system with fi neratiQ beacons. MEOLUTSs which detect
beacons fairly close (less than a feg h ndrg@lometres) to their own ground station
antennas will yield better resu éggvera ocation accuracies achieved for a given
operational beacon must be g%are tdkg into account the distance of the beacon
location from the MEOLU&JC&\M{;@ he number of satellites used in the location
provided must also be n intq_cunsideration, as it is expected that, given good
satellite geometry, lqd@dions ¢ n%ted using data from more satellites should yield
better location acc les.

O
[Note that Dohtill needs to be defined in terms of FOA and TOA.]

~Q\%
4.6 T-6: I\EOSAR System Capacity
46.1  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 single satellite channel throughput (probability of detecting a valid message
for each transmitted burst received via a single satellite channel); and

- the single burst location probability of a stand-alone MEOLUT using four satellite
channels.
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4.6.2  Methodology and Data Collection

A 3.8 million worldwide beacon population is assumed, corresponding to 150 beacons
simultaneously active in a MEO satellite area of visibility, these 150 beacons being
spread among the 25 channels (3 KHz) of the 406-406.1 MHz band. In order not to
disturb the operational activities, the test will be limited to 12 channels within the band
406.049 — 406.082 MHz. With 75 beacons as the target value of capacity, the test will
be performed for NB = 25, 50, 75 and 100 simultaneously active beacons.

A beacon simulator will be used to replicate a number of beacons (NB) simultaneously
active that transmit long format messages.

- With the nominal beacon emission power of 37 dBm. br
- With the number of beacons events transmitting a firs t as follows:
o The first beacon burst is transmitted at To. »{,%

e The beacon burst N° X is transmitted at Q‘o + (X-1)*(50/NB) + DeltaT,
with DeltaT a random real value within@ ange 0, 50/NB sec.

e FEach beacon burst is transmitted afaQe reque@/ 406.049 MHz + CH*3 KHz,
with CH a random integer value in thé&@ge [0, 11].

- The 7 bursts of each beacon sSsghence paced by 50 s + Rep, with Rep a
random real value within th ge [- ZQ T+2.55s].

- To supply sufficient ste{@%, the;{'éscript is played 4 times.
The following steps are '?ed tg)g%rm the test:

a) Using a ME Sys simulator or a similar tool, select a time slot with
adequate sa es \ﬁ@i ty to ensure a favourable and stable constellation
conﬁgur@ with a known DOP. The time slot should also be selected outside
LEO satellite visibility. The test script has a duration of 4*350s (about
24 Awutes).

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

c¢)  Use a beacon simulator as the source of controlled test beacons 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 scripts provided in Annex I
during the time slots selected at step (a).

f) Collect the locations produced by the MEOLUT and corresponding to each
beacon ID, as described at Annex J.

g)  Repeat the test three times.



4-18 C/SR.018 - Issue 1
October 2011

The full test sequence can be repeated with different satellite constellation
configurations to assess the possible effect of variable satellite geometries.

4.6.3  Data 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/complete
messages.

b)  For each beacon burst and using the time stamp informatiofy determine whether a
valid/complete message was produced and compute N\%]’@ r each value of NB,

the number of beacons simultaneously active. &)
¢)  Using the number of bursts 4*NB, determine th(,%tobability of detection of a
valid/complete message i.e. (Nvalid/NB), over a@wen period of time after beacon

activation (50 s, 100 s, 150 s or 200 s).
d)  Build Table 4.9.

%

> >
QZQ S
Number of \@ggleB

simultaneous beacons clbslp iy o

(NB) oD Ation ()

RO

N\
Table 4.%@—6 M@T Throughput for Capacity Testing

4.6.3.2\0\ System Capacity using the MEOLUT Location Performance
N
For each value of NB, perform the following steps.

a.  For each burst sequence, select a single 2D location. This single location
selection should not use a priori knowledge of the beacon location.

b.  For each location selected per Annex J, calculate the location error:

Loc Error= J{[Lat - Lat Th)} x111)? + ((Long - Long Th)= Cos(Lat Th) x111)?

c.  For each location, determine whether the location error is less than 5 km and flag
the list accordingly.

d.  Using the number of burst transmissions (4*NB), calculate the probability to
obtain a location error lower than 5 km for single burst transmissions.
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4.7

Build a graph plotting the probability of a 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.

4.6.4  Interpretation of Results
The results of this test will allow a determination of MEOSAR system capacity and the
possible impact of changing satellite constellation geometries on capacity.
T-7: Networked MEOLUT Advantage b
Q
4,71  Objective and Definitions b’
by exchanging data between MEOLUTs. To asses erformance improvement, tests

T-4 and T-5 can be repeated. Alternatively ME ith a networking capability can
process T-4 and T-5 data in two parallel mo S, i.e, 'Qas stand-alone and networked

MEOLUTS.
< &%\,

The objective of the test is to evaluate the improve $ rmance that can be achieved
p

4.7.2  Methodology and Data Cowlon

The focus of data collectlon on smg the time to first independent location
and location errors usmg theXgtwork: OLUTs. Tests T-4 and T-5 are repeated as
defined or processed in lel s by the MEOLUT. However, to allow for
meaningful analys1s t owmg@ata shall also be collected:

a. the numbe@ihodes @ alone MEOLUTS) in the network, and

b. the.n@ er of satellite channels available for each MEOLUT event (detection
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.

Time to First Location (Mean Value)
Slot No | DOP value | Errorlessthan | Error less than Error less than
2 km 5 km 10 km
Slot 1
Slot 48

Table 4.10: T-4y Time to First Location for Networked MEOLUTSs
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4.8

4.8.3

4.7.3  Data Analysis and Results

Using the table templates provided in Annex J for tests T-4 and T-5, and the scripts in
Annex H, the network test data should be collected and reprocessed with results
depicted as described for T-4 and T-5 (see Table 4.10). The data collected should be
compared with the stand-alone tests of T-4 and T-5 results, with a view to assessing the
benefits of various MEOLUT network types, e.g. national, regional, etc.

4.74  Interpretation of Results

The results of the analysis and comparison with stand-alone MEOLUT test results
should highlight the performance enhancement brought ky@gXchanging data in a
MEOLUT network, on a regional or a national basis. @

T-8: Combined MEO/GEO Operation Perform

48.1  Objective and Definitions

The objective of the test is to evaluate @g)abilit
GEO satellites and merge this GEleata Wi EO data to provide a combined
MEO/GEO location. Tests T-3 %4 and‘ﬂ can be repeated for this evaluation.
Alternatively MEOLUTSs with ppg(:%gte capability can process T-3, T-4 and T-5
data in two parallel modes, &,aS sta ne MEOLUTs and in combined GEO/MEO
mode of operation. b Eb'

EOLUTs to process data from

4.8.2 Methodolo@l@d Da.% Collection

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

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 example). Compare the data
collected with those provided for MEO stand-alone MEOLUTs in tests of T-3, T-4 and
T-5 and T-4. The MEOLUT ability to process GEO data and the expected performance
enhancement should be highlighted by the analysis.
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Beacon Slot No. NTB NVIM NCM Valid Message Det. Complete Message
Emission after after Prob. (%) after Det. Prob (%) after
Power 1 Burst 1 Burst 1 Burst 1 Burst
(NVIM+NCM)/NTB NCM/NTB
37 dBm— Slot 1 100
[30 dBm] Slot 2 100
37 dBm— Slot 7 100
[30 dBm] Slot 8 100
37 dBm Slot95 | 100 R (,Q
[30 dBm] Slot 96 100
Table 4.11: T-3g Valid/Complete Message Detec&ﬁh Probability
48.4 Interpretation of Results Q%)

Based upon the results of the analy51s clus‘l @%ﬂl be drawn concerning the
MEOSAR system and how it can in ata %he GEOSAR system. This test is
intended to investigate compatibility O ME nd GEOSAR, and to determine if
combining GEOSAR data to be '%%sed MEOLUT provides benefit to the overall
Cospas-Sarsat System.
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4.9 Management of Technical Tests @6
A summary of participant responsibilities and involvement in the MEOSAR D&E tech tests is shown in Table 4.12.
Test Participants Additional Resources Data Collection ﬁnalysis Report to Schedule Remarks
No 4} Secretariat
{A
T-1 Canada: MEOLUT France: beacon simulator Canada Q Can@ Canada [month 2013] Needs co-
France: MEOLUT USA: beacon simulator France @ Fn& France ordinated
USA: MEOLUT Canada:  beacon simulator USA | @ USA uplink
A4
—
A
T-3 " N Xg)
T-4 @Q, \‘b
g ‘O
T-5 A\\:’é
T-6 Q Q
\ -
T-
7 .\%
T-8 QQ

Table 4.12: Management of Technical Tests Summary [sample]

- END OF SECTION 4 -
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OPERATIONAL EVALUATION PROCEDURES

5.1

O-1: Potential Time Advantage (PTA)
5.11  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 alext notifications at the
MCC. The PTA is determined by measuring the elapsed tit&between the receipt of
MEOSAR alert notifications versus those from the existing m.

5.1.2  Methodology and Data Collection Q}’

Measurement of PTA is applicable only @:n MEOSAR as well as the
LEOSAR/GEOSAR system provide alert meSsages the same beacon. Specific
notifications may or may not include an @n¥ependeqf)ocation computed by a ground
station and information may be recq@g the in various combinations and/or
sequences involving three possible date/types; ocated, Encoded Position Only, and
Computed Location. Hence, th st notifscation within each data type should be
considered, as applicable and Mable, @Qwell as in various combinations for a given

beacon activation. \a \
O A

%e tim&Qof notification collected should be for the MCC in
ert i ated, or if the alert is unlocated, the MCC service area
untr??:@e (the last MCC in the data chain). Note, the destination
ly on the location recorded in the message not on the actual location
of the be PTA data should be collected for all beacons where alerts were received
from \\@ R satellites in conjunction with LEOSAR or GEOSAR. In addition, when
locationNdata is available, only data located within a predefined area of interest (AOI)
shall be included. The AOI is defined for the period of the test, and pertains to the
practical limits of the MEOSAR ground segment coverage over that period. The alert
information should be entered in the spreadsheet named “MEOSAR D&E Report Data
O-1.xls” which contains entry fields for all alert notification time data. The following
listing provides abbreviations referenced below and in the data collection spreadsheet:

In the case of PTA d
whose service area
associated wit
MCC is based

TMANU Time of first MEOSAR Alert Notification Unlocated

TMANE Time of first MEOSAR Alert Notification Encoded
TMANL Time of first MEOSAR Alert Notification Location
TLANU Time of first LEOSAR Alert Notification Unlocated
TLANE Time of first LEOSAR Alert Notification Encoded
TLANL Time of first LEOSAR Alert Notification Location

TGANU Time of first GEOSAR Alert Notification Unlocated (no encoded position)
TGANE Time of first GEOSAR Alert Notification Encoded

5

The AOI could be a rectangle, set of rectangles (or radii) or based on MCC service areas.
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Cospas-Sarsat MCCs, specifically the last MCC in the data chain, receiving 406 MHz
MEOSAR and LEOSAR/GEOSAR alert messages should record the following alert
notification data in the provided Excel spreadsheet (an example listing is provided
below in the next subsection under Figure 5.1):

a. time of receipt of MEOSAR alert messages identified by data type (TMANU,
TMANE, or TMANL);

b.  time of receipt of LEOSAR alert messages identified by data type (TLANU,
TLANE or TLANL) corresponding to the same beacon; and

c. time of receipt of GEOSAR alert messages identified by data type (TGANU or

TGANE) corresponding to the same beacon; b,
: . @
5.1.3  Data Analysis, Results, and Reporting
PTA analysis is performed by Excel formulas embe w1th1n the cells of the data

corresponding results columns will automatica ulate these elements as well as

collection spreadsheet. As new data rows are ad% a 51mple ‘cut and paste” of the
updating the summary results at the top the sprc@js ee

The following listing provides abbrev1at1&used @QW and in the spreadsheet:

PTAU Potential Time Advantage U ated de)%gd but no encoded position)

PTAE Potential Time Advan %COded ed position only)

PTAL Potential Time Advaj a puted at ground station)

PTAA Potential Time Ad o%@ns (encoded and/or computed)

PTAO Potential T|me tage Ov first notification all data types)
The embedded fo pute PTAs (time differences in minutes) as available
for all early M ale i 1cat10ns during the D&E as follows:

PTAU = Earkie LANU TGANU) - TMANU;

PTAE = Bpic¥ LANE, TGANE) - TMANE;

PTAL = - TMANL;

PTAA = Earliest (TLANE, TLANL, TGANE) — Earliest (TMANE, TMANL);

PTAO = Earliest (TLANU, TLANE, TLANL, TGANU, TGANE) - Earliest (TMANU, TMANE, TMANLY);

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 nine 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 color
shaded) are the results which are populated by the formulas embedded in the respective
cells.
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Figure 5.1: O-1 PTA Analysis Excel Worksheet Example

A [ c 1) E ¥ G H | 1 K L M N
1 PTA Summary Results (in minutes

2 PTAY) PTAE PTAL Ll !

3 Mean:| 0.03) -0.11 za;l u.ﬂT‘:I 1»%

a Pedian:| 0.03 0,00] 19.54) 13.73 13.73

5 standard Deviation:| 0.37 0.27 15.31 u.zJ 14.11]

[

7 Recorded Alert Times and Par Results [In minutes)

9 Beacon iD

MECSAR L
TMANL TMANE TMANL ] 3 [Tany TGANU TGANE
10 SFAALIISOFABADL 2002/01/01 09:24:21] 2012/01/01 09:34:58
|

11 @38817006433401 2012/01/01 11:43:12 | 2012/01/01 11:55:01

12 ADCD3TGAS5E1400 |2012/01/01 16:23:56| | 2012/01/01 18:26:22 2012/00/04 15:24:13

13 ADCCOM4DDOMIM5S 1012}01m123.5n:g| 2012/01/02 00:07:12

14 ADEDOA1Y1900A01 2002/01/02 01:09:49) 2012/01/02 03:03:31

15 IDCCIG08IAFFBFF 2002/01/62 02:39:17) | 2012/01,/032 £2:28:39|
16 IDCCIOLIEARFBEF | 2012/00/02 04:33:21] 2012/01/02 0a:34:34] 201 2/01/02 04:36:39] 2012/01/02 03:33:43 2012/01/02 04:34:54
17 ADC 401 | 2012/ 2012 2012/01/03 (:29:39

15 SELE00STES00001 2012/01/03 08:41:39

13 20CHIEISGAFFEFF 20020103 15:27:45) 2002/01/03 15:30:19) 20012/01/03 15:36:49) 2012/01/03 15:3%:45] 2012/01/0 2011003 15:27:38) 2012/00/ 034G 27:45|
20 BIEEL0OR00034D1 2012/01/03 16:38:13] 012/01/03 16:55:1

71 FDCCILIEAFF fou/o3 185608 2mafo/oa s 2012701103 185924 | mafon resen| 201 2/0 g %g
23 ARERASSCIDIDI 2013/01/03 18:56:14] 2012104003 15:13:21 @

3 ATREOOSEDCANO) /010 3012/01/04 05:37:43

24 SFASS31S03ADL ) 2013/01/04 11:33:12

35 2DCBISTH6AFFRFF 20020104 10:55:32 2012/01/04 11:23:19) 2012/04,/04 10:55:1

26 DAAGABALEIEGESL

37 | ADCDOLBCSCAZEOL | 2002/00/05 04:23:43) 2012/01/05 04:29:19 2

28 |CLABSCRA28A28DL 2012/01/05 07:23:45] 012/01/05 07:44:36 ~N

29 ATOEOGADCS0501 2012/01/85 13:42:00) 2012/01/05 13:52:12 |"@)

30 ADCDO21BESOC0L 2012/01/06 15:12:05 2012/01/06 15:43:54) oF N

31 AASTAB103037I0L 2012/01/06 16:47:32] 2012/01/06 16:59:

32 CIAAOETEIEQMD] 201210106 19:58:01 2012/01/06 03 A2

33 2DCEIZIACEFEQER 2002/0107 00:00: 38 2002/01/07 00-02:01| 2012/01/07 o 20120007 00:00: 39|
34 SCEUSTINILNEA0N 201200107 05:00:34 2012/01

15 | ZDCE4ESFUZFFBEF 2012/01/07 08:08:22] 012/01/0

36
3
i
L)
40

5
=

n Py
az N )\
a <\

514 Interpretation oé@hlt v
It is noted that for a Yven b gg; activation, anywhere from one to five PTA values
are possible. Speci Y, s&q ses will have notifications with multiple common data
types and oth 1ll occur where there is no commonality at all and only the overall
result (PTAQ)\atight be available. It is also noted that negative values are possible and
represe t'g s where the existing system demonstrates a time advantage over
MEOS)Qi

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 beacons received by the MEOSAR system to those received
from LEOSAR and GEOSAR, identify cases where one system detected a beacon that
the other system missed 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 timedgeriod.

Q
5.2.2  Methodology and Data Collection @b

Data should be collected by the MCC in whose servic@ea the alert is located or, if the
alert is unlocated, the MCC of the service area a ated with the country code (last
MCC in data chain). Note, the destination MCC4{8\¥ased solely on the location recorded
in the message not on the actual location of the%acon 11 data should be collected for
all beacons regardless of reception throug SA OSAR or GEOSAR satellites,
either independently or in conjunction. an @, when location data is available,
only data located within a predeﬁn?@area éﬂ erest (AOI) shall be included (see
footnote under O-1). The alert in, gmation sl&)u d be entered in the spreadsheet named
“MEOSAR D&E Report Dat .xls";éﬁjch contains entry fields for alert start/end

times and data types. The follQwin l% provides abbreviations referenced below and
in the data collection spre eet: g\

LGST §tart T%e

LEO/
LGET LEL&@E EndNOn

LGDT EO Data Type (U=Unlocated, E=Encoded Only, L=Located)
MST O Start Time
MET \Q\%R/IEO End Time

MDTX» MEO Data Type (U=Unlocated, E=Encoded Only, L=Located)
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.

In each case, detection time is the time tag for the data type as provided by the LUT.

If multiple data types are recorded, the DataType should be set based on hierarchical logic: L > E> U. Thus
a beacon first detected at time X without location (U) and later detected with computed location (L) would
be shown with StartTime=X and DataType=L.
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Figure 5.2: O-2 Worksheet Example — Inputs LEO/GEO
(insert columns for latitude and longitude)

Beaconld StartTime (LGST) EndTime (LGET) DataType (LGDT)
9FAA4929DF4B4D1 2010/01/01 01:04:40 2010/01/01 16:27:44[L
B388170D64334D1 2010/01/01 01:22:21 2010/01/01 02:57:24[L
ADCD376A85E1400 2010/01/01 04:30:03 2010/01/01 04:30:03[U
ADCC014DD040459 2010/01/01 05:19:59 2010/01/01 05:21:44[L
ADSD0A131900A01 2010/01/01 06:18:02 2010/01/01 06:18:02[U
2DCC3611EAFFBFF 2010/01/01 07:43:27 2010/01/01 08:30:24[L
ADCD05453441401 2010/01/01 08:16:07 2010/01/01 21:51:10[U
BEEE00678300001 2010/01/01 08:26:41 2010/01/01 08:40:29[L
2DCE38746AFFBFF 2010/01/01 09:20:29 2010/01/01 10:57:56[L A\
Nl
Figure 5.3: O-2 Worksheet Example — In%g%ﬁ/t EO
(insert columns for latitude and longbe
Beaconld StartTime (MST) Endiiﬁ DataType (MDT)
9FAA4929DFABAD1 2009/12/3123:51:18]  2GaM1/01 16:27:57|L
B388170D64334D1 2010/01/01 00:06:02| A(R010/01/01Red:58[L
ADCD376A85E1400 2010/01/01 03:15:47/C ) Y2010/ wded5:29:09[L
ADCCD14DD040459 2010/01/01 04050 20107801 05:56:49]L
ADSDOA131900A01 2010/01/01 g6:%87]  2@0M1/01 06:51:41[L
2DCC3611EAFFBFF 2010/01/p3Y6k3:42] 4A010/01/01 08:50:03[L
ADCD05453441401 2010ANM8:01:438  2010/01/01 23:28:40[L
BEEE00678500001 203Q/01Y01 07:1%AY ~ 2010/01/01 08:40:07|L
2DCE38746AFFBFF 2010/01/01 11:50:29[L

@a@ys?bl,f 014@@%
2

52.3 Data An@%, Res@% and Reporting

The basig
invoki &y

O
%ég'sis and generation of results is automated, and can performed by
xcel macro named RunAnalysisO2%, provided within the spreadsheet

namedXMEOSAR 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

0O-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.



Figure 5.4: O-2 Worksheet Example — Output: Summary Data

Count Percentage
LEQ/GEQ Only Events 67 2.52%
MEO Only Events 219 8.25%
Found by Both Systems 2370 89.23%
Total Beacon Events 2656

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

Beaconld StartTime (LGST) EndTime (LGET) DataType (LGDT) |Explanation/Comments A
346F615276FFBFF 2010/01/03 02:23:03| 2010/01/03 02:23:03|U Unknown A,
C1AA4935DBASSDL 2010/01/05 02:28:28| 2010/01/05 02:29:18|U Unknown A er
C489974A34D34D1 2010/01/06 04:12:00 2010/01/06 05:58:06|L Unknown “
DBA76E2E74D34C1 2010/01/06 09:08:02| 2010/01/06 09:08:02|U Unknown A )
ALAGSCFEC309241 2010/01/06 13:00:53| 2010/01/06 13:00:53|U Blockage to MEO suspec‘t%‘O
ADCD02275040401 2010/01/07 01:24:19| 2010/01/07 01:24:19|U Unknown e)
ATBEQ0SFSCAASFE 2010/01/07 05:56:33| 2010/01/07 05:56:33|U Weak beacon signﬁl@?c‘ted
ADCE3701351FERD 2010/01/07 19:32:35| 2010/01/07 19:32:35|U Unknown A

ADCDO4C4ES41C01 2010/01/08 22:56:25| 2010/01/09 00:52:05|L Weak beacq,nwl suspected
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>

Figure 5.6: O-2 Worksheet Exampl@égtpl%&EO Only Detections

&

Beaconld StartTime (MST) EndTime (MET) DataType T) |Explanati “'
AZOEMBADCS0501 2010/01/0113:21:39] _ 2010/01/01 16:45:56]L W, LEO visibM\never occurred
AA674B1030275D1 2010/01/01 15:29:25|  2010/01/02 03:34:52| /A, & Un
28261A04D6FFBFF 2010/01/02 10:20:08| 2010/01/0212:38:36]L. NY i Mility never occurred
ADCE020ACCCLCO1 2010/01/02 11:54:37| 2010/01/02 14:3?:“ N 7 w&ﬂblliw never accurred
ADCED20960C2401 2010/01/02 13:00:21]_2010/01/02 16,88: 01" A Rknown
ADCDO4F214C0801 2010/01/02 19:16:33] _2010/01/02( 35 L N Yunknown
9D06492BBEGEAEL 2010/01/03 01:13:04 2010:’01'&1. 30l (. |Unknown
A1E8D34134D34D1 2010/01/03 02:22:44] 2011 Saaall Y Unknown
CFBA4EDCDBAS4DL 2010/01/03 14:08:03] _2gf 3 15:50:56 44\ Unknown

CJV j

QO

524 1ngeor etation of Results
D

The m%g» result is the total count of detections by one system, and not the other,
specifically, the LEO/GEO Only and the MEO Only totals and percentages of the data
set. 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 MCCs, 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 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 at least ensure that site closure procedures are
harmonised between their operational MCC and their MEOSAR D&E MCC processing.

Note : Coverage should be addressed here.
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5.3

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

5.3.1  Objective and Definitions

This test will 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 additional information on the combined totals and data
volumes in bytes and corresponding bandwidths’.

5.3.2  Methodology and Data Collection

Data consisting of message transmission times and SIT typ @Q be collected at all
participating MCCs. Example inputs are provided in Figu %7 below. Abbreviations
referenced below and in the associated spreadsheet @&SAR D&E Report Data
0-3.xls) are: <

MTT MEO Transmission Time 0
MST MEO SIT Type 'Q% Q
LGTT LEO/GEO Transmission Tiné@ O

LGST LEO/GEO SIT Type \0

Note that in Figure 5.7 the supg&ntal ta fields of message number and destination
MCC are included for data tra%q g pun]@lss.

MEOSAR D&E partici shou%

a)  collect and t;g@%ission time and SIT type'® (MTT and MST) for all
tfess alert messages sent to other MCCs using the

b) ¢ 1°eg%hnd record transmission time and type (MTT and MST) for all 406 MHz
SAR distress alert messages received'' from other MCCs using the provided
Excel spreadsheet;

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

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).

Messages that are sent or received are collected in one input table.
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Figure 5.7: O-3 Worksheet Example — Inputs (LEO/GEO and MEO)

Msg No. |Dest MCC|Transmission Time (LGTT) (Sit Type (LGST)
3109|CMCC 2002/01/18 00:14:52 125
3116|CHMCC 2002/01/18 00:14:52 125
3132|CMCC 2002/01/18 02:02:16 122
3133|CMCC 2002/01/18 02:55:07 122
3149\ FMCC 2002/01/18 04:13:59 125

Msg No. |Dest MCC|Transmission Time (MTT) |5it Type (MST)

221|CMCC 2002/01/17 22:25:40 145

224|CMICC 2002/01/17 22:24:21 >\145

229|FMCC 2002/01/18 00:40:43 \@\'{4\5

230|BRMCC 2002/01/18 01:54:13 (7\&) 145

235|FMCC 2002/01/18 03:29:26| ¢ 145
\g

In addition to the general input of message data a‘jgnﬁguration table is provided for
MCCs to specify typical or average file sizes @espective SIT messages. Figure 5.8
below provides an example, and in this cagq all mes sizes are defaulted to 1 Kb
(1024 bytes). This exemplifies the case v&@ the*riQdocol (e.g., FTP) or the computer
file/folder structure might dictate a ﬁle@ even though the actual number of
bytes within may be only several QoY this design is a simplification of the
possibilities. For example, if an erates SIT messages with multiple solutions

within, a SIT 125 may really, h n@ f possible data sizes, and is such cases the
MCC may have to conﬁgur tab{% an estimated average.

Figure 5.8: O-3 Wor@ Exafple — Configuration: Message Types and Sizes

QY NQ
Q SitType |Size

S 122 1004
\Q\ 123 1024
LY 124 1022
125 1024

126 1024

127 1024

142 1024

143 1024

124] 1024

145 1024

146 1024

147 1022

5.3.3  Data Analysis, Results, and Reporting

Each MCC should apply the provided Excel macro named RunAnalysisO3 to create a
summary report of all message counts, data volumes and comparisons. An example of
outputs is provided below in Figure 5.9. It may be useful to note that in generating the
summary output, the analysis creates columns as necessary based on the actually SIT



C/SR.018 - Issue 1
October 2011

numbers found in the data set. As part of the analysis process, each MCC should be
careful to identify and account for anomalies that impact message traffic on the
MEOSAR or LEOSAR/GEOSAR system; e.g., many messages may be resent due to a
communication problem or many messages may have never been sent due to a software,
hardware or communication problem.

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

Data Volume |Bandwidth
#122| #123| #125| #127| #142| #143| #145| #147|  #Total|(bytes) {kbps)
LEO-GEO 527 17| 988 248 0 ] 0 0 1778 , 1820672 0.0036
MEQ 0 0 0 0 65 17| 1383 240 1691] (Y 1731584 0.0034
Combined 7)' 3552256 0.0070
5.34 Interpretation of Results @&%6

5.4

nd communication bandwidths,
OSAR system, the new MEOSAR

The results are simple message counts, data volu
with statistics provided for the existing LEOS

system and the combined load. The interpsgtation meudes evaluating the impact of
these data volumes on standard

as-Sa@ data transfer technologies
(e.g., FTP-VPN) to determine 1f are

the capacity of the available
communication paths. % 46
‘b'

O-4: 406 MHz Alert Data% rlbg\@@?rocedures

541  Objective an@efml ol
The purpose

@qJ test 1s®evaluate the initial concept of operations for alert data
distribution a ecommend modifications, as needed, for an operational MEOSAR
system. °‘lg=order to evaluate data distribution procedures, LEOSAR/GEOSAR and
MEO erts are categorised based on the beacon activation status (e.g., first alert,
confirmed alert), position type (e.g., DOA or encoded position) and alert disposition.
5.4.2  Methodology and Data Collection
Each participant will collect data to support the evaluation of the data distribution
procedures as documented in the MEOSAR Implementation Plan (C/S R.012). The

evaluation methodology entails collecting information on the number of times various
processing scenarios occur.

It is important to note that while data sent to MCCs is usually the focus for operational
D&E data collection, all data processed by the MCC (i.e., including data within the
national service area) should be collected and catalogued. This additional data may
assist the evaluation of other processing possibilities. In effect, the goal is to collect
sufficient information to fully evaluate the MEOSAR data distribution procedures.

MEOSAR D&E participants should collect and record counts for all
LEOSAR/GEOSAR and MEOSAR alerts that occur in the lifetime of selected test
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beacons and all operational beacon activations processed at their MCC and use the
provided spreadsheet (MEOSAR D&E Report Data O-4.xls) to record the data (see
Figure 5.10). Two worksheets will be provided, one for LEOSAR/GEOSAR processing
results and one 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

Site#t |Bcnld15 FirstBurstTime LastBurstTime Number (FA ([FA ([FA ([FA |FA |NC |NC |NC |CA |CA |CA |[CT |[CT |CT |RD
of Bursts |UNL |ENC |DOA |DOA |DOA |DOA (DOA (ENC (DOA [ENC |DOA |CFM |DOA |ENC
ENC |ENC |DOA |ENC |ENC |DONJDOA [ENC DIF [DIF
CFM [DIF |DIF [DIF |DIF 4 M [crm
1284|B388170064334D1 | 2010/01/0100:06:02| 2010/01/01 03:34:22 251 1 AN 1 13
1285|ADCD376AB5E1400 | 2010/01/0103:15:47| 2010/01/0103:28:17 16 1 AN 1
1286|ADCCO14DD040459 | 2010/01/0104:01:54| 2010/01/01 05:56:54 139 1 A 1 7
1287|ADSDOA131900A01 | 2010/01/01 06:18:57| 2010/01/01 06:20:37 3 1 -\o 1
1288|2DCC3611EAFFBFF | 2010/01/0106:33:42| 2010/01/0106:35:22 3 1 ~N 1
1289|ADCD05453441401 | 2010/01/0108:01:43| 2010/01/0123:28:23 1113 1 L\ 1 61
1290|BEEED0678800001 | 2010/01/0107:19:43| 2010/01/0107:19:43 1 1 ,«’\
1291|2DC838746AFFBFF | 2010/01/0108:17:50| 2010/01/0111:50:20 256 DY 14
1292|B38950D900034D1 | 2010/01/0108:15:04| 2010/01/0111:34:14 240] 1f 4 13 4
1293|A78E005EDC40401 | 2010/01/0110:07:20| 2010/01/02 06:08:10 1442 1 30
1294|9EA9531534D34D1 | 2010/01/01 13:25:05| 2010/01/01 13:25:05 1 \
1295|DAAG4BAEG2E8651 | 2010/01/0112:12:10) 2010/01/01 12:18:50 E] AN o ) 1
1296|ADCD018C5C42801 | 2010/01/0112:43:07| 2010/01/01 16:08:07 247| A% 1 1 13
1297|C1ABSC8A28A28D1 | 2010/01/0112:50:02| 2010/01/0113:54:12 73] AL U L 1 4
1298|A70EC46ADCS0501 | 2010/01/0113:21:39| 2010/01/0113:24:59 5 1 (7\‘y 1
1299|C2AA40ETE2E04DL | 2010/01/0114:02:18) 2010/01/0115:33:58 11 Al 1 6

Note that for the LEOSA &S
position conflicts should b

Except for “Redun
should be counted

alert with DO
time threshopl

regardle&ss'Q hether the alert was transmitted.

c@ta”

ace \0&'

ocessing results, the columns with DOA

DOP (Doppler) position conflicts columns.

