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1. INTRODUCTION

1.1 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.

The System was originally comprised of satellites in Low-altitude Eagth’Orbit (LEO). The
LEO satellites and associated ground receiving stations (hereafter reférred to as the LEOSAR
system) are compatible with distress beacons operating at 406 MHz.*"The LEOSAR system
calculates the location of distress beacons using the Doppler, effeet on the received beacon
signals. Because of LEOSAR satellite orbit patterns, ther€.can be delays between beacon
activation and the generation of an alert message.

In 1998, following several years of testing, the Cospag-Sarsat Caungil decided to augment the
LEOSAR system by formally incorporating SARgdnstruments On geostationary satellites for
detecting 406 MHz beacons (hereafter referréd to as the GE@SAR system). Geostationary
satellite footprints are fixed with respect”to the Earth’Spsurface, therefore, each satellite
provides continuous coverage over th€jgeographicstggion defined by its footprint. This
reduces the detection delays associat€d, with the KEEOSAR system. Because of their altitude
each GEOSAR satellite providesyeoverage of afyeny” large area (about one third the surface of
the Earth excluding the Polar Regions). Heweyer, because of these attributes (i.e. stationary
with respect to the Earth andrhigh altitude):

o GEOSAR systeémsrovide location information only if this information is available
from an exteralsource (e} global navigation receiver in the beacon) and transmitted
in the 406 MHz beacon, message;

o obstruetienis blocking the beacon to satellite link cannot be overcome because the
satellite is stationary with respect to the beacon; and

o the’ beacon to satellite to LUT communication link budget is not as robust as the
LEOSAR case because of the greater distances involved.

In 2000 the USA, the European Commission (EC) and Russia 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 in Cospas-
Sarsat. The USA MEOSAR programme is called the Distress Alerting Satellite System
(DASS), the European System is called SAR/Galileo, and the Russian programme is referred
to as SAR/Glonass.
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The 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.

In light of this potential, the Cospas-Sarsat Council decided to prepare for the'iftroduction of
a MEOSAR capability into the Cospas-Sarsat System, and to develop(this implementation
plan.

1.2  Purposeand Scope of Document

The plan addresses all matters that impact upon thedpdssible intfoduction of a 406 MHz
MEOSAR capability into the Cospas-Sarsat System,(iycluding theéegmpatibility of MEOSAR
constellations with each other and with the Cospa&:Sarsat System, ™1t includes:

a a generic description of the MEOSAR system arid/déetailed information specific to the
DASS, SAR/Galileo and SAR/Glenass constellations (section 2);

b. definitions for MEOSAR system compéiihility and interoperability, and a discussion
of the importance of FRASS, SAR/GIOnass and SAR/Galileo compatibility and
interoperability (section 8);

C. the management Structure and/ policies agreed by the Cospas-Sarsat Council for
coordinatingsthe developrgent and introduction of MEOSAR components into the
Cospas-Sarsat System'(segtion 4);

d. the 'mihimum acceptable MEOSAR search and rescue operational performance
régquirements for integrating the MEOSAR system into Cospas-Sarsat, and enhanced
performance objectives that might also be achievable (section 5);

e an analysis of technical issuesrelating to MEOSAR payloads (section 6);

f. a description and status of advanced SAR services that might be provided by a
MEOSAR system (section 7);
0. a description of the issues which impact upon the design and architecture of a

MEOSAR ground segment (section 8);

h. an overview of MEOSAR system calibration requirements and methods (section 9);
and
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i a description of the various MEOSAR implementation and integration phases, i.e.
definition and development, proof of concept/in-orbit validation, demonstration and
evaluation, etc. (section 10).

This document also serves as a repository for action items relevant to the possible integration
of MEOSAR satellite constellations and ground segment equipment into the Cospas-Sarsat
System.

13 Management and M aintenance of the MEOSAR I mplementatigmyPlan (M1 P)

In this document the term “MEOSAR provider” designates the USA for BASS, the Russian
Federation for SAR/Glonass, and the Galileo Joint Undertaking (GJU) / European Space
Agency (ESA) for SAR/Galileo.

Cospas-Sarsat will apply the following principles to the marRegement and maintenance of this
document:

a information and changes to information goreerning aspecific MEOSAR component
will be provided by the respective MEOSAR provider;

b. information and changes to information pertéiniag to MEOSAR compatibility with
Cospas-Sarsat and the interoperébility of MEOSAR components will be coordinated
and accepted by al MEOSAR providersyand

C. other aspects of MEOSAR sysiem- development will be coordinated with the
MEOSAR providers:
14 Refer ende DoCuments

a C/SG.803:  Introduction to the Cospas-Sarsat System;
b. CIS G.004: Cospas-Sarsat Glossary;
C. C/ST.001:  Specification for Cospas-Sarsat 406 MHz Distress Beacons;

d. C/ST.002: Cospas-Sarsat LEOLUT Performance Specification and Design
Guidelines;

e C/ST.003: Description of the Payloads Used in the Cospas-Sarsat LEOSAR
System;

f. C/ST.005: Cospas-Sarsat LEOLUT Commissioning Standard;
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0. C/ST.009: Cospas-Sarsat GEOLUT Performance Specification and Design
Guidelines;

h. C/ST.010:  Cospas-Sarsat GEOLUT Commissioning Standard;

i C/ST.011:  Description of the 406 MHz Payloads Used in the Cospas-Sarsat
GEOSAR System;

J- C/ST.012:  Cospas-Sarsat 406 MHz Frequency Management Plan; 6®

k. C/ST.014: Cospas-Sarsat Frequency Requirements and Coor#&n Procedures,
and K

l. The International Cospas-Sarsat Programme Agreemen@ .

QT Q
- END OF SE 1- ° 0
\QCQ)@ &
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2. DESCRIPTION OF THE MEOSAR SYSTEM

The MEOSAR system will provide an enhanced distress alerting capability, characterised by:

near instantaneous global detection and independent locating capability forCospas-
Sarsat 406 MHz distress beacons;

high levels of space and ground segment redundancy and availabilityg
robust beacon to satellite communication links;

multiple and continuously changing beacon / satellite,Jinks, thereby providing
flexibility against beacon to satellite obstructions, and-resilience to interference; and

apossible return link to the 406 MHz beacon.

This section provides a general description of al MEOSARsystém focusing on the aspects
common to the DASS, SAR/Galileo and“SAR/Glonass systems, and also presents a
description of the characteristics that are upique to each Caenstell ation.

21 MEOSAR Concept of Qperations

Using networks of SAR jnstfuments ‘en{satellites and ground processing stations, the
MEOSAR system will recejve, decode,and |locate 406 MHz distress beacons throughout the
world. All three MEQSAR constellations will be completely compatible with Cospas-Sarsat
406 MHz distress“beacons aswdefined in document C/S T.001 (Cospas-Sarsat beacon
specification).

MEOSAR satellites orbit the earth at altitudes of around 20,000 km receiving the signals
transmitted by Cospas-Sarsat 406 MHz distress beacons. The satellite downlinks are
processed”by ground receiving stations, hereafter referred to as MEO system Local User
Terminals or MEOLUTS, to provide beacon identification and location information. The
distress alert information computed by MEOLUTSs is forwarded to Cospas-Sarsat Mission
Control Centres (MCCs) for distribution to SAR services.

Each MEOSAR satellite provides visibility of a large portion of the surface of the Earth.
Furthermore, because of the large number of satellites in each constellation, and the orbital
planes selected, the DASS, SAR/Galileo and SAR/Glonass constellations could individually
provide continuous coverage of the entire Earth, subject to the availability of suitably located
MEOLUTs. Each of the three MEOSAR constellations could support near instantaneous
distress alerting, although a short processing time may be required before an independent
location of the distress beacon becomes available. Information specific to the DASS,
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SAR/Galileo and SAR/Glonass satellite constellations is provided at sections 2.7, 2.8 and 2.9
respectively.

N
406 MHz Beacon Cospas-Sarsat
MEOLUT

A g N
MEOSAR Return
Link to Beacon
Cospas-Sarsat
MCE

Figure2.1: MEOSAR/SystemsConCept of Operations

In addition to the distress.aerting fupétion, MEOSAR providers are investigating the
feasibility of providing advanCéd capabilities, which might include:

areturn link to,the beacon to stipport additional functions; and

new gener@tion406 Mz \beacons.

The advanced‘eapabilities under consideration are introduced at section 2.6, and are discussed
in greater. detail at section 7.

22 MEOSAR Space Segment

MEOSAR satellites orbit the Earth at altitudes ranging from 19,000 to 24,000 km. The
characteristics of the three MEOSAR satellite constellations are summarised at Table2.1.
The primary missions for the satellites used in the three MEOSAR constellations are the
Global Positioning System (GPS), Galileo and Glonass global navigation satellite services.
As a secondary mission, the SAR payloads will be designed within the constraints imposed
by the navigation payl oads.

The three MEOSAR satellite constellations will utilise transparent repeater instruments to
relay 406 MHz beacon signals, without onboard processing, data storage, or
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demodulation/remodulation. The DASS, SAR/Galileo and SAR/Glonass payloads will
operate with downlinks in the 1544 — 1545 MHz band. A description of the issues that
influence the selection of MEOSAR downlinks, and the frequency plan for MEOSAR
downlinks are provided at section 6.

Each of the three satellite constellations will require equipment on the ground for satellite /
payload control (i.e. sending commands for satellite station keeping, turning instrupents on
and off, reconfiguring instruments as required, monitoring payload health etg.)=" This
equipment, which is required for satellite housekeeping, is not consideredhpart of the
MEOSAR system, and is not discussed further unless specific services for SARare integrated
into these ground stations.

Table2.1: Characteristicsof MEOSAR Satellite Constellations

DASS SAR/Galileo SAR/Glonass

Number of satellites:

Total 27 30 24

Operational 24 27 24

In-orbit Spare 3 3 TBD @

With MEOSAR Payloads All GPS Block 114 WBD All Glonass-K

Satellites Satellites

Altitude (km) 20,182 23,222 19,140
Period (min) 718 845 676
Orbital Planes:

Number of Planes 0 3 3

No of Sat. Per Plane' ¥ 4 9@ 8

Plane Inclinatiog{degrees) 55° 56° 64.8°

Notes. 2 Not including spare satellites
2./ Plus one spare in each plane
3 TBD - To Be Determined

2.3 MEOSAR Ground Segment

A detailed discussion of issues pertaining to the MEOSAR system ground segment is
presented at section 8. As depicted at Figure 2.1, the MEOSAR ground segment will be
comprised of Cospas-Sarsat MCCs, MEOLUTSs and possibly ground control stations for
return link functions. The specification for Cospas-Sarsat MCCs is provided in Cospas-
Sarsat System document C/SA.005. Changes to these requirements may be needed to
address specific characteristics of the MEOSAR system.
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The technical requirements for a Cospas-Sarsat MEOLUT will be developed during the
definition and development phase of the DASS, SAR/Galileo and SAR/Glonass programmes.
From a programmatic perspective, the provision of MEOLUTs will be an individua national
responsibility. MEOSAR satellite providers will make their satellite downlinks available
internationally for processing by MEOLUTSs operated by Cospas-Sarsat Ground Segment
Operators. However, MEOSAR providers will not be responsible for providing al the
MEOLUTs necessary to support global coverage. Noting that the three MEOSAR
constellations are expected to be interoperable as defined in section 3, it is enyisaged that
MEOLUTs will have the capability to receive and process the downlinks\of=all three
MEOSAR satellite constellations.

Depending on the decisions taken in respect of providing the advaneed SAR services
(sections 2.6 and 7 refer), there may also be a requirement for MEOSAR providers to develop
and install ground facilities to implement these additional functions.

24  MEOSAR Link Budget

The performance of the MEOSAR system and, therefore, the ovexall design of the MEOSAR
space and ground segment are strongly affectedby“the beaterto satellite to MEOLUT link
budget. A sample MEOSAR single path link“budget depleting a nominal case situation is
provided at Annex J. In order to assess the antiCipated performance of the DASS,
SAR/Gdlileo and SAR/Glonass companents, typical link budgets are required for each.

Action Item 2.1: MEOSAR _previders shouleét develop link budgets for their respective
MEOSAR satellite constellations for inclusion in future revisions of this document. The link
budgets should conform tQ the assumptions and format adopted for the sample link budget
provided at Annex J.

25 MEOSAR 406 MHz Beacon L ocation Accuracy and Responsiveness

The MEQSAR system will provide independent distress beacon location information using a
eombination of Time Difference of Arrival (TDOA) and Frequency Difference of Arrival
(FROA) techniques. MEOLUTS calculate the beacon location by measuring and processing
the time and frequency differences of the same beacon burst relayed by different satellites. In
theory, a minimum of two simultaneous satellite receptions is required for MEOLUTS to
locate beacons using TDOA/FDOA techniques (document EWG-1/2002/3/2). However,
current performance evaluations are based on a minimum of 3 satellites relaying each beacon
burst.

MEOSAR location accuracy is affected by many factors including the number of time and
frequency measurements available at the MEOLUT for a particular beacon burst, the accuracy
of the time and frequency measurements, and the geometry between the beacon and the
satellites.
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The time required for a MEOSAR system to produce independent location information is aso
affected by severa factors, the most significant being the length of time required for multiple
satellites to provide simultaneous visibility of the beacon and a MEOLUT. A more thorough
description of the MEOSAR independent location capability and the various factors that
impact upon location performanceis provided at section 5.

Because the MEOSAR system will be completely compatible with al Cospas‘Sarsat
406 MHz beacon message protocols, it will also provide location informationavarkéble from
the message content of location protocol beacons. In such instances |ocatior’/Information
could be provided without the need for TDOA/FDOA processing, and-could be available
even if only one satellite provided simultaneous visibility of the beacon‘anethe MEOLUT.

2.6 Advanced Capabilities
Since the MEOSAR system is being developed using new, conceptsethe opportunity exists to
incorporate additional functions and/or capabilitiessthan might benefit SAR services. The

options being considered include:

areturn link to the beacon that might posSibly besused to acknowledge reception of a
distress alert, and/or control beacern{ransmissions=and

support for a new generation'Qf 406 MHz beacons that might provide a superior link
budget, improved message, content,~\and support more accurate time-tagging by
MEOLUTs.

A more detailed discussion Of possible/additional capabilitiesis provided at section 7.

2.7 DASS
271 DASS System Architecture
The DASS system will include:

406 MHz repeaters on al 24 satellites of the GPS system, plus the 3 satellites
designated as in-orbit spares; and

Cospas-Sarsat MEOLUTSs located throughout the world as required to provide
global coverage.

A decision has not been made regarding a DASS return link service as described in
section 2.6 above. If the decision is made to provide a return link, an additional
ground segment component would be required to provide and manage return link
transmissions.
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2.8

* Note:

GPS satellites orbit the Earth at altitudes of 20,182 km. The constellation of 24
satellites is distributed in 6 different orbital planes, equally spaced in longitude.
With this constellation every point on the Earth is visible by at least 4 satellites at all
times, with a minimum elevation angle of 5°.

2.7.2 DASS SAR Payload

The DASS SAR payload will include a transponder that will relay, the signas
transmitted by 406 MHz distress beacons. The technical charagteristics of the
transponders are provided at Annex B. Operational DASS transponders are expected
to use downlinks in the 1544 — 1545 MHz band; however, the<proof of concept /
in-orbit validation phases of DASS implementation Wil ybe conducted using
transponders with S-band downlinks.

A decison has not yet been made concerning the”ise of return link services on
DASS; therefore, the associated payload requiréments to inpglement this function are
not addressed in this document.

SAR/Galileo
28.1 SAR/Galileo System ‘Architecture
The SAR/Galileo systemwill consi st'Of

406 MHz repeaters on TBD* ‘satellites of the Galileo navigation system, plus the
TBC [3] sétellites desighatéd as in-orbit spares;

CospassSarsat MEQLUTS located throughout the world as required to provide
globa coverage; and

a Return Link Service Provider (RLSP) interfacing to the Galileo ground
segment for uploading return link messages to Galileo satellites.

Galileo satellites will orbit the Earth at an altitude of approximately 23,200 km. The
constellation of 27 satellites will be distributed in 3 planes equally spaced in
longitude. With this constellation every point on the Earth will be in visibility of at
least 6 satellites at al times with a minimum elevation angle of 5° (document
MEOSAR-1/2004/Inf.2). As indicated at Figure 2.2, the SAR/Galileo return link
function will be integrated into the Galileo mission uplink, which will operate at
C-band.

Subject to confirmation on the number of payloads needed to meet the Cospas-Sarsat
MEOSAR mission objectives.
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Figure2.2: SAR/Galileo System Concept
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The SAR at Figure 2.3, consists of the forward link 406 MHz
receive and a 1544 MHz transmit antenna, and a return link for
SAR- acknowl ements and other messages. In terms of hardware, the

k is part of the Galileo ground mission segment (GMS) and navigation
. The technical characteristics of the forward link transponder are provided
nnex C.

Figure2.3: SAR/Galileo Payload Functions

SAR Transponder Navigation Payload
406 MHz 1544 MHz
SAR Rx 1544 MHz Na\/igation L-Band C-Band Rx
Antenna Downlink Tx Antenna Antenna

Antenna
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283 SAR/Galileo Return Link Functions
SAR/Galileo will provide the advanced services for SAR described at section 2.6
The detailed operational and technical requirements for these functions have not yet
been defined.
29 SAR/Glonass
2.9.1 SAR/Glonass System Architecture
The SAR/Glonass system will consist of:
406 MHz repeaters on al satellites of the Glanass-K navigation system; and

Cospas-Sarsat MEOLUTSs located(throughout~the, world as required to
provide global coverage.

Glonass satellites orbit the Earth.at altitudes of» 19,140 km. The constellation of
Glonass satellites is distributed *in’ 3 different-orbital planes, equally spaced in
longitude. With this constellati@n every point on the Earth isin visibility of at least 4
satellites with an elevation angle greaterithian 5 degrees at all times.

A decision has not-yet ‘been “maderregarding whether SAR/Glonass would also
provide a returnHink/service,to the beacon as described in section 2.6. If so, an
additional ground, Segment ‘gomponent would be required to provide and manage
return link transmissions,

2.92 SAR/Glonass SAR Payload
The SAR/Glonass payload will include a transparent 406 MHz repeater to relay the

signals transmitted by 406 MHz distress beacons. A technical description of the
SAR/Glonass 406 MHz repeater is provided at Annex D.

Action Item 2.2  MEOSAR providers should update, as necessary, the information
concerning the design, performance, and functionality of their system.

- END OF SECTION 2 -
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3. MEOSAR COMPATIBILITY AND INTEROPERABILITY

This section defines the concept of MEOSAR system compatibility with the existing Cospas-
Sarsat System that includes LEOSAR and GEOSAR components, and the concept of
“interoperability” of the three MEOSAR satellite constellations with CospassSarsat
MEOLUTSs.

31 System Compatibility and I nter oper ability Concepts

As a minimum, the MEOSAR system must ensure compatibility. Wwith the existing Cospas-
Sarsat LEOSAR and GEOSAR systems, and also compatibilify, with each other, i.e. they
should not impact on the operation of the existing systerms,*or of other MEOSAR
constellations that might operate in the same frequency bands. In addition, a MEOSAR
system must be able to process 406 MHz beacons that{meet CospastSarsat requirements for
operation in the LEOSAR and GEOSAR systems.

Moreover, there are clear benefits to ensuringhat CospasSarsat MEOLUTSs will be capable
of processing the downlink signals of all MEOSAR congtéh.ations.

The International Cospas-Sarsat Pregramme Agreement was established to ensure the
continuity of the international, cooperation ghat“resulted in the implementation of an
international satellite distress aerting systerhusng a variety of space and ground segment
components. Although slightdiff erences.exi st between the satellite payloads in the LEOSAR
system, they are basicall y-ifiteroperable, i.€ the same ground segment architecture allows for
a loca user terminal (LWT) to track{ receive and process data from both satellite series.
Similarly, athough«th&,performance characteristics of the various satellite payloads in the
GEOSAR system(are different; GEOLUTs must satisfy a common set of performance criteria
that ensures, consistent distress alerting performance. The advantages of interoperable
systems include:

a , .ayvebust ground segment providing redundancy and allowing quicker detection and
[Ocation of distress beacons,

b. a more efficient management of the System that results from a consistent set of
performance requirements for the space and ground segment components;

c.  reduced costs of establishing LUTs through competition and economies of scale; and

d.  an encouragement for other States to contribute additional ground segment equipment
to the “joint” system, and consequently a reinforcement of the international acceptance
of the interoperable systems.

The same considerations apply to a MEOSAR system, and a basic objective of 406 MHz
MEOSAR providers is to ensure that as far as practical, al MEOSAR components are
interoperable with each other.
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3.2  Definition of MEOSAR System Compatibility and Interoper ability
3.21 Compatibility:

The MEOSAR system is capable of orderly and efficient integration and Operation
with the Cospas-Sarsat System. The MEOSAR constellations are able to coexist on a
non-interfering basis with each other and with the existing Cospas-SarsahSystem.

3.2.2 Interoperability:

The components of the MEOSAR system conform to a cemmon architecture and
comply with agreed performance standards. A set ofsimidar satellite downlink
characteristics allows MEOLUTSs to track satellitessagd process signals from
interoperable MEOSAR constellations.

3.3 MEOSAR Compatibility and I nter oper abilityy Requir efents

The Cospas-Sarsat requirements in respect\Or\MTEOSAR“Compatibility are addressed in
section 5, except for the detailed technical andyss corcerming frequency coordination and
Cospas-Sarsat frequency protection requikements which are detailed in document C/S T.014.

The requirements for MEOSAR interoperabifityvare addressed at section 6 (MEOSAR
payloads) and section 8 (MEOSAR.Ground Segment).

- END OF SECTION 3 —
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4, PROGRAMME MANAGEMENT AND COORDINATION

This section describes the management structure and policies agreed by the Cospas-Sarsat
Council for coordinating the development and introduction of a 406 MHz MEOSAR system
into the operational Cospas-Sarsat System.

The principles that govern the management of the Cospas-Sarsat Programyie and the
responsibilities of Participants for the provision and operation of ground and Space segment
components of the Cospas-Sarsat System are defined in the International” Cospas-Sarsat
Programme Agreement (ICSPA). Because Russia and the USA are PartieSto the ICSPA, the
development and the integration of their MEOSAR satellite constelfafions into the Cospas-
Sarsat System can be accommodated within the framework established by the ICSPA, as an
enhancement to the existing Cospas-Sarsat System, and_imanaged by the Cospas-Sarsat
Council through the existing management structure (i.e. ‘Council, Joint Committee, Task
Groups, Experts Working Groups, etc.). However, because the EC/ESA are not parties to the
ICSPA, a specific management structure is required for coordiriating the development and
integration activities for SAR/Galileo.

It is expected that a formal agreement between*CospastSarsat and the appropriate authority
responsible for the development of the, SAR/Galileo, system would provide the required
management structure for the development and igtegration of SAR/Galileo into the Cospas-
Sarsat System.

4.1 Development and, Mategration of the MEOSAR System

Section 10 of this doctimient describes the procedures agreed amongst Cospas-Sarsat Parties
and MEOSAR FProyviders far the development, proof of concept, demonstration and
evauation phasesjor MEOSAR programmes, and the integration of an operational MEOSAR
system into(the Cospas-Sarsat System. During the development, proof of concept, and the
demansiration and evaluation phases of the MEOSAR system (i.e. prior to the Council
decision 46 accept the MEOSAR system as an enhancement to Cospas-Sarsat in an initia
@perational capability), significant changes to the management structure of the Cospas-Sarsat
Pragramme should be avoided, as the primary objective of the Council remains that of
ensuring the continuous availability of reliable, efficient and dependable satellite alerting
capabilities based on the LEOSAR and GEOSAR satellite systems, in accordance with the
Parties commitments under the ICSPA.

Therefore, during the development, demonstration and evaluation phases, the coordination
amongst MEOSAR Providers and Cospas-Sarsat Participants should be effected through the
Council, taking the opportunity of regular Cospas-Sarsat meetings or during specia experts
meetings established by the Council on an ad hoc basis.

However, as noted above, the organisation responsible for the management of SAR/Galileo is
not a Party to the ICSPA. Therefore, the Cospas-Sarsat Council would need to enter into a
specific agreement with the SAR/Galileo management organisation that:
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a identifies the organisations responsible for the development, testing and operation of
SAR/Gadlileo;

b. delineates the authorities and scope of responsibilities of these organisations in
respect of the coordination of SAR/Galileo integration into the Cospas-Sarsat
system;

C. defines the role, responsibilities, and authority of the Cospas-Sarsat Couneil~and its

subsidiary organs (i.e. Joint Committee, Experts Working Groups, etg:\i=respect of
the development and integration of SAR/Galileo into Cospas-Sarsat; and

d. defines the procedures for progressing operational, technical_and management issues
that impact upon MEOSAR development and integrationginto the Cospas-Sarsat
System, including the documentation of decisions, reéommendations and actions
agreed between Cospas-Sarsat and SAR/Galileo.

In addition, the MEOSAR Providers have stated that théudo not intend to fund, procure and
operate the complete ground segment required to provide global-eQuerage. Such a complete
ground segment providing global coverage (Wilt™ enconipass’ a number of ground
receiving/processing stations (MEOLUTSs) establisiied worlg=wite.

Furthermore, as described in section 3 of ‘this document;-there are significant advantages to
establishing MEOLUTSs that operate sitnultaneously with several MEOSAR satellite systems.
Since the development of such ground processirg eapabilities for MEOSAR distress alerting
will also have to be coordinated With Cospas-Sarsat, it would be advantageous to envisage
that:

- the developmenty, testing and Joperation of MEOLUTSs should be coordinated by
Cospas-Sarsat\iirthe framéwork of the existing ICSPA;

- a cemiman set of performance requirements should be agreed by Cospas-Sarsat,
takingynto account the design and capabilities of each MEOSAR constellation; and

- al MEOLUTSs would be required to undergo commissioning testing before being
authorised to input distress alert information into the Cospas-Sarsat System.

As is the case with the Cospas-Sarsat LEOSAR and GEOSAR systems, the formal process of
MEOLUT commissioning testing and reporting would be the responsibility of the respective
MEOLUT provider, and the Cospas-Sarsat Council would have final authority to approve the
commissioning of aMEOLUT into the Cospas-Sarsat System.

Annex H summarises the guidance provided above, and further details the work plan to be
undertaken during the devel opment and integration of the MEOSAR system.
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4.2 Institutional / Management Structurefor the Operational MEOSAR System

Upon the completion of the MEOSAR development, proof of concept, demonstration and
evauation phases, the MEOSAR system could become an essential component of the
operational Cospas-Sarsat System. However, in the absence of any operational experience of
the MEOSAR system’s performance, it would be premature to speculate on the long-term
impact of the introduction of an operational MEOSAR system on the existing LEOSAR and
GEOSAR components of Cospas-Sarsat.

The possible institutional evolution of the Cospas-Sarsat Programme and thefutdre roles and
responsibilities of MEOSAR space segment and/or ground segment providers'will have to be
considered in parallel with the devel opment and implementation of MEQSAR capabilities. In
the future there will be a requirement to define a stable and compréhensive management
framework for the Cospas-Sarsat Programme that will ensure the continuity and availability
of 406 MHz satellite aerting services to users worldwideNand ‘address, as required, the
provision and operation of the MEOSAR system.

- END-OE.SECTION 4+
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S. COSPAS-SARSAT REQUIREMENTSFOR A MEOSAR SYSTEM

51 Fundamental MEOSAR Requirements

The primary goal of the proposed MEOSAR system is to provide a reliable distréss-alerting
service for 406 MHz beacons that would enhance the services provided by Gospas Sarsat
LEOSAR and GEOSAR systems. Furthermore, to be incorporated into the, ‘€ospas-Sarsat
System, MEOSAR system components should be provided and managed if*accordance with
the principles that govern the Cospas-Sarsat Programme. These guiding,principles impose the
following requirements.

a MEOSAR services should be provided free of charge'to the'end user in distress.

b. the MEOSAR system should not generate harnful interference to the Cospas-Sarsat
LEOSAR and GEOSAR systems.