, an alert that meets the conditions for a category
less of whether the MCC transmitted the alert; e.g., an
1t10n and no position conflict after position confirmation that met the
or continued transmission would be counted under “CT CFM”
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Table 5.1: O-4 List of Message Status Conditions for Data Collection*?

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 (same event)

FA DOA ENC DIF

First Alert with location, DOA/encoded Position Conflict (same event)

NC DOA DOA DIF

position Not Confirmed, DOA/DOA position conflict

NC DOA ENC DIF

position Not Confirmed, DOA/encoded position conflict

NC ENC ENC DIF

position Not Confirmed, encoded/encoded position con

@/update

CA DOA DOA CFM

Confirmation Alert, new DOA to previous DOA ‘)\@

CA ENC DOA CFM

Confirmation AIertB, new DOA to previous/new effc

CA DOA ENCCFM

. . . Ny
Confirmation Alert, new encoded to previous Q@

CT CFM

position conflict [N

Continued Transmission™ event, DOA'QQHKH Encoded positions, no

CT DOA DIF Continued Transmission event, Domlon conflict
CT ENCDIF Continued Transmission event, gneoaed posiidn conflict/update
Y o Y
RD Redundant data (same beac nt anme of the above)
‘07
5.4.3  Data Analysis, Results, a@ sepo @&

RunAnalysisO4 to create a

of all data counts along with some high level

MEOSAR D&E paﬂicipa@&loul @'ply the provided Excel macro named

statistics. Example ou & prov r)}*below in Figure 5.11.

Figure 5. 1b® -4 Wcﬁ&et Example — Output: Summary Data

NUMBER OF SITES LA
NUMBER OF BURSTS 0495
N\ Y
N Tra A A A [ra [nc Jnc [ne Jeca Jea Jea [ Ja Ja  [ro
UNL [ENC |poA |poA |[poA |poA |DOA |ENC |pOA |ENC |DOA |cFM |DOA |ENC
ENC |ENC |DOA [ENC |ENC |poA |poA |ENC DIF |DIF
cfM [DIF |DIF |DIF  |DIF  |[cEM  [cFEM |cFm
COLUMN TOTALS 18| 17] 2338 194] 12| e62| a79| 28s| 2003] 42| 52| oo7ea| 1110] se7| aas3
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%

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

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.

“CA” (Confirmation Alert) implies that location data was previously received.

Continued Transmission only pertains to alert data that arrives after position confirmation has occurred.
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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 summing the total occurrences of
each processing condition over the time interval of data collection. The columns of the
spreadsheet list the total counts and percentages of all processing conditions. The
analysis of these counts may prove to be more difficult as demonstrated by the following
two interpretations of the results. These are just two of potential@nany interpretations
that could be drawn from the data as our experience with AR data distribution
matures. Meaningful conclusions will best be drawn Wh% the real data has been
collected and the opportunity to absorb it has occurred. &%

Analysis and Interpretation 1:  Continued transmudsdn could increase message traffic
by a factor of ten.. Given the data load identifigd\n Operational Test O-3, this is well
within the capabilities of the Cospas-Sarsat coMmunigations network. This supports
the proposition that “continued transmisss shm@ ¢ the default mechanism for
MEOSAR, allowing the benefit of@€arly @ninuous monitoring of beacon

transmissions. % 4@
Analysis and Interpretation 2: loca alerts occurred only 18 times in 2,579
active alert sites (0.7%). therm ocation was later provided in all 18 cases

leaving O cases in this da t thaﬁg ained unlocated. It may then be suggested that
unlocated alerts are n@eeded 4Dall, also observing that the D&E employed only a
reduced set of satell@s (a d/er%round stations) and finally that a large majority of all
detections are fagalerts. ]}\0

o
>
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5.5 0O-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 belobpresents the overall
procedure for the Return Link Service and the specific inter volved in the RLM
request dissemination. All MEOSAR D&E test procedure mated with the Return
Link Service will be based on the following procedur zﬁ some of the steps being
applicable or not, depending on the test scenario.

Figure 5.12: High-Level Concept of RLS Proq%& ntegration within Cospas-Sarsat

Dlslrass._. - i ‘-b%

Event RLM_Request |

O
Beacon | | LUT* | [ mcc | | MCC* : | FMCC | | RLSP | \ Galileo
S

RLS Protocal in RLM R

_Req i
FLAM (nation o H
et Natona {national (I.n|.y.'!lnr:\.'|r RLM Re t\ i
ntarface) H
Location Profoco MF2: @&d :
\@ RLM_Request o
'\Nﬁ (SIT138/SIT139) -
Beacon TED RLM Ack_Type 1
Aciont—F [4— —— — — — 1 '_____0 o i et I T - T T T 7 T -7 777
b RLM Ack_Type 1
(Multipls Repetitions)
N
‘\ \ Time-Out RLM >
Q ime-Out Stop
x\, Typel RLM Ack_Type 1

+———7 FLAM
o———p COSPAS-SARSAT Interface
e———p RLSP/ Galileo Interface

e&— — P Galileo Signal in Space
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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

Distress Beacon

The beacon is activated.
The FLAM encloses the RLM_Request.

2.1
and
2.2

LUT and MCC

The beacon is detected and located by one or several MEOLUTs. MCC receives the
alert.

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).

FMCC

FMCC receives the RLM_Request and transmits it to thg@SP.

RLSP

On RLM_Request reception, the RLSP checks the Ri@&f{equest previous reception
and [checks if the beacon is registered as a RLS @ed beacon in the RLSP database.]
The acknowledgment RL message (Type 1) is d by RLSP with the “system level”
parameter and transmitted to the Galileo sy with a dissemination schedule/

priority. R

Galileo System

The Galileo system receives the ack:@kdgment RL message, processes it and
broadcasts it through the Galileo gatellites.
The acknowledgment RL mess %‘ype’ broadcasted by Galileo SVs.

The RLM is sent every T, @jnutes b alileo system until a TBC time-out is
reached. N . {

6#

RCC

RCC Activation: Th C rec 'Veéthe RLS_Capability Notification in MF#62 of
SIT 185 and reacts%tordir&g@ ith the RLSP
v -

Distress Beacon

The beacon t@s aqu%(éb}équired several Galileo SV with its internal Galileo
receiver, raoéives the ﬁk wledgment RL message (Type 1).

eacts updd'reception of the RLM.
n\ﬁ& is not changed

MCC* - MCC responsible
- Type 2 RL m

MF#62 gene’r@

Note

as part of

€SS

\J
@e service area where the beacon is located (confirmed location)

will not be tested as part of the MEOSAR D&E. However, assessment of the

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

Table 5.2: RLS Test Procedure Overview

5.5.1.2 Obijective 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.
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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%EJ Phase

The following conditions should be met in order to proc@vith RLS testing in the
MEOSAR D&E: %

a)  Availability of sufficient Galileo coverage ca%ﬂty to provide sufficient testing
time slots: 4-6 satellites available by beginnj 2013.

b) MCC modifications: all nodal and aﬁ)clpati MCCs shall implement the
specific procedures detailed in Anne %or the@l request dissemination.

¢)  FMCC modification: the FM 11 h e specific interface to the RLSP
implemented, in addition to t cessi &ﬁned in Annex E.
s: RLS capable beacons / RLS Beacon

d)  Availability of RLS c@' bea
Simulators shall be available in cipating countries for remote activation. In
ation paths, RLS capable beacons will be made
r dwide. It is proposed to distribute RLS capable
con s.% tors to the MCCs in Table 5.3. Each RLS beacon
tput interface to extract data associated to the beacon

available in sev
beacons / RL

will have g Q@gdi
activatio RLM reception times.
[ ] a
AW . . .
MCC Q0 DR Location Beacon Type Confirmation
Y
FMCC (Nodal’)\' Central DDR Toulouse (France) RLS Beacon Simulator Yes
SPMCC (Nodal) South Central Maspalomas (Spain) RLS Beacon Yes
DDR
NMCC Central DDR Bodoe (Norway) RLS Beacon Yes
CMC (Nodal) Eastern DDR Moscow (Russia) RLS Beacon TBC
USMCC (Nodal) | Western DDR Suitland (USA) RLS Beacon Yes
UKMCC Central DDR Kinloss (UK) RLS Beacon Yes
AUMCC (Nodal) | South West Canberra (Australia) RLS Beacon Yes
Pacific DDR
CMCC Western DDR Trenton (Canada) RLS Beacon TBC

Table 5.3: Distribution of RLS Beacons for MEOSAR D&E
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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 in Annex E of the D&E plan. The evaluation
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.x1s) to record the data (see Figure 5.13).

The following interfaces will be assessed: b@
e  FMCC-RLSP %Q)

. MCC* - FMCC @&

J MCC* - SPOC/RCC %Q

. RLSP — Distress Beacon %0

>

In order to assess a variety of dissemaation p@; the following scenarios will be
tested: &

1. FMCQC is responsible for ﬂ%%’ervic e@a (MCC*) where the alert is located

2. One MCC of the Ce\ﬁaa DR@esponsible for the service area (MCC*) where

the alert is locate%’@ \‘b'

3. One MCC of er lebis responsible for the service area (MCC*) where the
alert is locca:@

4. Multilgt@arious Field Tests

Scenario 1 E@on activation in FMCC

Scenario 2 X BEacon activation in NMCC, UKMCC

Scenario 3 Beacon activation in SPMCC, USMCC, AUMCC, CMC (tbc), CMCC (tbc)
Scenario 4 Various field activation of real beacons

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.
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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
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 satgllite-beacon elevation
angle range of [5°]. %'

b)  Determine the number of RLMs correctly received @in [15] minutes by the
Galileo beacon within every satellite-beacon elevat % le range of [5°].

c)  Calculate the RLM detection probability. Q
5.5.2.4 RLS Test Slots % %

The slots for RLS testing will be based on @%ble §@ite configurations in order to:

a)  ensure that the beacon can be &@c ed a cated using either S-band or L-band
SAR transponders; and % 4

b)  ensure that a sufficient nﬁ@oer @ileo satellites are in visibility of the beacon

to broadcast the RL sa%

Time slots for each tes&enan 0 each individual test shall be established as part of

the planning of RL&;& \0
8
5525 Dg&; llection
D

5.5.2.5@ MCC Data Collection

Each MCC participating in the RLS D&E test will collect the following information, as
available, and forward the data results to the FMCC, where the data will be
consolidated.

a RLS Beacon ID
b. MEOLUT ID
TOA of First Burst (MF14a) — [UTC]

& Qo

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

@ om0



5-18

C/SR.018 - Issue 1
October 2011

L. Time of last RLM Reception at Beacon [UTC] for MCC activating a RLS beacon
Figure 5.13: O-5 MCC Data Collection for RLS Operational Test
TestSlotID |Bcnld15 MEOLUTID |TOA FirstBurst [UTC] [Time of Confirmed Time of RLS SIT138 McC= (McC RLS Beacon activation (RLM First RLM Last RLM
Position (SIT144,147 |/SIT139 T ission/ (MCC*  [Acti Time Received |Time Time
or own LUT) [UTC] Reception RLS Beacon
1001|B388170D64334D1 [FR 2010/01/01 00:06:02| 2010/01/01 03:34:22| 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
1002)|ADCD376A85E1400 [EU1 2010/01/01 03:15:47| 2010/01/01 03:28:17| 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
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) 2010/01/0108:00:43 0
2001|BEEEO0678800001 |EU2 2010/01/01 07:19:43| 2010/01/01 07:19:43| 2010/01/01 07:20:43 0 0| 0|
3003|2DC838746AFFBFF  [US 2010/01/0108:17:50| 2010/01/01 11:50:20( 2010/01/01 11:52:20] 0 0| A 0|
4002{B38950D90D034D1 |RU 2010/01/01 08:15:04| 2010/01/01 11:34:14| 2010/01/01 11:36:14 0 0 @ 0
1004)A78E00SEDC40401 [FR 2010/01/01 10:07:20 2010/01/02 06:08:10| 2010/01/02 06:10:10 1 1| 2010/01/04ey! 0| 1] 2010/01/02 06:20:10| 2010/01/02 06:40:10
1005|9EA9531534D34D1 [FR 2010/01/01 13:25:05| 2010/01/01 13:25:05| 2010/01/01 13:27:05 1 1 2010@@:23:05 1] 2010/01/01 13:37:05| 2010/01/01 13:57:05
2002{DAAG4BAE62E8651 |EU2 2010/01/01 12:12:10f 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 ZC@/qml 12:40:07 1] 2010/01/01 16:20:07| 2010/01/01 16:30:07
3005|C1AB5C8A28A28D1 |CAN 2010/01/01 12:50:02| 2010/01/01 13:54:12| 2010/01/01 13:56:12 [ 0| Qv 0|
4003|A70E046ADC50501 |CAN 2010/01/01 13:21:39] 2010/01/01 13:24:59| 2010/01/01 13:26:59 0 v 0
Y

5.5.2.5.2 RCC Data Collection — (For Informatic%&lly)

EC will involve some RCCs, on an ad-hoc 1
tests. These RCCs will collect specific inf

7 for r
tlorr;(\@ idate the RLS Type-2.

ieving information on the RLS

Figure 5.14: O-5 RCC Datao‘;%ctlo RLS Operational Test

TestSlotID [Benld15 MCCID KAMNotlf ’ Time of Notification of|Time of RLM
A\Nime o4 ON RLS Capability Autorisation to RLSP
1001|B388170D64334D1 [FMCC@,Y | 2010/04/01 00:06:02| 2010/01/0103:34:22] 2010/01/01 04:36:22
2001|ADCD376A85E1400 [SPMICY 267%01/01 03:15:47| 2010/01/0103:28:17| 2010/01/01 04:29:17
2002[2DcC3611EAFFBFF JRMCC L \2010/01/0106:33:42] 2010/01/01 06:35:22] 2010/01/01 07:37:22
2003|ADCD0545344140( jNMvicc N 2010/01/0108:01:43] 2010/01/01 23:28:23] 2010/01/01 09:29:33
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55253 (%LSP Data Collection

R@wﬂl collect the arrival time of the Return Link Message Request associated to
each RLS beacon alert.

553

5531

Data Analysis, Results, and Reporting

Return Link Service Interfaces (RL-1)

Table 5.4 depicts the results expected for Return Link indicator RL-1.
reception at the FMCC and RLSP (and RCC) of the RLM Request associated to each
RLS beacon alert will validate the interfaces.

The correct
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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 REM request (SIT138/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 Interfaces Validation

5.5.3.2 RLM Transfer Time (RL-2)

Based on the data collected at each MCC, the over
within the Cospas-Sarsat System and the end-to-
Table 5.5 depicts the expected results for the R

The time delivery is based on expecte
RLSP/Galileo System latency requir
expected time contribution to the re@l k. 4

b&
&
whe transfer of the RLM request

ime transfer will be determined.
Link indicator RL-2.

@OS%Q}’S&I’H latency performance and

e listed in Table 5.5 with associated

AA A
Item Probability Exp%}zerfo@e / Requirement Contribution to RL
The 1 wiaetwee confirmation of a RLS
eacon gORition into the MCC* and the
ion of l; M request in the RLSP shall be less
C/S System suming that the beacon position .
Latency / QCJconﬁrmatl can be achieved within 10 min 10 - 20 min
b (MEOSAR requirements), the total C/S System
. latency to transmit a RLM request to the RLSP will be
S 20 min.
LA
6 The RLSP shall deliver a RLM request to the Galileo
Delivery Time by system within 5 minutes after reception of confirmed
RLSP to / distress information from a second generation beacon 0 -5 min
Galileo System with RLS capability, provided by the C/S Ground
Segment
Delivery Time by The Galileo system shall deliver the RLM to the
Galileo System / appropriate second generation beacon within 15 5-15min
to distress beacon minutes of its reception from the RLSP
Total Transfer Time 15 - 40 min

Table 5.5: O-5 Expected Results for RL-2
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5.5.3.3 RL-3: RLM Detection Probability

5.6

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.

Parameter = {3EEId Comments
results
. The delay established as 15 minutes from the
Rlﬁxsae;?ﬁzlon >99% transmission by the RLSP to the Galileo s&til the RLM
y reception at the 406 MHz beacon. %’
Table 5.6: O-5 Expected Results for@g
5.5.4  Interpretation of Results %'Q

&

Q:Q Q’Q
&)
O-6: Evaluation of Direct and In \& Be&@of the MEOSAR System

As in section 5.5.3 above.

56.1  Objective and Defini s '&
X, xQ

Direct and indirect benef@'%rowd 0 SAR activities should be determined by each
MCC in coordlnatlon sup % SAR agencies such as RCCs and SPOCs.

56.2 Met o@gby andﬁg

Each partt @tmg MCC should:

a) g®r data on all distress and non-distress events within their service area;

Collection

b)  provide 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

Report at the discretion of MCC operators.

5.6.4  Interpretation of Results

Direct and indirect benefits should be assessed using the following guidelines.
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5.6.4.1 Direct Benefits

During D&E a number of real SAR incidents will occur. Some of these incidents will
involve the use of MEOSAR data. The contribution of the MEOSAR data on a case-by-
case study will be evaluated to determine the following:

a)  Human Lives Lost

The MEOSAR system could contribute to a reduction in the loss of lives because of a
more rapid response and rescue. A quantitative estimate of the reduction may be
difficult and it will depend on the number and nature of the incidents which occur. The
contribution of the MEOSAR system will be evaluated on a caseyy-case basis for each
incident. As a minimum, the following information should @ tured, analysed and
reported:

- Lives saved due to timeliness of MEOSAR alertin %

- Lives saved due to cases in which MEOSAR plQ@iled the only alert(s).
b)  Search Costs 0%

The MEOSAR satellite system with its inhggent capakiiNty of providing an immediate
alert could contribute to a reduction in @ch Consider as a minimum any
reductions in search costs due to M R ale&' which there is a registration data
base point of contact provided locationend r;i}@qt ons due to mitigation of false alarms.
Parameters which will contribute ﬁb% asscis nt of this benefit are:

- Reductions in flying hq(rTsQ <

- Reductions in direct , €. ges for civilian assistance.
- Reductions in o ng cosyfor air/sea searches.

c¢)  Property Lo@e’

Employment Q MEOSAR system could reduce the amount of property lost at sea
because of quitker rescues and better detection capabilities. As a minimum, the
followi rmation could be captured, analysed and reported.

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

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
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5.7

- Chance of collision or crash
- Air traffic control complexity
- Probability of rescuers being lost

b)  Increased Public Confidence In and Reliance on the Value of 406 MHz ELTs,
EPIRBs, and PLBs

Assuming that the D&E demonstrates that the MEOSAR system improves SAR
operations, a corresponding increased public confidence in and reliance on the use of
406 MHz ELTs, EPIRBs, and PLBs could occur. This should be noted in the
participants’ reports.

5.6.4.3 Disadvantages @b’

Disadvantages of the MEOSAR system when noted by tfg"SAR services should be
included in the participants’ reports. This informatio %nch could be of subjective
nature, may be helpful in overall evaluation of the AR system, and could provide
information that leads to system improvements. 0%

%

The following are areas that could be includgdint partlc@ts reports:

- increase in the number of false ale@qﬁecaus‘eo\; better detection or single burst
detection; and

- increase in the number of ceasf? E::%on is only turned on for a short time and

then turned off, detectable b ut not LEOSAR).

O-7: MEOSAR x‘bistrlbutlon — Impact on Independent Location
Accurac;b \0

5.7.1 Obje%u/e and Definitions

Simila @peratlonal 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
provide SPOCs and other MCCs with accurate independent DOA location data in a
timely manner and minimise the distribution of unnecessary 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 Technical Test T-5 will be
used to generate the required data.
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Each participant will collect specific data whenever MEOSAR data distribution
procedures determine that new location data is for the same beacon event as existing
data (see Annex E, sections 3.2.3 and I1I/B.4). The intent is to capture a “snap-shot” of
the location data and processing status when new data for the same beacon event is
received, and record this information for analysis. The data collected will include at the
minimum the columns shown in Figure 5.15 below, which includes both inputs and
results (results computed by embedded formulas have coloured cells).

While software can be developed to collect this data, manual effort may be needed to
complete the columns. Columns are provided to collect information on Quality Factor
(QF) computations or algorithms; D&E participants should prov@ information on one
or more Quality Factors (e.g., average C/NO, DOP, error ell @ If more information
on quality factors and their respective reliability is availal ther from study outside
the D&E, or via results from Technical Tests T-4 or Tgﬁ the data collection and

analysis could be reduced to consider only a “best” ¢l ty indicator. The site status
column uses five abbreviations similar to data for
- FA = First Alert with DOA IOC%
- CA = Confirmation Alert (¢ ed data beyond);
- NC = Not Confirmed (but &&yond ﬁ»@lert with DOA location);
- CT = Continued Tram@éﬁon, &%
Q

- PC = Position Conf@v,t. 4
. A S
This test could be performe \Q a§ @ e, but it is recommended that at least some

data for this test be coll ter portion of the D&E period, when more
MEOSAR satellites are cted b¥ available, so that test results better represent the
MEOSAR system th ‘% perationally.

Data@%ms Resuts, and Reporting

MEOSAR E participants will populate the provided spreadsheet, and then cut and
paste ¢ ded 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 same beacon event data relative to the existing data. Other useful
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.

Note: If more quality factors need to be evaluated, columns should be added as
necessary.
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Figure 5.15: O-7 Worksheet Example — Inputs and Results

Redundant Instance Data Key Result |Supporting Data

Site# Benld1s ReceiveTime Status|New Error |Exist Error |Error Dif [Mew QF1 |Exist QF1 |QF1Dif [MNew QF2 |Exist QF2 |QF2Dif [Comments
1292|B38950D300034D1 2010/01/01 08:15:04|CA 2.13 2.67, -0.54 422 301 121 774 676 98|Mew data was better and both quality factors agree
1305 |ADCC0189D4AC5C01 2010/01/01 19:30:11|FA 1.8 1.57 0.23 771 774 -3 828 824 4|New data was worse, guality factors inclusive
1348|2DC75BF884FFBFF 2010/01/03 11:01:10|CA 4.74 3.1 1.64 299 277 22| 595 499 96|New data was worse, quality factors agree
1410|9C09D30D0DC34D1 2010/01/04 21:44:43|CT 1.93 2.82 -0.89 402| 355 47 699 544 55[New data was better and both quality factors agree
1430|C2A8D28C34034D1 2010/01/05 09:25:51|NC 1.12| 5.16 -4.04 634 232 402 881 367 514|Clear case where new data was better, quality factors agree
1507|B388A35D41C34D1 2010/01/07 13:54:05|CT 0.31 0.5 -0.19 899 944/ -45 999 999 0[New data was better and guality factor #1 conclusive
1576|A22C416BF400209 2010/01/09 09:11:34|FA 3.14 3.33 -0.19 344 288 56| 545 451 54|New data was better and both quality factors agree
1608 | ADCD062D2109431 2010/01/09 18:07:42|CT 1.27] 1.05 0.22 621 622 -1 754 759 -5|New data was worse and quality factors inconclusive
1625|ADCD04F26941C01 2010/01/09 23:38:40|CT 0.51] 0.43 0.08] 943 944 1 999 999 0|New data was worse and quality factors inconclusive
1657 |9D06492BEADD371 2010/01/10 07:19:32[CA 0.1] 0.14 -0.04| 955 951 4 999 999 0|New data was better and guality factors inconclusive
1677|ADCD0233EDA1C01 2010/01/10 11:34:57|FA 1.53 1.67, -0.14 455 411 24| 799 771 28|New data was better and both quality factors agree
1721|A689D65534D34D1 2010/01/10 15:53:37|CT 1.22| 1.08| 0.14] 6508 611 3 751 757 -6|New data was worse and quality factors inconclusive
1768|2DD7D54ABFE1FED 2010/01/11 02:06:15|CT 2.74] 2.2 0.54 359 377 22| 695 680 15|New data was worse, quality factors agree
1814|ADCD04DE2140401 2010/01/11 23:42:24|CT 0.23 0.45 -0.22 877 913 36 999 999 % data was better and quality factor #1 conclusive
1844 |C2BB39EEDEBABD1 2010/01/12 14:32:45|NC 4.32 3.99 0.33 199 123 76| 295 189 10 data was worse, guality factors agree
1845|A1A64925CFAD351 2010/01/12 16:01:38|CT 0.19 0.25 -0.06 959 984 25 999 999 \ YQ New data was better and guality factor #1 conclusive
1886 |DB476E2E74D34C1 2010/01/13 11:52:36|CT 1.28 1.53 -0.25 741 744 3 818 820 (\'2 MNew data was worse, quality factors inclusive
1909 |ADCDO020FDA440801 2010/01/14 09:22:50|CT 0.05 0.11] -0.06 985 989 4 999 E%‘v 0|New data was better and guality factors inconclusive

&
5.7.4  Interpretation of Results
S

One purpose of MCC data distribution procedures to filter information that is
cumbersome or confusing, so that the SP%&CC i @%ided only with data needed to
achieve an effective and timely rescye, Qny im %Ement in location accuracy that is
achieved by distributing better qua]i}?@same @gucon event data should be evaluated
against the burden on SPOCs/RC handf&additional data and the burden on MCCs
to implement additional data h@m uti 'ﬂsrocedures. It is noted that the burden on
SPOCs/RCCs to handle add%&aal ata Ay vary for different SAR authorities.
Q)

Due to the complexity,@his analS@is, no performance threshold is specified.

In addition, t e&ribu‘[io ‘$ more accurate data for the same beacon event is
worthwhile o lonally only if a quality factor is provided to indicate, with a high
probability,Gxhich location is more accurate. Thus, an important goal of this test is to
Validat@ality factor predictive of location accuracy.

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.
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5.8 Summary of Management of MEOSAR D&E Operational Tests

Table 5.7 summarises the responsible D&E participant(s) for reporting final
performance results for each operational test

. Responsible Participant
Obiaticn et for Data Collection

O-1 Potential Time Advantage mcc
0O-2 Unique Detections by MEOSAR System as Compared to Existing McC @

System

Y A
. . VY
0-3  Volume of MEOSAR Distress Alert Traffic in Ground Segment @
MCC
Network
A
o &‘O
0-4 406 MHz Alert Data Distribution Procedures @ MCC
=\

0-5 SAR/Galileo Return Link Service (RLS) \\'%‘Y [FMCC]
0-6 Evaluation of Direct and Indirect Benefits of MEOSA ‘?em Q All participants
O-7 MEOSAR Alert Data Distribution — Impact on.@éndent {Gg}lon Mcc®h

Accurac

Y o &
Table5.7: M men perational Tests

Notes: (1) MCC in whose service area \AIert A@ed or if the alert is not located, MCC of the service
area which includes thei& desi by the country code.

60
e
>

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

6.1 Establishing the Beginning of the 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 ¢ ed for the definition
of criteria to be met to start the MEOSAR D&E test phase: (%'

e Space Segment: the total number of satellites 1 & constellations supporting
the MEOSAR system that are equipped with AR repeaters.

e Ground Segment: the number of MEQO %s and their respective antennas,
associated MCCs, along with the uirengEOSAR processing and
communication capabilities of all co

e Beacon Segment: the number ype éﬁ edicated test beacons; operational
beacons deployed in a controﬁsd man@ beacon simulators and Cospas-Sarsat

reference beacons.
v @&

(‘}%ébment the testing period for the MEOSAR D&E
" Thepgfore the assets required are expected to be ready by 1
d1t10 1 MEOLUTs and a number of MEOSAR satellites are
planned for depl { %e D&E testing period, and while the determination of
assets require & focus on the start date, the impact of these space and ground
segment additidris was considered in the evaluation of readiness to begin the D&E.

6.1.2 &sets Required

6.1.2.1 Space Segment

As indicated in section 6.
is planned for the year 2
January 2013. Seve

Requirement: The determination of readiness to begin 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 90% 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.

Annex E of the Cospas-Sarsat MIP, document C/S R.012, defines the minimum
performance requirements that should be satisfied by a MEOSAR system at full
operational capability (FOC) to ensure compatibility with the existing 406 MHz
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Cospas-Sarsat System. The criteria that affect MEOSAR performance and its
evaluation are summarised by the following definition of the MEOSAR coverage area:

MEOSAR Coverage Area: The geographic area where an unambiguous
independent position within 5 km from the actual beacon position is obtained
within 10 minutes from the first beacon message transmission, with a minimum
probability objective.

The current target date for the start of D&E testing is the beginning of 2013. Twenty
one satellites are expected to be available at this time (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 with{n 10 minutes at least
75% of the time includes much of the northern hemisphere (a Q@fhe requirement is to
be met 95% of the time).

Among the anticipated MEOLUTSs, the correspondl 'Smmmum percentage of daily
visibility of at least 4 satellites is 94.7%. Allowin the dynamics of actual satellite
launch dates and specific orbital positions, he 4 satellite mutual visibility
requirement at each participating MEOLUT at @ 0 1s c sidered a reasonable goal.

6.1.2.2 Ground Segment @ %
AP
A=
Country Location ennas *& Latitude Longitude
Brazil Brasilia 2 tq@ -15.86 -47.90
Y
Canada Ottawg'o \‘DP\ 45.34 -75.89
China Be}j(hé) 29 Y4 39.91 116.01
Yy A
France ouse <\| 4to6 43.56 1.48
Russig ~Moscow ) ° 4 55.62 37.51
NZ
Turkeb’ Ankara 2to4 40.14 32.99
| L Kinloss 2to4 57.65 -3.57
K%A 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 MEOLUTs 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
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 MEOLUTs
should meet the performance requirements outlined in Annex C of this document.

'S 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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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.