C. the MEOSAR system should be comipletelyy compatiisle with Cospas-Sarsat 406 MHz
distress beacons.

d. MEOSAR downlinks shouleh e/ openly,saccessible and free of charge to Cospas
Sarsat Ground Segment, Providers worldi de.

e the MEOSAR systeainmust athieve minimum performance levels agreed by the
Cospas-Sarsat Coeuncil.

52 Minimum MEOSAR Performance L evelsfor Cospas-Sarsat Compatibility

To study the‘feasibility of providing a MEOSAR capability, MEOSAR space segment
providers needed baseline performance requirements against which different designs could be
evaluated~ Furthermore, Cospas-Sarsat was sensitive to the view that, prior to making the
significant investment needed to develop their contributions, MEOSAR providers would need
a ‘'wmechanism and criteria for assessing whether their planned contributions would be
compatible with, and would enhance, the Cospas-Sarsat System.

In response to the above, Cospas-Sarsat established, in cooperation with the MEOSAR
providers, minimum MEOSAR system performance requirements for compatibility with the
Cospas-Sarsat System. These minimum requirements, provided at Annex E, duplicate the key
performance levels provided by the Cospas-Sarsat LEOSAR and GEOSAR systems.

The reason for basing minimum MEOSAR requirements on existing Cospas-Sarsat
performance levels is that, although a MEOSAR system will have the potential to provide
superior performance in many aspects, insufficient information is available at this stage to
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define specific performance levels that could be achieved practically. However, if the
MEOSAR system replicated current LEOSAR and GEOSAR performance, it would benefit
the System, and, therefore, should be accepted as part of Cospas-Sarsat.

53 Enhanced MEOSAR Performance Objectives

Because of the coverage provided by MEOSAR satellites and the number of sateltites+n each
MEOSAR constellation, the MEOSAR system has the potential to provide perforance that
exceeds the minimum requirements established above. Cospas-Sarsatyand MEOSAR
providers agreed that MEOSAR performance should not be limited to.those defined for
Cospas-Sarsat compatibility, rather, every effort should be made to ‘develop a system that
provides the maximum benefits to SAR services. The following sections summarise analyses
in respect of achievable MEOSAR performance in key areas.

Action Item5.1: MEOSAR providers are invited to*“¢onduct analysis to identify
performance levels that can be achieved practically™\ The analysis should particularly
investigate the beacon to satellite and satellite to MEOLWT link budgets, and their impact on
various aspects of overall MEOSAR system perforfance.

5.3.1 Detection Probability

The Cospas-Sarsat LEOSAR-systeém has |ess than full-Earth visibility at any time due
to the limited number of satellites onsorbit. Beacons outside a satellite's coverage
area can therefore not hewnmediately, detected, but must continue to transmit until a
satellite passes overhead.” GEQSARrsatellites, though visible nearly everywhere in
the Earth's mid-lafitude regions, ‘ean be blocked from a beacon's view by terrain
features. MEOSAR systems,'due to their large numbers of satellites, changing
orbital positions*and large,fields of view, can significantly reduce or eliminate these
limitationis and can inCréase a beacon's probability of detection.

5.32") Independent L ocation Probability
TBD

5.3.3  Independent Location Accuracy

Unlike the Cospas-Sarsat LEOSAR system, which produces independent Doppler
locations from a single pass of a single satellite, MEOSAR beacon location
algorithms require the beacon transmission to be simultaneously repeated by multiple
satellites. The MEOSAR independent location determination performance is
affected by the geometry of the satellites in visibility of the beacon, and the number
of satellites that simultaneously repeat the beacon transmission.

Preliminary studies conducted by the USA (EWG-1/2002/3/2) concluded that a
complete DASS constellation would provide instantaneous visibility by at least 3
satellites anywhere on the surface of the Earth. Furthermore, assuming a suitable
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ground segment, DASS would provide independent location information from a
single 406 MHz beacon burst accurate to within 6.1 km 95% of the time. In addition,
subsequent beacon transmissions could be used to refine the location and an accuracy
of 1km could be achievable within [TBD] minutes after a beacon started
transmitting.

Action I[tem 5.2 MEOSAR providers are invited to conduct analysis tog“identify
anticipated MEOSAR location determination performance in respect of locatiern» aeCuracy
and time to produce location information, and to propose options for optimisg-MEOSAR
location determination performance.

534 Error Ellipse
TBD

535  Sensitivity
TBD

53.6 Availability

A study conducted by the USA assesSing-the impaet or satellite failures concluded
that a MEOSAR system would continue to perferm well even if the constellations
became reduced. The analysis.showed that, assuming only DASS satellites in orbit
and with the highly unlikelydoss/of six satellites randomly selected from a nominal
constellation, beacons would still haves immediate visibility to 3 or more DASS
satellites 99.5% of the.iime, and thé\ndependent location capability would still be
provided with only arninor reducttenin accuracy.

The availability ‘of MEOSAR services would be further enhanced for a MEOSAR
system comprised of satellite constellations fully interoperable with all Cospas-Sarsat
MEOLUTs.y Table §(1pravides the expected performance for different availability
scenarios) of DASS and SAR/Galileo satellite constellations, assuming a global
grouna, segment of MEOLUTSs capable of processing both constellations.

Fable5.1: Performance of Combined DASS and SAR/Galileo Constellations

Combined DASS - SAR/Galileo Scenario Immediate 3 Single Burst
Satellite Visibility | Location Accuracy
(%) (95" per centile)
24 Randomly Selected DASS - SAR/Galileo Satellites 99.8 7.4km
48 Randomly Selected DASS - SAR/Galileo Satellites 100 4.1 km
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5.3.7 Coverage

The MEOSAR requirement for global coverage duplicates the performance of the
Cospas-Sarsat  LEOSAR system, which provides complete global coverage
(including the polar regions) for 406 MHz distress beacons. The LEOSAR system
achieves this performance using satellite on-board processing of beacon messages
and data storage. In effect, because of the onboard memory the LEOSAR\system
could provide global coverage with a single satellite and a single LEOLU, bt with
excessive delay.

The coverage provided by the MEOSAR system will begsdetermined by the
availability of a suitable MEOLUT ground segment. The coverage provided with a
single MEOLUT is dependent upon the minimum numberigiysatellites that need to
achieve ssimultaneous visibility of both the beacon andithe MEOLUT to alow for
independent location determination with the required, asctiracy. Figure 5.1 depicts
the nominal coverage for a stand-alone MEOLUT traCking SAR/Galileo satellites.

To achieve global coverage as soon @ ,possible~MEOSAR providers are
investigating various possibilities for ground segmentsarchitecture and MEOLUT
design, including:
networking MEOLUTSs to/enable thera/to share beacon burst time and
frequency measurement data with eachether; and

the space and ground Segmentrequirements necessary for Cospas Sarsat
MEOLUTS to recéive and proceéss the downlink signals from al MEOSAR
satellite constellations.

Figure 51s, CoverageArea of a Single Stand-alone MEOLUT
(non-networked MEOLUT)
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The contours depicted in Figure 5.1 show continuous coverage by at least
“N” satellites with mutual visibility of the beacon and the MEOLUT. The edge of
coverage limits depicted in the figure correspond to 5° beacon-to-satellite and
15° MEOLUT-to-satellite elevation angles.

5.3.8 Capacity

The MEOSAR capacity requirement to support a population of more thapr3.8-million
beacons is based upon the projected beacon population growth anththé channel
assignment strategy adopted by Cospas-Sarsat for optimising theycapacity of the
LEOSAR and GEOSAR systems.

Because a MEOSAR system requires multiple simultane@us beacon, satellite and
MEOLUT visihility, the model for calculating MEOSAR) capacity is likely to be
different from either the LEOSAR or GEOSAR systefn ‘models. Furthermore, in
light of the relationship between capacity and channel assignment strategies, an
optimum channel assignment strategy that woulthaccommodate LEOSAR, GEOSAR
and MEOSAR systems is needed.

System capacity is defined as the numiger’ of 406 ‘MHBz distress beacons operating
simultaneously that can be successfully“processedto provide a beacon geolocation,
under nominal conditions. As.tHe/number @r*simultaneous beacon transmissions
increases, so does the incidence(of interfering Collisions between transmitted signals.
Such collisions tend to jncrease the tigme fequired for the system to locate a beacon.
To minimize the incidenee,of interféing collisions between transmitted signals and
to improve system..Capacity, the/406-406.1 MHz band has been divided into
approximately twenty-five 3, KHz channels in which Cospas-Sarsat attempts to
control the nuriber of beacong gperating in each channel.

Preliminary Capacitynstugies indicate that the MEOSAR system will provide a large
capacity that will adequately support the projected beacon population growth.

Action Jtem 5.3:  MEOSAR providers and Cospas-Sarsat are invited to develop a
MEQSAR-Capacity model, and proposals for a 406 MHz channel assignment strategy that
accommodates LEOSAR, GEOSAR and MEOSAR requirements.

539 Interferer Processing

Studies conducted by the USA indicate that a MEOSAR system should be able to
locate 406 MHz interfering emitters using the same general techniques used to locate
distress beacons. Preliminary analyses indicate that it should be possible to
automatically locate narrow band signals to accuracies similar to beacons. However,
it may be necessary to store and use off-line techniques for locating wide band
signals (EWG-1/2002/3/1).
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The impact of possible interference to a MEOSAR system from wind profiler radars
operating near the 406 MHz band will have to be considered. The adverse impact of
these radars to the Cospas-Sarsat LEOSAR system has been addressed by turning the
radars off when LEOSAR satellites are overhead. The radars do not affect the
GEOSAR systems because GEOLUTS use directional antennas that are always
pointed at a single stationary satellite, therefore, they are not impacted by the highly
directional transmissions from wind profiler radars. Because of the number of
MEOSAR satellites and their orbital positions, the scheduling techniquesragopted for
the LEOSAR system will not be possible with a complete MEOSAR congstell ation.

Action Item 5.4:  Cospas-Sarsat Participants are invited to:

a. investigate whether their respective Administrations operaté, jor have knowledge of
other Administrations which operate wind profiler radars at 404.3 MHz, and report
their findings to the Council; and

b. request administrations operating wind profilefSat 404.3 Mz to move these radars
to the 449 MHz frequency band by the year 2005.

5.3.10 Processing Anomalies
TBD

54 Evaluation of MEOSAR Pexfor mange

Evaluation of MEOSAR system ‘performarice will be made during the demonstration and
evaluation (D& E) phase (seelsection 10 forva description of the scope of the D& E). However,
the actual MEOSAR pérformance will Jdepend upon the availability of complete space and
ground segments, which, may or may not be in place at the time of the D&E.

The decision, t@ use alerts prodticed by the MEOSAR system operationally will be dependant
upon the peffosmance demonstrated during the D&E. Complete MEOSAR ground and space
segments will not be a prerequisite for deciding whether MEOSAR aerts should be
distributed” within the Cospas-Sarsat Ground Segment, instead the Council will take this
gecision based upon their assessment of whether distress alerts from an incomplete MEOSAR
system would enhance the existing Cospas-Sarsat distress alerting service.

- END OF SECTION 5 -
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6. MEOSAR PAYLOADS

This section describes requirements for ensuring that MEOSAR payloads will not generate
harmful interference to other systems, and payload requirements for achieving full DASS,
SAR/Galileo and SAR/Glonass interoperability.

6.1 MEOSAR Downlinks

The DASS, SAR/Galileo, and SAR/Glonass MEOSAR constellationS,plan to operate with
satellite downlinks in the 1544 — 1545 MHz band. The ITU RadiogRégulations allocate the
1544 — 1545 MHz band to the mobile satellite service (MSS), space-to-earth, for distress and
safety communications (article 5.356). International agregmeni®td operate systems in this
band is achieved by completing the formal frequency “€0ordination process with other
administrations that have successfully notified their use/of\the banddte,the ITU. This process,
which establishes whether proposed new systemsgwould generatévharmful interference to
other “notified” systems, will have to be completéd’tor each MEOSAR satellite constellation.
In effect MEOSAR providers will need to designdownlinks that support SAR performance
requirements, whilst:

a not generating harmful interfeyeng& to other~authorised users of the band or to other
MEOSAR components; arid

b. operating in the presencenof emissiGhs#rom the other systems authorised to operate
in the band.

Tables 6.1 through 6.3Melow summarise the preliminary information provided by the USA,
EC/ESA and Russia ‘eOncerning ‘their respective plans for the DASS, SAR/Galileo and
SAR/Glonass MEOSAR dovilinks.

The prelimifiary plan for MEOSAR system use of the 1544 — 1545 MHz band is depicted at
Figure 64. This plan cannot be finalised until the protection requirements for the other users
of thetaand have been established, the level of interference in the band from existing users has
been quantified, and detailed analysis has been conducted to evaluate each proposed
MEOSAR component against these criteria.

DASS Payload Downlink Characteristics
Item Description
Payload type Direct frequency translation repester
Downlink frequency Occupies 200 kHz from 1544.8 to 1545.0 MHz
Downlink EIRP 17.5dBW
Downlink polarisation Right Hand Circular Polarisation (RHCP)
Bandwidth relayed 406.0 — 406.1 MHz, possibly reduced by small
amount to accommodate MEOSAR Doppler shift

Table6.1: DASS Payload Downlink Characteristics
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SAR/Galileo Payload Downlink Characteristics
Item Description
Payload type Direct frequency translation repeater
Downlink frequency* Occupies 100 kHz from 1544.0 to 1544.2 MHz
Downlink EIRP >16.8 dBW over the entire Earth coverage
Downlink polarisation Left Hand Circular Polarisation (LHCP)
Bandwidth relayed 406.005 — 406.095 MHz (1 dB bandwidth)
Table 6.3: SAR/Glonass Payload Downlink Charaeteristics
SAR/Glonass Payload Downlink Characteristics
Item Deseription
Payload type Direct frequency tganslation repeates
Downlink frequency** Occupies 100 kHZ from 15443 tg I'545.0 MHz
Downlink EIRP 19.0 dBW-
Downlink polarisation Left HandvCircular Pelatisation (LHCP)
Bandwidth relayed 406.0s— 406.1 MHZ, possibly reduced by small
afnount to agegommodate MEOSAR Doppler shift

Figure6.1: 1544 /1545 MHz Band Plan

| |
**SAR/Glonass
Downlink approximately 100 kHz |

SAR/Galileo* GOES and MSG DASS
GEOSAR

|
Cospas-Sarsat LEOSAR

| I | I |
1544.0 1544.1 1544.2 1544.3 1544.4 1544.5 1544.6 1544.7 1544.8 15449  1545.0

Frequency (MHz)

Notes: * SAR/Galileo will occupy approximately 100 kHz in the 1544.0 — 1544.2 MHz
band.
** Exact Location of SAR/Glonass downlink has yet to be determined.
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6.2 MEOSAR Interference to Existing Users

The systems listed below have been notified, or are in the process of being notified, to the
ITU to operate in the 1544 — 1545 MHz band:

a. Sarsat LEOSAR system;

b. Cospas LEOSAR system; t

C. GOES GEOSAR; @

d MSG GEOSAR; 6

The protection requirements for some of the components of the Cospas- systems above

are described in the draft Cospas-Sarsat System document C/S & 4 (Cospas-Sarsat
frequency protection and coordination requirements). A susceptib ask for the 1544 —
1545 MHz band based on the information currently available is ed at Figure 6.2.

)

Figure 6.2: Cospas-Sarsat LEOSAR &EOS sceptibility
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Action Item 6.1: MEQOSAR providers should:

a. consider the protection requirements for the other systems that have notified their use
of the 1544 — 1545 MHz band when designing their MEOSAR downlinks;

b. conduct investigations to identify other systems that have, or will have, started the
coordination / notification process with the ITU prior to the respective MEOSAR
provider, and consider the protection requirements for such systems whep,designing
MEOSAR downlinks; and

C. initiate the formal ITU advance publication, coordination and notifieation process for
their MEOSAR satellite network, in accordance with the procedufes described in the
Radio Regulations.

6.3 Interference to MEOSAR Downlinks

In addition to ensuring that the MEOSAR system_does not cause, interference to other
systems, the minimum MEOSAR system performaneg€ levelserequiyed for compatibility with
Cospas-Sarsat must be maintained while operating/in the presenee of emissions from systems
in the 1544 — 1545 MHz band, as well as from\other systets @perating in adjacent frequency
bands.

Specifically, each component of the\MEOSAR«{system must be designed to account for
possible emissions in the MEOSAR dewnlink Hands from:

o MEOSAR satellites ghat'eperate with.downlinks in the band;

o Cospas-Sarsat LEOSAR and GEOSAR satellites;

o other authorised'systems using‘the 1544 — 1545 MHz band; and
o out-of-band.émissions frdmisystems operating in adjacent bands.

The level ofMnterference in the MEOSAR downlink band(s) impacts the overall design of a
MEOSAR systém, and will require trade-offs between payload and MEOLUT design. For
examplg, the impact of interference could be mitigated by using more powerful MEOSAR
dowalinks” This approach would add to the cost / complexity of the payload and possibly
fucrease the out-of-band emissions. Conversely, interference might be mitigated at the
MEOLUT by using more directional antennas and / or more sophisticated signal processing.
However, this would impact on MEOLUT cost and complexity.

In view of the above, design decisions taken to mitigate the impact of interference should be
considered at a MEOSAR system level taking into account the constraints imposed by both
the ground and space segments.
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6.3.1 Mutual MEOSAR Interference

Preliminary analysis conducted by ESA (EWG-4/2002/4/2) concluded that it would be
feasible for two MEOSAR satellite constellations employing direct frequency
translation repeaters to operate without generating harmful interference to each other,
if one operates with downlinks in the lower portion of the band between 1544.0 and
1544.2 MHz and the other operates downlinks in the upper portion betweem,1544.8
and 1545.0 MHz.

With respect to the introduction of a third MEOSAR satellite constellation also
employing direct frequency translation repeaters, there is insuffidient spectrum
available either in the upper or lower portion of the band *(0/assign the third
constellation its own allocation.

However, as depicted at Figure 6.1 it might be feasible for WASS and SAR/Glonass to
share a portion of the available spectrum between #5448 and 1545.0 MHz for their
downlinks. In which case the DASS and SAR/Glonass systems could be designed to
be viewed by MEOLUTs as a single larger satéllité constellation. This might provide
MEOLUTs with additional options for_S¢lécting «sdtellites, thereby optimising
MEOSAR coverage and location determindtion perferpiance. Additional analysis is
required to establish how many DASS and SARIGlenass MEOSAR satellites can
share the upper portion of the band without gefierating harmful interference to each
other. If mutual MEOSAR intefferefice becamie a problem, it might be necessary to
turn-off some DASS and SAR"Glenass MEOSAR payloads, in effect making them in-
orbit spares.

Since the primary relg Mor all the §atellites under consideration are the navigation
missions, replacemcnt satellites miight not be launched for the sole purpose of
restoring the cohstellation of MEOSAR payloads. Consequently, the availability of
in-orbit spares ‘Wwould be ighly beneficial. If such an approach were adopted, a
process fdr determinifig ywhich MEOSAR payloads would be turned-off will be
requited.

Action Jtem 6.2:  MEOSAR providers should study the issue of how many DASS and
SAR/Glonass MEOSAR repeaters could be accommodated in the upper portion of the band
withoutgenerating harmful interference to each other.

6.3.2 Interference to the MEOSAR System from LEOSAR Satellites

Although the useful signal from Sarsat LEOSAR downlinks is contained within the
1544.5 £ 300 MHz band, Sarsat LEOSAR satellites transmit energy beyond this
range, into the bands being considered for MEOSAR downlinks. The worst-case
spurious emission limits from Sarsat repeaters is provided in Figure 3.12 of document
C/S T.003 (LEOSAR payload description).
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6.3.3 Interference to MEOSAR System from GEOSAR Satellites

Similar to the LEOSAR situation described above, the GOES and MSG GEOSAR
systems also transmit energy into the bands being considered for MEOSAR

downlinks. Spectrum plots for the GOES and MSG downlinks are provided in
document C/S T.011 (GEOSAR payload description).

6.3.4 Interference to MEOSAR System Downlinks from Other Systems

In addition to the LEOSAR and GEOSAR systems operated by Caospas-Sarsat, the
MEOSAR system must also be designed to accommodate downdidk interference
originating from other systems operating within the 1544 —¢1545 MHz band and
interference spilling over from systems operating outside the 344 — 1545 MHz band.

In consideration of the Koreasat system, a detailed deschiption of its transmissions in
the band was requested from the Korean Administration? However, a letter from the
Korean Director of Frequency Division and Radio & Broadcasting Bureau advised
that Koreasat was still in the planning stages and\détailed information could not yet be
provided.

A USA study (EWG-2/2003/4/12-Rewvi] ) ithat quantified possible interference in the
1544 — 1545 MHz band from geostationary satéliteS in the Mobile Satellite Service
based upon information provided=in filings\ with the ITU, indicated that the
interference levels could exg€edsthe Cospas-Sarsat susceptibility mask provided at
Figure 6.2. However, the,intetference 1€yels presented in the USA study represent the
most pessimistic case, gincer a largesitumber of the systems filed with the ITU will
likely never becomegopesational,“and for those that do, many will utilise lower EIRP
than advertised fontheir downlinks. Additionally, the study did not consider that
beacon signals wilhbe relayed(by multiple satellites and will be received by multiple
MEOLUTs at different lecations. Therefore, even if one MEOLUT is degraded by
out-of-band interference,) the other MEOLUTs might remain unaffected and the
overall §ystem performance impact will be minimal.

Action tem 6.3:  The Secretariat should forward any information regarding Koreasat
downlink«provided by Korea to the MEOSAR providers.

Agtion Item 6.4: MEOSAR providers should:

a.

b.

establish susceptibility / protection requirements for their MEOSAR downlinks; and

consider the possible interference from other systems, including inter MEOSAR
satellite constellation interference, when designing their downlinks, and confirm
whether the minimum performance required for compatibility with Cospas-Sarsat
would still be satisfied while operating in the presence of interference from these
systems.
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6.4  Payload Characteristicsfor MEOSAR Constellations I nter oper ability

Cospas-Sarsat and MEOSAR providers have agreed that it was highly desirable for
MEOLUTSs to have the capability to receive and process the downlink signals from multiple
MEOSAR satellite constellations. Such a capability would provide options for selecting the
optimum satellites for a given coverage, and would enhance MEOSAR system redundancy.

In evaluating payload requirements for interoperability MEOSAR providers considered the
impact upon satellite complexity and cost, the available resources on the satellite (e/g. weight
and power), MEOSAR performance requirements for compatibility with Gospas-Sarsat, and
the impact that payload designs would have on MEOLUT cost and complexity. Based upon
these considerations MEOSAR providers and Cospas-Sarsat agreed the“MEOSAR payload
characteristics for interoperability provided at Annex F.

The most significant payload characteristics that impact upon ME®SAR interoperability are:

modul ation of the downlinks; - JEpeater banewidth;

downlink frequency; ( /veépeater peeelver G/T;

downlink EIRP, ' repeaterdyriamic range;

downlink polarisation; - repgatey/linearity; and
droup delay.

6.4.1 Modulation of the Downlink_ Signal

The decision by the USA, Russiayand the EC/ESA to use direct frequency translation
repeaters for them “‘MEOSAR, satellite payloads simplifies the development of
MEOLUTSs capabte of receving and processing the signals from al MEOSAR
constellations,

6.4.2\, 'Dawnlink Frequency

MEOSAR satellite constellations need not have the exact same downlink frequencies
to"énable MEOLUTS to process their downlinks. Analysis conducted by ESA (EWG-
4/2002/4/1) concluded that it might be preferable to maintain some frequency diversity
since this would increase the robustness of the whole system. However, it isimportant
that the downlink frequencies be close enough to each other to minimise the cost of
MEOLUT receivers.

The frequency separation resulting from the DASS and SAR/Glonass MEOSAR
repeater downlinks operating in the upper portion and the SAR/Galileo downlinks in
the lower portion of the 1544 — 1545 MHz band will not impede the development of
MEOLUTS capable of receiving and processing the repeater downlinks from the three
MEOSAR satellite constellations.
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6.43 MEOSAR Downlink EIRP

Anaysis conducted by ESA regarding the impact of MEOSAR downlink power
(EWG-4/2002/4/1) concluded that the power spectral density received by MEOLUTSs
directly impacts upon Time of Arrival (TOA) measurement accuracy and, therefore,
MEOSAR location accuracy. In addition the value of the MEOSAR downlink EIRP
drives requirements in respect of MEOLUT antenna options.

MEOSAR providers agreed that to ensure interoperability, MEOSARglownlink EIRPs
should exceed 15 dBW for al MEOLUT to satellite elevation anglésalsove 5°.

6.4.4 Downlink Polarisation

The selection of adownlink polarisation should take int@ cersideration:

a. the protection requirements for Cospas-Sarsat'h EOSAR@nd GEOSAR systems;
b. the possible impact on MEOSAR systém Interoperdhaitity; and

c. constraints imposed by the primary fiavigati Qrpnission.

Since the LEOSAR and GE@SAR systems have downlinks with opposite circular
polarisation, it is not possible’to select'a MEOSAR downlink polarisation that
optimises protection to bath,the LEOSA R-and GEOSAR systems.

From the perspective.of MEQSAR interoperability, adopting a common downlink
polarisation fordah MEOSAR @Epace segments would simplify the design of Cospas-
Sarsat MEQLUJ's. However, having different downlink polarisations could be
accommodated” in MEOLUT designs without imposing substantive additional
requicements.

Fmnally, the SAR mission is a secondary mission accommodated on satellites that are
supporting a primary navigation mission. The constraints imposed by the navigation
mission may guide the decision in respect of the MEOSAR downlink polarisation. For
example, since the MEOSAR downlink antenna may also be used by the navigation
payload, the decision on its polarisation may be dictated by the navigation payload
requirements.

The preliminary design for DASS is to operate with RHCP downlinks, whereas
SAR/Galileo and SAR/Glonass plan to operate LHCP downlinks.

6.4.5 Repeater Bandwidth

Ideally MEOSAR payloads should be capable of relaying the entire 406.0 —
406.1 MHz bandwidth alocated by the ITU for 406 MHz distress beacons, whilst not
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relaying any out-of-band signals. This would provide Cospas-Sarsat the greatest
flexibility for opening 406 MHz channels and maximise MEOSAR system capacity.
However, in practice MEOSAR payload bandwidth must take into account:

a the possible interference from other Systems operating in the adjacent bands,
which could be received in the 406.0 — 406.1 MHz band due to the combined
effect of Doppler and inadequate transmitter filtering characteristics; and

b. the practical limitations of MEOSAR payload 406 MHz filter charaeteristics.

In view of the above, MEOSAR providers and Cospas-Sarsat agreed.that the 406 MHz
10 dB pass-band must be less than 100 kHz, centred at 406.05 MHz; and that the 1 dB
pass-band must exceed 90 kHz.

6.4.6 Repeater Receiver G/T

Anaysis conducted by France (MEOSAR-1/2004/5/3) cencluded that, assuming
practical satellite receiver and receive antenné&jperformanee,tharacteristics, the overall
MEOSAR link budget was 5 times more sasceptible to @égradations in the uplink than
the downlink. In view of this, the\saelite receiven subsystem G/T is a critical
characteristic for both MEOSAR performance andjiiteroperability.

MEOSAR providers and Cqospas<Sarsat agreed that arepeater G/T value of -17.7 dB/K
or greater would enable the development of a fully interoperable MEOSAR system
that satisfied the performance requirements for compatibility with Cospas-Sarsat.