Rationale: The current target for starting D&E testing is the beginning of 2013.
21 satellites are expected to be available at this time and coverage area where
independent location accuracy better than 5 km within 10 minutes is achieved at least
75% of the time includes most of the northern hemisphere (at FOC the requirement is to
be met 95% of the time). Among the anticipated MEOLUTSs, the minimum mutual
visibility at this time between four or more satellites and at leas@e beacon simulator

1s 32.5%. b@

Allowing for the dynamics of actual satellite launch date, specific orbital positions,

setting the requirement at 30% is considered a reasonal@ oal.

Four beacon simulators have been identified as@%pating equipment at the start of
D&E testing. These or an equivalent set of de@'gated transmitters are required to begin
the D&E. The anticipated beacon simulato pmv@ in Table 6.2.

N

5 o Sa

Name Country LocatlonAN atltuc!q? MLongitude | Type
Maryland | USA Marylang® | 36%0 -76.85 | Simulator

A4
Hawaii USA I@m @M.SZ -158.00 | Simulator
Ottawa Canada @awa»\ N 45.34 -75.89 | Simulator
v
France Francg\z')Toulou&\ 43.56 1.48 | Simulator

y
Table 6.2: @@pa&egéfacon Simulators for MEOSAR D&E

While not ex@%y required, Cospas-Sarsat orbitography and reference beacons will

provide sapphemental beacon sources throughout the D&E. These transmitters are listed

in Tabw elow.

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 A79EEE26E32E1DO 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 / Reference Beacons
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6.1.2.4 Processing and Communication Capabilities

Requirement: Key requirements are:

. All participating MCCs must have software upgrades installed that provide the
processing defined in the MEOSAR D&E Data Distribution Plan (found in
Annex E of this MEOSAR D&E Plan).

. All participating MCCs must have established appropriate MCC to MCC
communication paths and protocols for MEOSAR “alert data” traffic.

. All participating MEOLUTs that will support tests that involve the sharing of
TOA/FOA data (i.e., networking) must have appropriate s%are installed.

. All participating MEOLUTSs that will support tests t;E olve the sharing of

TOA/FOA data (i.e., networking) must have appro communication paths

and protocols established.

. The characteristics of beacon simulators and nce beacons to be used in the
testing need to be provided to all participar% Annex C).

Rationale: In addition to having approprjgg%satellit'%} MEOLUTs, and beacons in

place, appropriate processing and co nica%&@ related capabilities must be
established before the MEOSAR D& begin&
<

6.1.3  Supporting Assumptpgb% <

The minimum requireme ertai t&q‘[)o the space, ground and beacon segments
outlined above were de&nined yid simulations of MEOSAR system performance.
Beyond the criteria§d ab V&OI‘ the three segments, the assumptions listed in
Table 6.4 were apphcd i.\é% simulations. These assumptions are based on a
combination of gXperimental data and expectations for future system performance. The
actual results eved may vary in the operational environment of the D&E phase.

6.1.4 \\‘@}quired 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 in
Annex D of this document.

Prior to a D&E Readiness Test, the Secretariat will compile the basic status of
MEOSAR assets, and if the resources are notably different from those outlined above,
the Cospas-Sarsat Council will decide whether or not the available assets are adequate to
begin D&E Testing.
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Name Comment Applied in Simulation
TOA Standard deviation of time measurement error 20 s

FOA Standard deviation of frequency measurement error 0.4 Hz

Single Satellite Modeled using a distribution involving the beacon to 70% for S-Band
Throughput satellite elevation angle 85% for L-Band
Networking Sharing of TOA/FOA data pairs between MEOLUTs None (i.e., Stand-Alone)
MEOLUT Between MEOLUT antennas and satellites 5 degrees

Minimum

Elevation Angle

Beacon Minimum
Elevation Angle

Between beacons and satellites

5 degrees

Minimum Minimum number of unique satellites providing @V
Satellites TOA/FOA considered necessary for computation of an 6’
independent position .Cg)
Location Some form of triangulation or linear regression 6\ Linear regression
Algorithm algorithm

Improvement in
Location Accuracy

Improvement in location accuracy expectei&é@éﬂlt of

adding each additional burst over the activ period
for a given beacon Q

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

Satellite Tracking
Algorithm

When more satellites are in view of EOL
available receive antennas, so tive t
algorithm should be applied, , ighes tlon for

Highest elevation

simpler cases; optimised alg@ m for cases with many
satellites (e.g., >35)

Number of Bursts | The number of burst |Iab e *H beacon is Model based on actual
activated (roughly@'@only tr it 3 bursts or fewer) data collected at the

USMCC over a 3-month

period

Table 6.4: Supportu&i@gﬁmptlc‘)\?Apphed to the Simulation of MEOSAR Performance

)

6.2 MEO &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/time line 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 2014 the following will occur:

2011 — planning for MEOSAR D&E testing;
2012 — participant ground segment preparation for D&E testing;
2013 — MEOSAR D&E testing; and

2014 — compilation of test results and analysis, and preparation of final D&E report.
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Preparation of specifications and commissioning requirements for MEOSAR ground segment
equipment will be undertaken during this four year period. Near the conclusion of the D&E
phase, activities will be undertaken to transition to the MEOSAR Initial Operational Capability
(IO0C) Phase. Also considered in the time line is the possibility to engage in the distribution of
MEOSAR distress alert data to augment the LEOSAR/GEOSAR systems before the MEOSAR
system is declared at IOC.

Figure 6.1 presents the tentative time line of D&E activities that are further amplified in the
following sections.

6.2.1 MEOSAR D&E Planning and Preparation

The first portion of the MEOSAR D&E phase will consist of p and preparation for
the D&E operational and technical tests and the analysis an %orﬁng of the results of
those tests. The D&E Plan should be completed durin %‘11 and Issue 1 should be
approved by the Council at the CSC-47 Session (Octob 1). Once the initial Plan is

approved, D&E ground segment participants can und ¢ actions necessary to contribute
to the D&E test activities, such as MEOLUT and modifications. As required, the
D&E Plan may be modified during 2012 with a ifwmion proved by the Council at the
CSC-49 Session (October 2012). @Q Q

After the expected Council approval 0?@6 D&%& an and before beginning D&E test
activities, a D&E readiness test will nducted 10 ensure that all MEOSAR components
are ready to engage in the testing.

X ,@&
6.2.2 MEOSAR D&Eé’%t Ac

The MEOSAR D&E t ct1v1t should occur during 2013 and 2014. These activities
include the actual t data tlon analysis, and reporting. The final D&E report
should be ready proval by the Council in 2014 for a decision to begin the MEOSAR

10C phase in 2%

Interim ﬁmgs 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 MEOLUTSs 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 two years to be
ready for Council approval in 2014. This Plan specifically addresses the development of
ground segment specification and commissioning documents necessary to begin the I0OC
phase. However, several other Cospas-Sarsat System documents will need to be modified
to reflect the new MEOSAR system capabilities.
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6.2.4 Pre Initial Operational Capability

There may be a period prior to the official declaration of MEOSAR IOC when MEOSAR
alert data could be used to supplement the existing LEOSAR/GEOSAR system. In this
situation data availability would not be guaranteed, but efforts would be made to ensure
data quality. The decision to implement pre-IOC operations will be based on the results of
the D&E readiness test and the operational and technical test activities to date. During a
pre-10C phase, MEOSAR alert data would be forwarded to RCCs using the MCC network
and the data distribution procedures developed for the exchange of operational data during
the D&E.

The decision to authorise operational use of MEOSAR alert data béfQre the declaration of
MEOSAR IOC status will be made by the Cospas-Sarsat Coungjl@n™esponse to a request
by MEOLUT operators to proceed with the distribution of M AR alert data to RCCs
and SPOCs. The Council will decide on the basis of an $ tion of specific D&E test

results whether MEOSAR alert data quality is acceptable re-I0OC use. MEOSAR data
will not be merged with nor used to filter LEOSAI%Q EOSAR data during pre-I0C

operations. 0
%

Ground Segment operators wishing to partici in pre alert data distribution will be
requested to collect specific data as part ofife’ ME D&E to evaluate the MEOSAR
capability of their equipment in terms oﬁ@con rr@s,a e validation, location accuracy, and

timing.

NG
6.2.5 10C PreparatlonQ\, (&\‘
After the Council has ad the \ID&E Report and approved the ground segment
documentation (i.e. M Tm ications and commissioning standard, MEOSAR alert

data processing re ents CCs), MEOLUT and MCC providers can undertake
required equipm odifications and conduct the appropriate commissioning tests. This
preparation fordOT operations could take place in 2015.

D

During th riod, 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 10C status.

The decision to move to IOC preparation is tentatively scheduled in October 2014 (see
Figure 6.1). It is based only on the successful completion of the D&E and the approved
definition of operational requirements for MEOLUTSs and MCCs.

The second decision will depend on the actual status of the MEOSAR system (i.e. number
of commissioned L-band satellites, MEOLUTs and MCCs) and minimum MEOSAR
system requirements adopted by the Council. In particular, the transition from pre-10C
operations to IOC operations, where MEOSAR alert data will be merged with LEO and
GEO alert data, is to be considered to ensure that all MCCs have the minimum operational
capability to process MEOSAR data. Minimum upgrades may be required for all MCCs, to
be implemented at a date to be determined by the Council, before effective IOC can be
declared.
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2010 2011 2012 2013 2014 2015
112(3(4(1(2(3(4(1(2(3(4|1|2|3(4|1|2|3|4|1|2|3|4

Planned D&E Phase Activities and Time Line

D&E Planning & Preparation

D&E Plan Development ‘b

Draft Plan Development

_é

Draft Plan Review by C/S - C,(C)'

Draft Plan Refinement (TG-1) A Q)\

Participant Review of Draft Plan —_ 0‘0‘) < : :

Finalise Draft Plan (JC-25) A:% Al

D&E Plan Approval (CSC-47) O A
D&E Test Preparations \m@v (%\ '

MEOLUT and MCC Modifications RS N AZ)V

D&E Readiness Test(s) MR
D&E Test Activities RIS E . '

Council Decision to Start D&E Q)y m\U A

Beginning of MEOSAR D&E Tests \\S" 145 U'i o BN Y B Bl

Interim review of progress - TG =~ ~ - \Q ) A
Test/Data Collection . 0’ oo oo oo

Interim review of progress —\JQ\‘O A

Data Analysis o AN O T I O U O o o

Reporting of Results

Consolidation of Data (Draft Report) Lo =

Review draft Report - TG A

Review of Final Report —JC ‘

Approval of D&E Final Report - CSC A

Figure 6.1: Tentative Schedule of D&E Activities
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2014

2015

Planned D&E Phase Activities and Time Line

System Document Preparation

1]2]3]4

1]2]3]4

JC recommendation to prepare System Docs (A.001, A.002, MEO Spec. T.0xx) .: é Q) ‘: ‘ A
Update C/S A.001 (DDP) Draft § W amaliR Lo § :
Update C/S A.002 (SID) Draft L O Lo R P
Review Draft Docs (w/recommendation to be ready by JC) (!\Q' _‘
Finalise C/S A.001 (DDP) Draft Issue 7 AT Lo | —— |
Finalise C/S A.002 (SID) Draft Issue 6 DT = |
Update C/S A.005 Issue 4 (MCC Specification) o e Lo — Fol Lo
Update C/S A.006 Issue 4MCC Commissioning) ey e — ]
Prepare C/S T.102 (MEOLUT Specification) “‘b’ ' et
Prepare C/S T.105 (MEOLUT Commissioning) A\y, ‘\,@w _____
Review Draft Docs (w/recommendation to be ready by JC) Aq)\y A‘\,o ! ! Lo Lo '—A :
Council Approve System Docs N > A o | A
Pre-10C (optional) R (\Q\’ \0‘3
Operational MEOSAR Alert Data Distribution to RCCs/ §P®\SJ _ _ _
10C Preparation s s EEEENEEE R ——
Council decision to begin IOC preparation )&\y
Upgrades to MEOLUTs/MCC:s (as required) ! ! Lo . . __. _ -
Commissioning of MEOLUTs and MCCs ——r — —
Review commissioning reports A._A

Training

Approve commissioning reports

Council decision to declare MEOSAR system at I[OC

Figure 6.1 (cont.): Tentative Schedule of D&E Activities
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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:

a final report that provides official results of the evaluation, including the confirmation 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;

confirmation of system architecture;

commissioning standards for MEOSAR space and ground seg e&uipment; and
completion of plans for the exchange of MEOSAR data, 5&1

monitoring. @&

operation and system

Except for the testing of combined MEO/GEO operation @% T-8), all tests proposed in the
D&E plan should have been accomplished by some D& icipant.

Successful completion of demonstration and eval@n ac @% should form the basis for a
Cospas-Sarsat Council decision on the opera@\) use o,{qg MEOSAR system as part of the
o)

Cospas-Sarsat System.

‘b'% &4
&
&> N
,QQ- E‘I\g‘bl: SECTION 6 -
O
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7. INTERNATIONAL COORDINATION

The D&E test period of the MEOSAR system is expected to begin on 1 January 2013. Prior to
this date, MEOSAR satellite and MEOLUT providers should declare their equipment “ready for
D&E testing” 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 MEOLUTs 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 t national or regional
requirements. These tests should be designed and managed to have inimum impact on the
Cospas-Sarsat System or the international MEOSAR D&E effort ordination with MCCs or

SPOC:s likely to be affected must occur prior to the test. Respo %1 ity for the coordination rests
with the participant initiating the test. Tests by organisati 1ch are not D&E participants are
not permitted unless they are conducted under the sponso;%% d the direct oversight of a D&E
participant.

To ensure appropriate coordination among all 1 sted @paﬂlcipants and avoid possible
schedule conflicts between tests run by dlffe%@ partic, s, a General Test Schedule will be
maintained by the Cospas-Sarsat Secretarla}b‘%ls Genﬁ Test Schedule will record:

- the test coordinator, i.e., the D wﬁlm% ho will oversee the execution of the test;

- the originator(s) of the tes
signals using test units o

&E participant(s) who plans to transmit test

on si tors
- the planned schedul

- the applicable t@cal or operational test objective, as described in sections 4 and 5 of
this document;

- abrief @tion of the signals transmitted or a reference to the applicable annex to this
Plan; an

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

Each D&E participant should provide reports 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.

For each test outlined in the General Test Schedule, one participant, the test coordinator, will
assume responsibility for the arrangement and provisioning of the resources required, data
collection activities and data analysis activities. Arrangements may be made with supporting
participants for particular resources or activities as shown in sections 4 and 5. The test
coordinator shall provide to the Secretariat the information to be recorded in the General Test
Schedule.

- 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 ref)Qrted and will include
a statement on the parameter contribution to the global MEO % stem performance,
particularly with regard to the ultimate derivation of conclusions and endations.

Technical and operational test reporting formats are detailed in ons 4 and 5, and in Annex K.
Each participant shall submit to the Secretariat a rep % completion of testing of each
technical objective identified in this D&E Plan and its ﬁq& rt addressing both technical and
operational test results by [31 December 2013]. Th1s cover the results of the D&E
tests undertaken by that participant and any D&E ac es in the participant engaged in an
active way. The Secretariat will compile the rep ecelv om participants for submission to
the D&E Report Preparation Group for consoTi@tlon a the Cospas-Sarsat Joint Committee
for review in June 2014. The Joint Com t@; w111 lete the final report, draw the relevant
00351

conclusions from the results provided ropriate recommendations to the Council.

The Cospas-Sarsat Council will the the Open Meeting of the CSC-53 Session

(October 2014) the final draft of th@ nd decide on its adoption.

The Final Report will be a endi ‘?the results of the participants’ endeavours and the
combined impact of MEOS&R opera n workload, communications requirements and search
and rescue alerting and nding.

Participants are aged to submit interim and progress reports of MEOSAR D&E testing to
Cospas-Sarsat ing groups or to the Joint Committee, as appropriate, at anytime during the
D&E testing phase.

- END OF SECTION 8 -
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2D

3D

DASS

DOA

DOP

FOA

GEOLUT

GEOSAR

LEO

LEOSAR

MTT

PTA

RLM

RLS

SAR/Galileo

ANNEX A

LIST OF ACRONYMS®

Two dimensional position (latitude and longitude)

Three dimensional position (latitude, longitude and altitude)

Distress Alerting Satellite System

Developmental nomenclature for modernisation and transition as a proof-of-
concept hosted payload (S-band) on GPS IIR and IIF spacédehicles. Used during
the USA proof-of-concept phase of the MEOSAR prog plementation effort.

“Difference Of Arrival” measurements allow, '#Wag@the computation of an
independent position: includes both time of ) al (TOA) and frequency of
arrival (FOA) types of measurements. %

Dilution Of Precision: DOP factor&are based on the geometry of the
beacon/transmitter to satellite link are to characterise the expected
impact of this geometry on the R% n of aﬂ,.jornputed location.

Frequency Of Arrival (freqqﬁ@y of the&%ﬁal received by the satellite antenna, as
measured by the LUT) S
OO 1@

Local User Termin ound station) in a 406 MHz GEOSAR system
Geostatlona%@tiségem used for distress alerting

Low-alt Earth Orbit

L@tellite system used for distress alerting and positioning

Y

Message Transfer Time

Potential Time Advantage (see definitions in Annex B)

Return Link Message

Return Link Service

The SAR mission on the European Galileo navigation satellite system in medium

Earth orbit which comprises 406 MHz repeaters on Galileo satellites with an
L-band downlink.

18 Text in Italic fonts was not reviewed at JC-25.
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SAR/GPS: The USA and Canadian partnership to fly 406 MHz repeaters on GPS Block III
Increments B & C space vehicles with an L-band downlink.

SAR/Glonass The SAR mission on the Russian Glonass navigation satellite system in medium
Earth orbit which comprises 406 MHz repeaters on Glonass satellites with an
L-band downlink.

TOA Time Of Arrival (time of the beacon signal arrival at the satellite antenna, as
measured by the LUT)
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ANNEX B
DEFINITIONS OF TERMS ¥/

Beacon Event

Alert data produced by a LUT for a specific beacon identification in a specific time
frame (see also Same Beacon Event).

Combined MEO/GEOQO Processing

The procedures and algorithms allowing the computation ofNpdependent location
data by combining FOA/TOA measurements from MEO ar& satellites.

Complete Beacon Message ,&%6
Q

A 406 MHz first generation beacon message p ced by a MEOLUT is complete
when it consists of:

- the first protected field (PDF—H—BCQ;%of aY®Md short message; or

- the first and second protecte(@g\glds -1+BCH-1+PDF-2+BCH-2) of a
valid long message where seco rotected field contains less than 2
corrected bit errors. >

Bits 113 to 144 of the se:&u\c%rot?g& field of a valid long message shall all be set

to “1” if this field c ins 2 &\ ore bit errors. The message is then declared

incomplete. D
F&

Confirmed Beacon Mess

A conﬁm%e beacon message may be a confirmed valid message or a confirmed
co %rnessage. The message confirmation process requires that two independent
burst\p¥ocessing 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.

Dependent MEOLUT

A MEOLUT with one or more antennas, which may or may not be co-located, that
relies on data from another MEOLUT in order to generate an independent location.

7" Text in Italic fonts was not reviewed at JC-25.
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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.

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 g multiple TOA/FOA
measurements from burst detections received through a er of MEO satellite
channels. &

Q
MEOLUT Event é,c*’

In the MEOSAR system, a MEOLUT eventa Qe reception at a MEOLUT of a
beacon burst transmission through one or se satellite channels and its processing
to produce an independent location and/@Qe beac ssage (which may include an
encoded GNSS location). The time (@QAEO event is the average TOA for all
measurements associated with the%@ tran%'(g d burst.

If measurement data from al MRROLUT events is used by the MEOLUT to
generate an alert messagg sent to @ "associated MCC (i.e. a MEOSAR beacon
event), such beacon ex@@must%bime tagged to the last MEOLUT event used to

produce the alert defu@ >
MEOLUT Network QOQ( \Q‘%

A group f%OLUTs that exchange FOA/TOA measurement data on a regular basis
to er@ coverage or improve independent location data.

MEOSAR Beacon Event

Alert data produced by the MEOLUT from any number of bursts sent to the MCC,
and time tagged to the last burst.

MEOSAR system

The Cospas-Sarsat MEOSAR system will comprise a space segment consisting of
several interoperable MEO satellite constellations and a ground segment consisting
of a number of MEOLUTS suitably located around the globe to ensure that beacon
transmissions, anywhere on the globe, are received by at least one MEOLUT via at
least three MEOSAR satellite channels.
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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.

Position Confirmation

The procedures / algorithms used to confirm location data from a unique source (e.g.
Doppler location, encoded location or MEO location) through a matching process
with other location data from a separate source or a differdgt beacon event (e.g.
Doppler with a different TCA, MEO location derived from &nt satellite channels
or different beacon event, etc.).
%QJ
Processing Threshold '&

The minimum value of the beacon transmlﬁr for which the single channel
throughput is greater than or equal to [0.7].
Q’Q

PTA
The Potential Time Advantage (l’i@?ls t@%psed time between the receipt at a
MCC of the first MEOSAR a notlﬁ and the first LEOSAR or GEOSAR
alert notification for the sa é eacon.
\.
Same Beacon Event \‘b‘

Alert data produ‘TﬁLE UTs is considered to be the same beacon event when it
has the same QE&3CON i ieation, is received by the same spacecraft and has the
same time sest approach (TCA) + 20 minutes.

Aler.ﬁproduced by MEOLUTs is considered to be the same beacon event when it
has’&®same beacon identification and any portion of the time period associated with
the first alert (i.e., the time from the first to last burst) is within +/-[2] seconds of any
portion of the time period associated with the second alert.

Satellite channel
The unique combination of a single MEOLUT antenna and MEO satellite in
visibility. Collocated antennas tracking the same MEO satellite do not provide
independent satellite channels.

Second Generation Beacon

A 406 MHz beacon which complies with the specifications of document C/S T.101
and is tested against the type approval standards of document C/S T.107.

Second generation beacon signal characteristics, message format and message
contents have not been defined at this stage.
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Stand-alone MEOLUT
A MEOLUT which can reliably produce an independent location for transmitting
Cospas-Sarsat beacons in accordance with minimum Cospas-Sarsat requirements,
using several independent satellite channels, i.e. a group of receiving antennas (or a
multi-beam antenna system) simultaneously tracking an equal number of satellites.
System Margin

The difference between the minimum processing threshold and the typical transmit

power of a beacon, i.e. 37 dBm. b’

Throughput (satellite channel throughput) 666
The probability of detecting a valid message from Qméy?e burst transmission relayed
by a single satellite channel.
In the MEOSAR system the satellite cham@ Eo hput is the PDVM of a single
channel MEOLUT. @Q '\Q%

Valid Beacon Messages \Qe 6&%

S

A 406 MHz first generationﬁ%&n megRage produced by a MEOLUT is valid when:

- the first protected K}d (PKF:?# BCH-1) has 2 or less corrected bit errors and
the fixed bits of @sAndard and National location protocols that start at bit 107
contain no e Y or

- the first rQe’cted\@l (PDF-1 + BCH-1) has 3 corrected bit errors and is
conﬁ@{)y an identical match with another valid message from the same
beacot event and the fixed bits of Standard and National location protocols

\@tar‘[ at bit 107 contain no errors.

Valid MEO Alert Message
A 406 MHz MEOSAR alert message transmitted by an MCC. A valid MEO alert
message is composed of one valid or complete beacon message provided by a
MEOLUT with additional processing performed to validate the 406 MHz message
content, including such information as country code, protocol or other data.

- END OF ANNEX B -
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ANNEX C*®

MEOSAR D&E GROUND SEGMENT

C1 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 wit uments C/S T.001
and the planned C/S T.101 for future second generation beacons. general, a MEOLUT
shall detect and locate 406 MHz emergency beacons and tran&ait associated data to an
associated Mission Control Centre (MCC). During the as-Sarsat D&E phase, a
MEOLUT shall be capable of receiving L- and S-Band “Band downlinks from GNSS
satellites equipped with 406 MHz SAR repeaters, know@ EOSAR satellites.

A MEOLUT shall measure the frequency of arri@]v (FO d time of arrival (TOA) of
detected bursts and use the results to locate th con. s method of beacon location is
referred to as Difference of Arrival (DOADWhl::&%‘:E?udes combinations of Frequency

Difference of Arrival / Time Difference rrival OA/TDOA) methods. A MEOLUT
shall calculate an unambiguous locatl iy theé%'acon after receiving a single transmission
(burst) of the beacon message.

For the purposes of the D %e fof@wmg types of MEOLUTs are noted from the
definitions in the document IP)

a) Dependent M&UT A MEOLUT with one or more antennas, which may or may
not be cox @ted that must rely on data from another MEOLUT in order to generate
an ind ent location.

b) Stand-Alone MEOLUT — A MEOLUT with multiple antennas (or equivalent),
which may or may not be co-located, that does not rely on any other MEOLUT or
antenna(s) to generate an independent location.

The level of participation in the MEOSAR D&E tests will be dependent on the type of
MEOLUT involved. Data exchanged via MEOLUT networking shall not be used during tests
that assess the performance of Standalone MEOLUTs.

8 Text in Italic fonts was not reviewed at JC-25
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C13

Basic Operational Requirements
C.122  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).

C.1.23  Satellite Tracking

A MEOLUT shall be capable of simultaneously tracking aﬁény visible MEOSAR
satellites equipped with SAR instruments as the MEO as tracking antennas or
in its field of view if using other technology (e ( sed—array antenna). A
MEOLUT shall be capable of continuously recei and processing all available
satellite data for all portions of a satellite pass its specified field of view (e.g.
five degree elevation) with the exception of nﬁg T loc obstructions (site masking).

C.l24 Transmission of Alert Da@@é‘Qan Ag;%ated MCC

A MEOLUT shall process 51gna and tran&ﬁg\,)406 MHz distress beacon data to the
associated MCC as per the s atlow the following sections.

C.125 RF Radiatlo@d Erﬁ&bns

A MEOLUT shall»@&r or emlt any radio frequency (RF) signals that will
interfere with,t nctiont f the Cospas-Sarsat System or systems operating on
other radio fr ncies.

C.1.2.§§Q\%ata Archival

At a minimum, a MEOLUT shall store all beacon message, TOA/FOA and location
data, [orbital data (as defined in Annex M of C/S R.012); periodic (e.g. one minute)
antenna azimuth and elevation angles for the duration of a given pass, and pass
schedule (i.e. Satellite, AOS, LOS)] used to support D&E testing. It is
recommended that the MEOLUT operator maintain this stored data for a period of at
least [90] days.

Functional and Processing Requirements

C.1.3.1  Antenna 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.
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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 univegl’l coordinated time

(UTC). &
C.1.3.3  Orbit Maintenance Subsystem %Q)b

A MEOLUT shall maintain accurate GNSS é@:lhte orbit vectors. It is
recommended that the MEOLUT maintain oyt Yector accuracy to within [50]
centimetres and [20] nanoseconds before and @ifer angropagation.

C.1.34  Satellite Tracking Q)@ %\

A MEOLUT shall maintain acc track@Qchedules for all L-Band and S-Band
MEOSAR satellites, as appl , thaé)'have been declared as operational for the

D&E. Q\, \(8\,
C.1.35  Beacon I\@age Dafa Recovery

The MEOLUT 1 proﬁ and transmit to the associated MCC only beacon
messages thaé ieve a perfect match of bits 16 to 24 with the 9 bit frame
synchrom&ﬁyn pattern as described in document C/S T.001.

Self-te)s%mode beacon messages have an inverted frame synchronisation pattern as
described in document C/S T.001. A MEOLUT shall process and archive self-test
mode beacon messages in the same manner as noted above.

C.1.36 Bit Verification

A MEOLUT shall detect and correct bit errors in the 406 MHz beacon messages, as
follows.

a.  The digital 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:
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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:

L. the second protected data field (PDF-2, bits 107 to 132) which contains
position and supplementary data; and

ii.  the second BCH error correcting field (BCH- @' 133 to 144) which
contains the 12-bit BCH error correcting code protects the 38 bits of
PDF-2 and BCH-2. The 38 bits of PDF-2 BCH-2 are also referred
to as the second protected field. q)&r

c. A MEOLUT shall use BCH-1 to correct@%ssages that have a maximum of
three bit errors in the first protected ﬁel&and ct the existence of more than
three (3) errors with a probability 5% @MEOLUT shall use BCH-2 to
correct any messages that haye bit exéa¥ in the second protected field of
the long message format an%hetect existence of two or more bit errors.
When a MEOLUT determ& the &re 2 or more bit errors in the second
protected field, bits 1 1)3\) 44 Sl‘éﬂll be replaced with “1”.

cess &bitcgraphy protocol beacon messages with the
ion ‘(g 5-106) which is error corrected by BCH-1; the

d. A MEOLUT shal
ncorrected data in bits 107 to 144.

As defined ibg)cument C/S T.001, Specification for Cospas-Sarsat 406 MHz
Distres %éons, Standard location protocol beacon messages contain fixed values
of (1 1§>n bits 107-110 and National location protocol beacon messages contain
fixed values of (110) in bits 107-109. These fixed bits, which immediately follow
BCH-1, are used to identify a beacon message that is corrupted due to bit-shift
errors, in case the bit-shifted beacon message passes BCH-1 error detection. After
using the BCH-1 and BCH-2 to correct bit errors in the 406 MHz beacon message
(as defined above), the MEOLUT shall verify the fixed bits that begin in bit 107 for
location protocol beacons (i.e., bits 107-110 for Standard location protocol beacons
and bits 107-109 for National location protocol beacons).

C.1.3.7  Beacon Message Validation
A 406 MHz beacon message is valid when the first protected field (PDF-1 + BCH-1)

has 2 or less corrected bit errors and, for location protocol beacons, the fixed bits
that start in bit 107 contain no errors.
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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.1.38 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 associate es for two beacon
messages exceeds this threshold, then the messages shou treated as being for

separate bursts. <
&
Q

C.1.3.9  Beacon Message Association Q

In order to provide updated beacon messag d to_generate DOA locations, it is
necessary to associate 406 MHz beacon n@s&ag.es ived from different satellites
and at different times for the “same” on. section specifies the rules for
associating independent TOA/FOA?}@l ort e beacon.

&

S
Two 406 MHz beacon mes@ are ghsociated when the fixed bits of the first
protected field (PDF-1 + %&L—I- )o two beacon messages are identical. Since
the encoded position d 406\@2 beacon messages using location protocols
per dédument C/S T.001), only fixed bits in a beacon
message can be us % ing. Beacon messages shall be matched based on the
e

fixed bits per Pr , 5 follows:
Pr(ft@l Fixed Bits
I,@ 25 to 85 (61 bits)
St¥ndard Location 25 to 64 (40 bits)
National Location 25 to 58 (34 bits)
Undefined 25 to 106 (82 bits)

If a beacon message is not valid, then its Protocol is “undefined” and matching shall
be based on bits 25 to 106, as specified above.