6.4.7 System Dydamic Randge and Automatic Gain Control (AGC)
Char actéristics

The repedtery dynami¢ tange and AGC characteristics determine the MEOSAR
system'S ability to adequiately accommodate interference and varying beacon message
traffic lpads. MEOSAR providers agreed that the repeater instantaneous linear range
(ot including AGC) should meet or exceed 30 dB, and that the ratio of power from a
relayed beacon to intermodulation products should be greater than 30 dB when the
repeater is operating beyond its linear range.

To accommodate possible interference in the 406 MHz band all repeaters should
include an AGC mode with a range of at least 30 dB. Additional study is required to
identify suitable AGC attack time and decay time specifications, and to determine
whether AGC attack and delay time values must be standardised for interoperability.

6.4.8 Group Delay
Repeater group delay characteristics impact upon MEOLUT time-tagging accuracy

and, consequently, MEOSAR independent location accuracy performance. To ensure
that minimum performance requirements are satisfied regardless of the satellite
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constellation relaying the beacon signal, MEOSAR providers agreed that repeater
group delay should be less than 10 nS with a stability within that range of
500 nanoseconds.

6.4.9 Compatibility of Preliminary MEOSAR Payload Designs

The feasibility of operating one, two or three of the planned MEOSAR constellations
with downlinks in the 1544 — 1545 MHz band cannot be assessed reliably until the
characteristics of each MEOSAR payload have been established, and apalysis has been
conducted to determine expected MEOSAR performance and ghe~fmpact each
MEOSAR satellite constellation would have upon the other autfiortsed users of the
band.

Action Item 6.5: MEOSAR providers should conduct analyses for inclusion in future
revisions of this document, to refine the MEOSAR payl oad réguirements provided at Annex F
for enabling MEOLUTS to receive and process the dowrhnk signalsfrom multiple MEOSAR
satellite constellations.

- END(OF SECFION6 —
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7.  ADVANCED MEOSAR SYSTEM CAPABILITIES

MEOSAR providers are investigating the feasibility of advanced capabilities that might
enhance the overall effectiveness of SAR operations. The additional capabilities being
considered include:

a.  a possible return link to the beacon that could be used to acknowledge\deception of
distress alerts, and/or control beacon transmissions; and

b.  support for beacons with different transmission characteristics that €ould improve beacon
effectiveness and reduce beacon cost.

7.1 MEOSAR Return Link Service

The Galileo MEOSAR design includes a return link t0°4¢06 MHz bgadens that can be used for
transmitting information to the beacon through the Galileo L1ssignal.” The Return Link Service
(RLS) is provided through a dedicated facility\€alled thes“Return Link Service Provider”
(RLSP), which acts as an interface between the _Cospas-Satsat=System and the Galileo system,
as illustrated in Figure 7.1. The available data bits dedi¢ated to SAR on the L1 signal are used
to broadcast Return Link MessaggSn (RLM) te\beacons allowing various services
complementary to the existing Fomyard“Link Alert Service. These complementary services
could consist of a confirmation,of seception{_efi the alert or other applications such as a
capability to remotely activate @spéeific beaeon,

A number of operational gmplications~for SAR authorities and the Cospas-Sarsat System need

to be thoroughly assessed ‘through trials/and testing before the potential operational benefits of
the Return Link Servicéjcan be demionstrated.

Rigare 7.1: Overview of the SAR/Galileo Return Link Service within
the Cospas-Sarsat System Architecture

MEO (Galileo) - RLMon L1

LEO/MEO/GEO
Sat. RLM Request in FLAM

RLS Cospas- RLSP = Galileo
Capable Sarsat

Beacon
D T TRL Services

SPOC (RCC)
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7.1.1 Return Link Services

The EC has conducted a worldwide survey of the SAR community, including MCCs,
RCCs and beacon manufacturers, to consolidate the definition of the proposed Return
Link Service. Among the various functions which could be offered through the Return
Link, the acknowledgment service should be implemented as a priority.

The Return Link Service can be provided to compatible beacons irrespective’ of the
satellite system (LEO, GEO or MEO) which provided the forward link406 MHz alert.

7.1.1.1 Acknowledgment Service

An acknowledgment service through the Return Link can pfeyide to the person(s) in
distress a confirmation of the detection of the alert and~@f=the determination of its
location by the System, and possibly a further confirmation‘that the rescue operation is
underway. To enable this function, the beacon pruststransmit in the Forward Link
Alert Message' (FLAM) a Return Link Message Request indicating to the System that
an acknowledgment of the distress alert is requ€sted.

From analysis of the Return Link survey/tesponsesy two types of acknowledgement
have been defined:

e Typel Acknowledgment /(System Acknowledgment): the Galileo system
automatically transmits aga@the’RLSP a(Return Link Message to the emitting beacon
after the alert has been “detected (arid*located and the RLM request has been
received. This willrallow a fast.délivery of the RLM particularly in the MEOSAR
environment.

e Type 2 Acknowledgment {RCC Acknowledgment): in this case the RLSP will
send thesRBM to the.gmitting beacon only after it has received an authorization
from the fesponsible RCC. This acknowledgment will inform the user that the alert
is, being processed by an RCC. This type of acknowledgment would not be
imrediate as SAR authorities might need time to assess the distress situation and
determine the proper response.

The Type 1 Acknowledgment Service (System Acknowledgment) definition is
relatively straightforward since it has minimal impact on the Cospas-Sarsat System
and SAR operations.

The Type 2 Acknowledgment Service (RCC Acknowledgment), however, will require
further assessment of operational implications for SAR and for the person in distress,
which includes extensive trials to validate the potential benefits.

The issues that have to be considered include:

a. the exact operational role of SPOCs and RCCs in the Return Link
Acknowledgment Service;

' 406 MHz beacon message uplinked to the satellite
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b.  the impact of the implementation of the Return Link Service architecture on
Cospas-Sarsat MCCs, RCCs and SPOCs (e.g. changes to MCC standards,
modification of interfaces, etc.);

c. the role of the SAR/Galileo MEOSAR provider in coordinating
acknowledgement transmissions and managing possible Return Link, services
(e.g. need for specific database and service registration for RLS beacons);

d.  the role of Cospas-Sarsat in developing beacon specifications,ahd fype approval
requirements for 406 MHz beacons with a return link capability (i.e. should
Cospas-Sarsat involvement be limited to ensuring noadVeérse impact on the
406 MHz distress alerting function, or should requirentents for RLS capable
beacons be part of Cospas-Sarsat specifications andrsstandards); and

e. the Dbenefits and drawbacks of Type2s Acknowledgement (RCC
Acknowledgment).

7.1.1.2 Other Possible Return Link Servigés

A return link to the beacon might also,bg used to«€ontrol the transmissions of suitably
designed new generation 406 MHz-beacons. Examples where such a capability might
be useful include:

a. activating beacons,on beats and dwcraft that have been reported missing;

b.  turning off beagon transmissiéns when the SAR mission has been completed, but
where it yrastaot possible *or practical to recover and turn off the beacon
manually; and

c. changing the repetition rate of the beacon transmissions after the alert has been
feceived and location established without ambiguity, with a view to saving
battery power or reducing the beacon message traffic load on the satellite
system.

AttignVtem 7.1: Cospas-Sarsat Participants should investigate, through trials where possible,
the,, operational benefits and drawbacks that may be associated with distress alert
acknowledgement services and return link services that control beacon transmissions.

Action Item 7.2: Cospas-Sarsat Participants and MEOSAR providers should conduct analysis
to identify suitable options for operating and managing acknowledgement services.

Action Item 7.3: Cospas-Sarsat Participants and MEOSAR providers should develop technical
proposals for acknowledgement services (including description of the required downlink
signals and 406 MHz beacon specification / type approval requirements).
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7.1.2 Return Link Service Architecture

Figure 7.2 presents a general overview of the facilities contributing to the Return Link
Acknowledgment Service.

Figure 7.2: Facilities Contributing to the Return Link Acknowledgment,Service
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Thé Return Link Message requests originating from beacons and coded in the FLAM
will be received by all types of LUTs (LEO/MEO/GEQ) and transmitted to the RLSP
thfough a dissemination mechanism based as much as possible on current Cospas-
Sarsat alert data distribution procedures.

In the Type 1 Acknowledgment scenario the RLSP sends a Return Link Message to
the beacon through the Galileo system after it has received the RLM request and a
confirmation of the beacon localisation.

In the Type 2 Acknowledgment scenario the RLM request is also disseminated to the
RCC/SPOC in charge of the rescue operation. The RLSP will send a Return Link
Message to the beacon only after it has received a request to do so from the RCC in
charge.

The role of Cospas-Sarsat in the Return Link Acknowledgment Service will be strictly
limited to the dissemination of the RLM request. The actual authorisation for sending
an RLM will be issued at the level of the RLSP for Type 1 acknowledgements



7-5 C/SR.012 - Issue 1 - Rev.6
October 2010

7.2

(automatic system acknowledgments) or by RCCs for Type 2 acknowledgements
(RCC acknowledgments).

In the first implementation step, the interface between the Galileo system and the
Cospas-Sarsat System will be provided by the RLSP interfacing with the FMCC and
the Galileo Mission Segment. In a second step, the feasibility of a direct interface with
other nodal MCCs for redundancy purposes will be considered. The RE€C-RLSP
interface could be implemented as a simple web interface accessed by RCCsh

Implementation of the SAR/GALILEO Return Link Service
7.2.1  General

The SAR/Galileo return link capability takes advantagenof’the fact that 406 MHz
beacons equipped with a Galileo navigation receiver willNfave a built-in capability to
receive the Galileo navigation signal. Therefore, shorts8 AR messages included in the
Galileo navigation signal (Galileo Signal-In-Space)Can be received by the beacon.
The cost of beacons with the return link capability should(not be significantly higher
than the cost of existing beacons which alreadyginclude & GINSS receiver.

The development of operational navigation receivefs for Galileo is outside the scope of
the Galileo return link development, However progress of this development will be
closely monitored as the avapabuity of GGalileo receivers is a prerequisite to the
availability of 406 MHzs beac¢ens withl a Return Link Service capability. The
development of operatignal beacons with,'an RLS capability is supported by the EC
through the development, 6fprototypc"\RIES beacons.

During the In-Orhit.Validatian (IOV) Phase of the Galileo Programme, prototype
beacons using{the Cospas-Sdrsat test protocol will be used for the testing of the
SAR/Galileg RLS. TheutdSchnical objective of the IOV in respect of the SAR/Galileo
RLS will{ be to validatd, the feasibility of the basic RLS function, i.e. answering a
beaeol RLLM request with an acknowledgement (Type 1 and Type 2). A number of
emdlators will be used to simulate the role of the Cospas-Sarsat network in the Return
kink Service for the dissemination of RLM requests.

Prior to declaring the SAR/Galileo system at Full Operational Capability, operational
beacons will be tested in an operational environment. Part of the Cospas-Sarsat
network will be used to validate procedures for the transmission of RLM requests from
Cospas-Sarsat LUTs to the RLSP, as defined in section 7.2.6 of this document.

The following sections provide a description of the implementation of various
segments involved in the SAR/Galileo Return Link Service.

7.2.2  SAR/Galileo System

The space segment and Galileo Mission Segment of the operational Galileo system
will provide the SAR/Galileo RLS by broadcasting Return Link Messages to distress
beacons on the Galileo navigation signal (Signal-In-Space). Return Link Messages
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will be forwarded to beacons through two Galileo satellites simultaneously. The
format of the transmission is presented in section 7.2.4 of this document.

7.2.2.1 SAR/Galileo Return Link Architecture for In-Orbit VValidation

The SAR/Galileo Return Link architecture for In-Orbit Validation (IOV) is illustrated
in Figure 7.3. In this architecture, the European prototype MEOLUT installed at the
Toulouse Space Centre will be used to receive test messages from RLS beaconts. The
Cospas-Sarsat Ground Segment network will be replaced by thd&, €0spas-Sarsat
Network Emulator (CSNE) to emulate the functions of the Cospas-Sarsat Ground
Segment contributing to the RLS implementation and forward R requests to the
experimental RLSP, also installed in Toulouse. Eventually theeGSNE will be replaced
by the FMCC for preliminary testing of the disseminatipnsy procedure for RLM
requests.

Figure 7.3:  Galileo Return Link Service In-Orbit Validation Concept
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Distress Message and
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7.2.2.2 Operational SAR/Galileo Return Link Architecture

The SAR/Galileo Return Link architecture envisaged for the system’s Full Operational
Capability (FOC) is presented in section 7.1.2 above. For the full implementation of a
global SAR/Galileo RLS, the Forward Link Alert Messages (FLAMs) received by any
of the Cospas-Sarsat LUTs (MEO, GEO and LEO) have to be analysed and the RLM
requests have to be identified and forwarded to the SAR/Galileo RLSP.

The first definition of this dissemination procedure is presented at section 7.2.6 and
will be further refined prior to its full operational implementation. The actual
implementation of the dissemination procedure by the Cospas-Sarsat network will
determine the schedule of the operational RLS.
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7.2.3 406 MHz Beacons with SAR/Galileo RLS Capability
7.2.3.1 Beacon Definition

406 MHz beacons with the SAR/Galileo RLS capability will meet document
C/ST.001 specifications regarding the forward link message transmission. In
addition, the design will include a Galileo compatible navigation receiyer and a
processor able to recover Return Link Messages included in the Galileg navigation
signal. The beacon will identify the specific RLM with its own recipient JD address
and react in accordance with planned actions (see section 7.1.1), \ Prototypes are
available as test equipment for use in the SAR Galileo RLS 10V, Th¢ development of
operational beacons with an RLS capability is in progress.

For the Galileo IOV, RLS capable beacons will e ~¢oded as described in
section 7.2.3.2, i.e. with a Cospas-Sarsat test protocol\ MCC(s) participating in the
RLS IOV will have the beacon identifications on file and will be able to recognize and
transmit the RLM request to the RLSP.

Operational beacons compatible with the yCospas-Satsat System and meeting
international requirements (i.e. ETSI, RT€M, RTCA, EUROCAE) must be available
before the Return Link Service is declared at Initial Operational Capability (see section
10.4).

Amendments to CospassSassat/ beacofi documentation (documents C/S T.001,
C/ST.007 and C/S G.Q05) “are required “for allowing the development and type
approval of operational406-MHz beaeosis with the SAR/Galileo RLS capability.

Considering the factithat the Returh Link Service will be available well before the Full
Operational Cdpability of thelf MEOSAR system, the introduction of RLS beacons is
foreseen to take, place indtwio steps:

— 1K' Step: Introductioff of the RLS capability in legacy 406 MHz beacons through the
defimition of a specific protocol for coding the RLM request.

~/2" Step: Introduction of the RLS capability in next generation beacons. This action
will be coordinated with other possible modifications of existing requirements
aimed at optimizing the performance of beacons used with the MEOSAR system.
Possible specification changes include the 406 MHz transmit antenna pattern and
the use of new modulation techniques which, together with other possible
improvements, would define a new type of uplink message (see section 7.3).

7.2.3.2 Test Protocol for Identification of RLM Requests in FLAMSs

For RLS testing, the “Test National Location” protocol (protocol code “1111” in bits
37 to 40) will be used.
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Figure 7.4: RLS Location Protocol Format 6
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7.2.3.3 Operational Protocol for Identification of RLM Requests in FLAMSs

Table A2-B in document C/S T.001, Issue 3 — Rev.10 (October 2009) shows that two
combinations of the protocol code (bits 37 to 40) are available as spare, i.e. “1001” and
“1101. The spare protocol code “1101” will be used to define a new Location protocol
for identifying an RLS capable beacon in the FLAM, which will be referred to as the
RLS Location protocol.

The format of the RLS Location protocol is identical to the National Lacation protocol
format except for the first two bits of the 18 bit national ID code, whicl are used for
defining the beacon type as illustrated in Figure 7.4. In addition,\thé six bits 127 to
132 are assigned for RLM use. The bit pattern “100000” wilt ¥€jused for informing
the RLSP of an RLM request.

7.2.4 Return Link Message Content Definition

The Return Link Messages to be received by RLS capable beacons are included in the
Galileo navigation signal-in-space (SIS). A_description of the RLM contained in the
Galileo SIS is provided in Chapter 4.3.7 "SAR Field Sfrugttre" of the “Galileo Open
Service Signal In Space Interface Conttol fDocumenty, Draft 1 (OS SIS ICD Draft
1)”available at the following web siteaddress:

www.gsa.europa.eu/go/galileo/os-sis-1ed/galileo-gpen-service-signal-in-space-interface-
control-document

7.2.4.1 Basic RLM Stiu¢cture

The RLM SAR .dafa’is defined™n the Galileo Signal-in-Space Interface Control
Document (SISFTED) as follows:

Each RLM shall contdin, the following data included in the Galileo SIS as defined in
chaptef 44377 of the SISSICD document:

s*Beacon ID (60 bits): the Cospas-Sarsat 15 Hex characters identification
- Message Code (4 bits)
- Parameters (16 bits for the short RLM, 96 bits for the long RLM)

The ‘Beacon ID’ field is used by the beacon to decide whether it is the intended
recipient of the received RLM or this RLM is addressed to some other beacon.

The ‘Parameters’ field contains information that SAR services wish to send to the
Galileo RLS-capable beacon.

Short-RLMs are used to provide the activated beacon with a short acknowledgement
or various kinds of commands (e.g. to reduce its transmission rate).

Long-RLMs are intended for more complex commands in which several parameters
may be required (e.g. to provide operational information or the coordinates of a
location).
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Figure 7.5: Return Link Message Structure
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RLMs are sent to Galileo RLS-capable beacons (or othér’dedicated receivers) using
the Galileo Open Service. Short RLMs could, B¢ primarily associated with
automatically generated acknowledgements, while=long RLMs might be used for
RCC-generated messages relating to operational aSpects ofithéwrescue.

7.2.4.2 Definition of RLM Data Fields
[ sectien.to be furthérrefined ]
a) 60-bit Beacon ID

This field content is identieal to the-00,bit (15 Hexadecimal characters) of the standard
beacon identificationydefined inth€ JC/S T.001 document. It uniquely identifies the
beacon to which the'RIM is addressed.

The BeaconIDypfield consists of:

- Protodol Flag (1 bif): 1=2User protocols; 0 = other protocols.

- @ountty Code (10 bits)

- Beacon Identification (49 bits), as specified in C/S T.001, Annex A, with default
bits for National or Standard Location protocol beacons.

b) 4-bit Message Code

Two classes of RLMs have been identified:

i. the standard message type, where the first 60 bits are used per the C/S T.001
definition of the beacon identification; and

il an alternative message type, where only the 4 message code bits are defined as well
as the last (parity) bit, while all the other bits are open for later determination (this
may even allow chaining messages into mega-messages, should this ever be
needed).

A possible alternative message is foreseen for broadcasting to a specific geographical
area or region, not to any specific beacon.
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c¢) RLM Parameters

The detailed definition of the RLM parameters is still open. The last bit of this field, i.e.
bit 16 in the short-RLM and bit 96 in the long-RLM, is reserved for a final parity check.
The available capacity (15 unassigned bits on the short-RLM, 95 unassigned bits on the
long-RLLM) can be used for a variety of applications.

Even though the navigation data is broadcast with a very robust link margin,.the RL.M is
assembled after a long segmented reception period, in four segments over § seconds for
short-RLMs or eight segments over 16 seconds for long-RLMs. _ FRurfthermore, the
environmental conditions of the reception are potentially very diffictlt and changing in
time. Therefore, a final post-assembly check of the RLM validitypusing the last parity bit
is required.

7.2.4.3 RLM Messages for the SAR/Galileo IOV

At this stage of development, for the IOV, only the stdndard type of the short or long
RLM is required for providing an automatic ackfiowledgemeit.\The short/long message
information is included in the SIS format (see thé SIS.ICD{Chapter 4.3.7, Table 53). The
four bits of the message code define the typéotfimessages

- message code 0000: automatic acknowledgment-without significant parameters (15 or
95 bits),

- message code 0001: automatie dcknowledgment with significant parameters (15 or 95
bits).

7.2.5 Return Link Service Provider(RLSP)

The RLSP is the ynique interfacg point between the Galileo Mission Segment (GMS) and
the Cospas-Sagsdt,System.. Although mostly devoted to the RLS, the RLSP is in charge
of providing Cospas-SauSa, MEOLUT Operators with SAR/Galileo system information
such as opetational functidfalities and monitoring status.

This cofifiguration will be maintained for the IOV of the SAR/Galileo RLS. The FMCC
will_take part of the validation of the Return Link Service in the IOV phase using the
Butropean prototype MEOLUT and prototype RLSP.

During the development of the RLS capability, other MCCs will be invited to participate
in the RLS validation by implementing the defined RLS processed in their MCC and
using their LEOLUTs, GEOLUTs and experimental MEOLUTs.

[Text will be further developed specifying the user operational interfaces to the RLSP.]
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7.2.6  RLS Data Exchange

7.2.6.1 Description of Interfaces between the Cospas-Sarsat Ground Segment, the
SAR/Galileo RLSP and RCCs for the Return Link Acknowledgment
Service

Cospas-Sarsat MCCs will forward the RLM requests received by the LUYs to the
SAR/Galileo RLSP. The RLSP will process this information and eventually, fastruct the
Galileo Mission Segment to send a Return Link Message in accofdantg with the
SAR/Galileo RLS internal procedures.

The action performed by a beacon when it receives a Return Lipk*¥lessage is still to be
decided between the following options:

Option 1: Without acknowledgment of reception by the beacow
In this case the beacon continues to transmit the samésFLAM with the Return Link
Message Request. The beacon will receive the Return/Link Message from the Galileo
System (via the RLSP) until a time-out is reached‘in the RLSR.

Option 2: With acknowledgment of receptio/by the beaeon

In this case, when the beacon receives the Return Lihk Message, it modifies the content
of the FLAM (Acknowledgement~ of "Return{ Lanik Message Reception).  This
acknowledgment of reception isgtgceived bysthe LUTs and forwarded to the RLSP
through the Cospas-Sarsat System,

Option 1 leads to a moresstraightforward, ifmplementation into the Cospas-Sarsat System
(in terms of modificatteiznto MCG, pfoCessing) while Option 2 may require additional
GEOLUT and MC@Seftware modifications. However, Option 2 ensures an adequate
monitoring of thé¢ Return Link{ Service performance as it informs the RLSP of the
successful reception of the Return Link Message by the beacon. The complexity of
implementationy of these{two bptions should be assessed before a decision is made on
which @pfion should be retained.

Figure 7.6.1 shows the interfaces between the various system components involved in a
Type’l — Option 1 acknowledgment of the RLS, also called the System acknowledgment
without RLM reception notification by the beacon.

Figure 7.6.2 shows the interfaces between the various system components involved in a
Type 1 — Option 2 acknowledgment of the RLS, also called the System acknowledgment
with RLM reception notification by the beacon.

Figure 7.6.3 shows the interfaces between the various system components involved in a
Type 2 — Option 1 acknowledgment of the Return Link Service, also called the RCC
Acknowledgment without RLM reception notification by the beacon.

Figure 7.6.4 shows the interfaces between the various system components involved in a
Type 2 — Option 2 acknowledgment of the Return Link Service, also called the RCC
Acknowledgment with RLM reception notification from the beacon.



7-13 C/SR.012 - Issue 1 - Rev.6
October 2010

Figure 7.6: RLS Data Exchange Overview
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Figure 7.6: RLS Data Exchange Overview

F.7.6.3: RLS data exchange overview for Type 2 — Option 1 Acknowledgment
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Notes:

e In Figures 7.6.1 to 7.6.4, the term “MCC” designates the associated MCC for the LUT,
while the term “MCC*” designates the MCC for the service area where the distress is
located. This MCC* receives the distress alert either from its associated LUTs or from the
Cospas-Sarsat MCC network as defined in document C/S A.001 (DDP).

e In Figures 7.6.1 to 7.6.4, the FMCC receives the RLS information from the MCC* in
charge of the SAR interface (the MCC for the service area where the distressgisNocated).
Routing of this information may involve another nodal MCC.

The introduction of the RLS acknowledgment service within the £oSpds-Sarsat System
will initially be based on the System Acknowledgment {(Type 1, under RLSP
responsibility). The interfaces involved in the RCC acknowledgment (Type 2) are similar
to those involved in a Type 1 acknowledgement, but are completed with specific MCC to
RCC and RCC to RLSP interfaces.

Table 7.1 summarises the various interfaces,, involved.. in the Return Link
Acknowledgment Service.

7.2.6.2 RLS Impact on the Cospas-SarsattGround, Segiment

- MCC Return Link Alert Data proce§sing
All MCCs shall be able to perfotni the RLS“actions defined in 7.2.6.1 when an RLS
alert, identified by its codintg pretocol, is lecated in its service area.

- SIT 135
This new SIT mesgage will be sentby the MCC associated with the SAR area to the
FMCC for transmiission to the’RLSP.

- DDP updates
To be developed

- ST, updates
To be developed
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Table 7.1: Cospas-Sarsat and Galileo Interfaces involved in the Return Link Acknowledgment Service
Interface Interface content Information processing Comment

Beacon = LUT
(LEO, GEO, MEO)

Forward Link Alert Message (FLAM):
Location protocol adapted for RLS
application. The coding protocol used by
C/S RLS beacons is defined in section 7.2.6.

The LEO, GEO and MEO LUTs will receive and process‘the FLAM:s for location
determination (when possible) and FLAM contefit Tecovery and analysis.

LUT =& MCC

The LUT forwards the alert information to its
associated MCC.

C/S does not specify the LUT/MCC interface. “As for the other location protocols,
the LUT provides the MCC with all information necessary for preparing standard
SIT 122 to 127 and 132, 133 (no change).” The specific RLS information is
provided by the 30 Hex beacon mesSage in the SITs” MF#23.

No change required for C/S in
case of Option 1 (no
acknowledgment of RLM
reception by the beacon, thus
no modifications to FLAM)

MCCs = Associated
MCC*

The alert information is processed by the
MCC network in accordance with existing
DDP procedures.

Except for the associatedMCE in charge=ef the SPOC/RCC interface, the
processing of alert infesmation provided\by/the SIT messages will be unchanged.

No change required at
Cospas-Sarsat level

Associated MCC =
FMCC

After the confirmation of the alert location,
the Associated MCC prepares and sends a
new SIT 135 to inform the RLSP (via the
[FMCC]) of the requests and cancellations of
Return Link messages.

The Associated MCC first processthe incoming SIT messages as currently
defined in thie, DDP and SID (SKT 185).

In addition, jafter the confirmation of the alert, it processes the RLS bits in the 30
Hex\ of the message, prepares and sends a SIT 135 to the FMCC.

Phe DDP datawoutiighmatrix, Figure I1I/A.8, may be used for routing the SIT 135
message to the,uhigue interface point between the C/S network and SAR/Galileo
[FMCC]!

Change in MCC processing
required

FMCC = RLSP

The FMCC informs the RLSP of the RLM
request (SIT 135 can be re-used).

Change required at FMCC /
RLSP interface only

RLSP =& GMS

Internal SAR/Galileo interface.

Associated MCC =
SPOC/RCC

An updated SIT-185 iswus€d to transmit alerts
to RCC. The updated SIK,18S5 includes RLM
request information.

After the confirmation of the alert location, the Associated MCC in charge of the
SPOC/RCC interface (alert location in its service area) sends a SIT 185 to the
relevant SPOC/RCC with the mention “THIS BEACON HAS A RETURN LINK
CAPABILITY” in MF #62.

SPOC/RCC = RLSP

TBD

Mechanism still TBD for RCC activation of RLM Type 2 Ack.

No change for Cospas-Sarsat
Only applicable to Type 2
Acknowledgement

GMS = Beacons

The RL Messages are included in the Galileo
navigation signal as defined in section 7.2.7.