In addition, if one beacon message has 3 corrected bit errors in [PDF-1 + BCH-1] it
can be associated with a valid message provided its PDF-1 is identical to the PDF-1
of the valid beacon message and the associated burst times are within [20] minutes.
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C.1.3.10 Data Sharing with International MEOLUTSs

A MEOLUT may provide TOA/FOA data to, and/or receive TOA/FOA data from
other MEOLUTs. If exchanging TOA/FOA data with other MEOLUTsS, the

MEOLUT shall be transfer data according to the specifications contained in
C/S R.012.

C.1.3.11 DOA Location Processing

A MEOLUT shall measure the FOA and TOA of each beacon message received.
When the same burst is received from the same beacon t gh three or more
satellites, a MEOLUT shall use these measurements to calcu DOA location. It
is noted that a MEOLUT may produce a location with less @three satellites.

A MEOLUT shall be capable of identifying and ﬁlt&ﬁbeaoon messages with low
quality measurements that degrade location accura,Q

A MEOLUT shall be capable of identifying@ quality of the calculated location.
(comment: Quality still needs to be deflned@ C/S

A MEOLUT shall be capable of coﬂi@@ng a@rwardmg to the associated MCC a
single burst location.

A MEOLUT may also ab Egdf combining data from multiple bursts
(transmissions) in order prov ation accuracy.

C.1.3.12 Proces qggﬁyd Transmission of Data to the Associated MCC

A MEOLUT s process all available data for a beacon burst before sending data
to the assQékated MCC for that burst. The MEOLUT shall wait [15] seconds after
the firg@t ction of each burst before processing the burst data.

A MEOLUT shall send an alert with DOA location and/or encoded position for a
406 MHz beacon to the associated MCC as soon as it is available. A MEOLUT
shall not send a located solution if the location is outside the footprint of any
satellite for which data was used to compute the location at the time of the
associated burst data.

If a MEOLUT has not previously sent a located alert for a given beacon, it shall
send an unlocated alert to the associated MCC:
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- as soon as the valid beacon message is confirmed, or

- after [3] minutes from the time of its validation if the valid beacon message is
not confirmed, with the indication that the message is not confirmed.

After sending an alert for a given beacon, the MEOLUT shall continue to send alerts
every [5] minutes at a minimum or as required by the associated MCC.

MEOLUTSs shall provide to the associated MCC all information needed to satisfy the
requirements 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 orbitog@hy and calibration
beacon messages and pass them to the MCC only on reque%@

C.1.3.13 Status and Monitoring Functions &C‘,

A MEOLUT shall monitor environmental condit; (e g., temperature, wind speed,
and humidity), test hardware and software 4@« erify operational capability. A

MEOLUT shall automatically send warni %essa and alarm messages to the
canﬁgact the MEOLUT operation

associated MCC on events that may si
when the time of impact is eitheq j e ne{b ture (warnings) or immediately
10n£@ e logged.

(alarms). All status and alarm 1nfog1
C.1.3.14 Minimum Perfg{?@nce Q@&urements for MEOLUTSs

The table provided b @W defi \the minimum performance requirements that
should be satisfied ‘% T. These minimum requirements should be

satisfied assumm@gf

a) the % Hz beacon transmissions satisfy the specifications of document

b) beacon transmissions will be relayed through the MEOSAR space segment
currently identified in the MEOSAR Implementation Plan, C/S R.012;

c) the performance requirements will be met over a coverage area of [TBD]
[based on simulations (USA document JC-25/8/14 “Simulations Supporting
Section 6.1 of C/SR.018 (MEOSAR D&E Plan)” that support document
JC-25/8/15 (USA) “Draft Updates to Section 6.1 of Document C/S R.018
(MEOSAR D&E Plan)”]; and

d) MEOLUTs at full operational capability may exhibit better performance than
the requirements specified below.
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Performance | Requirement Definition Reference in
Parameter 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.), >
Probability independently of any encoded position d

in the 406 MHz beacon message, withi

10 minutes from the first beacon me @

transmission.
Independent P(e <5 km) The system independent locati lutlon Paragraph 5.3.6
Location Error >95% should be within 5 km fro actual

beacon position 95% oﬁ{h 'me. O\
Single Burst 90% The probability of n1ng
Independent MEOLUT a 2 on (L ng)
Location independentlycaf any eg@ position data
Probability in the 40@6:% message, using a

single hur ransm@

Y

Single Burst P(e <5 km) Th le Bu %dependent location
Independent >90% on sh be within 5 km from the

Location Error

ual begton position 90% of the time.

Sensitivity

<34.8 d%@c'
o
>

The mt n?um C/No level at which the
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.

Paragraph 5.3.1

Table C.1: MEOLUT Minimum Performance Requirements




C-9 C/SR.018 - Issue 1
October 2011

Cz2 DESCRIPTION OF MEOLUTS PARTICIPATING IN D&E

Table C.2 provides characteristics and reference information for all MEOLUTS participating in th @E The status column is populated based on
MEOLUT readiness to participate, with a status of “D&E Ready” indicating that the MEOLU@!isﬁes all the requirements and provides all the

capabilities identified in this Annex. %@
@ L4
Name
Country or SN City / (Table® 11 | Source ID | Antenna FOTENE || Longitude | Altitude (QUUEIIE T [
Organisation LRGSO State /B.3in (MF#11) Name D €ees) (Degrees) (m) RIS ey GRS
D&E Ready) . (MF#71) (m) (db/K)
C/S A.001) S A
Y
Brazil Planned Brasilia Bra-1 c s'15.057@‘\' 47.90227 W | 1046.4 2.4 10.4
YN
Bra-2 \f\\/ IAS@ S 47.90224 W | 1047.1 2.4 10.5
Canada Planned Ottawa Can-1 (5 4&935303 N 7590141 W | 89.8 2.4 10
N
Cam Q) 4535295 N 7590116 W | 89.7 2.4 10
“q{ ‘\{b 45.35264 N 75.90139 W | 90.6 2.4 10
’0 an-77m 452987 N 75.90689 W | 74.0 2.4 10
China Planned Beijing 6\’ ChA -
M
R e
. \%} Chn-3
\‘\‘“, Chn-4
France Planned Toulouse Fra-1 43.5584 N 1.4805 E 200 2.4 9.9
Fra-2 43.5584 N 1.4805 E 200 2.4 9.9
EC/ESA Planned EC-1 43.55896 N | 1.48373 E 144 3.0 10.0
EC-2 43.55896 N | 1.48373 E 144 3.0 10.0
EC-3 43.55896 N 1.48373 E 144 3.0 10.0

' New table proposed to capture MEOLUT information in the DDP, including a unique MEOLUT “name”, used to support FTPV communications etc.
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Status NETTE Antenna Antenna Antenna
Country or City / (Table® 1l | Source ID | Antenna Latitude Longitude | Altitude | -
Organisation (PEEe o State /B.3in (MF#11) Name 12 (Degrees) (Degrhes) (m) DIESEs it CBliEiS
D&E Ready) ) (MF#71) (m) (db/K)
C/s A.001) P
EC-4 13.5586N | LQYBE |14 |30 10.0
UK Planned Kinloss UK-1 57.658 N (C%SSS W 8.0 2.4 10.2
|
UK-2 57.658{\@ 3.5585W 8.0 2.4 10.2
Russia Planned Moscow Rus-1 5%@7‘“ 3772301 E 207.0 3.8 20
Rus-2 Q‘:o OQ
Rus-3 Q/Q) %\
Rus-4 | NQ) \
A4
USA Planned Maryland Mar-1 p . A38.99908 N 76.8543 W 100 43
Mar\&‘ K@x 3899942 N | 76.8534 W | 100 43
A4 A "4
fodi -3 \(b 38.99893 N 76.8533 W 100 43
=
(Q Mar-4 D) 38.99868 N | 76.8539 W | 100 43
N 4
USA Planned Hawaii C)o @ 21.52491 N 158.0015 W 3749 3.7 15(S)/12(L)
‘\Q Haw-2 2152458N | 1580012W | 3740 | 3.7 15(SY12(L)
. \,% Haw-3 2152521N | 158.0012W | 3758 3.7 15(S)/12(L)
@ Haw-4 21.52488 N 158.0010 W | 375.8 3.7 15(S)/12(L)
Haw-5 21.52455 N 158.0008 W 374.3 3.7 15(S)/12(L)
Haw-6 21.52428 N 158.001500 371.9 3.7 15(S)/12(L)
Turkey Planned Ankara TRK-1 40.141461 N | 32.990039E | 936 10.3
TRK-2 40.141194 N | 32989814 E | 936 10.2

Table C.2 - MEOLUTSs Participating in D&E
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C3 DESCRIPTION OF ORBITOGRAPHY, REFERENCE, AND BEACON SIMULATORS TO BE USED IN D&E

Type Rep O™ .

(Orb Latitude Longitude | Alt Freq Power i P 25 Carrle_r Antenna T M.Od Mod
Name Beacon ID Rate Rate Duration P Index | Time

Ref (Degrees) | (Degrees) | (m) (MHz) (dBm) \ Polarisation Sym

i (sec) (bps) | (ms) (rad) | (us)

Sim) AT\VEr)
Thule Orb 9B62197CA703590 77.465N 69.217 W \N% >
Toulouse Orb 9C6000000000001 43.55999N | 148E 214 406.022 39-4}’\ W 400.0 160 RHCP 11 150 0

Y o Yy
Longyearbyen | Orb A0234BF8A7335D0 | 78.229 N 15.396 E DQ)\' A
McMurdo Orb | ADC268FBEOD3780 | 77.846S | 166.712E \{)V *‘O
Edmonton Ref A79EEE26E32E1D0 | 53.679 N 113.315W ‘N% . 4
Keiguelen | Ref | 9CTFEC2AACD3590 | 493525 | 70256 LYY
A4 &
Moscow Ref A23C00000000000 55.62N 37508 E 'QV \‘27‘
)
Combe Martin | Ref | 9DIFCFA7ABOD990 | 51.17 N 4051 W -Qv D
om i : J\Y A
Maryland Sim TBD 38.9986 N 76.842 153 %} TBD TBD TBD TBD TBD TBD TBD TBD TBD
Hawaii Sim | TBD 2152N 1?@/\/
A —4
. N

Ottawa Sim TBD 45.34N \555.89 W
France Sim | TBD 43.5&@ 148E

Table C.3 — Beacons Used in the D&E
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C4 DESCRIPTION OF PLANNED MEOLUT NETWORKING @6
MEOLUTSs shall transfer data to/from other MEOLUTS in accordance with all specifications ed in C/S R.012. Planned connections
and readiness status are captured in Table C.4. &
Q
S

Send — Brasilia Ottawa Beijing Toulouse Moscow c}}’ Ankara Kinloss Maryland Hawaii

Receive | Planned | Ready | Planned | Ready | Planned | Ready | Planned | Ready Planr}e, \Re:ld}: Wd Ready | Planned | Ready | Planned | Ready | Planned Ready

Brasilia A A@U ‘G-V\v X X

Ottawa S \Q)y X X

Beijing ‘\&b, ﬁ& X

Toulouse (‘:\\u 7 \Q}"U X

Moscow | \,"Z) ‘2} > X

Ankara C}},\ ‘\ék) X

Kinloss A Q X

Maryland | X X Qv X X X X X

A
Hawaii X X A~ X

Y
Table C.4 — Planned MEOLUT Networking during D&E
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C5 MCCs PLANNING TO PARTICIPATE IN D&E @b
MCC:s shall process MEOSAR data and transfer alert data to/from other MCCs in accordan, th 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). Planned connecti%%d readiness status are captured in Table C.5.

Send - | BRMCC CMCC CNMCC FMCC CI@% _ TRMCC UKMCC usMcCcC
Receive | Planned | Ready | Planned | Ready | Planned | Ready | Planned | Ready Qﬂarrnegi &a\dy Planned | Ready | Planned | Ready | Planned | Ready
! ran TN
BRMCC R . @&J X
cMmce S X
CNMCC x Y| xQr X2
FMCC Y N© X X X X
cMC X O X
TRMCC YN X
UKMCC O X X
UsMCC | X X S X X

>

Table C.5 - MCCs Participating in the MEOSAR D&E

- END OF ANNEX C -

20 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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ANNEX D

PROCEDURES FOR MEOSAR D&E READINESS TEST

D.1 Objective and Definitions

This purpose of this test is to establish that the minimum criteria for starting the MEOSAR
D&E provided in section 6.1 of this D&E plan are satisfied. 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 e@ that are equipped
with MEOSAR repeaters. &J

<

Ground Segment: number of MEOLUTSs and their ?@ctive antennas, associated

MCCs, along with the related MEOSAR processi d communication capabilities
of all components. 0%

Beacon Segment: number and type of .dilca}te %acons; operational beacons
deployed in a controlled manner, be sim s and Cospas-Sarsat reference
beacons (i.e., test and orbitography p@ cols)q)&

The test procedure exercises all thre&ébfponen@, collecting data at both MEOLUTSs and
MCCs, to ensure that all compongks ’are ioning as expected. Specifically, beacon
simulators need to provide be tran sions, satellites need to relay the bursts,
MEOLUTSs need to receive a ocess e bursts, and MCCs need to receive process and
distribute the resulting alert @’Q \04%

The philosophy of the iness test described in this annex is that all basic components of
the MEOSAR systega are available and can be exercised at the same time. If the readiness
test is deemed @sful, then all D&E tests could proceed. However, based on unplanned
contingencies, it'¥nay be possible to perform a subset of the readiness test so that some D&E
tests, e.g., channel detection characterisation, may be undertaken before a complete end-to-
end readiness test can be completed.

In addition, based on the results of the readiness test, a follow-up test, or tests, may be
required. The decision to undertake additional tests and any decision to undertake partial
incremental tests will be made by the Cospas-Sarsat Council.

D.2 Methodology and Data Collection

The D&E readiness test will be performed over a [36] hour period. The test will include all
MEOSAR satellites, MEOLUTs, and participating MCCs, as well as all beacon simulators
that will contribute data to D&E tests.



D-2 C/SR.018 - Issue 1
October 2011

There are two categories of data collection involved in this test. The first collects burst
detection data at MEOLUTS to obtain a basic statistic that demonstrates 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 received at all 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 during the test will be placed in the provided
spreadsheet, MEOSAR D&E Report Data D&E Readiness Test.xls (example data listing
provided in Figure D.1 below). The intent is of this testing is to demonstrate sufficient

visibility between the ground and space segments within a predefined of interest”. As
such, even though specific beacons will be simulated for the MCC collection portion of
the test, all burst data should be recorded regardless of the sowr@g™™ MEOLUT networking

should not be implemented during this test as the inclusion oé* 'tional satellites gained via
networking could affect the evaluation of satellite detectio, each MEOLUT*. The only
data collected will be coarse date and time (fractional s associated with TOA are not
needed) and the satellite ID. Optional fields of Bea@TD TOA, FOA and CNg could be

collected as supplemental information but are not n@ed for asic analysis.
N
Date/Time Satellite |Beacor Q) TO&% FOA CNO
Sl \ el
N > o T
N>~ (7\\

,\'\

F%@ ‘M}OLUT Burst Data

D.22 MCC Data Colle(:tﬁ'

The second goal O%§’ testing is to demonstrate that MEOSAR data moves through the
system and arri its proper destination. As such there needs to be a least one beacon
simulator physféatly located outside of each MCC service area, yet mutually visible some
portion of the day to the associated MEOLUT such that simulated beacons result in messages
being sent to the responsible MCC (where the simulator is physically located). Using beacon
simulators located in four locations (Toulouse, France; Hawaii, USA; Maryland, USA; and
Ottawa, Canada), initial analysis indicates that during the test period roughly 100 or more
unique activations should be mutually visible to all participants and hence provide a
reasonable basis for a statistical result.

2l The area of interest could be a rectangle, set of rectangles (or radii), or based on MCC service areas.

2 Separate validation of MEOLUT networking connections and data transfer are encouraged.
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All beacon simulators will transmit long format messages using test protocols and with
nominal beacon emission power (37 dBm), at frequencies between 406.061 and
406.073 MHz and otherwise nominal beacon characteristics (linear antenna pattern,
50 second repetition period, etc.). All beacon simulators will transmit data throughout the
test period, for [600] seconds per beacon Id, with [600] second delays between transmission
blocks ([108] unique beacon “activations” for each simulator over the period). The beacon
identification code for each beacon activation will be unique. Each simulator will transmit a
distinct set of beacon Ids.

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 for these designated beacon IDs received during the test periodfrom other MCCs in
the provided spreadsheet, D&E Readiness Test.xls (example data g provided in Figure
D.2 below). The required data is the sending MCC, the beacon L d the SIT type; optional
fields of message number and the date and time of message ig tion could be collected as

supplemental information but are not needed for the basic a, is.
Sendin “%C:’ i i
g MCC (Beacon ID SIT Type CaMVisg No. |Receive Date/Time
O S»
29 AN
T ALY
A

" \}
Figure D.2 Mesgséée\i%e@d from Other MCCs
& N\
D.3 Data Analysis and@@lts >

Each D&E participan;@cgollect data received from its associated MEOLUT(s) and MCC,
as described above. icipants will forward this data to [the Secretariat] to collate results

and generate a s@y report.

All participating MEOLUTSs will provide data, but for the purposes of this test the analysis
will only pertain to those that receive data on four or more satellite channels. The analysis
will provide a statistic for the percentage of one minute slots during the period where the
MEOLUT detected beacon data from four independent satellites. Note that the MEOLUT
need not detect bursts from any specific beacon ID, nor the same ID from multiple satellites,
in order for a given one minute slot to be counted as successful. Figure D.3 shows an
example of compiled results for all MEOLUTSs, with each participating MEOLUT providing
the data for the corresponding row.

3 It is useful for MCCs to have a configuration that allows all beacon IDs using test protocols to be

handled as operational data so that messages are generated and sent accordingly, to avoid having to set
configuration per beacon Id for up to 432 beacon Ids (108 Ids per simulator * 4 simulators).
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Minutes with % Four Sats
MEOLUT Four 5ats Det |Total Minutes |Det
Brazil Brasilia 2145 2160 99.3%
Canada Ottawa 2122 2160 98.2%
China Beijing 2134 2160 98.8%
France Toulouse 2088 2160 96.7%
Russia Moscow 2102 2160 97.3%
Turkey Ankara 2111 2160 97.7%
UK Kinloss 2135 2160 98.8%
USA Hawaii 2144 2160 99.3%
USA Maryland 2116 2160 98.0%
Figure D.3 - MEOLUT Four Satellite Reception %@ics
The second key result involves the reception of MCC messages EOSAR data associated
with the designated set of beacon IDs for the test period. goal is to use this data to
validate that the end-to-end components (beacon, sp nd ground segments) are all
operating as expected. Specifically, the goal is to v e that beacons transmitted, were

detected, located and confirmed with location dat to National MCCs, and that
resulting alert data was passed through the Co@ Sar§\ CC network as required by
MEOSAR D&E data distribution procedures

This measure of “end to end” ﬁmctlonah acc 1shed by analysing data received at the
destination MCC and transiting noda sed on the location of the transmitting
beacon simulator. Figure D.4 s ple of compiled results pertaining to the
reception of SIT 147 (Position irm; r\x messages at all MCCs, with each receiving
MCC providing the data for rres ing row. A similar data set could be compiled for
SIT 145 messages (First 1f deemed necessary. The columns for predicted
message receptions wil] ©% populate by simulation, and will need to take into account the
available MEOSA ce segment, MEOLUT antennas numbers and positions, beacon
simulator position d the rules for MCC data distribution including the potential for
filtering of red t data at nodal MCCs.

Maryland: ABCDE1234512345 |Hawaii: ABCDE1234512345 Ottawa: ABCDE1234512345  |Toulouse: ABCDE1234512345 [Totals Key Result

Received at USMCC Received at USMCC Received at CMCC Received at FMCC
From Received Predicted Received Predicted Received Predicted Received Predicted [Total Received|Total Predicted % Success
BRMCC 82 85 78 80 71 76 231 241 95.9%
CcMCC 106 107 70 71 86 92 262 270 97.0%
CNMCC 75 78 44 48 119 126 94.4%
FMCC 83 87 85 92 168 179 93.9%
cMmC 78 79 25 27 78 87 103 103 284 301 94.4%
TRMCC 55 57 67 67 106 108 228 232 98.3%
UKMCC 91 94 97 98 107 108 295 300 98.3%
UsMcC 170 177 82 86 252 263 95.8%

Figure D.4 — SIT 147 Messages Received at Each MCC

24 The nodal MCC for the CNMCC (JAMCC) is not currently expected to participate in the D&E test

activities, and it is assumed in this example that the CNMCC distributes alerts to the USMCC, as if it
were part of the Western DDR.
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D.4 Interpretation of Results

The two key measures of success are:

Measure of Visibility: The percentage for detection throughout the test period where
simultaneous data from four satellites at each MEOLUT included in the analysis is [95%] or
higher

End to End Functionality: The rate of receipt of Position Confirmation messages by
destination MCCs and transiting nodal MCCs is [90%] or higher

As noted above, participants will forward this data to [the Secretariat] to collate results and
generate a summary report. This report will be submitted to the Cospas¢Sarsat Council, but if
the next scheduled Council meeting will occur after the planned stffate of the D&E, then
the Representatives will decide on the commencement of the D& correspondence.

&
- END OF ANNEX;)Q%Q

» The number of beacon activations reported between MCCs is a function of the time frames over which

beacons located in another MCC service area are mutually visible to the associated National MEOLUT.
Comparisons between actual data and simulation are subject to differences in the selection of satellites
to be tracked throughout the period. In lieu of dictating the tracking schedule at each MEOLUT, some
allowance is made for potential discrepancies by a requirement of 90% (instead of 95%).
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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.

MEOSAR ALERT DATA DISTRIBUTION PROCERURES
(reference C/S A.001) o

%QJ
3. PROCEDURES 'g

3.1 General Procedures for the Distribution of (@& Sarsat Alert Data

3.1.1  Introduction @Q Q’Q

Alert data is the generic term for Cospas@%at a c‘?md position®® data derived from
406 MHz distress beacon signal processj Ale a derived from beacon signals may
contain beacon position informationAQ& theéjgoded information, including the beacon
identification. \ X3

AN
Beacon signals are relayed via e satel systems low earth orbiting (LEO), geostationary
earth orbiting (GEO) and a% orbiting (MEQO). Position data can be derived in
three ways: %

. by Doppl'e:éQ’essmg via the tracking of a LEO satellite receiving 406 MHz beacon
transmjssi

. by dit!z%rence 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 I1I / B of this DDP.

% Position is used throughout as the generic term for locations determined by any type of processing,

Doppler, DOA or via 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 ser& area forwards the
alert data to the appropriate SPOC or national RCC, in accord nge ith the applicable
Cospas-Sarsat or national procedures. QJB

b) Beacon position is within another MCC's service are@'{r

An MCC that receives alert data for a beacon posit'@% another MCC's service area
forwards the alert data to the appropriate MCC, in a% dance with the applicable Cospas-
Sarsat procedures as described in the Annexes III é) Q@nd HIéQko this DDP.

c) Unlocated alerts: \O@ @&%\

There will be occasions when a LEOLU MEOIféT is unable to calculate a position for a

beacon or a beacon is detected by a LU"éjand the only information available is the

beacon message. If this data does dcontaipaw encoded position, the alert is unlocated. In

these cases the only information @y 11ablet\u 1 be the digital identification contained in the

beacon message which inCh& cou trguode designating the country of registration of the
is

beacon. MCCs will transr;g 1(@ ation to the country of registration according to the
8.

procedure described ingl@
3.1.3 Messag\%'\ﬁbmats

n 3.2.

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 I / D of this
DDP.

3.1.4 Beacon ldentification

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

I

Transmit Incident
Message Based on

Transmit Confirmed

Message to,Resolved

-~

Dop/DOA Position(s)

LUTs

Encoded**

Position
Available?
Validate
A4
First Alert
MCC »  Validate for
Beacon?

MCCs

Encoded
Position
Available?

*  Dop/DOA refers to Doppler and DOA processing,
noting that LEOLUT/GEOLUT data is to be
processed and distributed separately from MEOLU&
data.

** Encoded Position is used generically, but it is implied
that Doppler Positions are only compared with

Position Transmit Incident Message
Matches Based on Dop/DQA and
No Encoded Positions
\4
Not Confirmed

Transmit Incident
Message Based on
Encoded Position

!

Not Confirmed

LEOLUT/GEOLUT Encoded Positions and DOA

Positions are only compared with MEOLUT Encoded Transmit Incident Message

Positions. Based on Country Code
*** The word “confirmed” (or confirmation) applies to l
both ambiguity resolution for Doppler positions and

confirmation of DOA Positions
Not Confirmed

Figure 3.1: 406 MHz Alert Data Distribution Procedures (1/2)



E-4

C/SR.018 - Issue 1
October 2011

Not
Confirmed

T

Transmit Position
Conflict Message

Follow Procedures
for Continued

Transmission Based on Dop/DOA 1€ o
Position(s) Position(s)
or
T Yes Transmit Unresolved
Doppler Position

Continue
Transmission?

Match message based
on Doppler Positions

Encoded
Position

4 Yes

Redundant R Previously No .
Data?* No Confirmed? e
0 sition
ilable?
Confirmed Q arable

A

Transmit Confirmation
Message
to Resolved Position
and Previous
Destinations

Previous
Dop/DOA

Encoded Position

Matches Dop/DOA
9%k

Dop/DOA Position
Matches Previous

Available?

Position(s)
Available?

Confirmed |
T

Transmit Confirmation

Previous Destinations

Message to Resolved and

Transmit Imag

sition

Determin: '(&sage to
Dopplelé;%wons**
)

Yes

Yes (Nqﬁ ;onﬁrmed

Encoded
Position Matches

Previous Position(s)
Dkk

Encoded
Position
Matches

Rop/DOA?*>

Position Matches
Previous Alerts?*

Figure 3.1:
406 MHz Alert Data
Distribution Procedures (2/2)

Not
Confirmed

v
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** As per procedure in section 111/ B.2.
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3.2 406 MHz Alert Data Distribution Procedures
3.21  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 refmoved or altered by a
distributing MCC, unless the Doppler position fails Doppler footprint valigaefon.

3.2.2  Validation of Beacon Message Data &%QJ

Under various circumstances such as interference, weak be signals or high noise levels, the
LUT processing can produce erroneous alert data (i.e. p sihg anomalies) which may cause
false alerts. %

>

rdance with the requirements of

The alert data produced by the LUTs must be vajdeted i

document C/S T.002. In addition, to avoid prﬁ@gating idyalid alerts through the Cospas-Sarsat

Ground Segment, the procedure for Validat'l% alert escribed at Annex III / B of this DDP

should be implemented at the MCC lev tisfy #ie requirements of document C/S A.005.
g

X X
3.2.3  Filtering of Redundant %@ \‘b‘

After validation, alert data iwed an MCC must be compared to previous information
concerning the same beacoQ ntiﬁ&@ which has already been processed by that MCC.

Alert data produced QEOLUTS is considered to be the same beacon event when it has the
same beacon idegtifigation, is received by the same spacecraft and has the same time of closest
approach (TCAXZ0 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:

. 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 the same beacon event when it has the
same beacon identification and any portion of the time period associated with the first alert (i.e.,
the time from the first to last burst) is within +/-[2] seconds of any portion of the time period
associated with the second alert. MEOLUT alert data is deemed to be Sl’undant if, using the
distance criterion defined at Annex III / B of this DDP, either: b@

a) the new alert message does not include DOA position da%@ld the MEOLUT encoded
position matches MEOLUT encoded position informatéyreceived earlier by the MCC;

or %Q

b) the new alert message includes DOA positionG&a, the DOA position in the new alert
matches a DOA position in an alert receiv&)@revipu@)r the same beacon event and,

either: Q %\
D the new alert message do;sqﬁncludum%LUT encoded position data, or

o the encoded position data(¥g~the alert message matches MEOLUT encoded
position information I&ijed e%‘ y the MCC; or

c) an alert with the sawn ID@S already been processed for the same beacon event

and the new alert ge do%not include DOA position data or MEOLUT encoded
position data. QC) \Q
Alert data produced % OLUTs for the same beacon identification is deemed to be redundant

if: QQ\

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 III / 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 11 / 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
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-
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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.

3.24 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 the ‘fgage’ solutions which
are symmetrical relative to the trace of the orbit. Each solution is asgogtd¢€d with a probability

which is generally sufficient to resolve the Doppler ambigui However, the actual
characteristics of the 406 MHz transmission are not known by t ceiving LUT and reliable
ambiguity resolution of the Doppler solutions can only be Ved with a set of Doppler

data encoded in the beacon message. Ambiguity res is a specific type of position
confirmation; as such, the ‘true’ position is a type of co dp sition, the ‘image’ position is a
type of incorrect position and an unresolved (Dopple s1t10 type of unconfirmed position.

positions from two different beacon events, or using an extls source of data such as position

While a DOA position does not have any in?@nt arrﬁty, it is still appropriate to require
confirmation of the position as errors may @r. Con.ﬁ ation of MEOLUT alert data can only

be achieved with a set of DOA positio twoifferent beacon events, or using an external
source of data such as position data &pcdded 11\‘@% beacon message and received via a MEO

satellite. @Q \‘b‘

A beacon message with enc@osm@g ata provides a unique position which may be very
accurate in most circumsta since the source of that position data is not under the

control of Cospas-Sar%rrors could remain undetected and confirmation of the encoded
position via an inde nt source is also desirable. As several alert messages from the same
beacon received different satellites and/or different LUTs can all originate from the same
beacon transmisS§dn 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 111/ B of this DDP.

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
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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.

3.25 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 which received the alert for
the confirmed beacon position or requested the continued transmission. b’

MCC:s shall provide continued transmission of DOA position data ev, 5] minutes®’, based on
the time of the latest beacon transmission included in the assocj alert, unless a request is
made to discontinue transmission. %)

3.2.6  Exchange of Ship Security Alerts &Q

Ship security alerts are initiated and transmitted by @els wb@%ecurity is threatened and who
need to notify a competent authority designate the % State. The transmission of ship
security alerts is based on the country code c&@ned i eacon identification, which is then
used to route the alert to the appropriate M(;S‘@r comp@& t authority.

MCCs will exchange ship security ale)%?sing t&g-formats specified in the document C/S A.002
and according to the ship security distr n procedures described in Annex II1/ B of this

DDP. @ (b,

An MCC will transmit a slﬁﬁécurl 4ﬁrt only to the MCC or competent authority associated
with the country code. MCC will not transmit a ship security alert to the RCC or SPOC
associated with the,pesitton of the alert.

D

3.27 Reque 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.

" 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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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
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.
3.28  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 ulocated alert shall be
distributed using the country code in the beacon identification for routi e appropriate MCC
or SPOC. Unlocated alerts shall be validated at LUT and MCC 1 in accordance with the
applicable procedure.