Note:*

The associated MCC is the MCC in charge of the SPOC/RCC interface: i.e. the alert position is in its service area.
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7.3 Improved 406 MHz Beacon Signals

The Cospas-Sarsat 406 MHz beacon specification was originally developed to optimise the
detection and Doppler location performance of the LEOSAR system. Because the MEOSAR
system will employ different location determination techniques, it might be possible to
improve  MEOSAR performance by changing the 406 MHz beacon transmission
characteristics.

Preliminary studies conducted by France and the USA indicate that changes toaxth€ 406 MHz
channel coding (e.g. coding for error detection and correction) for improving'the processing
gain are possible. Improved processing gain would reduce the overall bit efrdr rate, thereby
increasing the probability of decoding the beacon message. Another option'being considered
is possible changes to the content of beacon messages that would epliartee MEOSAR system
effectiveness, and/or simplify beacon coding requirements.

With respect to possible new 406 MHz beacon modulatiorwaveforms, the Sarsat SARP-3
instruments developed by France will support an additignal modulation format called mixed
QPSK, also known as MQPSK. The efficient channglcoding ass@ctated with MQPSK will
improve the beacon — satellite — LUT link margin byig€yeral dB.( Such an improvement might
be particularly beneficial for a MEOSAR systemy wheresthe, greater satellite to ground
distances result in a poorer link margin than that provided by L’EOSAR systems.

Any new beacon specifications, or chang®s te’ existing.specifications should be:

a.  approved by the Cospas-SarsatiCouncil and,éeordinated with international organisations
as appropriate;

b.  as spectrum efficient as-ctirent 406, Mtz beacons;
c.  supported by extendive dnalysisf@@nd testing; and

d.  accompanied with the necessary type approval requirements.

Action Item %45 Cospas-Sarsat and MEOSAR providers should conduct analyses to identify
improvement§ tovthe 406 MHz beacon specification for the MEOSAR system. The following points
should bg=specifically addressed:

changes in the channel coding (e.g. convolutional coding);
the impact that new beacon specifications would have on System capacity;

a,
b
c.  new modulation techniques to improve TDOA/FDOA performance;
d improvements to the message format;

e additional encoded data requested by SAR authorities;

f. general optimisation of beacon parameters;

g.  technologies that could reduce the cost of the beacon; and

h

the suitability of the MQPSK modulation for the MEOSAR TDOA time-tagging
requirement.
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8. MEOSAR GROUND SEGMENT

The three MEOSAR programmes each will provide a satellite constellation that will support
global coverage, and include the development of prototype MEOLUTSs for use in the proof of
concept (POC) and demonstration and evaluation (D&E) phases. However, nogenof the
programmes will provide al the MEOLUTS necessary for global coverage, (fstead, the
provision of MEOLUTs will be a national responsibility, and the programmatic requirements
and responsibilities for providing and operating MEOLUTs will have to be fGrmulated during
the development and proof of concept phases of the MEOSAR programmeés:

8.1 MEOSAR Ground Segment Concept and Architecture

The MEOSAR ground segment will be comprised of Cospas-Sarsat MEOLUTS, the existing
Cospas-Sarsat MCC network, and possibly ground coitrel stations™for implementing return
link functions. The principal function of the MEQLMT is {o yeecive and process satellite
downlinks, calculate 406 MHz beacon locations{ and torward\this information to the MCC
associated with the MEOLUT. The MCC néwwork™will perfefp the same basic functions for
MEOSAR alerts as they currently providefor CEOSAR 2nd GEOSAR derts (e.g. distribute
alerts to other MCCs or SAR points gf=coptact as pex the Cospas-Sarsat Data Distribution
Plan, validate aert data, filter-out redugdant data, €tc.).

Unlike LEOLUTs which tracksaxsingle satellite at a time and derive Doppler location
information from a single satellite passpa MEOSAR system requires multiple simultaneous
time and freguency measuréments toscalCulate beacon locations to the required accuracy.
MEOSAR location acCurecy is aso(affected by the beacon / satellite geometry. As a
consequence, the prebability of providing independent location information and the accuracy
of the location data would deetease when the distance of a beacon to the MEOLUT increases.
Specificallysambiguity resolution could become problematic at the edge of a MEOLUT
coverage aréa. W' wo approaches can be used to mitigate these potential problems:

.~ design MEOLUTSs that can track as many satellites as possible, i.e. satellites from
all available constellations; and/or

- design MEOLUTSs that operate as a network, i.e. MEOLUTS that can exchange
beacon burst time and frequency measurements with adjacent MEOLUTS.

The terminology applicable to the various MEOSAR ground segment concepts and possible
architecturesis provided at Annex A to this document.
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8.1.1 Stand AloneMEOLUTSs

MEOLUTs with the capability of simultaneously receiving and processing the
downlinks of multiple MEOSAR satellites will provide a stand-alone beacon location
capability that extends to aradius of around 6,000 to 7,000 kilometres centred on the
LUT. The number of stand alone MEOLUTSs that would be required to achieve
complete coverage depends on a number of factors such as:

the number of operational satellites availablein orbit;
MEOSAR system performance requirements,
operational requirements in terms of redundancy; and
the actual geographical location of the MEOLUTS.

Studies show that a minimum of six MEOLUTS suitably: Situated around the world
would provide for global MEOSAR coverage.

8.1.2 Networked MEOLUTSs

The basic advantages of a network of MEOL YT include:

increased coverage due to geegraphically, dispersed MEOLUTS sharing data in
order to increase the input t@lecation proeessing algorithms;

increased fault tolerance‘and*backup-eapability; and

reducing or eliminating-regionswith reduced location accuracy, as the computed
location accuracy’pleereases Wheh/distance to the MEOLUT increases.

MEOLUT netwerking is expetted to be essential during the pre-operationa phase of
the MEOSAR system, wheh the limited number of satellites will directly impact the
capability, ef MEOLUTs fo focate beacons. With complete MEOSAR constellations
in aMully operational MEOSAR system, MEOLUT networking would still be
beneficial. A network of MEOLUTs would augment the coverage of individua
MEOLUTS, providing for the location of beacons at the fringe of the coverage area.

The networking requirements will probably be different in a pre-operational system,
where al data should be made available to all MEOLUTS, and in an operational
MEOSAR system where MEOLUTs would request burst data as necessary to perform
the location of a particular beacon.

However, a number of issues need to be addressed before implementing MEOLUT
networks on an operational basis, including:
programmatic issues concerning I T security; and

operational and technical issues related to the provison of reliable
communications and increased requirements for measurement calibrations.
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8.1.3 Optimum Ground Segment Architecture

Further studies are needed to determine an optimum MEOSAR Ground Segment
architecture that would ensure the required performance in terms of availability and
location accuracy. The optimum architecture will depend on a number of factors
concerning space and ground segment design that have not yet been finalised,
including:

the feasibility of MEOLUTSs simultaneously tracking the satellitesfef smultiple
MEOSAR constellations; and

the feasibility of MEOLUTSs sharing measurement data in realor near real-time.

Assuming the feasibility of MEOLUT networks, and notingthat it would be difficult
to define an architecture and data exchange formats, applicable to both the pre-
operational and the operational phases of the MEQSAR system, the following
principles and standards should be used in the devel opmient of MEOLUT networks:

a) the approach used in the earlier phases@p the system\Should remain flexible to
allow for the evolution towards an opétaiional status'and should not limit system
capabilities or preclude future enharicements;

b) the networking architecture shotld use the'thybrid concept illustrated at Annex L,
to include distributed data, Sérvers networked in accordance with any one of the
two options depicted, at Aqnex L;

c) thelocal implemegtation of MEOSAR data servers should remain the prerogative
of the MEOL W Roperator, taking into account local infrastructures and practices,
particul arlyvith'regard to ¥ Tisecurity constraints,

d) burst data'should\ge'stored on the data servers in the format specified at Annex L
and the exchange of*burst data should be made using the message definitions and
data Contents provided at Annex M.

8444 International Networks

Sharing MEOLUT measurements internationally would raise several policy,
management, technical, and operational issues requiring further study.

At present, each Cospas-Sarsat administration is responsible for the operation and
performance of its own ground segment equipment. If raw and / or semi-processed
MEOLUT data were shared internationally, then the performance of MEOLUTSs
would be affected by the performance of equipment operated by other administrations.
In view of this, further analysisis required in respect of:

the suitability and implications of networking MEOLUTSs internationally;
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procedures for sharing datainternationally; and

specifications and commissioning requirements for sharing MEOLUT data

8.2 MEOLUT Requirements

The main role of a MEOLUT is to track MEOSAR satellite(s), measure the_time and
frequency of beacon bursts relayed by MEOSAR satellites, possibly interfacedvith other
MEOLUTSs to obtain additional beacon burst time and frequency measurements, ¢alculate the
location of 406 MHz beacons, and provide distress alert messages fromnéctive 406 MHz
beacons to the MEOLUT’ s associated MCC.

821 Satellite Tracking

It is desirable that MEOLUTS be capable of simulténeously tracking and processing
the downlinks from all satellites in a given MEOSAR congstellation that are in the
MEOLUT’s field of view. This would minimiSe its reliance on other MEOLUTS for
providing beacon burst time and frequencysdpeasurements, and provide options in
selecting satellites with the best geometey /to the foeaton for location processing.
Depending on MEOSAR downlink design'options,‘it islikely that MEOLUT cost and
complexity will increase as a function of the nuiber of satellites they are capable of
tracking and processing simultaieously.

Analysis should be carriéd-out*to determirie an appropriate MEOLUT requirement in
respect of the numier\of satellites” that MEOLUTs should be capable of
simultaneously trackifng; taking “ywo account MEOLUT costs, complexity, and
performance.

8.2.2 Jracking Satellites from Different MEOSAR Constellations

Separate-sstudies conducted by the USA and ESA (EWG-2/2003/4/4 and
EWG-2/2003/4/13-Rev.1 respectively) clearly show that there are benefits to
proyiding MEOLUTS that are capable of receiving and processing the downlinks of
MEOSAR satellites from different constellations. These benefits include:

a. improved MEOSAR system redundancy;

b. the possibility of reducing the time required to deploy a MEOSAR space
segment that provides permanent global coverage;

C. an improvement to the location accuracy on the first beacon burst from over
6 km 95% of the time in the case of a single constellation, to about 4 km 95%
of the time when MEOLUTSs have access to two complete MEOSAR satellite
constellations; and
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d. an increase in MEOLUT local coverage area from a 6,000 km radius for
SAR/Gdlileo system aone to approximately 7,000 km for combined DASS —
SAR/Galileo constellations.

The feasibility of implementing a MEOSAR system comprised of fully interoperable
satellite constellations is dependant upon the decisions taken by MEOSAR providers
for the downlinks of their respective systems. The degree of interoperability @shieved
between the three MEOSAR constellations will aso impact MEOLUT»cest and
complexity.

8.2.3 MEOLUT RF Chain

As discussed at section 5.3.3, MEOSAR independent locati@n accuracy performance
is dependent upon the accuracy of the measurements“of) beacon burst time and
frequency by the MEOLUT, which in turn are affectethbyrthe beacon carrier to noise
density ratio available at the MEOLUT processor=” Further analysis is needed to
identify MEOLUT antenna and receiver requiremients necessary to achieve the desired
MEOSAR system performance.

8.24 Suppressing Redundant | Aforgration

MEOLUTSs will be capable of calcdlating beacorn-tocation information from a single
beacon burst that has been relayed by multiple MEOSAR satellites. Therefore, in
view of the coverage availablefrom a MEOJSAR system, it is possible that MEOLUTs
might produce new beacarNocation jiTformiation every time a beacon transmits a burst,
resulting in over 70 solutions péx bgaeon per hour. Because of the large number of
solutions that will ked@vailablefor éach active beacon, procedures will be required for
determining which, solutions 'should be forwarded to the MCC, and which solutions
should be suppressed at theMEOLUT.

It may be feasible to send every alert message to the MCC, in which case it would be
an MCE function to determine whether specific alert messages should be distributed
farther. Conversely, if it is possible to establish criteriafor estimating the accuracy of
SpeCific solutions at the MEOLUT, it might be preferable to incorporate features in
the MEOLUT to suppress redundant solutions.

825  Beacon Message Processing

The LEOLUT and GEOLUT specifications (C/S T.002 and C/S T.009) include
requirements for validating and confirming the content of beacon messages. The
validation and confirmation procedures have been developed to provide confidence
that beacon message information provided by LUTSs is reliable. Although the
LEOLUT and GEOLUT procedures differ, they are both based on receiving beacon
information from a single satellite. Since MEOLUT processing is based on obtaining
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beacon information from multiple satellites, a different validation and confirmation
process might be required.

In a MEOLUT network, only burst data corresponding to valid beacon messages
should be placed on the MEOSAR data servers for exchange among MEOLUTS.

8.2.6 Burst Time and Frequency Measurement Data

The accuracy of location data computed by a MEOLUT is dependeqgt=tpon the
accuracy of the time and frequency measurements performed fop“eaeh MEOSAR
beacon event (see the definition of a MEOSAR Beacon Evept at=Annex A). A
uniform convention should be used by all MEOLUTSs for burst time and frequency
measurements. In particular, burst frequency data should bégrovided with reference
to the same burst time defined in accordance with the agréed burst timing convention.

Burst data formats and contents to be made availasle to networked MEOLUTS are
defined at Annex L and M to this document\Networkedy MEOLUTSs should be
capable of exchanging these data on requestvia MEO .data, servers as described at
Annex L, using the SIT message formats déscribed at Aniex M to this document.

8.2.7 Interferer Processing

As described at section 5, studiés/tonducted by the USA indicate that a MEOSAR
system should be able tQ |loCate*406 Mz interferers. However, additional study is
required to identify speeific MEOLUN “interferer location determination techniques
most suitable to the transmission‘gharaeteristics of the interference signal.

8.2.8 DataCharinels

MEOLUTE should bé¢apable of receiving and processing the entire bandwidth of the
MEQSAR)satellite downfinks.

Action Jtem 8.1: Cospas-Sarsat and MEOSAR providers should conduct analysis on the
feasibiitys of developing MEOLUTs and identifying the associated LUT technical
eharacteristics necessary for simultaneously receiving and processing the downlinks from:

a. multiple MEOSAR satellites from the same MEOSAR constellation; and

b.  multiple MEOSAR satellites from different MEOSAR constel | ations.