MCCs will exchange unlocated alert messages using the at specified in the document
C/S A.002 and according to the alert distribution proce@ escribed in Annex I/ A of this

DDP.
&>

An MCC will transmit an unlocated alert mess& only 'f&) position information has been
received previously for the same beacon ideﬁ@cation increase the probability of Image
Position Determination (as defined in A.00 gf)pendix B.2 to Annex B), multiple
LEOLUT/GEOLUT unlocated alert mess@ may &transmltted for a beacon, provided that:

XN
a) only one unlocated alert n@’ge 1s5®'per GEO satellite, and

b) only one unlocated a&essag%m sent per LEO satellite beacon event.

3.29 Combined LIZ—&@EO Processing

For the purpo alert data distribution procedures, solutions derived from combined
LEO/GEO procé&g shall be treated as LEOSAR alerts.

3.3 Notification of Country of Beacon Registration (NOCR) Service

.
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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 C/S R.012,
F.7.6.1, Type 1. Once notified, the RLSP interfaces to the Galileo ground’sggment for uploading
return link messages to Galileo satellites, which, in turn, download 1 ink messages to the
transmitting beacon. Further information on the Return Link Servi% provided in C/S R.012,

sections 7.1 and 7.2.
o

The detailed procedure for the RLS is described in Annex IIIéQ section I11/B.10.
S >
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ANNEX 111 /A

[...]

111/ 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 I11/ A.8.

Location data provided by LEOLUT Doppler processing shall not
distributing MCC, unless the Doppler location fails Doppler f
data provided by MEOLUT DOA processing shall not be re

MCC.
S

111/ A6 INTER-MCC ROUTING OF SYSTEM&%—”ORI\/@I’ION

moved or altered by a
int validation. Location
or altered by a distributing

The routing of System information betwee s is ﬁ%@rlbed in Figure II1 / A.9 “System
Information Distribution”.  MCCs shahl3 route em information as described in

Figure I11/ A.8. \Q \)@&
& N
SN
b’QCJ O
-
»
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ANNEX 111/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:

III/B.1  Alert Message Validation (Filtering Anomalous Data)...........c.cccceveevveennes I/ B-1
III/B.2 406 MHz Position MatChing...........cccceevvieecieieiieeerieeeieeeciee s gereesneeesenee e I/ B-7
III/B.3 406 MHz Ambiguity Resolution..........c.ccceeeeveiiienieniiniienss b, ................ 11/ B-7
IlI/B.4  Procedures to Determine Better Quality Alert Data for S'&

Beacon Event Position Conflicts...........ccccociiiiiiinin 74 e 11/ B-8
IlI/B.5  Detailed Procedures for 406 MHz Alert Data Distr'Kg (0] 1 IS 11/ B-10
Il1/B.6  Distribution of 406 MHz Beacon Registration I&ation ..................... I/ B-21
II/B.7  NOCR Procedures. ......ccocrrvrreerrererenreerenne. o)) ST 111/ B-24
III/B.8 Distribution of 406 MHz Ship Security Alag’?f ....................................... 111/ B-26
III/B.9  Processing and Distribution of 406 M terfer Data....cccooveveenenee 11/ B-28
III/B.10 Return Link Service (RLS) Procedu@@. ........ c}- .................................... 11/ B-xx

I11/B.1 ALERT MESSAGE VALID(%G;;%N (Q@'ERING ANOMALOUS DATA)

Alert message validation should be g?orme&\‘gt) each MCC to prevent incorrect data from
being transmitted to other MC de ally to RCCs and SPOCs. The flowchart
(Figure II1 / B.1) is provide illugpate data validation procedures for ease of
comprehension, given the ¢ exit A%the validation process. The flowchart is intended to
clarify data validation edure?én incorporates all the validation requirements for
LEOSAR and GEOS of Annex IIl / B. It is not intended to replace the detailed
requirements provid? in the remainder of Annex III / B. The associated alert message
validation tableAR®le 11 / B.1) follows the logic of the flowchart and includes the same
decision diamonds.

I11/B.1.1 Validation 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 I1I / B.1.
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SIT Format ACTION
Corrupt Suppress
Not Corrupt See Table 111/ B.2
Table 111 /B.1 : MCC Action Based on SIT Format
1 2 3 4 5 6 7 8 9 10 11
SF ME | 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
A

4 1 1 1 0 A 0 00
5 1 1 1 0 ACN 1 01
6 1 1 1 1 0 A\ 0 00
7 1 1 1 1 0 R 1 01
8 1 1 1 1 1 0 ey o 0 02
9 1 1 1 1 1 0 A | o 1 03
10 1 1 1 1 1 0 N7 1 0 0 04
11 1 1 1 1 1 0 _ 1 0 1 05
12 1 1 1 1 1 o BN e Q‘r 1 1 0 02
13 1 1 1 1 1 L0 P% 1 1 1 03
14 1 1 1 1 1 N oY 0 0 02
15 1 1 1 1 PN\l - 0 1 03
16 1 1 1 1 NN 1 N o 1 0 0 04
17 1 1 1 A AT o 1 0 1 05
18 1 1 ] gyt [\V 0 1 1 0 02
19 1 1 1 RN D 1 0 1 1 1 03
20 1 1 AN 1 0 0 0 06
21 1 1 I ! N\] 1 1 0 0 1 07
22 1 1 [ 1 1 1 1 0 1 0 0 08
23 1 1 e G, 1 1 1 1 1 0 1 0 1 09
24 1 VAQ 1 1 1 1 1 0 1 1 0 06
25 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 111/ 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 III/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.

111 /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 cat\be validated against
allowable values defined in documents C/S A.002 or C/S T.0QIZ,Message Fields 2, 4,
6, 8, 10, 12, 13, 14, 20, 21, 25, 26, 27 and 31 should be ﬁéd against the range of
values contained in Table B.1 of C/S A.002. Table III / K efines the resultant action
of the validation process. %8)

R

A Data Contents
Message Field Accogdigg to C/S A.002, Table B.1)
A
ol » I{ Rafige Out of Range

2,4,6,8,10,12,13,14,20,21,25,26,27 and 31C ™  , CProcess Suppress
Other SIT Fields ‘Q %\ Process Process
Table I11/ B.3: MCC Bas on Message Field Content

Alert messages shall not upp@ based on out-of-range values unless the
message field is containe ¢ abgye Tist

111/B.1.1.3 406 M}@%’ ac610/I ssage Validation

incoming Hz alert messages from MCCs and LUTs to ensure that the 406 MHz
beacon mosdage (message field 23) is valid. If the first protected field (bits 25 - 106)
contains any uncorrected BCH errors, then the MCC shall:

In addltloﬁngtabove validation, each MCC should perform a BCH check of all

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:
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- country code,

- user protocol,

- Baudot characters,

- supplementary data field,

- 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 betwe@ 200 and 780
User Protocol Bit @vl
37-39
Bj@ -39=101
Serial User Protocol IBit 26 = 1
40 - 42 and
At 40 - 42 =101 or 111
Standard Location Ship . R _ . _
Security Protocol 25-26 Blrt, %?a{ld =0 and Bits 37 - 40 = 1100
Standard Location Ship @V Bit2% = 1 and Bit 26 = 0 and
. 61 — 64 . .
Security Protocol \0 Bits 33340 = 1100 and Bits 61 - 64 = 0000
. S «™Bit 25 = 1 and Bit 26 = 0 and
RLS Location Protocol 41-42 ‘b, < Bits 41-42 — 11

Maritime User or
Radio Call Sign

5 [P

X"

Bit 26 =1 and
Bits 37-39=0100or 110
and Bits 82 - 83 are non-zero

Unallocated Location Q‘ (o) Bit26=0
Protocols .Q« 7-4 ‘% and
,.\<.) \6 Bits 37 - 40 = 0000, 0001, or 1001

Modified Baudot Code b\) Varies Unassigned Baudot Character
Binary Coded Decim'qk% Varies Decimal Value for Four

AN Bit Group > 10
Encoded Latitude vd Varies Encoded Latitude > 90 or
Longitude Encoded Longitude > 180
Supplementary Data Bit 26 =0 and
(Standard Location Protocols) 107 - 110 Bits 37-40=0010, 0011, 0100, 0101, 0110,0111 1110,

and Bits 107 - 110 # 1101

Supplementary Data Bit 25 =1 and Bit 26 = 0 and
(Standard Location Ship 107 - 110 Bits 37 - 40 = 1100, and Bits 107 - 110 = 1101
Security Protocol)
Supplementary Data Bit 25=0 and Bit 26 =0, and
(National Location Protocol, 107 -110 Bits 37 - 40 = 1000, 1010, 1011 or 1111, and
Short) Bits 107 - 110 = 1101
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

Table 111/ B.4:

Protocol Validation for 406 MHz Alert Messages
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If the 406 MHz beacon fails any condition in Table I1I / 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;

¢)  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 uncorre CH errors, then no
processing shall be based on any portion of this field, except he Supplementary Data
Bits as defined in Table 111/ B.4. &

Q

I11/B.1.4 Encoded Position Footprint Validati%b'%

Each MCC shall implement the algorithm fo@rmi '@'%the encoded position is inside
the LEOSAR or GEOSAR satellite @mt a time of detection (MF#14 per
C/S A.002) as per Figure B.2 of the Co s—Sg@ CC Standard Interface Description,
C/S A.002 document. If the encode ition, iSWonclusively outside the footprint then no
processing shall be based on the ensgded oéﬂn.

MEOSAR alerts typical ntain dY from multiple MEOSAR satellites and MEOSAR
alerts received by th ot identify the MEOSAR satellites. (Per C/S A.002,
MEOSAR alerts ged by s do not identify the MEOSAR satellites.)

o
>

MCCs are not required Q%idate&oded position from MEOSAR satellites, as
1@
C
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I11/B.2 POSITION MATCHING

Position matching is the comparison of the computed distance between two beacon positions and
a set distance criterion. It is used to decide if two positions should be considered operationally as
a unique beacon position or as separate beacon positions. The matching process can include
other technical parameters.

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 ®hich is the image or
incorrect position(s). Matching criteria are also used, before position ation, to decide if a
separate alert message should be transmitted for a beacon when a 0éposition is at a distance
from any previously received position greater than the dista 1Q)eparation defined by the

matching criteria. Q
The points listed below concerning the matching of poggen§ apply to the matching criteria
distance to be used by MCCs: %

a)  for Doppler to Doppler matches and Doppé}%) en@ matches, the distance match
criterion to be used for position conﬁr%@ nd t{% sition conflict determination shall
be the same; Q)

b)  the Doppler to Doppler distance matcﬂ@teri Shall be 50 kilometres;
c)  the Doppler to encoded distance 5&6 critg&fon shall be 50 kilometres;
d)  the encoded to encoded dista@natc i¥rion shall be 3 kilometres;
e) the DOA to DOA distanc ch cri@on shall be [10] kilometres;

f) the DOA to encoded distgnce criterion shall be [10] kilometres;
g)  each of the abovesdighiice match'Criterion shall be configurable;

h)  in the match proCess, the “best” match shall be used to confirm position when multiple
candidate @ns meet the match criterion; however

1) if both pa& 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,

(i) 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 of altitude (which may be
provided for DOA positions).

I11/B.3 POSITION CONFIRMATION

Position confirmation is the process by which the beacon position 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 matching of encoded 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 encoded position data with DOA position data or by
using operational criteria. Details on position matching are provided in Annex III / B.2.
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Position confirmation is necessary because some uncertainty exists in the determination of a
unique beacon position when position information is available from only one data source - either
an encoded position, a DOA position 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 co@med;
b)  all MCCs shall provide position confirmation notification; <

¢)  MCCs shall send a position confirmation notification to MCC that has the resolved

position or a previous incorrect position in its service a %
d) LEOSAR and GEOSAR alert data will not be tra@e between MCCs after position is

confirmed unless an MCC requests continued transiissio

e)  MEOSAR alert data will be transmitted betw@gh M
the destination MCC (i.e., the MCC wit onfir
that transmission be discontinued; and Q

ter position is confirmed unless
osition in its service area) requests

f) an MCC requesting continued tr sion a&ar position confirmation should co-ordinate
its request with the appropriate 1\((} s). \@

> NP
I11/B4 PROCEDURES ETAI?D INE BETTER QUALITY ALERT DATA FOR
SAME BEAC VE PODSITION CONFLICTS

R
I11/B.4.1 Introtiction

A positioﬂ&\ﬂict 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 better quality than previously
received Doppler position data and should be transmitted, or is of poorer quality and can be
deemed redundant. If the relative quality of the Doppler positions cannot be determined,
then the new data should be transmitted. The procedure below ensures that “good” data
will not be suppressed while limiting the amount of erroneous data distributed to RCCs and
SPOCs.

111 /B.4.2 Position Conflict Procedure

L]
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I11/B.5 DETAILED PROCEDURES FOR ALERT DATADISTRIBUTION
I/B5.1 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:

3

- the definitions of ‘beacon events’, ‘position confirmation’ and isosition conflict’; and

- the definition of distance criteria for matching Doppler, %b nd encoded position
data.
%QJ
However, these basic rules and the variety of position @'&9 available in 406 MHz alert
messages create a large number of possible combin S which need to be thoroughly
analysed to ensure the consistency of the alert dg@ iStribution process throughout the
Cospas-Sarsat MCC network. S Q

In order to implement this data distributio cess, AN position information content’ of
each valid incoming alert message (ret%@ to ag/NJmput’ or ‘I’ in this Annex) must be
compared with the information alr‘&i@/ transQag?ed concerning the same beacon ID.
Therefore, the history of all data y tran@nitted must be preserved. For each beacon
ID, that history can be summaris\e) n a )Q‘@us word’ (Sw). Input and Status words are

both characterised by the typ 0si formation (received in the input or transmitted
in previous messages). 3% arly,(ﬁ;e ‘action(s)’ resulting from the process (i.e. the
at and recipients) can be summarised in an ‘Action

message to be transm% its f%

word” (Aw) and charfgcs rised'@t e type of position information to be forwarded, taking

also into accoun ition data already distributed. The functional relations between

‘Input’, ‘Stat.usg > and ‘Action word’ in the process are summarised in Figure 111/ B.2.
D

$

i Input data!
‘ i > Output
********* Process —_— e

AWq data
I = Input Swy—
Swy, = current Status word
Awg = Action word Swyl*
Swy = new Status word

Figure 111/ B.2 : Alert Data Processing Concept
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11/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 III/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 wo
No DOA  Encoded ~ DOA  Dop/DO b@ Position Information
Position Doppler Position Doppler A&E Content
Data Positions Data Pos. Positions Gl
Matched .&v,
(N .
- 0 0 0 0 0 0 Aw, No message received
«% or sent
A
I 1 0 0 0 ‘§% SQ Aw, Unlocated alert
L 0 | 0 0 '8 \&,2 Aw, | Doppler/DOA
QQ) &‘O positions only
I; 0 0 1 éb% QQ) Sws Aw; Encoded position only
Iy 0 1 1 & ,@ 0 Sw, Aw, | Doppler/DOA
Q \‘b & E positions all
Q) ‘bt Unmatched
I 0 1 Q',@ 4% 1 0 Sws Aws | Doppler/DOA only
QCJ Q Position confirmed.
Is 0 lb’ 1 1 0 Swe Awg Doppler/DOA pos.
.\% (position confirmed)
@ + E pos. unmatched
I; 0 1 1 1 1 Swy 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 ID after
completion of the selected Action (i.e.: Aw; —> Swj).
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111/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.

I11/B.5.3.1 Processing Before Position Confirmation (Swp, Sw; , Sw, , Swz , Swy
Status)

The process is quite simple when no data was previously received #Qr the beacon ID in a
new Input (Status Swy), or when the previously received alert(s) t ID did not include
any position information (Status Swy).

However, as shown in Figures III/B.4.1 and III / B.@y a number of Input / Status
combinations may result in several possible Actions. '&st occurs when a number of alert
messages have been received prior to the new 1npu the available position data did not

satisfy the matching criteria for ambiguity resolu new position data in the input
message must then be compared with all p051 pre.v1 received for the same beacon
ID, and these matching tests can 1ead to eren tons. The position information
content of each possible Action is used ect t oprlate Action word as illustrated

in the special algorithm described in (E‘ggmn B. 5& igures 111/ B.5, 111 / B.6, 111 / B.7 and

I1/B.8). A\ <
Q
\ \(8&
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Figure 111/ B.4.1: Processing Matrix, Message Formats and Distribution of 406 MHz LEOSAR/GEOSAR Alerts
I, I, I I Is Is I;
(no position data) (A / B Doppler positions) (Encoded only) (A / B/ E unmatched) (Confirmed Doppler) (8@)+Eunmatched) (Confirmed D and E)
A )
o
Aw SIT Dest | Aw SIT Dest | Aw SIT Dest| Aw SIT Dest| Aw SIT D l>’Aw SIT Dest | Aw SIT Dest
o
Swo | Aw; 122 C Aw, 125 AB |Aw; 122 E Awys 126 ABE | Aws 12%&% Awg 127 R [ Aw; 127 R
Sw; | Awy - - Aw, 125 AB |Aw; 122 E Aw,; 126 ABE AWSQ@ R | Awg 127 R | Aw; 127 R
Aw, 122 C S ~
Aws 127 RI [Aw, 124 RI |Aw, 127 RN - QY
Sw, | Aw, - _ Awy - - Aw, 123 E Awg 127 QD Aw @7 RI | Awg 127 RI | Aw; 127 RI
Aw, 126 AB Aw, 12‘% E 4@
Aw, 125 AB \’\y (‘
Aw, 127 RI | Aw, - - Al%\127 Aw; 127 RI | Aw; 127 RI | Aw; 127 RI
SWi | AWo - Aw, 126 AB [Aw, 123 E AW IDMBE|Aw, 127 Rl [Awg 127 RI
Aw,; 127 RI |Aw; 124 @ Aw, %7 RI | Aw; 127 RI | Aw; 127 RI [ Aw; 127 RI
Aws 127 RI | Aw, - CJQ( w 127 RI | Awg 127 RI | Awg 127 RI
Swy | Awg - - | Awy - - |AwmAIDT E | AY, - -
Aws; 126 AB ~ Aw,; 126 ABE
AN
SWS Cto - - \ t() - - Cto - - Cto - - Cto - - Ct() - -
Swe SO ) Ct, 126 RD |Ct; 123 RD | Ct, 126 RD | Cty 127 RD | Ct 127 RD | Ct; 127 RD
Sw Ct;s 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

R = Confirmed position

Dest = Destination of SIT message
Sw; = Status word

I = Incorrect previous position(s)
SIT = Subject Indicator Type /
(standard message format)
Aw;= Action word

C = Country code destination
Ct; = Continue transmission
RD = Requesting destination
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Figure 111/ B.4.2: Processing Matrix, Message Formats and Distribution of 406 MHz MEOSAR Alerts

I1 Iz I’; IA Iﬁ Iﬁ I7
(no position data) (DOA position) (Encoded only) (O / E unmatched) (Confirmed DOA) (C(§£D+Eunmatched) (Confirmed D and E)
Aw SIT Dest | Aw SIT Dest | Aw SIT Dest| Aw SIT Dest| Aw SIT Dess @V SIT Dest | Aw SIT Dest
¥
Swy | Aw; 142 C Aw, 145 O |Aw; 142 E |Aw, 146 OE | Aws 147 Aws 147 R | Aw, 147 R
Sw; | Awg - - Aw, 145 O |Aw; 142 E | Awy; 146 OE | Aws 1& R |[Aws 147 R |Aw, 147 R
Aw, 142 C ‘}%
Aws 147 RI |Aw; 144 RI | Aw; 147 RI Q
o X
Sw, | Awy, - . Aw, Awy 143 E | Aws 147 RIQ Ws 1@ RI | Awg 147 RI | Aw; 147 RI
Aw, 146 O Aw, 146& &%\
Aw, 145 O A Q
~ N
Aw,; 147 RI [Aw, - - Aw % RI& Aw; 147 RI | Aw; 147 RI [ Aw; 147 RI
SwalAWo -l Aw, 146 O [Aw, 143 E | A% V146 X$P|Aws 147 RI [Aw, 147 RI
SN
Aw,; 147 RI |Aw; 144 RI (Z}M 11‘1}\ RI [Aw; 147 RI | Aw; 147 RI |Aw; 147 RI
Aws 147 RI |Aw, - @ Awg %’7 RI |Awg 147 RI | Awg 147 RI
Swy | Awg - - | Aw, - - |Aw, 14 A @ - -
Aw, 146 O AQ AW, 146 OE
L)
Sws o ] ] Ct - - %S% - - Ct - - Ct, - - Ct - - Ct - -
Swi 0 Ct, 146 RD\, t; 143 RD [ Ct, 146 RD | Cts; 147 RD | Ct, 147 RD | Ct; 147 RD
Swr Ct; 147 RD |Ct 144 RD | Ct, 147 RD
Notes:
I; = Input Sw; = Status word Aw;= Action word

O =DOA position

R = Confirmed position
Dest = Destination of SIT message

E = Encoded position

I = Incorrect previous position(s)
SIT = Subject Indicator Type/(standard message format) RD= Requesting destination

C = Country code destination
Ct; = Continue transmission
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I11/B.5.3.2 Processing After Position Confirmation (Sws , Swg , Swy 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 111/ B.8).

All input position data is compared to the last confirmed position prdsgssed by the MCC, in
accordance with the usual processing criteria. The confirmed pogifg ay be formed from
a merge of matching positions, which may be based on a weig factor assigned to each
matching position. If the process results in an Action dift;z@% from Cty (redundant data
not to be distributed), the input position data is sent to tl@ &stination(s) which requested
the continued transmission (for the LEOSAR/GEOS and MEOSAR systems) or the
destination in whose service area the position is co ed (for the MEOSAR system).

Notes: % . Q

The suffix of Inputs (I words), Actions (C@@r%%f& (Sw) remain consistent with the

definitions of Figure III / B.3, although ﬂ@e is n ctical differences between the three
Status words (Sws, Swg, and Sw») in (Sﬁ;ms of pQ sing after position confirmation in the

specified procedure. \Q &
X, )

Although Figures 111/ B.4.1
but one after position co
position data in the In
always unambiguoué

1/ BNDindicates several possible outcome for all Inputs
ation,(dply one comparison is performed between the new
nd t nown confirmed position. Therefore, the outcome is
no ‘Mi rule’ is required.

I/B54 (%og’ial Processing Procedures
s
111/ B.5.44) 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:

a) previous A / B Doppler positions to be compared with Input are from same
satellite and same TCA + 20 minutes; or

b) any portion of the time period associated with any previous non-redundant
DOA position (i.e., the time from the first to last burst) is within +/-[2]
seconds of any portion of the time period associated with the new DOA
position; or

¢) the time of the latest beacon burst used to compute th%ﬁtw DOA position is
within 15 minutes of the latest beacon burst used to@%ﬁpute a previously sent
DOA position.

Q
Otherwise, SBE set to “0”. '{,%

The SBE flag is used only in relation with the gler to Doppler and DOA to DOA
position matching tests. It has no relevance EM or EEM tests and is assumed to
be set to the default value “0” in such ca:

ult valu U s@ . Q

DDM = Doppler to Doppler and% to D@?positions Matching flag: set to “1”
if two Doppler positions or t itions match the distance separation
criterion (and other criteri ay begrequired) and set to “0” otherwise. For an
Unresolved Doppler Positio eg @Y specified in Annex III / B.2) set to “0”.
However, in some In a?combmatlons this flag has no relevance, for
example, if the curre tus i (previous alert data received at the MCC contain
only encoded po@ data such cases the DDM flag is assumed to be set to
default value “ A

EEM = Qoded position / Encoded position Matching flag : set to “1” if two
encqdg sitions match the distance separation criterion (and other criteria as may
be &ed) and set to “0” otherwise. However, the EEM test is relevant only in a
limited number of cases (e.g. for the processing of 15 type Inputs (E position only) in
a Sws 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 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 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 beacon event, or if the relative quality of the new versus the
old position data cannot be determined. PQF is set to “0” for DOA to DOA position
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matches. If PQF is set to “0”, the new data should then be forwarded as a position
conflict alert.

b)  After position confirmation, if continued transmission of alerts for a particular
beacon ID is enabled, the same principles apply, but input Doppler or DOA position
is compared for redundancy test only with the confirmed (R) position previously
processed by the MCC, and all additional information is forwarded to the recipient of
the confirmed position data (no additional geographic sorting is performed using the
new position data) or to the requesting MCC/SPOC.

In this context, the DDM test is reinterpreted as a DRM test (Doppler or DOA to
Confirmed position Matching). Input encoded position is comgpared for redundancy
test with the confirmed (R) position previously distribute%’@ MCC only if there
is no previous encoded position. The SBE and PQF tegf§vare unchanged in their
definition. The DEM test is not applicable after positiogo nfirmation.

I11/B.5.4.2 Selection of the Relevant Action in I@ | Status Combinations with
Multiple Outputs Q%’

When the I/ Sw combination leads to several’yossib ‘inons, it is essential to clarify
which Action in the sequence supersedes o and @d be completed. The logic to be
followed in this selection is always that:\o Q)&

Actions enhancing the ‘position l@hatiom&ontent’ of the alert to be forwarded by the
MCC should have overall precaderice (A)@)> Awg > Aws > etc.) provided the ‘position
information content’ (or sufw the\@ion word is superior to the suffix of the current

Status word; and @ ‘b’

Action Awy (which r@yg’s tha%@lésame data as in the Input has already been processed)
has precedence an Action which has same ‘position information content’ as the
current Status (in™Swy status, Awy > Awy). This rule reflects the fact that the Input is
redundant,i,gN\he Input matches all the characteristics of at least one set of data previously
received, all other matching tests have failed to enhance the ‘position information
content’ of the possible output.

I11/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
III / 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 combinations which are not
applicable for the particular Input / Status combination.

The default value for all flags is “0”. If a test is irrelevant in a particular context (e.g. in the
Sw, status, DEM= 1 and DDM = 1 means the PQF test is irrelevant) then the
corresponding flag is set to “0” and the cell in the matrix is shaded. The flag column is
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entirely shaded if the corresponding test is inapplicable for all inputs in the Sw context (e.g.
the EEM column in the Sw; status).

An “X” indicated in the flag column means that both flag values are possible, but the actual
flag value does not affect the output Action (therefore the test can be ignored in this
context).

111 /B.5.4.3.1 Sw, Special Processing Matrix

Doppler or DOA positions for the same beacon ID have already been processed by the
MCC which receives the new input I;.

Since no encoded position has previously been received, the EE st is irrelevant (see
shaded column). Similarly, the PQF test is irrelevant when a test or a DDM test

show a successful match (DEM = 1 and / or DDM =1). %Q)
Figure 111/ B.5 : Special Processing f@z Status
A\
DEM SBE DDM PQF EEM N I3 Iy
Q{%Bl 4} [E] [A/B/E]
)Y o A [0/E]

1 X 1 0 '90“ 6{9 Aw,

A
.0 %c 0 0 0 AW2 AW4 AW4
AW5 AW7 AW7
Aw priorit\Nf multiple matching tests are required | > Aw, > Awy > Awg
> AWz > 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
and PQF tests, are irrelevant in this Status (columns SBE, DDM and PQF are shaded).
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Figure 111/ B.6 : Special Processing for Sw; Status
DEM SBE DDM PQF EEM 1, I3 Iy I5 lg
[A/B] [E] [A/B/E] [D] [D+E)]
[0] [0/E]
1 0 0 0 1 Awy Awy
1 0 0 0 0 AW7 AW7 AW7 AW7
0 0 0 0 1 Awg Aw, Awg
0 0 0 0 0 AW4 AW3 AW4 AW() AW(,
Aw priority if multiple matching tests are required || Aw; Awg Aw; Aw; Aw;
> Awy > Aws > AW%V > Awg > Awg
(@

111/ B.5.4.3.3 Sw, Special Processing Matrix

Doppler or DOA positions and encoded position data for

Doppler / encoded, DOA / DOA or DOA / enco

successful.

o

b

&

IS

<

same beacon ID have already
been processed by the MCC which receives the ne% put, but no Doppler/ Doppler,

osition matching tests have been

S

Figure 111 /B.7 : Speci@cessi Sw, Status
29
DEM | SBE | DDM | PQF | EEM dn Tl ,\\‘U I3 Iy Is Is
rA/ [E] [A/B/EI[O/ D] [D+E)]
\’,\‘Q \’,\‘ § E]
1 X 1 0 0 ‘\‘bfxw7 Aw; Aw; Aw;
Q o
1 X 0 G& % AW7 AW7 AW7 AW7 AW7
0 1 I&P 0 : 1 Aw Awg
0 1 ° % 0 0 AW() AW4 AW5 AW6
NS
0 1 XD o 1 1 AW, Aws
0 1 0 1 0 AW() AW4 AW6 AW6
0 X 0 0 1 Awg Awy Awg
0 X 0 0 0 AW4 AW4 AW4 AW() AW(,
0 0 1 0 1 Awg Awg
0 0 1 0 0 Awg Awg Awg Awg
Aw priority if multiple matching tests are required || Aw; Aws Aw; Aw; Aw;
> AW6 > AW() > AW6 > AW6 > AW6
> Awy >Awy | > Awg
> AW4 > AVV4
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I11/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 pasition, in which case it
is compared to the confirmed position (R) used for r;f e;

- all new beacon events are transmitted, based on th
Event flag; and

- position data for same beacon events is fo@ded if any one of the possible

tests fails. 0%

Figure 111/ B.8 : Special Processing WS'S%nd Swy Status
o

ing of the Same Beacon

S

SBE | DRM | PQF |EEM* I, \QT{ Q’GZ I Is I;

[A/BI Co [E] /\\ A/B/EI] [D] [D+(E)] [Conf. D+E]

@ ( [0/E]
4 Y
1 | 0 1 Xo | (ﬁ\a@ Cto Cty Cto
> N
1 1 0 0 '$ Ct (b Ct Ct Ct Ct
0 4 0 6 7
@ CtO Ct() Ct()

83
1 0 1% r 0 Cty Ct, Cty Cts Ct;
1 0 ANY 1 Cto Cty Cts Ct
NN
1 0 0 0 Ct, Ct; Cty Cts Cte Ct;
0 1 0 1 Ct; Cte Ct;
0 1 0 0 Cts Cty Cts Ctq Ct;
0 0 0 1 Ct; Cty Ctq Ct;
0 0 0 0 Ct, Cty Cty Cts Ctq Ct;
* The encoded position data received in the new input is compared to the confirmed position (R) used for

reference if there is no previous encoded position.

I11/B.6 DISTRIBUTION OF BEACON REGISTRATION INFORMATION

[.]
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I111/B.7 NOCRPROCEDURES
1/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. When
the beacon country code in the 406 MHz beacon message is associated with a country’s
search and rescue region (SRR) in the service area of an MCC sending the first location, the
same MCC should also process and send an NOCR message to the associated country’s
SPOC or RCC. The location can be provided by either Doppler loc8tjon processing, DOA
processing or by the encoded position contained in beacons code a location protocol.
In some conditions multiple MCCs may initiate an NOCR mé%ge to the same support
MCC.

An MCC in whose service area an alert is located t er)nits the NOCR message to the
associated MCC (i.e., the destination MCC) based g@h distribution matrix provided in
Figure III / A.8. The appropriate associated for NOCR message distribution is
determined by the country code contained in t%@eacop %&the message.

NS
An MCC that has assumed backup reﬁ@mbilit' %or another MCC shall initiate and
distribute NOCR messages on behalf ‘(8%16 MCC& ng backed up.

In addition to distributing the ){g)% mﬁ&%e to the appropriate SPOC, the associated
MCC should also process t CR@sage as an alert message, in accordance with
Figures 111/ B.4.1 and 111 /B\¥22. Q

An NOCR message i@y requﬁ\@‘éﬁor unlocated alerts because, by definition, the message
initiation process Qsed on geographic position information. An MCC is not required to
send an NOCRam®Ssage to another MCC when the sending MCC has already sent to the
receiving M& n alert located in the service area of the receiving MCC.

Y

The receiving MCC may filter redundant NOCRs for the same beacon ID.
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I11/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 compe¥nt authority
responsible for receiving the ship security alert and the comm &n link to the
competent authority

&
&
I11/B81  Procedure c:,Q

An MCC will process ship security alerts (beacon %bssag@ts 37-40 = 1100) according to
the logic provided in Figure 111 / B.9. Routi shlp rity alerts will be based on the
country code contained in the beacon mess@ that e message will be transmitted to
the MCC associated with the country co and &ransmltted to other MCCs, RCCs, or
SPOCs based on the Doppler positio OA tlon or encoded position contained in the
beacon message. Message routin sh1p rity alerts will follow the data distribution

matrix as provided at Figure IIXA’S. ecurity message will be exchanged between
MCCs using the formats ane) ta co for alert messages as contained in document
C/S A.002 (SID).

When a ship securi Qlert is r\@sed by the Associated MCC, that MCC will notify the
relevant compete&curlty authority as provided by IMO or another appropriate point of
contact as prev@ls y arranged.

MCCs wmontinue to transmit the appropriate alert messages until the position is
confirmed, except 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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I11/B9 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 LEOLW's and MEOLUTs in

the SIT 121 and SIT 141 message formats, respectively. shall automatically
distribute 406 MHz interference data to other MCCs only wh ¢ position is confirmed
based on the location of the interferer. MCCs shall send st two messages to other

MCC:s for each interferer site.

Interference data received from MEO satellites be processed and distributed
independently from interference data received fron@ ellites.

111/B.10 RETURN LINK SERVICE (RL OC@RES

I11/B.101  Procedure \Q(b'% Q}Q

. N X
An MCC shall initiate a R Lin %we (RLS) message to the FMCC when the
position of a 406 MHz bg@tb ]%,turn Link capability (beacon message bits 37 to 40:
1101) is confirmed to theq s service area. A RLS message is only sent for
beacons with ReturpClhink c dity. Beacon position is confirmed as specified in
section 3.2.4. T]@/ICC shall distribute the RLS message to the Return Link Service

Provider (RLS]%

RLS mess@ shall be transmitted to the FMCC based on the distribution matrix provided
in Figure II1 / A.8. In addition to distributing the RLS message to the appropriate MCC or
the RLSP, MCCs shall also process the RLS message as an alert message, in accordance
with Figures I1I/B.4.1 and 111 / B.4.2.

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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I11/B.10.2  RLS Example

Scenario

Country code in Beacon ID: Australia (503)
Confirmed (DOA) Position Service Area: CMCC (Canadian MCC)

'Q Q SIT 139 (TBD)

& @
\)Q)

irmed

MCC

> O
6000 e
&\%

( Provider \
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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 ‘éy406 INCIDENT
(NO DOPPLER) Dopplet/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 t] ) CONFLICT
(ENCODED ONLY) encoded position differs by more (ENCODED ONLY)

the match criteria from all prevj
positions.
.‘% QN

124 | 406 AMBIGUITY A 406 MHz alert messa@lth nd ) 144 406 POSITION
RESOLUTION Doppler/DOA positiog)that ideydides CONFIRMATION
(ENCODED ONLY) the confirmed po of a 4 z (ENCODED ONLY)

alert.
>
125 [ 406 INCIDENT A beacon alp¥messa mputed 145 406 INCIDENT
from 4 Z incj data. The
mes ontaiﬁx pler/DOA
a2

126 | 406 POSITION ’\&\Beamt message computed 146 406 POSITION

CONFLICT CJ from 4 z incident data. The CONFLICT
6@ message contains Doppler/DOA
and/or encoded position(s) which
° \% differ from other position(s) by the
match criteria.
NN

127 | 406 AMBIGUITY 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.
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SIT Meaning New SIT
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.
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

RLS capability. This message
contains a DOA position. It may or

may not contain an encoded position. A

N
Note 1: SIT formats are not currently defined to notify the RLSP. In the Return é@e Link operational phase,

corresponding SIT messages (e.g., 134 and 135) would be defined to notify t @;
LEO/GEO system that may or may not contain Doppler position. ,&

P, based on alerts from the
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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 p%%n)

MEOLUT ID 11 MEOLUT identifier ﬁ &~

Frequency 13 Frequency

Time Tag First Burst 14a Time of the first burst (avera; X) — same format as TCA (MF
14)

Time Tag Last Burst 14b Time of the last burst (mj\gjge TOA) — same format as TCA (MF
14)

Bursts 21 The number of i enderg«é@%/le beacon bursts (transmissions)
used in gen this %@

Beacon Message 23 30 chare}@hexadeeﬁ‘l}(blts 25-144). For SIT 141 messages (i.c.,
Inte&g deteoted by the MEOSAR system), the beacon message

phcab(@ is set to zeroes.
Service Area 24 @R/Serv\g&rea and position status flag

N

Latitude 25\’6’Lat1‘u\dé%r the position

Longitude P ﬁ@lde for the position

Altitude 2 U77* Altitude for the position

DOA Quality Factor\% 78* A measure of the quality of the position (TBD)

Average C/No ‘6 79* The average Carrier over Noise Density of RTBs associated with
this alert

RTBs 80* Number of Received Transponded Bursts (i.e., beacon bursts as
received by a MEOLUT antenna) used to generate this alert.

Antennas 81%* Number of unique antennas used to generate this alert.

* 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) — samaformat as TCA (MF
14)
o4
Bursts 21 The number of independent 406 MHz bn bursts (transmissions)
used in generating this alert. e
: . WA
Beacon Message 23 30 character hexadecimal (blts‘ 2@4).
Average C/No 79* The average Carrier over Ndj%a)ensity of RTBs associated with
this alert A
o)
RTBs 80* Number of Receive@ransporé@ursts (i.e., beacon bursts as
received by a Mflé@ T an’f\e{’ used to generate this alert.
Antennas 81%* Number of @g antep;ﬁﬁé?sed to generate this alert.

* New field ‘b‘% Y
4 v@}
> N
NI
X D
60
o
>



E -39 C/SR.018 - Issue 1

October 2011
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
8 NUMBER OF ALERTS 01->99 nn
WITH DOPPLER/DOA
POSITIONS
10 NUMBER OF ALERTS 01->99 %g)
WITHOUT DOPPLER/DOA Q)
POSITIONS o, %
R
24 DDR/SERVICE AREA MCC COUNTRY CODE = 100%@6 snnn
PS FLAG POSITION STATUS: %
“+”IN ‘A’ AND ‘B’@QO CO@MED POSITION
“+” = CONFIRMEQ)X", ‘B’ 6% OA OR
NON-IMA MED ‘A’ or ‘B’ POSITION
“»=INCO CT ‘A’,/@ > or DOA, OR UNCONFIRMED DOA
P N &
I
54 POSITIONS* QQ' H ﬁ: 8.bbPOSITIONS
-
54a CONFIRMED-P\@H‘ION HEADING bbbbbbbbCONFIRMEDbb-b
CONFIRMED LATITUDE LAT nnbnn.na
DEGREES 00 -> 90 a)
MINUTES 00.0 > 59.9
NORTH OR SOUTH NorS
CONFIRMED LONGITUDE LONG bbgn'_nbgg
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 1
MINUTES 00.0 -> 59.9 ‘
NORTH OR SOUTH NorS
A LONGITUDE LONG bbnnnbnn.nabbbb
DEGREES 000 -> 180 T
MINUTES 00.0 ->59.9 A
EAST OR WEST EorW
A PROBABILITY (%) PROB P@nn
01 ->99 o~
54c¢ B POSITION HEADING @XbbbbbbbDOPPLERbBb b
& PROBABILITY %’Q
B LATITUDE (SAME AS MF#54b) Q’ nnbnn.na
B LONGITUDE (SAME AS MF#54be Q‘)bnnnbnn nabbbb
B PROBABILITY (%) (SAME AS ME#34D) JQ,\ PROBbnn
54d  DOA POSITION HEADING %\) 46 bbbbbbbbDOAbbbbbbb-b
AND ALTITUDE
DOA LATITUDE (@% nnbnn.na
DOA LONGITUDE éﬂ\/’E A 54b) bbnnnbnn.nabbb
DOA ALTITUDE A LTI E ALTITUDEbnnnnn.nnn
54c  ENCODED POSITIQXY™  HEA bbbbbbbbENCODEDbbb-b
& TIME OF UPDA
ENCODED LA (SAME AS MF#54b) nnbnn.nna
ENCODEMGITUDE (SAME AS MF#54b) bbnnnbnn.nnabbbb
TIME OF UPDATE TIME OF UPDATE UNKNOWN
77 ALTITUDE 00000.000 ->99999.999 nnnnn.nnn
DEFAULT VALUE = 99999.999
78 DOA QUALITY FACTOR 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 BURSTS) DEFAULT VALUE =00
81 ANTENNAS 01->99 nn

DEFAULT VALUE = 00
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MESSAGE FIELDS DEFINITION

10.

14.

21.

MF Message Fields Definition
#
8. 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 @b'

The number of alerts of this SIT format without Doppler, @POA positions, that are
included between the SIT header and the SIT trailer as speci@ in Table C.1.

TCA Q,%'Q

For LEOSAR Doppler location data, the Tim Clos pproach (TCA) indicates the
time at which the satellite was closest to t acon. LEOSAR detect only solutions,
the TCA is the time of the last data poi or G R, the TCA field contains the time
of the first beacon burst for the alert. (? MEOS,A ’ the TCA field contains the time of the
burst as computed by averaging &% sociat¢d TOA measurements; the time of the first
burst (field 14a) and the time of i@ st bl@eld 14b) are provided separately.

For LEOSAR alerts, the valu@{or this w shall be computed from the ‘A’ solution.

Number of Points (4@@@
rom the L

For data originat& OSAR system: The number of bursts detected by the
LEOLUT for eatk” 406 MHz beacon identification, used to develop a solution. For
combined and SARR, it is the number of unique time-frequency data points after the
two proce&ave been merged.

For data originating from the GEOSAR system: The number of independent integrations
performed to produce 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,

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 in System document C/S A.001 “Cospas-Sarsat
Data Distribution Plan”. 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, & the DOA solution,

indicates that the confirmed position is the encoded positio ined in the Beacon
Message.

atlon a “+” in both the “A”
one (“A” or “B”) solution is set

For messages with Doppler position prior to position co
and “B” solution indicates that no position is confirme
to and the other solution is set to “+”, then a “- Aqdichtes that this position is an image
(incorrect) and a “+” indicates that this position 1s@ on-image, as determined by the “406
MHz LEOSAR Image Position Determinatio lgorit n Appendix B.2 to Annex B.
Determining that a position is an image pr1 osm% nfirmation is optional.

[T3RE

For messages with DOA position p (Sﬁpto pos@@ confirmation, a “-* indicates that the
position is unconfirmed. @&
\

Message Type \‘b‘
For a ship security alert, @essa e‘bpe begins with “SHIP SECURITY COSPAS-
e m%ig

SARSAT ...”, otherwj e type begins with “DISTRESS COSPAS-SARSAT
Indicates type Qrt message, for example:

- DISTR SPAS-SARSAT POSITION CONFIRMED ALERT

- DISTR§S COSPAS-SARSAT POSITION CONFIRMED UPDATE ALERT

- DISTRESS COSPAS-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
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48.

51.

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
JAN January JUL July

FEB February AUG August
MAR March SEP September
APR April OCT October
MAY May NOV Novemb
JUN June DEC Dece&e
User Class of Beacon &%6

Q
User class information as per table below and prod from beacon information by the
MCC. Enter “NIL” if the Beacon Message is 1nva11 /S A.001, section I11/B.1.1.3.

Beacon Protocol User ss in RGQMessage
Standard Location Protocol CATION followed by
Aviation T SERIAL NO: CSTA
CERTI EN
ELT Al CRAFT 24-BIT ADDRESS
CHARACTERS:
Q - AIRCRAFT OPERATOR DESIGNATOR
%) PERATOR: SERIAL NO:
Maritime ,& EPIRB - SERIAL NO: CSTA CERTIFICATE NO
‘% EPIRB - MMSI LAST 6 DIGITS:
Personal L :@g)Beacon PLB - SERIAL NO: CSTA CERTIFICATE NO:
Ship Secur %’ SHIP SECURITY - MMSI LAST 6 DIGITS:
National I@on Protocol NATIONAL LOCATION - followed by
Avi ELT - SERIAL NO:
Aviation ELT (RETURN LINK) - SERIAL NO:
Maritime EPIRB - SERIAL NO:
Maritime EPIRB (RETURN LINK) - SERIAL NO:
Personal Locator Beacon PLB - SERIAL NO:

Personal Locator Beacon PLB (RETURN LINK) - SERIAL NO:
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54.

55.

56.

Position Information

The position 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 ify¢ident.

54c. B Position & Probability Q
Same as MF#54b above but for B Position. b

54d. DOA Position and Altitude
Latitude and longitude of the DOA position andée altitude of the DOA position
from the mean sea level in kilometers. E ‘NIL” for altitude if it is not
available.

54e. Encoded Position and Time of Update

Latitude and longitude of encode n. Ti update is UNKNOWN.
Enter “NIL” if the Beacon Messa nval C/S A.001, section III/B.1.1.3.
Source of Encoded Position Data

This indicates whether the enco e sm was provided to the beacon by an internal
or external device. Enter if t eacon Message is invalid per C/S A.001,
section I1I/B.1.1.3.

Next Pass / ExpecteCQQa Th@

The predicted ti redicted Loss of Signal — LOS) at which the next LEOSAR beacon
event (in loca de) for the position being reported will occur or the time period for which
MEOSA 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; “UNKNOWN” if the
information is not available.
2. MEOSAR: Enter “NIL” as default. After position confirmation, optionally
provide the time period for which the DOA position is provided; e.g.,
NORMALLY DISTRIBUTED EVERY [15] MINUTES”.
56b. Next Time of Visibility A Doppler Position
Same as MF#56a.1 above but for A Position.
56c. Next Time of Visibility B Doppler Position
Same as MF#56a.1 above but for B Position.
56d. Next Expected Data Time of DOA Position
MEOSAR: Same as for MF#56a.2 but for the Encoded Position.
56e. Next Time of Visibility of Encoded Position
LEOSAR/GEOSAR: Same as for MF#56a.1 but for the Encoded Position.
MEOSAR: Same as for MF#56a.2 but for the Encoded Position.
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61.

62.

Operational Information

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 @ON DATA -
SUSPECT” for 406 MHz solutions shall be in on the SIT 185

message when at least one of the following cyiidrfa from the alert data
values is satisfied: Q

- Window factor > 3, or %

- Bias standard deviation > 20 Hz, g 1@

- The absolute value of the cross ra%k angl@ <lor>22, or

- Position calculated from < 4@& solu

This warning is only ad ded j essages before ambiguity
resolution.

Note 2: * The warning “R&i@BILIT OF DOPPLER POSITION DATA -

SUSPECT DUE K E MANOEUVRE.” shall be included
in the SIT s&&%‘ during the 24-hour period after the
manoeuvre en th ximum expected error in Doppler location

1lométres W1th1n 24 hours of the manoeuvre. See

, secfiqh) 327.5.

Note 3 3 * "@W&mng “WARNING: AMBIGUITY IS NOT RESOLVED” shall be
cluded in the SIT 185 message for an Unresolved Doppler Position
\Q atch, as defined in document C/S A.001, Annex II1/ B.2.
Y

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 DISTANCE SEPARATION OF AT
LEAST [10] KM” shall be included on the SIT 185 Position Conflict message for DOA
position.

Remarks

Heading for the variable length section of the message. Additional information may be
provided at the discretion of the originating MCC as illustrated in the sample alert
messages. ‘NIL’ if no Remarks are available. Remarks about beacon type (e.g., for ship
security beacons and return link beacons) are not provided if the Beacon Message is invalid
per C/S A.001, section I1I/B.1.1.3.
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77.

78.

79.

80.

81.

For ship security alerts the following should be included: “THIS IS A SHIP SECURITY
ALERT. PROCESS THIS ALERT ACCORDING TO RELEVANT SECURITY
REQUIREMENTS.”

For Return Link Service (RLS) beacons, the following should be included: “THIS
BEACON HAS RETURN LINK CAPABILITY”.

Altitude

The calculated altitude of the DOA position relative to mean sea level, given in kilometres.

DOA Quality Factor b,

A measure of quality associated with the DOA position (algorlth D).

Average Carrier to Noise Ratio Q)&

The average Carrier to Noise Ratio as comput m all contributing TOA/FOA
measurements, computed by taking the log e average of inverse logs of all
measurements.

Received Transponded Bursts (RTBs)

Number of Received Transponded Bu@le e. A@%n bursts as received by a MEOLUT
antenna) used to generate this aler&&b

Antennas Q \(b,

Number of unique antenn d to aQyerate this alert.

S
&
N\



E-47 C/SR.018 - Issue 1
October 2011

TABLE C.3
MESSAGE CONTENT

FOR SIT 185 MESSAGES

PRINTED MF  TITLE
LINE #
#
[...]
8 54 POSITIONS
9 542 CONFIRMED POSITION b’
10 54b A POSITION & PROBABILITY )
11 54c B POSITION & PROBABILITY b,
12 54d  DOA POSITION AND ALTITUDE
13 54e  ENCODED POSITION AND TIME OF UPDATA"%
14 55 SOURCE OF ENCODED POSITION DATA,
15 56 NEXT PASS / EXPECTED DATA TI g{
16 56a  NEXT TIME OF VISIBILITY / EXPEC@ ME OF
CONFIRMED POSITION
17 56b  NEXT TIME OF VISIBILITY A TION
18 56c  NEXT TIME OF VISIBILITY I
19 56d  NEXT EXPECTED TIME Q@@)A Po@
20 56e  NEXT TIME OF VISIBI F ENQQDED POSITION

21

“Q ,&q}
@Q’Q N
600 @

o
>
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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
4,5,8 /145/3160/02 br

<

11,13,14a /3668/-00405.0 001.0 +99.99/09 280 1 6.21

14b,21,23 /09 280 1518 16.19/03/12345678 @CDEF012345600000000
24,25,26,77,78 /+316/+53.225/-130.102/06 % 10/750

79,80,81 /35.12/09/04 ‘Q QQ

INFO %
11,13, 14a, /3667/+01923. O +99@%§ 280 1517 10.01

14b,21,23 /09 280 1&@0 01/04@3456789ABCDEF0123456700000000

e
24,25,26,77,78 /+3 1@&.45 @.8 10/99999.999/250

79.,80,81 &9/054@5%'
42 600 /LAsgﬁD

43 \% JENDMSG

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#

1,2,3
4538
11,13,14a
14b,21,23
79,80,81
11,13,14a
14b,21,23
79,80,81
42

43

o

S

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 b,
QO

/3668/-00405.0 001.0 +99.99/09 280 15¢636.21
/09 280 1518 16.19/03/12345678 DEF012345600000000
/35.12/09/04 %Q?’
/3667/+01923.0 999.9 .99/09@1517 10.01

?\
/09 280 1517 1% 1/234@; 9ABCDEF0123456700000000
/34.39/05@ '

N

/LA \‘b

SN

(as per communication network requirements if any)

1\)/}‘ #4 must reflect SIT which is being used.
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10.

11.

13.

14.

15.

16.

SAMPLE MESSAGE FOR SIT 185
SAMPLE 406 MHz INITIAL DOA POSITION ALERT
(STANDARD LOCATION - EPIRB: SERIAL NUMBER)

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 @b’
USER CLASS: STANDARD LOCATION - EPIRB @b’
SERIAL NO: 05918 &C‘-,
EMERGENCY CODE: NIL ch@
POSITIONS: %Q'

CONFIRMED - NIL Q>

DOPPLER A - NIL 'Q Q

DOPPLER B - NIL

DOA _0510.1S 178 ON ALT%’QCEE 45123

ENCODED -NIL
UPDATE TIME WITHIN 4 HG@ OF E CTION TIME

ENCODED POSITION PROVID@I{(‘@AL DEVICE

NEXT PASS/ EXPECTED& TIM}%

CONFIRMED - NIL
S
AS)

DOPPLER A -N
DOPPLER B -
DOA
ENCODED , S
HEX ID: 3@362E3CFFBFF 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.

13.

14.

15.

16.

SAMPLE MESSAGE FOR SIT 185
SAMPLE 406 MHz DOA POSITION CONFIRMATION ALERT
(STANDARD LOCATION - EPIRB: SERIAL NUMBER)

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 @b’
USER CLASS: STANDARD LOCATION - EPIRB @b'
SERIAL NO: 05918 &C‘;
EMERGENCY CODE: NIL C:SQ)
POSITIONS: %Q'
CONFIRMED - 05 10.1S 178 01.3 E Q>
DOPPLER A - NIL @Q Q)

DOPPLER B - NIL S
DOA -05102S 17801.2 B@%ﬁTU 5.123

ENCODED - NIL ﬂ
UPDATE TIME WITHIN 4 HO@ OF RETECTION TIME

ENCODED POSITION PROVID@%@AL DEVICE

NEXT PASS / EXPECTED %A TIMBR;
CONFIRMED - NORMA ISTR{BUTED EVERY 15 MINUTES
DOPPLER A - NIL 0 Q

DOPPLER B - NI
DOA -NO LY DISTRIBUTED EVERY [15] MINUTES
ENCODED - ]ZJ%J

HEX ID: 3@362E3CFFBFF 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)

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 @b’
USER CLASS: NATIONAL LOCATION — PLB (RETURN LINK) @b'
SERIAL NO: 00029 &C‘;
EMERGENCY CODE: NIL C:SQ)
POSITIONS: %Q'

CONFIRMED - NIL Q

DOPPLER A - NIL @Q Q)

DOPPLER B - NIL é) %\

DOA - NIL AS) 'g

ENCODED -1744.1 N 08726 6
UPDATE TIME WITHIN 4 H OF RETECTION TIME

ENCODED POSITION PROVID@%@AL DEVICE

NEXT PASS / EXPECTED %A TIM@
CONFIRMED - NIL 0& ‘%
O

DOPPLER A - NIL

DOPPLER B - NI Q

DOA - NI

ENCODED , -ciOS C 10 1655 UTC
HEX ID: @OOOEBFMFEO 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, at the nominal power of 37 dBm.

The purpose of this test is to determine the system margin for each MEOLUT; i.e. the minimum
C/No 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 seconds, at 1dB power steps between 22 dBm
and 37 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
400bps, the modulation index set at 1, and the rise and fall times each &

In order to facilitate the identification of each different type @ﬁrst transmitted, a unique
15 HEX ID is used for bursts that correspond to a set trans %power level. Only the last
hexadecimal digit of the 15 HEX ID will be varied to indic e transmitted power of the burst
at the output of the cable that connects to the beacon sim tenna (see Truth Table included

below). The appropriate country code is coded within 1% Hg ID to indicate which beacon
simulator is transmitting the burst.

Country Code Bits \Qalue Q)&

316 — Canada @% 010{&100
N

tests Zlbl not be performed in parallel (e.g. multiple beacon
e tlmag in an effort to reduce the impact on the operational
Cospas-Sarsat system, it be u%@ o code them with unique 15 HEX ID for proper record
keeping of the data coll . The coding structure of the beacon simulator file for the T-1 test is
provided below. A hpedr antenna must be used on the beacon simulators for test T-1 to better
simulate the antegad¥pattern of a beacon.

Even though it is recommende
simulators transmitting at t

Beacon Coding Scenario for Test T-1

Beacon Message / Transmit Power / 15 HEX ID / TX Frequency / Start Time offset

D3C869A69A69A067CCE60000000000 -> Nominal 22 dBm -> A790D34D34D3400 ->406064000 ->0
D3C869A69A69A067CCE60000000000 ~> Nominal 23 dBm -> A790D34D34D3401 ->406064000 ->3
D3C869A69A69A074A0178000000000 ~> Nominal 24 dBm -> A790D34D34D3402 ->406064050 ->6
D3C869A69A69A084ADBESO00000000 ~> Nominal 25 dBm -> A790D34D34D3413 ->406064100 ->12
D3C869A69A69A097C14FO000000000 ~> Nominal 26 dBm -> A790D34D34D3414 ->406064150 ->15
D3C869A69A69A0A2745D8000000000 ~> Nominal 27 dBm -> A790D34D34D3415 ->406064200 ->18
D3C869A69A69A0B118AC0000000000 > Nominal 28 dBm -> A790D34D34D3416 ->406064250 ->21
D3C869A69A69A0C0A8004000000000 > Nominal 29 dBm -> A790D34D34D3417 ->406064300 ->24
D3C869A69A69A0D3C4F1C000000000 ~> Nominal 30 dBm -> A790D34D34D3418 ->406064350 ->27
10. D3C869A69AB9A0E671E34000000000 > Nominal 31 dBm -> A790D34D34D3419 ->406064400 ->30
11. D3C869A69A69A0F51D12C000000000 ~> Nominal 32 dBm -> A790D34D34D341A ->406064450 ->33
12. D3C869A69A69A0F51D12C000000000 > Nominal 33 dBm -> A790D34D34D341B ->406064450 ->36
13. D3C869A69A69A0F51D12C000000000 -> Nominal 34 dBm -> A790D34D34D341C ->406064450 ->39
14. D3C869A69A69A0F51D12C000000000 -> Nominal 35 dBm -> A790D34D34D341D ->406064450 ->42
15. D3C869A69A69A0F51D12C000000000 ~> Nominal 36 dBm -> A790D34D34D341E ->406064450 ->45
16. D3C869A69A69A0F51D12C000000000 > Nominal 37 dBm -> A790D34D34D341F ->406064450 ->48

LOCO\IO’U'I-&OJNI—\
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The same sequence of 16 bursts is repeated for a period of 24 hours.

1. D3C869A69A69A067CCE60000000000 -> Nominal 22 dBm -> A790D34D34D3400 ->406064000 ->0
2. D3C869A69A69A074A0178000000000 -> Nominal 23 dBm -> A790D34D34D3401 ->406064050 ->3
3. D3C869A69A69A084ADBESO00000000 -> Nominal 24 dBm -> A790D34D34D3412 ->406064100 ->6
4. D3C869A69A69A097C14FO000000000 -> Nominal 25 dBm -> A790D34D34D3413 ->406064150 ->9
5. D3C869A69A69A0A2745D8000000000 -> Nominal 26 dBm -> A790D34D34D3414 ->406064200 ->12
6. D3C869A69A69A0B118AC0O000000000 -> Nominal 27 dBm -> A790D34D34D3415 ->406064250 ->15
7. D3C869A69A69A0C0OA8004000000000 -> Nominal 28 dBm -> A790D34D34D3416 ->406064300 ->18
8. D3C869A69A69A0D3C4F1C000000000 -> Nominal 29 dBm -> A790D34D34D3417 ->406064350 ->21
9. D3C869A69A69A0E671E34000000000 -> Nominal 30 dBm -> A790D34D34D3418 ->406064400 ->24
10. D3C869A69A69A0F51D12C000000000 -> Nominal 31 dBm -> A790D34D34D3419 ->406064450 ->27
11. D3C869A69A69A0F51D12C000000000 -> Nominal 32 dBm -> A790D34D34D341A ->406064450 ->30
12. D3C869A69A69A0F51D12C000000000 -> Nominal 33 dBm -> A790D34D34D341B ->406064450 ->33
13. D3C869A69A69A0F51D12C000000000 -> Nominal 34 dBm -> A790D34D34D341C ->406064450 ->36
14. D3C869A69A69A0F51D12C000000000 -> Nominal 35 dBm -> A790D34D34D341D ->406064450 ->39
15. D3C869A69A69A0F51D12C000000000 -> Nominal 36 dBm -> A790D34D34D341E A>406064450 ->42
15. D3C869A69A69A0F51D12C000000000 -> Nominal 37 dBm -> A790D34D34D341F 25%06064450 ->45
16. D3C869A69A69A0F51D12C000000000 -> Nominal 37 dBm -> A790D34D34D325$:7>406064450 ->48

ok note the Beacon Message is an example for format only&s™s not representative of
the specific 15 HEX ID outlined on the right of each @ymbered line.

S

-TRUTH TABLE- 15TH HEX DIGIT OF 15 HEX BEACONAD - "fndica@transmit power level

15th HEX Digit MSB LSB @‘ N
0 0 0 O a& 5 dB (22 dBm)
1 0 O % 1 5 14 dB (23 dBm)
2 0 o &Watts -13 dB (24 dBm)
3 0 & (%\. Watts -12 dB (25 dBm)
4 0O 5 Watts -11 dB (26 dBm)
5 '@ 5 Watts -10 dB (27 dBm)
6 QQb ‘%1 5 Watts -9 dB (28 dBm)
7 6@ 5 Watts -8 dB (29 dBm)
8 5 Watts - 7dB (30 dBm)

%

5 Watts -6 dB (31 dBm)
5 Watts -5dB (32 dBm)
5 Watts -4dB (33 dBm)
5 Watts - 3dB (34 dBm)
5 Watts -2dB (35 dBm)
5 Watts -1dB (36 dBm)
5 Watts (37 dBm)

-nrnUnW?

P P R R R PR P RO
I—\I—\l—‘l—\OOOOl—‘él—‘
P P OO R P OO R

P OFRr OFRr OFRr ORr O R
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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 script is comprised of a basic sequence repeated 6 times, i.e. a total of 7 transmissions.
The basic sequence, provided in the table below, is comprised of 100 beacon events. The
beacon events are spaced by 0.5s, using alternatively the 406.064 or 406.070 MHz
frequencies. The test script repeats 7 times the basic sequence with a fjxed repetition period
of 50s, and has a total duration of 350 s. %’

The 100 available beacon events transmitted with 7 bursts bulldlng the required
statistics, for a given time slot and for the nominal power of . The script to be used at

[30 dBm] can be easily derived from the one at 37 dBm.
The 15 Hex ID of beacon events are coded as follows: @DOOOYYYOOOW
e 9CI9DO000 : Fixed value for all beacon eve@Q \
e YYY : Beacon event serial 001 to 10080 '&%
xQ
4

\@ A‘bl

e (000 : Fixed value for all beacokg@%

e 37 :value of emission poweb\,

15 Hex ID of bcn 30 H%@(mess 3 Time of ben burst Emission power Frequency
9C9D00000100037 A TO 37 dBm 406.064 MHz
9C9D00000200037 | A ~ TO + 0.5s 37 dBm 406.070 MHz
9C9D0000030003% N~ TO + 1.0s 37 dBm 406.064 MHz
9C9D0000040003R Y] TO + 1.5s 37 dBm 406.070 MHz
9C9D00000500037 TO +2.0s 37 dBm 406.064 MHz
9C9D00000600037 TO +2.5s 37 dBm 406.070 MHz
9C9D00000700037 TO + 3.0s 37 dBm 406.064 MHz
9C9D00000800037 TO +3.5s 37 dBm 406.070 MHz
9C9D00000900037 TO + 4.0s 37 dBm 406.064 MHz
9C9D00001000037 TO +4.5s 37 dBm 406.070 MHz
9C9D00001100037 TO + 5.0s 37 dBm 406.064 MHz
9C9D00001200037 TO +5.5s 37 dBm 406.070 MHz
9C9D00001300037 TO + 6.0s 37 dBm 406.064 MHz
9C9D00001400037 TO + 6.5s 37 dBm 406.070 MHz
9C9D00001500037 TO + 7.0s 37 dBm 406.064 MHz
9C9D00001600037 TO +7.5s 37 dBm 406.070 MHz
9C9D00001700037 TO + 8.0s 37 dBm 406.064 MHz
9C9D00001800037 TO + 8.5s 37 dBm 406.070 MHz
9C9D00001900037 TO +9.0s 37 dBm 406.064 MHz
9C9D00002000037 TO +9.5s 37 dBm 406.070 MHz
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9C9D00009100037 TO + 45s 37 dBm 406.064 MHz
9C9D00009200037 TO + 45.5s 37 dBm 406.070 MHz
9C9D00009300037 TO + 46.0s 37 dBm 406.064 MHz
9C9D00009400037 TO + 46.5s 37 dBm 406.070 MHz
9C9D00009500037 TO + 47.0s 37 dBm 406.064 MHz
9C9D00009600037 TO + 47.5s 37 dBm 406.070 MHz
9C9D00009700037 TO + 48.0s 37 dBm 406.064 MHz
9C9D00009800037 TO + 48.5s 37dBm 406.070 MHz
9C9D00009900037 TO + 49.0s 37dBm (N, 406.064 MHz
9C9D00010000037 TO + 49.5s 37 dgiO ™ 406.070 MHz

@V
Q.,
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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 100 beacon events which are
transmitted with NB bursts, NB being from 1 to 7. The 100 beacon events for NB=1 are
different from the 100 beacon events for NB=2, NB=3, etc.

These beacon events are intertwined in 28 periods of exactly 50s. The beacon events are
spaced by 0.5s, using alternatively the 406.064 or 406.070 MHz frequencbifs.

The 15 Hex ID of beacon events are coded as follows: 9C9D00XY 037

e 9CI9DO00 : Fixed value for all beacon events &%6
e X :NB burst Q
e YYY : Beacon event serial 001 to 100 %0%

e (00 : Fixed value for all beacon events Q . QQ
e 37 :value of emission power Q) &%

The script thus defined has a duration l@ {QS periods of 50s are defined in detail as
follows. RQ

&}odn 1

LA Time of beacon .

15 Hex ID 30 Hez.lﬁbssaggc.‘s burst Emission power Frequency
9C9D00600100037 \Q TO 37 dBm 406.064 MHz
9C9D00700100037 | . O TO + 0.5s 37 dBm 406.070 MHz
9C9D00600200037 ° \‘o TO + 1.0s 37 dBm 406.064 MHz
9C9D0070020003% ) TO + 1.5s 37 dBm 406.070 MHz
9C9D0060030003 TO + 2.0s 37 dBm 406.064 MHz
9C9D00700300037 TO+2.5s 37 dBm 406.070 MHz
9C9D00600400037 TO + 3.0s 37 dBm 406.064 MHz
9C9D00700400037 TO + 3.5s 37 dBm 406.070 MHz
9C9D00600500037 TO +4.0s 37 dBm 406.064 MHz
9C9D00700500037 TO +4.5s 37 dBm 406.070 MHz
9C9D00604600037 TO +45s 37 dBm 406.064 MHz
9C9D00704600037 TO +45.5s 37 dBm 406.070 MHz
9C9D00604700037 TO + 46.0s 37 dBm 406.064 MHz
9C9D00704700037 TO + 46.5s 37 dBm 406.070 MHz
9C9D00604800037 TO +47.0s 37 dBm 406.064 MHz
9C9D00704800037 TO +47.5s 37 dBm 406.070 MHz
9C9D00604900037 TO +48.0s 37 dBm 406.064 MHz
9C9D00704900037 TO +48.5s 37 dBm 406.070 MHz
9C9D00605000037 TO +49.0s 37 dBm 406.064 MHz
9C9D00705000037 TO +49.5s 37 dBm 406.070 MHz

The periods n° 2, 3, 4, 5 and 6 are identical to Period n°1 in respect of the list of IDs; they are
transmitted at times To + 50s, To + 100s, To + 150s, To + 200s and To + 250s.
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Period n°7
15 Hex ID 30 Hex message Time of beacon Emission power Frequency
burst

9C9D00605100037 TO + 300.0s 37 dBm 406.064 MHz
9C9D00700100037 TO +300.5s 37 dBm 406.070 MHz
9C9D00605200037 TO +301.0s 37 dBm 406.064 MHz
9C9D00700200037 TO +301.5s 37 dBm 406.070 MHz
9C9D00605300037 TO +302.0s 37 dBm 406.064 MHz
9C9D00700300037 TO +302.5s 37 dBm 406.070 MHz
9C9D00605400037 TO + 303.0s 37 dBm 406.064 MHz
9C9D00700400037 TO + 303.5s 37 dBm 406.070 MHz
9C9D00605500037 TO + 304.0s 37 dBm . | 406.064 MHz
9C9D00700500037 TO + 304.5s 37 dBm C\/] 406.070 MHz
........... N

9C9D00609600037 TO + 345.0s 37 dBm N\ 406.064 MHz
9C9D00704600037 TO + 345.5s 37 dBpin~ 406.070 MHz
9C9D00609700037 TO + 346.0s 37 M 406.064 MHz
9C9D00704700037 TO + 346.5s 30¥Bm 406.070 MHz
9C9D00609800037 TO + 347.0s A" ¥Bm 406.064 MHz
9C9D00704800037 TO + 347.5s &Y37 dBm 406.070 MHz
9C9D00609900037 TO +348.0s . " | 37 406.064 MHz
9C9D00704900037 TO +348.55€)>  ["akhdBm 406.070 MHz
9C9D00610000037 TO + 3¢9$6) 7 dBm 406.064 MHz
9C9D00705000037 TO+34%s C,Y37dBm 406.070 MHz

(b,‘o N
A\\%f:rl%@%
, -

15 Hex ID 30 Hex mefit@\ -& burgfacon Emission power Frequency
9C9D00605100037 A LX0+350.0s 37 dBm 406.064 MHz
9C9D00705100037 C)Y  NO)1+350.58 37 dBm 406.070 MHz
9C9D00605200037 AL TO +351.0s 37 dBm 406.064 MHz
9C9D00705200037 | . \F TO +351.5s 37 dBm 406.070 MHz
9C9D00605300037 ["A™D TO + 352.0s 37 dBm 406.064 MHz
9C9D00705300032NY TO + 352.5s 37 dBm 406.070 MHz
9C9D00605400037 Y TO + 353.0s 37 dBm 406.064 MHz
9C9D00705400037 TO + 353.5s 37 dBm 406.070 MHz
9C9D00605500037 TO + 354.0s 37 dBm 406.064 MHz
9C9D00705500037 TO + 354.5s 37 dBm 406.070 MHz
9C9D00609600037 TO + 395.0s 37 dBm 406.064 MHz
9C9D00709600037 TO + 395.5s 37 dBm 406.070 MHz
9C9D00609700037 TO + 396.0s 37 dBm 406.064 MHz
9C9D00709700037 TO + 396.5s 37 dBm 406.070 MHz
9C9D00609800037 TO + 397.0s 37 dBm 406.064 MHz
9C9D00709800037 TO +397.5s 37 dBm 406.070 MHz
9C9D00609900037 TO + 398.0s 37 dBm 406.064 MHz
9C9D00709900037 TO + 398.5s 37 dBm 406.070 MHz
9C9D00610000037 TO +399.0s 37 dBm 406.064 MHz
9C9D00710000037 TO +399.5s 37 dBm 406.070 MHz

The periods n° 9, 10, 11, and 12 are identical to Period n°8 in respect of the list of IDs; they are
transmitted at times To + 400s, To + 450s, To + 500s and To + 550s.
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Period n°13

15 Hex ID 30 Hex message g:jgi of beacon Emission power Frequency
9C9D00500100037 TO + 600.0s 37 dBm 406.064 MHz
9C9D00705100037 TO + 600.5s 37 dBm 406.070 MHz
9C9D00500200037 TO + 601.0s 37 dBm 406.064 MHz
9C9D00705200037 TO + 601.5s 37 dBm 406.070 MHz
9C9D00500300037 TO + 602.0s 37 dBm 406.064 MHz
9C9D00705300037 TO + 602.5s 37 dBm 406.070 MHz
9C9D00500400037 TO + 603.0s 37 dBm 406.064 MHz
9C9D00705400037 TO + 603.5s 37 dBm 406.070 MHz
9C9D00500500037 TO + 604.0s 37 dBm 406.064 MHz
9C9D00705500037 TO + 604.5s 37 dBm A, | 406.070 MHz
........... . A\
9C9D00504600037 TO + 645.0s 37dBm (N~ | 406.064 MHz
9C9D00709600037 TO + 645.5s 37dBm. )" 406.070 MHz
9C9D00504700037 TO + 646.0s 37 dBGTY 406.064 MHz
9C9D00709700037 TO + 646.5s 3 n 406.070 MHz
9C9D00504800037 TO + 647.0s Bm 406.064 MHz
9C9D00709800037 TO + 647.5s R dBm 406.070 MHz
9C9D00504900037 TO +648.0s 37 dB@ 406.064 MHz
9C9D00709900037 TO + 648.55 LAY |.3 n 406.070 MHz
9C9D00505000037 TO + 649.03'~ WA IBm 406.064 MHz
9C9D00710000037 TO+680ys  Al87dBm 406.070 MHz

The period n°® 14 is identical to Period n° 13 @espect@f‘l’l’le list of IDs; it is transmitted at time

To + 650s. \Q &
xQ
@Q Pe ‘gn °15

15 Hex ID (:ﬁ);ex 4% Tlme of beacon burst | Emission power | Frequency
9C9D00500100037 A i TO + 700.0s 37 dBm 406.064 MHz
9C9D00400100037 v TO + 700.5s 37 dBm 406.070 MHz
9C9D00500200037 'AGS TO +701.0s 37 dBm 406.064 MHz
9C9D0040020003:7\(\\v TO +701.5s 37 dBm 406.070 MHz
9C9D0050030003 N> TO + 702.0s 37 dBm 406.064 MHz
9C9D00400300037 TO + 702.5s 37 dBm 406.070 MHz
9C9D00500400037 TO + 703.0s 37 dBm 406.064 MHz
9C9D00400400037 TO + 703.5s 37 dBm 406.070 MHz
9C9D00500500037 TO + 704.0s 37 dBm 406.064 MHz
9C9D00400500037 TO + 704.5s 37 dBm 406.070 MHz
9C9D00504600037 TO + 745.0s 37 dBm 406.064 MHz
9C9D00404600037 TO + 745.5s 37 dBm 406.070 MHz
9C9D00504700037 TO + 746.0s 37 dBm 406.064 MHz
9C9D00404700037 TO + 746.5s 37 dBm 406.070 MHz
9C9D00504800037 TO + 747.0s 37 dBm 406.064 MHz
9C9D00404800037 TO + 747.5s 37 dBm 406.070 MHz
9C9D00504900037 TO + 748.0s 37 dBm 406.064 MHz
9C9D00404900037 TO + 748.5s 37 dBm 406.070 MHz
9C9D00505000037 TO + 749.0s 37 dBm 406.064 MHz
9C9D00405000037 TO + 749.5s 37 dBm 406.070 MHz

The periods n° 16 and 17 are identical to Period n° 15 in respect of the list of IDs; they are
transmitted at times To + 750s and To + 800s.
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Period n°18
30 Hex . -
15 Hex ID Time of beacon burst | Emission power | Frequency
message
9C9D00505100037 TO + 850.0s 37 dBm 406.064 MHz
9C9D00400100037 TO + 850.5s 37 dBm 406.070 MHz
9C9D00505200037 TO + 851.0s 37 dBm 406.064 MHz
9C9D00400200037 TO + 851.5s 37 dBm 406.070 MHz
9C9D00505300037 TO + 852.0s 37 dBm 406.064 MHz
9C9D00400300037 TO + 852.5s 37 dBm 406.070 MHz
9C9D00505400037 TO + 853.0s 37 dBm 406.064 MHz
9C9D00400400037 TO + 853.5s 37 dBm 406.070 MHz
9C9D00505500037 TO + 854.0s 37 dBm, 406.064 MHz
9C9D00400505037 TO + 854.5s 37 dBmC\ 406.070 MHz
........... N
9C9D00509600037 TO + 895.0s 3%¥EMm 406.064 MHz
9C9D00404600037 TO + 895.5s JGYBm 406.070 MHz
9C9D00509700037 TO + 896.0s %37 dBm 406.064 MHz
9C9D00404700037 TO+896.5s ALY | 37 dBm 406.070 MHz
9C9D00509800037 TO+897.0s A Y | 37dBm 406.064 MHz
9C9D00404800037 TO + 897.55CY 37 dBm 406.070 MHz
9C9D00509900037 TO+8988s ~ A }37dBm 406.064 MHz
9C9D00404900037 TO+80%%s  °A\D | 37dBm 406.070 MHz
9C9D00510000037 R04K99.0s o> [37dBm 406.064 MHz
9C9D00405000037 TOV899.55¢ )Y 37 dBm 406.070 MHz
> S
A\\%erigk@%
30 Hexy” v -
15 Hex ID Je o e of beacon burst | Emission power | Frequency
9C9D00505100037 AY A 7 T0+900.0s 37 dBm 406.064 MHz
9C9D00405100037 D) ) [ T0+900.5s 37 dBm 406.070 MHz
9C9D00505200037 AL - TO + 901.0s 37 dBm 406.064 MHz
9C9D00405200037 . \F TO +901.5s 37 dBm 406.070 MHz
9C9D00505300037 “AD TO + 902.0s 37 dBm 406.064 MHz
9C9D0040530003 TO + 902.5s 37 dBm 406.070 MHz
9C9D00505400037 " TO + 903.0s 37 dBm 406.064 MHz
9C9D00405400037 TO + 903.5s 37 dBm 406.070 MHz
9C9D00505500037 TO + 904.0s 37 dBm 406.064 MHz
9C9D00405505037 TO + 904.5s 37 dBm 406.070 MHz
9C9D00509600037 TO + 945.0s 37 dBm 406.064 MHz
9C9D00409600037 TO + 945.5s 37 dBm 406.070 MHz
9C9D00509700037 TO + 946.0s 37 dBm 406.064 MHz
9C9D00409700037 TO + 946.5s 37 dBm 406.070 MHz
9C9D00509800037 TO + 947.0s 37 dBm 406.064 MHz
9C9D00409800037 TO + 947.5s 37 dBm 406.070 MHz
9C9D00509900037 TO + 948.0s 37 dBm 406.064 MHz
9C9D00409900037 TO + 948.5s 37 dBm 406.070 MHz
9C9D00510000037 TO + 949.0s 37 dBm 406.064 MHz
9C9D00410000037 TO + 949.5s 37 dBm 406.070 MHz

The periods n® 20, 21 and 22 are identical to Period n° 19 in respect of the list of IDs; they are
transmitted at times To + 950s, To + 1000s and To + 1050s.
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Period n°23
15 Hex ID 30 Hex Time of beacon burst | Emission power | Frequency
message
9C9D00300100037 TO + 1100.0s 37 dBm 406.064 MHz
9C9D00200100037 TO + 1100.5s 37 dBm 406.070 MHz
9C9D00300200037 TO+1101.0s 37 dBm 406.064 MHz
9C9D00200200037 TO+1101.5s 37 dBm 406.070 MHz
9C9D00300300037 TO + 1102.0s 37 dBm 406.064 MHz
9C9D00200300037 TO + 1102.5s 37 dBm 406.070 MHz
9C9D00300400037 TO + 1103.0s 37 dBm 406.064 MHz
9C9D00200400037 TO+1103.5s 37 dBm, 406.070 MHz
9C9D00300500037 TO + 1104.0s 37 dBo WY 406.064 MHz
9C9D00200500037 TO + 1104.5s 37980 406.070 MHz
........... o
9C9D00304600037 TO + 1145.0s ASYdBm 406.064 MHz
9C9D00204600037 TO + 1145.5s C »37dBm 406.070 MHz
9C9D00304700037 TO+1146.0s A | 37 dBm 406.064 MHz
9C9D00204700037 TO+1146.5s A2 > | 37 dBm 406.070 MHz
9C9D00304800037 TO+1147.06xY [ 37dBm 406.064 MHz
9C9D00204800037 TO+ 114M8s  AY37dBm 406.070 MHz
9C9D00304900037 TO+1@%%0s AN | 37dBm 406.064 MHz
9C9D00204900037 U 48,5567 | 37dBm 406.070 MHz
9C9D00305000037 LT0M 1149.08)Y 37 dBm 406.064 MHz
9C9D00205000037 ONDO + 11499s 37 dBm 406.070 MHz
The period n°® 24 is identical to Period n&@\fn resept of the list of IDs; it is transmitted at times
To + 1150s. &' \(5\»
<
,@ %‘riod n°25
A A

15 Hex ID ‘\QC) me's"sg;()w Time of beacon burst | Emission power | Frequency
9C9D00300100037 O TO + 1200.0s 37 dBm 406.064 MHz
9C9D00205100037 *, & TO + 1200.5s 37 dBm 406.070 MHz
9C9D0030020503NN TO + 1201.0s 37 dBm 406.064 MHz
9C9D00205200037N" TO + 1201.5s 37 dBm 406.070 MHz
9C9D00300300037 TO + 1202.0s 37 dBm 406.064 MHz
9C9D00205300037 TO + 1202.5s 37 dBm 406.070 MHz
9C9D00300400037 TO + 1203.0s 37 dBm 406.064 MHz
9C9D00205400037 TO + 1203.5s 37 dBm 406.070 MHz
9C9D00300500037 TO + 1204.0s 37 dBm 406.064 MHz
9C9D00205500037 TO + 1204.5s 37 dBm 406.070 MHz
9C9D00304600037 TO + 1245.0s 37 dBm 406.064 MHz
9C9D00209600037 TO + 1245.5s 37 dBm 406.070 MHz
9C9D00304700037 TO + 1246.0s 37 dBm 406.064 MHz
9C9D00209700037 TO + 1246.5s 37 dBm 406.070 MHz
9C9D00304800037 TO + 1247.0s 37 dBm 406.064 MHz
9C9D00209800037 TO + 1247.5s 37 dBm 406.070 MHz
9C9D00304900037 TO + 1248.0s 37 dBm 406.064 MHz
9C9D00209900037 TO + 1248.5s 37 dBm 406.070 MHz
9C9D00305000037 TO + 1249.0s 37 dBm 406.064 MHz
9C9D00210000037 TO + 1249.5s 37 dBm 406.070 MHz
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Period n°26
15 Hex ID 30 Hex Time of beacon burst | Emission power | Frequency
message
9C9D00305100037 TO + 1250.0s 37 dBm 406.064 MHz
9C9D00205100037 TO + 1250.5s 37 dBm 406.070 MHz
9C9D00305205037 TO + 1251.0s 37 dBm 406.064 MHz
9C9D00205200037 TO + 1251.5s 37 dBm 406.070 MHz
9C9D00305300037 TO + 1252.0s 37 dBm 406.064 MHz
9C9D00205300037 TO + 1252.5s 37 dBm 406.070 MHz
9C9D00305400037 TO + 1253.0s 37 dBm 406.064 MHz
9C9D00205400037 TO + 1253.5s 37 dBm, 406.070 MHz
9C9D00305500037 TO + 1254.0s 37 dBo WY 406.064 MHz
9C9D00205500037 TO + 1254.5s 37980 406.070 MHz
........... o
9C9D00309600037 TO + 1295.0s ASYdBm 406.064 MHz
9C9D00209600037 TO + 1295.5s C »37dBm 406.070 MHz
9C9D00309700037 TO+1296.0s A | 37 dBm 406.064 MHz
9C9D00209700037 TO +1296.5s A2 > | 37 dBm 406.070 MHz
9C9D00309800037 TO+1297.06x~ [ 37dBm 406.064 MHz
9C9D00209800037 TO+ 129M3s Y37 dBm 406.070 MHz
9C9D00309900037 TO +1Q080s AN | 37dBm 406.064 MHz
9C9D00209900037 RA298.55 D7 | 37dBm 406.070 MHz
9C9D00310000037 LT0M 1299.08)Y 37 dBm 406.064 MHz
9C9D00210000037 \ch‘?o + 1}2{9& 37 dBm 406.070 MHz
> X
) ‘Pzegk n°27
X V. .

15 Hex ID edsage 4 Time of beacon burst | Emission power | Frequency
9C9D00305100037 G ND 2 | T0+1300.0s 37 dBm 406.064 MHz
9C9D00100100037 AL TO + 1300.5s 37 dBm 406.070 MHz
9C9D00305205037 . ™ TO + 1301.0s 37 dBm 406.064 MHz
9C9D00100200037 ‘A2 TO + 1301.5s 37 dBm 406.070 MHz
9C9D0030530003 Y TO + 1302.0s 37 dBm 406.064 MHz
9C9D00100300037 ~ TO + 1302.5s 37 dBm 406.070 MHz
9C9D00305400037 TO + 1303.0s 37 dBm 406.064 MHz
9C9D00100400037 TO + 1303.5s 37 dBm 406.070 MHz
9C9D00305500037 TO + 1304.0s 37 dBm 406.064 MHz
9C9D00100500037 TO + 1304.5s 37 dBm 406.070 MHz
9C9D00309600037 TO + 1345.0s 37 dBm 406.064 MHz
9C9D00104600037 TO + 1345.5s 37 dBm 406.070 MHz
9C9D00309700037 TO + 1346.0s 37 dBm 406.064 MHz
9C9D00104700037 TO + 1346.5s 37 dBm 406.070 MHz
9C9D00309800037 TO + 1347.0s 37 dBm 406.064 MHz
9C9D00104800037 TO + 1347.5s 37 dBm 406.070 MHz
9C9D00309900037 TO + 1348.0s 37 dBm 406.064 MHz
9C9D00104900037 TO + 1348.5s 37 dBm 406.070 MHz
9C9D00310000037 TO + 1349.0s 37 dBm 406.064 MHz
9C9D00105000037 TO + 1349.5s 37 dBm 406.070 MHz
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Period n°28
15 Hex ID 30 Hex Time of beacon burst | Emission power | Frequency
message
9C9D00305100037 TO + 1350.0s 37 dBm 406.064 MHz
9C9D00105100037 TO + 1350.5s 37 dBm 406.070 MHz
9C9D00305205037 TO + 1351.0s 37 dBm 406.064 MHz
9C9D00105200037 TO + 1351.5s 37 dBm 406.070 MHz
9C9D00305300037 TO + 1352.0s 37 dBm 406.064 MHz
9C9D00105300037 TO + 1352.5s 37 dBm 406.070 MHz
9C9D00305400037 TO + 1353.0s 37 dBm 406.064 MHz
9C9D00105400037 TO + 1353.5s 37 dBmy, 406.070 MHz
9C9D00305500037 TO + 1354.0s 37 dB W 406.064 MHz
9C9D00105500037 TO + 1354.5s 379880 406.070 MHz
........... o™
9C9D00309600037 TO + 1395.0s ASYydBm 406.064 MHz
9C9D00109600037 TO + 1395.5s ¢ »37 dBm 406.070 MHz
9C9D00309700037 TO+1396.0s A | 37 dBm 406.064 MHz
9C9D00109700037 TO +1396.5s A2 > | 37 dBm 406.070 MHz
9C9D00309800037 TO+1397.06+~ [ 37dBm 406.064 MHz
9C9D00109800037 TO+ 139Ags A Y37 dBm 406.070 MHz
9C9D00309900037 TO + 180805 Al 37 dBm 406.064 MHz
9C9D00109900037 RO398.55 D7 | 37dBm 406.070 MHz
9C9D00310000037 LTOM 1399.08)% 37 dBm 406.064 MHz
9C9D00110000037 \qu;?o + 1'3.%% 37 dBm 406.070 MHz
N x$
>
Q)'Q-EN }F ANNEX H -

o&i@
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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 350s
(7 bursts*50s). The four scripts needed for testing the four capacity levels (NB = 25, 50, 75
and 100) require a time slot lasting 1400s (4*350s). To obtain sufficient data, the four scripts
are performed four times. The IDs in the script for NB = 50, 75 and 100 are different to
clearly separate the locations. @%

The beacon event N° X is transmitted at T = TO + (X-1)*DeltaT, QgttaT being a random real

value within the range [0, 50/NB sec]. %
Each beacon event is transmitted at the frequency 406. 049@ + CH*3 KHz, CH being a
random integer value within the range [0, 11].
The 7 bursts of each beacon event are spaced by 505% ep, Rep being a random real value
within the range [- 2.5s, + 2.5s]. .Q

Y WO

The 15 Hex ID of beacon events are coded a WS: &bOOXXXYYYOW
e 9C9DOO0 : Fixed value for all beac%%vent
e XXX : Beacon event serial OOQt NB &6

e YYY :NB value (025 5 ogbl
e 0: Fixed value for a con es%nts
e 37 :value of eI%’@on power

%
N
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Test script for NB = 25 simultaneous beacons (Part 1: Time and Frequency)
30 Hex beacon Time of bcn burst Frequenc

e Al o Eeres message TO + Xsec I\C/IIHZ y

9C9D00001025037 0,00 406,076
9C9D00002025037 1,37 406,073
9C9D00003025037 2,19 406,064
9C9D00004025037 5,70 406,061
9C9D00005025037 6,13 406,082
9C9D00006025037 8,40 406,052
9C9D00007025037 11,79 406,082
9C9D00008025037 12,97 | A\ 406,076
9C9D00009025037 14,57,] o 406,058
9C9D00010025037 17,570\ 406,052
9C9D00011025037 1 406,070
9C9D00012025037 _A0e7 406,070
9C9D00013025037 ~K23,85 406,070
9C9D00014025037 SN 24,70 406,073
9C9D00015025037 AN 27,99 406,073
9C9D00016025037 2 (88,29 406,058
9C9D00017025037 A\ . (\30,71 406,082
9C9D00018025037 va AN 32,79 406,061
9C9D00019025037 O S\~ 3524 406,064
9C9D00020025037 N A 36,44 406,067
9C9D00021025037 NOArE 39,99 406,064
9C9D00022025037 x Y &)Y 41,55 406,082
9C9D00023025037 O AN} 42,27 406,064
9C9D00024025037 <Y 44,64 406,067
9C9D00025025037 O 4713 406,070

RS

60
e
>
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Test script for NB = 25 simultaneous beacons (Part 2: Repetition intervals)
st nd rd nd nd rd
15 Hex ID of 1.. 2.. 3.. 4.. 5.. 6..
Beacon rgpetltlon rgpetltlon rgpetltlon r_epetltlon rgpetltlon r_epetltlon
interval interval interval interval interval interval
9C9D00001025037 49,28 47,57 48,43 48,39 48,53 49,81
9C9D00002025037 48,50 51,73 48,88 50,88 49,04 50,07
9C9D00003025037 51,82 47,96 47,93 49,48 50,25 51,25
9C9D00004025037 48,42 52,16 52,44 50,91 49,93 48,14
9C9D00005025037 49,81 50,04 51,90 51,85 47,56 49,97
9C9D00006025037 50,69 50,79 51,77 52,03 50,86 51,95
9C9D00007025037 51,25 50,45 49,08 52,49 48,88 51,72
9C9D00008025037 48,07 49,72 52,34 50,80 | A, 51,61 49,39
9C9D00009025037 49,22 49,14 51,23 49,23 L\ 5207 49,07
9C9D00010025037 50,84 50,25 49,12 48,637 48,39 50,03
9C9D00011025037 48,16 49,29 49,83 4 51,21 48,89
9C9D00012025037 47,53 51,94 49,37 L1261 51,51 50,60
9C9D00013025037 48,52 49,28 5241 | &) 78,96 51,14 51,78
9C9D00014025037 50,14 48,10 52,28 MNJ 49,54 48,00 48,22
9C9D00015025037 50,79 50,85 51,30y = 4791 51,20 52,33
9C9D00016025037 48,62 51,60 5075 | A 51,32 49,36 52,33
9C9D00017025037 52,04 52,05 28,66 N\Y47,85 49,13 49,07
9C9D00018025037 51,18 5021 | o~ '50,05,\" 49,96 51,18 51,02
9C9D00019025037 47,68 51,91 N\~  5L08 48,64 48,01 50,82
9C9D00020025037 52,06 5126 85X 49,88 50,92 48,80
9C9D00021025037 51,55 50y 50,86 51,99 52,48 51,76
9C9D00022025037 49,88 L BoY3 | Q\ 51,20 48,57 50,73 47,89
9C9D00023025037 48,02 | AM5156 49,29 52,15 47,71 50,87
9C9D00024025037 51,10 @V 49 55\” 48,38 50,72 51,89 47,54
9C9D00025025037 47 6 51,32 51,34 49,07 47,97
N @

b@

o
>
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Test script for NB = 50 simultaneous beacons (Part 1: Time and Frequency)
15 Hex ID of Beacon 30 Hex Beacon Message | Time of Beacon Burst Frequency
TO + Xsec MHz
9C9D00001050037 0,00 406,049
9C9D00002050037 0,16 406,070
9C9D00003050037 1,25 406,067
9C9D00004050037 2,84 406,061
9C9D00005050037 3,05 406,079
9C9D00006050037 4,53 406,052
9C9D00007050037 5,30 406,073
9C9D00008050037 6,57 406,055
9C9D00009050037 7,85 406,067
9C9D00010050037 8,12 O\, 406,064
9C9D00011050037 &)~ 406,073
9C9D00012050037 wad 406,055
9C9D00013050037 ,CiY68 406,070
9C9D00014050037 oy 12,89 406,070
9C9D00015050037 O 1350 406,073
9C9D00016050037 ADOY 1465 406,058
9C9D00017050037 NV 15,38 406,052
9C9D00018050037 A Ay 1687 406,082
9C9D00019050037 ey WO 1776 406,061
9C9D00020050037 AL 18,51 406,064
9C9D00021050037 NV oy 19,35 406,064
9C9D00022050037 Nl NU 20,73 406,064
9C9D00023050037 YA 21,95 406,073
9C9D00024050037 X X¥ 22,06 406,055
9C9D00025050037 NN 23,44 406,064
9C9D00026050037 A N 24,80 406,070
9C9D00027050037 RN 25,38 406,058
9C9D00028050037 cNY A 26,14 406,079
9C9D00029050037 [ ™~ 27,91 406,073
9C9D00030050037 v 28,11 406,073
9C9D00031050037 *, & 29,85 406,058
9C9D0003205003NNY 30,65 406,073
9C9D0003305003 N 31,44 406,073
9C9D00034050037 32,20 406,082
9C9D00035050037 33,29 406,073
9C9D00036050037 34,83 406,073
9C9D00037050037 35,87 406,058
9C9D00038050037 36,85 406,055
9C9D00039050037 37,70 406,082
9C9D00040050037 38,46 406,055
9C9D00041050037 39,13 406,055
9C9D00042050037 40,86 406,067
9C9D00043050037 41,32 406,082
9C9D00044050037 42,85 406,049
9C9D00045050037 43,58 406,073
9C9D00046050037 44,22 406,058
9C9D00047050037 45,02 406,073
9C9D00048050037 46,38 406,049
9C9D00049050037 47,77 406,076
9C9D00050050037 48,80 406,073
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Test script for NB = 50 simultaneous beacons (Part 2: Repetition intervals)
st nd rd nd nd rd
15 Hex ID of 1.. 2.. 3.. 4.. 5.. 6..
Beacon repetition repetition repetition repetition | repetition | repetition
interval interval interval interval interval interval

9C9D00001050037 47,68 49,58 48,26 49,20 48,23 49,36
9C9D00002050037 50,23 47,60 50,53 52,43 48,58 50,64
9C9D00003050037 48,47 48,00 52,11 47,99 47,84 48,28
9C9D00004050037 50,32 50,46 48,33 49,67 49,73 48,65
9C9D00005050037 52,39 50,08 52,21 51,27 52,32 49,47
9C9D00006050037 49,35 51,35 50,81 52,09 48,16 49,07
9C9D00007050037 47,65 49,68 48,35 47,87 51,40 48,21
9C9D00008050037 47,97 48,54 47,56 50,38 [A, 49,97 48,27
9C9D00009050037 49,58 49,12 48,80 50,65 H\> 48,32 48,34
9C9D00010050037 51,22 50,87 52,19 50, N 48,15 50,43
9C9D00011050037 49,76 50,35 49,37 Pl 48,45 49,00
9C9D00012050037 50,80 49,34 50,88 £ 52,02 49,91 49,51
9C9D00013050037 50,26 48,95 51,61 | .&)’50,02 52,39 51,36
9C9D00014050037 51,92 51,73 51,244N\) 50,80 48,08 51,82
9C9D00015050037 50,65 50,86 51,6N” = 5181 48,50 47,95
9C9D00016050037 49,26 50,42 4FPL| A 5181 48,59 48,52
9C9D00017050037 47,66 47,75 8,24, (\\’50 04 50,74 50,06
9C9D00018050037 49,88 4937 | 50,44\ 51,04 49,05 50,74
9C9D00019050037 49,11 47 82‘(\" g.p'Q 49,40 50,90 51,85
9C9D00020050037 51,26 % 49,33 51,89 51,25
9C9D00021050037 49,62 A@V 30 51,39 51,14 50,80
9C9D00022050037 52,41 L W7 | )\ 49,44 52,05 52,27 48,77
9C9D00023050037 50,18 | V51, 7\, 48,28 48,17 48,68 48,99
9C9D00024050037 50,99 | @)% 48,75\ 51,10 48,23 47,89 47,75
9C9D00025050037 48 550 480 47,68 48,57 51,08 49,29
9C9D00026050037 488 «%o0,56 48,72 50,13 51,82 51,13
9C9D00027050037 Sopl [ N) 90,85 49,25 47,88 52,43 48,00
9C9D00028050037 A\47.89 50,23 50,83 50,65 48,21 47,75
9C9D00029050037 | ~ ~ 4977 48,90 49,59 51,36 48,05 48,01
9C9D00030050037 N~ 49,85 47,71 50,47 48,31 50,23 51,07
9C9D0003105003%\) 50,23 49,33 52,43 52,03 48,24 48,59
9C9D00032050037 47,53 48,73 48,03 50,01 49,81 51,72
9C9D00033050037 47,71 51,64 50,34 49,57 51,94 49,18
9C9D00034050037 50,00 47,95 51,08 49,88 49,68 48,11
9C9D00035050037 48,07 48,73 52,21 50,38 51,41 48,51
9C9D00036050037 52,00 52,46 48,92 49,49 48,12 51,23
9C9D00037050037 47,52 49,63 50,31 52,08 48,29 49,32
9C9D00038050037 52,40 48,38 49,73 48,95 49,66 48,86
9C9D00039050037 50,76 47,82 50,65 49,73 48,06 48,68
9C9D00040050037 52,24 4753 47,59 48,94 51,63 50,02
9C9D00041050037 48,76 48,53 49,41 51,04 49,80 51,66
9C9D00042050037 49,27 52,09 49,13 50,55 47,79 47,54
9C9D00043050037 51,38 48,48 47,99 47,99 50,94 51,32
9C9D00044050037 50,91 49,20 48,38 51,59 51,40 49,25
9C9D00045050037 48,66 50,64 48,49 49,40 49,67 47,67
9C9D00046050037 51,32 47,62 48,66 52,48 49,97 49,03
9C9D00047050037 48,21 50,64 48,79 51,90 52,08 51,11
9C9D00048050037 52,39 49,98 49,47 48,72 49,78 50,77
9C9D00049050037 51,45 48,04 49,45 48,93 50,75 50,76
9C9D00050050037 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
30 Hex beacon message Time of ben burst Frequency

15 Hex ID of Beacon T0 + Xsec MHz
9C9D00001075037 0,00 406,064
9C9D00002075037 0,18 406,049
9C9D00003075037 1,22 406,079
9C9D00004075037 1,67 406,055
9C9D00005075037 2,43 406,073
9C9D00006075037 2,84 406,061
9C9D00007075037 3,90 406,070
9C9D00008075037 4,25 406,058
9C9D00009075037 4,95 406,064
9C9D00010075037 5,56 N\, 406,082
9C9D00011075037 e% ) 406,064
9C9D00012075037 4 406,064
9C9D00013075037 LCAT80 406,070
9C9D00014075037 oy 828 406,082
9C9D00015075037 O 908 406,082
9C9D00016075037 ADOY 965 406,064
9C9D00017075037 NV 10,28 406,070
9C9D00018075037 A Y1094 406,082
9C9D00019075037 ey WO ups 406,052
9C9D00020075037 AL 12,13 406,067
9C9D00021075037 NV oy 13,32 406,064
9C9D00022075037 Nl NU 13,92 406,055
9C9D00023075037 YA 14,60 406,061
9C9D00024075037 X X 15,23 406,058
9C9D00025075037 NN 15,71 406,076
9C9D00026075037 A N 16,29 406,079
9C9D00027075037 R AT 17,17 406,055
9C9D00028075037 cNY A 17,43 406,052
9C9D00029075037 [ ~ 18,09 406,055
9C9D00030075037 v 18,88 406,049
9C9D00031075037 *, & 19,92 406,064
9C9D0003207503NNY 20,31 406,058
9C9D0003307503 N 20,95 406,076
9C9D00034075037 21,47 406,073
9C9D00035075037 22,56 406,079
9C9D00036075037 22,71 406,070
9C9D00037075037 23,71 406,061
9C9D00038075037 24,21 406,082
9C9D00039075037 25,12 406,055
9C9D00040075037 25,85 406,070
9C9D00041075037 26,43 406,064
9C9D00042075037 27,25 406,079
9C9D00043075037 27,56 406,052
9C9D00044075037 28,00 406,070
9C9D00045075037 28,91 406,082
9C9D00046075037 29,45 406,079
9C9D00047075037 30,49 406,055
9C9D00048075037 30,70 406,082
9C9D00049075037 31,74 406,061
9C9D00050075037 32,41 406,076
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Test script for NB = 75 simultaneous beacons (Part 1: Time and Frequency continued)

30 Hex beacon message Time of ben burst Frequency

15 Hex ID of Beacon T0 + Xsec MHz

9C9D00051075037 32,70 406,064
9C9D00052075037 33,52 406,067
9C9D00053075037 34,63 406,079
9C9D00054075037 35,03 406,079
9C9D00055075037 35,76 406,070
9C9D00056075037 36,47 406,073
9C9D00057075037 37,30 406,079
9C9D00058075037 37,70 406,052
9C9D00059075037 38,12 406,052
9C9D00060075037 38,76\, 406,076
9C9D00061075037 %’ 406,073
9C9D00062075037 ~¥051 406,058
9C9D00063075037 LCA40,85 406,058
9C9D00064075037 oy 4157 406,058
9C9D00065075037 N7 4250 406,049
9C9D00066075037 oY 43,30 406,058
9C9D00067075037 NV 43,73 406,058
9C9D00068075037 YAy 4434 406,070
9C9D00069075037 ey  AO7 4520 406,076
9C9D00070075037 AL 45,44 406,064
9C9D00071075037 NV oY 46,51 406,049
9C9D00072075037 Nl NU 47,13 406,061
9C9D00073075037 Vi A 47,94 406,055
9C9D00074075037 X X 48,36 406,064
9C9D00075075037 Y \‘yO' 49,12 406,076

>
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Test script for NB = 75 simultaneous beacons (Part 2: Repetition intervals
1st 2nd 3rd 4nd 5nd 6rd
15 Hex ID of Beacon repetition repetition repetition repetition | repetition | repetition
interval interval interval interval interval interval

9C9D00001075037 51,52 48,50 51,44 52,07 48,76 48,01
9C9D00002075037 48,74 52,20 47,93 47,54 52,07 52,43
9C9D00003075037 47 56 49,32 50,01 47,83 49,99 49,25
9C9D00004075037 52,30 47,61 48,74 51,54 49,64 48,48
9C9D00005075037 49,06 52,00 49,00 50,33 50,77 49,44
9C9D00006075037 49,99 48,37 49,06 52,18 48,16 48,48
9C9D00007075037 47,98 51,60 52,03 48,95 51,79 50,25
9C9D00008075037 48,06 51,08 51,37 50,82 |, 48,58 49,33
9C9D00009075037 48,19 49,70 51,95 48,72 |\, 52,31 50,77
9C9D00010075037 50,33 48,49 51,83 49,69¢)° 52,47 50,02
9C9D00011075037 48,80 48,05 51,29 59,% 51,94 50,05
9C9D00012075037 50,92 47,64 49,10 L ads 51,37 51,64
9C9D00013075037 51,46 51,35 48,43 | ~M\8,32 50,55 51,64
9C9D00014075037 48,56 48,63 49,54 [\~ 51,45 47,98 50,09
9C9D00015075037 47,64 49,21 478D Y 51,21 49,58 50,98
9C9D00016075037 47,81 51,26 4%9 50,58 49,62 50,09
9C9D00017075037 50,87 51,15 ~807 | ALVs51,10 47,89 49,59
9C9D00018075037 50,83 50,99 O ¥9,82° O 49,73 51,90 50,65
9C9D00019075037 51,42 48,440 K~ 49,14=h> 49,89 51,80 52,09
9C9D00020075037 49,19 47,9@\) STAY 52,23 51,44 51,22
9C9D00021075037 49,42 4886 448,99 49,89 49,02 52,25
9C9D00022075037 49,64 a | A 48,67 51,48 51,43 51,21
9C9D00023075037 51,00 X, 49,46 [ X 52,08 51,02 48,87 49,21
9C9D00024075037 4927 | AY s1eMi0 4951 49,16 50,23 49,34
9C9D00025075037 4988 AN~ 5oR2 [ 52,26 47,53 48,19 49,80
9C9D00026075037 49Ny 4oY1 49,59 47,62 51,14 47,51
9C9D00027075037 4982 | A BD,50 49,03 49,42 51,61 50,39
9C9D00028075037 A (3716 ~ 50,57 49,62 51,16 52,43 48,39
9C9D00029075037 50,63 49,29 47,93 49,21 52,04 50,91
9C9D00030075037  *[ & 4941 48,81 51,04 51,10 48,39 51,92
9C9D00031075037 AN~ 48,44 51,96 51,22 48,78 50,05 48,23
9C9D00032075037 "N 52,26 50,70 48,23 48,41 51,25 48,03
9C9D00033075037 49,21 51,61 51,60 51,94 49,14 49,65
9C9D00034075037 49,33 48,96 51,91 50,02 48,82 48,55
9C9D00035075037 50,95 47,70 49,26 48,16 48,28 50,62
9C9D00036075037 52,20 48,61 49,96 52,10 50,75 51,43
9C9D00037075037 48,53 49,30 49,47 50,17 48,64 52,05
9C9D00038075037 49,95 52,34 48,85 51,11 50,36 49,49
9C9D00039075037 49,45 52,38 52,05 50,46 51,58 52,26
9C9D00040075037 52,15 52,41 50,27 49,66 47,93 51,23
9C9D00041075037 48,07 49,75 47,56 51,65 50,88 47,80
9C9D00042075037 51,60 50,22 49,84 48,17 50,70 47,51
9C9D00043075037 52,25 50,92 49,44 49,72 50,42 49,52
9C9D00044075037 50,04 52,35 49,21 49,74 51,21 48,88
9C9D00045075037 50,31 48,97 48,40 48,97 51,55 52,09
9C9D00046075037 51,71 47,50 50,69 48,48 49,59 48,89
9C9D00047075037 47,52 49,61 51,04 52,48 49,71 49,67
9C9D00048075037 50,45 47,70 51,34 51,61 50,84 49,63
9C9D00049075037 50,59 50,82 51,78 52,19 50,04 51,99
9C9D00050075037 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)

1st 2nd 3rd 4nd 5nd 6rd
15 Hex ID of bcn repetition repetition repetition repetition | repetition | repetition
interval interval interval interval interval interval
9C9D00051075037 48,47 51,62 51,77 50,76 51,24 49,10
9C9D00052075037 50,65 48,46 48,65 50,77 50,86 48,20
9C9D00053075037 52,34 47,74 51,39 52,22 52,43 51,07
9C9D00054075037 50,65 52,02 51,70 52,28 49,53 48,62
9C9D00055075037 48,75 50,95 50,56 50,66 52,24 51,13
9C9D00056075037 48,87 48,11 48,54 50,28 51,51 48,12
9C9D00057075037 48,43 51,76 49,73 48,58 51,45 48,24
9C9D00058075037 52,23 48,48 48,84 48,95 |, 48,03 51,42
9C9D00059075037 51,47 50,80 48,52 49,01 [\, 48,15 48,44
9C9D00060075037 49,58 49,66 51,14 4896¢)" 51,27 50,69
9C9D00061075037 48,38 51,89 51,11 18,00 47,70 52,24
9C9D00062075037 49,69 47,64 50,71 523 49,67 51,29
9C9D00063075037 48,74 47,55 51,20 | (> M9,34 48,85 48,80
9C9D00064075037 51,42 52,10 50,64 [\ 49,88 47,66 50,23
9C9D00065075037 47,54 51,72 50,149y 51,94 50,12 49,69
9C9D00066075037 51,58 47,76 5@%’ 50,53 49,86 48,93
9C9D00067075037 50,48 52,49 8234 | ALNas63 47,97 50,11
9C9D00068075037 50,69 50,94 O ¥9.86°\ D 52,18 49,32 48,59
9C9D00069075037 51,07 49,41, K~ 50,98h> 50,39 50,09 49,96
9C9D00070075037 50,14 51,6;\) 50y 48,02 49,34 48,54
9C9D00071075037 48,67 52470 480,35 49,96 50,18 51,85
9C9D00072075037 48,17 Ay | A 5047 49,64 51,70 51,08
9C9D00073075037 50,72 X 4865 [ X 4858 50,52 49,60 50,56
9C9D00074075037 51,93 | AY 51,8830 5087 50,85 47,88 51,39
9C9D00075075037 52’45& N 5084 d 51,40 50,10 49,42 50,02
O S
Q¥ O

60

o
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Test script NB = 100 simultaneous beacons (Part 1: Time and Frequency)

30 Hex beacon message Time of ben burst Frequency
15 Hex ID of ben T0 + Xsec MHz

9C9D00001100037 0,00 406,073
9C9D00002100037 0,12 406,049
9C9D00003100037 0,83 406,049
9C9D00004100037 1,44 406,082
9C9D00005100037 1,74 406,073
9C9D00006100037 2,08 406,079
9C9D00007100037 2,55 406,064
9C9D00008100037 3,05 406,061
9C9D00009100037 3,57 406,058
9C9D00010100037 4,38\, 406,049
9C9D00011100037 %;@3 406,049
9C9D00012100037 ~\5"44 406,082
9C9D00013100037 L~ 5,58 406,073
9C9D00014100037 oy 644 406,082
9C9D00015100037 O 6,73 406,055
9C9D00016100037 oY 7,36 406,073
9C9D00017100037 NV 7,91 406,076
9C9D00018100037 A 87 406,061
9C9D00019100037 Y WO 8,69 406,052
9C9D00020100037 AL 9,46 406,076
9C9D00021100037 NV oY 9,72 406,049
9C9D00022100037 Nl NU 10,03 406,073
9C9D00023100037 Vi A 10,69 406,052
9C9D00024100037 X X¥ 11,44 406,064
9C9D00025100037 A AW 11,63 406,079
9C9D00026100037 A N 12,18 406,049
9C9D00027100037 R AT 12,56 406,073
9C9D00028100037 cNY A 13,00 406,052
9C9D00029100037 N\~ 13,76 406,052
9C9D00030100037 v 14,05 406,052
9C9D00031100037 *, & 14,52 406,073
9C9D0003210003ANNY 15,28 406,076
9C9D0003310003 N 15,80 406,070
9C9D00034100037 16,12 406,064
9C9D00035100037 16,74 406,049
9C9D00036100037 17,16 406,067
9C9D00037100037 17,55 406,058
9C9D00038100037 18,08 406,067
9C9D00039100037 18,78 406,058
9C9D00040100037 19,42 406,067
9C9D00041100037 19,93 406,049
9C9D00042100037 20,14 406,070
9C9D00043100037 20,73 406,055
9C9D00044100037 21,47 406,067
9C9D00045100037 21,51 406,055
9C9D00046100037 22,21 406,067
9C9D00047100037 22,77 406,082
9C9D00048100037 23,15 406,058
9C9D00049100037 23,87 406,082
9C9D00050100037 24,13 406,082
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Test script for NB = 100 simultaneous beacons (Part 1: Time and Frequency continued)

30 Hex beacon message Time of ben burst Frequency
15 Hex ID of ben T0 + Xsec MHz
9C9D00051100037 24,63 406,070
9C9D00052100037 25,05 406,061
9C9D00053100037 25,54 406,079
9C9D00054100037 26,47 406,076
9C9D00055100037 26,84 406,049
9C9D00056100037 27,02 406,049
9C9D00057100037 27,62 406,061
9C9D00058100037 28,28 406,064
9C9D00059100037 28,56 406,079
9C9D00060100037 29,18\, 406,070
9C9D00061100037 %’9@ 406,073
9C9D00062100037 ~80722 406,052
9C9D00063100037 L,CA"30,65 406,070
9C9D00064100037 oy 31,05 406,070
9C9D00065100037 O 3,2 406,079
9C9D00066100037 oY 32,16 406,058
9C9D00067100037 NV 32,86 406,067
9C9D00068100037 YA 3311 406,079
9C9D00069100037 Y  AO° 3378 406,082
9C9D00070100037 AL 34,17 406,070
9C9D00071100037 NV oY 34,95 406,061
9C9D00072100037 Nl NU 35,24 406,073
9C9D00073100037 Vi A 35,51 406,070
9C9D00074100037 X X 36,03 406,076
9C9D00075100037 A AW 36,69 406,079
9C9D00076100037 A N 37,42 406,064
9C9D00077100037 RN 37,76 406,049
9C9D00078100037 cY A 38,14 406,049
9C9D00079100037 N\~ 38,60 406,058
9C9D00080100037 v 39,38 406,079
9C9D00081100037 *, & 39,55 406,073
9C9D0008210003ANNY 40,46 406,073
9C9D0008310003 N 40,58 406,052
9C9D00084100037 41,37 406,064
9C9D00085100037 41,87 406,052
9C9D00086100037 42,36 406,049
9C9D00087100037 42,74 406,067
9C9D00088100037 43,11 406,073
9C9D00089100037 43,59 406,049
9C9D00090100037 44,13 406,079
9C9D00091100037 44,66 406,067
9C9D00092100037 45,28 406,076
9C9D00093100037 45,69 406,064
9C9D00094100037 46,42 406,073
9C9D00095100037 46,72 406,070
9C9D00096100037 47,04 406,058
9C9D00097100037 47,65 406,049
9C9D00098100037 48,08 406,055
9C9D00099100037 48,78 406,049
9C9D00100100037 49,19 406,082
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Test script NB = 100 simultaneous beacons (Part 2: Repetition intervals)

1st 2nd 3rd 4nd 5nd 6rd
15 Hex ID of bcn repetition repetition repetition repetition | repetition | repetition
interval interval interval interval interval interval

9C9D00001100037 49,62 48,66 50,19 49,82 52,01 50,99
9C9D00002100037 48,38 48,35 47,82 52,09 48,02 51,10
9C9D00003100037 49,37 48,90 49,44 49,62 49,56 48,32
9C9D00004100037 49,70 49,45 48,15 48,90 52,42 48,86
9C9D00005100037 51,81 50,89 51,50 51,45 51,12 51,76
9C9D00006100037 51,02 47,71 51,29 51,35 50,80 50,06
9C9D00007100037 49,86 47,95 52,17 48,06 48,26 47,79
9C9D00008100037 51,33 51,94 50,73 51,67 |, 49,90 48,89
9C9D00009100037 48,21 50,99 50,25 4961 [\, 52,21 48,59
9C9D00010100037 48,36 51,92 49,19 51,86C)° 47,99 52,37
9C9D00011100037 50,57 51,07 48,77 51,52 48,60 50,72
9C9D00012100037 52,44 52,33 49,43 041 47,72 49,14
9C9D00013100037 49,16 51,58 49,68 | ~N9,48 49,98 47,87
9C9D00014100037 51,09 50,55 49,73 [\~ 49,57 50,13 48,77
9C9D00015100037 50,45 50,64 5158 Y 49,27 49,99 49,46
9C9D00016100037 48,61 51,44 428 48,17 51,72 48,15
9C9D00017100037 49,13 50,80 ~8Y6 | ALNs1.42 51,20 52,06
9C9D00018100037 51,83 51,62 O ¥»%1,50°W\ D7 50,87 51,03 50,82
9C9D00019100037 49,26 4859, &) 51,36=h> 5154 52,17 49,55
9C9D00020100037 49,50 51,75&\) 5TBY 47,59 48,97 49,48
9C9D00021100037 49,23 49480 Adv;70 49,31 48,34 50,16
9C9D00022100037 51,11 X 50,50 47,93 50,40 50,05
9C9D00023100037 48,65 X 4784 [ X 5173 48,55 51,68 51,49
9C9D00024100037 50,30 | A\Y 51,080 49,00 51,92 50,30 48,71
9C9D00025100037 4924 NS 517 [ 47,68 51,63 51,02 49,36
9C9D00026100037 50aNY 6247 51,47 48,85 50,32 52,18
9C9D00027100037 4834 | A~ N0.48 51,97 51,45 52,00 47,60
9C9D00028100037 A (W86 ~ 5135 52,40 47,97 51,49 50,81
9C9D00029100037 Ora761 50,06 51,99 51,61 48,74 51,46
9C9D00030100037 47,99 52,45 48,15 49,81 50,74 49,19
9C9D0003110003ANNY 48,70 50,32 48,92 50,02 48,39 49,19
9C9D0003210003 N 50,54 48,34 50,32 47,01 49,56 51,81
9C9D00033100037 50,07 49,34 49,16 52,04 50,45 47,95
9C9D00034100037 50,63 50,87 47,74 48,32 48,13 48,97
9C9D00035100037 50,76 52,40 48,61 50,15 48,65 50,13
9C9D00036100037 48,83 47,98 51,67 51,44 47,95 52,27
9C9D00037100037 50,11 52,49 47 59 47,99 49,09 48,59
9C9D00038100037 49,70 50,87 51,01 49,07 48,24 49,69
9C9D00039100037 51,57 50,51 50,89 52,27 50,55 48,23
9C9D00040100037 52,26 50,01 49,70 47,79 47,86 47,78
9C9D00041100037 52,01 52,36 50,54 51,29 49,26 48,07
9C9D00042100037 51,08 49,57 48,77 47,90 48,65 51,19
9C9D00043100037 49,96 47,74 48,26 50,04 48,04 47,82
9C9D00044100037 48,74 47,84 50,94 51,26 49,18 50,75
9C9D00045100037 48,82 49,57 50,72 51,16 49,38 47,98
9C9D00046100037 48,20 48,24 52,45 47,90 50,46 51,86
9C9D00047100037 48,30 48,71 50,72 48,16 49,50 48,98
9C9D00048100037 51,81 48,17 50,84 48,55 51,31 48,16
9C9D00049100037 48,92 50,73 47,83 48,92 51,06 52,33
9C9D00050100037 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)

1st 2nd 3rd 4nd 5nd 6rd
15 Hex ID of bcn repetition repetition repetition repetition | repetition | repetition
interval interval interval interval interval interval

9C9D00051100037 50,46 48,89 48,17 48,52 52,22 48,87
9C9D00052100037 51,05 48,86 49,48 49,47 49,87 48,08
9C9D00053100037 49,57 52,38 51,72 51,46 51,23 50,89
9C9D00054100037 51,23 49,04 49,66 49,38 51,95 51,00
9C9D00055100037 51,52 51,61 51,29 51,75 51,87 47,92
9C9D00056100037 48,73 48,83 51,46 50,49 50,62 47,64
9C9D00057100037 49,92 50,36 50,72 49,86 50,32 49,08
9C9D00058100037 48,78 52,20 48,20 51,71 |, 51,57 52,21
9C9D00059100037 50,91 52,16 51,56 4931 [\, 50,00 50,80
9C9D00060100037 48,22 48,85 47,86 1886)" 52,34 50,02
9C9D00061100037 50,21 49,78 52,42 47,80 50,05 49,59
9C9D00062100037 50,29 47,84 50,64 B3 51,62 47,67
9C9D00063100037 50,93 48,04 48,33 | ~M8,30 47,97 51,57
9C9D00064100037 50,28 51,64 50,84 [{\™ 50,49 47,65 50,77
9C9D00065100037 52,25 50,83 482Dy 49,02 49,51 49,78
9C9D00066100037 51,17 49,00 5019/ 48,16 50,80 49,52
9C9D00067100037 50,60 48,35 ~89 | ALNs0,87 49,59 49,74
9C9D00068100037 51,61 50,67 0 %0,16°\ D~ 48,26 51,04 52,29
9C9D00069100037 50,33 5141 K~ 5136=H> 4962 49,32 47,79
9C9D00070100037 50,44 51,24\) 4T3y 50,20 49,24 49,87
9C9D00071100037 52,17 4990 480,78 47,51 52,07 51,76
9C9D00072100037 49,61 AMRD [ A 5189 51,13 47,89 47,56
9C9D00073100037 49,96 X BL77 [ X 4987 51,11 49,52 49,76
9C9D00074100037 51,99 [ AY 49830 4981 47,69 48,48 47,68
9C9D00075100037 50,64 A 50%1 | 51,01 52,01 48,73 52,11
9C9D00076100037 49, A 48,31 48,42 52,15 50,71
9C9D00077100037 5084 | A 29,19 50,23 51,81 50,92 48,95
9C9D00078100037 A (N004 ~ 4788 51,06 48,51 49,29 47,81
9C9D00079100037 29,01 51,07 49,21 49,52 52,02 47,85
9C9D00080100037 [ & 51,00 48,87 49,50 52,02 52,03 51,78
9C9D0008110003AYY 51,42 49,28 50,53 50,83 48,41 50,67
9C9D0008210003 N 52,47 49,98 49,61 48,76 50,93 51,81
9C9D00083100037 48,18 48,60 52,11 52,01 48,01 48,46
9C9D00084100037 49,55 49,90 47,85 50,14 47,99 48,34
9C9D00085100037 49,92 51,30 49,32 52,31 51,80 49,89
9C9D00086100037 51,83 49,22 48,46 50,71 51,91 52,20
9C9D00087100037 50,48 52,25 51,85 52,13 50,00 47,56
9C9D00088100037 48,43 48,66 51,34 48,70 50,74 48,01
9C9D00089100037 49,64 50,77 48,31 50,68 52,44 51,66
9C9D00090100037 49,41 51,51 49,73 50,60 51,15 51,44
9C9D00091100037 48,24 49,20 48,06 50,64 48,90 49,22
9C9D00092100037 52,46 51,28 50,46 51,72 49,54 50,27
9C9D00093100037 51,22 51,94 52,19 50,14 51,13 49,85
9C9D00094100037 52,45 47,62 48,74 52,49 49,07 49,56
9C9D00095100037 48,29 51,39 50,83 52,15 51,38 49,87
9C9D00096100037 49,51 50,85 50,34 48,28 51,61 50,37
9C9D00097100037 49,37 49,09 48,34 52,34 48,88 48,62
9C9D00098100037 49,22 47,80 49,82 49,53 47,72 51,96
9C9D00099100037 49,30 47,94 52,07 48,17 52,26 51,19
9C9D00100100037 52,19 51,45 51,31 49,92 51,48 49,03

- END OF ANNEX I -
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ANNEXJ

DATA TO BE COLLECTED FOR TECHNICAL TESTS

Tests T-3

Raw message

Beacon 15 Hex ID

Time of
beacon burst

TOA provided
by the MEOLUT

Time stamp provided by the
MEOLUT

6&

Tests T-4 %Q)
Raw message | Beacon 15 Hex ID | Time of first Time sta%z Latitude Longitude
beacon burst prov'e}@v y the
M’E uT
N . Q\'
A V IQ\
o &
\,\QTe
2N
Raw message Beacon 15 Hex I@VTime ofbrst Time Stamp Latitude Longitude
A | ke burst | provided by the
S MEOLUT
QY
. O

- END OF ANNEX J -
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ANNEX K

REPORTING FORMATS FOR TECHNICAL AND OPERATIONAL TESTS

TO BE COMPLETED

- END OF ANNEXK - b
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