Action Item 8.2: Cospas-Sarsat and MEOSAR providers should conduct analysis and
propose options for a MEOLUT ground segment architecture. The analysis should

specifically address advantages and disadvantages of networking MEOLUTS, propose
options for sharing MEOLUT beacon burst data measurements with other MEOLUTS, and
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identify specification and commissioning requirements for the MEOLUT data sharing
function.

Action Item 8.3: Cospas-Sarsat and MEOSAR providers should conduct analysis and
propose MEOLUT functional, technical and commissioning requirements, that ensure that
MEOLUTs will be capable of providing a service that satisfies the performance requirements
identified at section 5. 6

66
- END OF SECTION 8 - @
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9. MEOSAR SYSTEM CALIBRATION

To perform reliable TDOA / FDOA measurements and location processing, MEOLUTSs
require reliable and timely calibration data The calibration information needed, and the
update frequency, is affected by many factorsincluding:

a variationsin MEOSAR payload technical characteristics from satellite to'satellite;

b. the rate of change of payload characteristics over long, mediinTand short time
periods,

C. the ground segment architecture (e.g. standalone MEQLUTs or MEOLUTSs which
share time and frequency measurements); and

d. bias errors introduced at the MEOLUT.

There are a number of options that might be suitabl€ for obtainiig calibration information,
including:

specialised processing of periodietransmissionsfrom reference beacons,

data from onboard satellite telemétry; and

tests performed locally at individual ME@LUTs which might not necessarily involve
the processing of signalstelayed by MEOSAR satellites.

9.1  Satellite Payload €alibration
TBD

9.2  Signal Path Delay
TBD

9.3 MEOLUT Time Measurement Calibration
TBD

94  MEOLUT Frequency Measurement Calibration
TBD
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Action Item 9.1: MEOSAR providers should conduct studies and trials to identify:

a. what calibration information will be required to support Cospas-Sarsat performance
requirements;

b. the required update frequency of calibration information; and

C. the most appropriate methods for obtaining and distributing calibrati or: ir@on.
-END OF SECTION 9- é
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10. PROCEDURES FOR MEOSAR INTRODUCTION INTO COSPAS-SARSAT

Prior to distributing distress alert data from LEOSAR and GEOSAR systems to SAR services,
extensive demonstration and evaluation (D&E) programmes were conducted by Cospa$sSarsat.
Specifically the LEOSAR D&E Report was approved by the Cospas-Sarsat CoordinatingGroup
(CSCQ) in 1984 before declaring the LEOSAR system operational. Similarly theXCoSpas-Sarsat
Council at its 21* Session in October 1998 adopted the GEOSAR D&E, \Réport before
incorporating GEOSAR elements into the Cospas-Sarsat System. In accordatice’ with the same
principles that were followed for the LEOSAR and GEOSAR systems, agfMEODSAR system will
have to undergo an extensive test and evaluation period to validate it§ performance prior to its
data being used operationally.

The MEOSAR system should be implemented in sevgfal “phases to clearly delineate
development and implementation activities. The various, activities can be summarised in the
five phases described below. The time estimates for thevarious stage$ are not definitive and
can overlap to show that some activities will occurdcdncurrently.) For example, it may be
possible to start using operational data prior to hayidg all sat€llites in orbit operating in their
final configuration. In most cases, activitics, in each stage“will have to be successfully
completed before substantial work can be ifiitiated in thé following stage.

10.1 Definition and Development Phase

During this phase MEOSARY providers “and,/Cospas-Sarsat focus on identifying MEOSAR
system functional and peffermfance requirements, as well as matters relating to MEOSAR /
Cospas-Sarsat compatibility. MEOSAR' providers also refine the high-level functional and
performance requir¢ments into mgdre detailed technical specifications suitable for building
MEOSAR space segment and prototype ground segment equipment.

Work should Yalso start in developing Cospas-Sarsat specification and commissioning
requirenents for all MEOSAR components, although these specifications and commissioning
standards=will continue to be enhanced during subsequent programme phases and will not be
finalised until the D&E results have been analysed.

The coordination of MEOSAR performance requirements and system characteristics required
to ensure the compatibility and interoperability is conducted under the ICSPA during the
definition and development phase.

MEOSAR satellites in orbit with SAR capability are not required during this phase.
However, after completion of the requirements analysis and design, MEOSAR providers
should develop prototype ground stations to be used during the proof-of-concept, and the
demonstration and evaluation phases. Cospas-Sarsat Participants should be kept informed of
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the development efforts undertaken by the MEOSAR providers, and system specifications
should be shared with interested Participants, as appropriate.

Ground Segment operators, other than MEOSAR providers, could be invited to participate in
the development of the MEOSAR ground segment. However, Ground Segment operators
and User States are not required to participate during this phase. More importantly, the
development of the MEOSAR system should not detract Cospas-Sarsat Participapts from
upgrading their existing LEOSAR and GEOSAR ground segment equipment as thesésyStems
will continue to be the primary distress alerting source for the foreseeable futurés

10.2 Proof of Concept / In-orbit Validation Phase

The proof-of-concept (POC) / in-orbit validation phase, hereafter geferred to only as the proof-
of-concept phase, of MEOSAR programmes will assess the bagsichcapabilities of the MEOSAR
system and establish preliminary performance levels that will be“used to focus the scope and
content of the MEOSAR D&E phase. This is the first test stages

The proof-of-concept phase will focus on confirming/thie capabilities’ of the MEOSAR space
and ground segments. Proof-of-concept testing wall include as aninimum:

a. confirmation of the ability to reliably, receive ad’process emergency beacon signals
(i.e. confirm the performance ¢f)the’ link frem the beacon to the satellite and the
ground station);

b. an evaluation of locatiompreeessing,algorithms;

C. an assessment of the ‘performance of detection and location processing with degraded
system componénts (e.g. less {han four satellites in view, malfunctioning beacons,
etc.); and

d. the eorfirmation of the' ground segment architecture (e.g. tracking satellites with

receiveonly phased-array antennas).

During\the’POC phase, MEOSAR providers continue co-coordinating with Cospas-Sarsat on
eOmpatibility and interoperability issues under the auspices of the ICSPA. While DASS and
SAR/Glonass can be viewed as “enhancements” to the existing LEOSAR and GEOSAR
systems, a specific arrangement should be established with the SAR/Galileo management
organisation to formalise the relationship with the Cospas-Sarsat Programme.

The number of satellites required to conduct the proof-of-concept will depend on the orbital
planes of the available MEOSAR satellites. At least three to four satellites will need to be in
view of the ground station and the beacon to confirm the detection and location processing
performance.

The primary ground stations to be used during the proof-of-concept phase will be the
prototype stations developed during the previous phase. A global ground segment is not
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envisioned during this phase. However, if other Cospas-Sarsat Participants have established
MEOSAR ground segment equipment, they should be invited to participate in the proof-of-
concept trials. There will be no distribution of operational distress alert data to SAR services
during the proof-of-concept phase.

Successful completion of the proof-of-concept phase will initiate the transition to the
demonstration and evaluation phase.

10.3 Demonstration and Evaluation Phase (D&E)

The demonstration and evaluation phase will focus on characterising”the technical and
operational performance of the MEOSAR system, evaluating the operational effectiveness and
the benefits to SAR services, and providing a basis for a Cospas-Sarsat-€ouncil decision on the
use of the MEOSAR system operationally. This assessment of ME@SAR system performance
is required for national and international organizations (e.g., [€A®/and IMO which mandate the
use of beacons and accept distress alerting systems, ITU avhich regulates the use of the
frequency bands, and Cospas-Sarsat Participants that prayide and us€ the new alerting system)
to accept the MEOSAR system as an alerting source.

Typical demonstration and evaluation periods\inYCospas-S@rSat’ span a number of years. A
thorough evaluation is particularly importapt as the ME@QSAR system could significantly alter
the Cospas-Sarsat System architecture insthedong term, \THerefore, although the demonstration
and evaluation period for the GEOSAR,system wag’ limited to two years, the importance of the
MEOSAR D&E, combined with the deyelépment of new specifications and System
documentation, might require extending the D&E period to more than two years.

Sufficient MEOSAR capability in tepms Of space and ground segment will be required to
adequately characterisedthe, system and confirm its benefits. During this phase all minimum
MEOSAR performancg, parameters, required for compatibility with Cospas-Sarsat, with the
possible exception{ofglobal ceyetage, will be evaluated. Operational data should be provided to
the Cospas-Sargat network for artalysis, however, data should not be transmitted to SAR services
until the Coyneil decides that the MEOSAR system has reached its initial operational capability
(I0C). Ia light of the different characteristics of each MEOSAR constellation, a specific D&E
plan may.bave to be developed for each. The plan should provide guidelines for conducting the
dernonstration and evaluation in a standard manner, collecting a set of results on an agreed basis,
angd establishing a process for translating the results into a set of recommendations.

MEOSAR technical performance parameters to be evaluated include, but are not limited to:

. detection probability including processing threshold and system margin;
. message transfer time between activation of the beacon and availability of the first
valid message;

. capacity of the system;
. impact of interference on detection probability;

. location accuracy and location error prediction;
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. reliability/sensitivity (i.e. BER);

. availability of system;
. coverage provided by ground stations that are not networked; and
. system anomalies.

In addition, if MEOLUTs are designed to operate in a network, the performance enharigement
provided by the exchange of MEOLUT data, and possible drawbacks, should beyassessed.
Furthermore, if as planned, MEOLUTs are capable of processing satellites~from several
constellations, a specific evaluation of the performance achieved with the coptbihed processing
capability should also be performed.

Operational performance parameters to be evaluated include, but are nétAunited to:

. location accuracy of operational beacons;

. potential time advantage of MEOSAR system @wverthe existing System,;

. degree to which the MEOSAR system comiplements theexisting System;

. volume of distress alert traffic in the CeSpas-Sarsaf Gtound Segment and impact

on communication networks; and

. direct and indirect benefits of the MEOS ARegystem.

All Cospas-Sarsat Participants shetwld willJbe invited to"participate in the D&E. The detailed
description of the technical and opetational testingito be performed during the D&E and the
procedure applicable for the distfibution of ‘alef.data and the collection of test data will be
provided in a MEOSAR D&E+Plan to be approved by the Cospas-Sarsat Council. Successful
completion of demonstration/and evaluation’ activities should form the basis for a Council
decision on the operatiopal Bise of thef MEOSAR system.

A preliminary description of-alert data distribution procedures applicable during the
MEOSAR D&E=is-provided at.Annex O, together with the new SIT message formats and
contents to be‘used for the exchange of alert data. The data distribution procedures are
described in‘the form of amendments to section 3 of document C/S A.001 (Data Distribution
Plan)»afid*the new SIT formats are described as modifications to the relevant sections and
tablesvofidocument C/S A.002 (MCCs Standard Interface Description).

A tinimum of six MEOSAR satellites is required to start the demonstration and evaluation.
Although initial technical characterizations can be completed without a full constellation, 12 to
24 satellites will be required to characterize the operational performance (the exact number to be
determined during proof-of-concept).

International activities during this phase continue to fall under the ICSPA. However, the
Cospas-Sarsat Parties should begin an evaluation of the ICSPA to address long term issues
associated with the integration of the MEOSAR system.
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Cospas-Sarsat Participants should be encouraged, as possible, to implement MEOLUTs to
participate in the demonstration and evaluation. Additional ground stations will be required for
the MEOSAR system to reach Full Operational Capability.

The primary ground stations to be used during the demonstration and evaluation phase will be
the prototype ground stations developed by the MEOSAR providers. Distress alert data from
these MEOLUTSs should be transmitted to the associated Cospas-Sarsat MCC where ihwill be
collected and made available for analysis. Data should also be exchanged among Cospas-Sarsat
Participants for their evaluation. However, MEOSAR alert data should noh nérmally be
transmitted to SAR services unless special arrangements are made. In order\for* data to be
exchanged among Cospas-Sarsat Participants, further changes may be requiréd to the draft
procedures at Annex O, which describe required changes to the Cospas-Sarsat’Data Distribution
Plan and the Standard Interface Description documents. Other Cospas-Sarsat documentation
will also have to be reviewed and updated, as necessary.

To terminate the D&E phase the Cospas-Sarsat Council willhave’to adopt a D&E Report that
provides official results of the evaluation, including the MEOSAR system performance data.

10.4 Initial Operational Capability (I0C)

Initial operational capability is a declaratioprby MEOSAR gatéllite providers and Cospas-Sarsat
that, prior to full deployment, alert data ffemthe MEQSAR system can be used operationally.
The MEOSAR system need not necessasily’providefglobal coverage during the IOC phase. This
could be due to an incomplete,satellite con§tellation or an incomplete ground segment.
However, MEOSAR distress alerthdata will have already been proven to be reliable, and,
therefore, should be providedste SAR serviged for their use.

To declare the MEOSAR“system (or 4 combination of MEOSAR constellations) at IOC, the
Cospas-Sarsat Couneil should:

a. approeyd, the specification and commissioning requirements for MEOSAR space and
groufid segments;

b. deelare the MEOSAR space segment and at least one MEOLUT as commissioned;

c. make a formal decision concerning whether alert data from the MEOSAR system can be
distributed to SAR services and inform the appropriate international bodies of its
decision; and

d. amend the Cospas-Sarsat documentation as appropriate and undertake action to also
reflect the transition to IOC in national and international organisations’ documentation as
required.

The number of satellites required to operate in IOC will be determined during the
demonstration and evaluation phase. However, it is expected that a minimum of [TBD]
satellites will be needed.
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Although all Cospas-Sarsat activities would continue to fall under the ICSPA, the Cospas-
Sarsat Parties should begin the development of a follow-on international agreement, as
necessary.

All Cospas-Sarsat Participants should be involved during the IOC phase and encouraged to
implement MEOLUTs as required to complete the MEOSAR system global coverage:

10.5 Full Operational Capability (FOC)

Full operational capability is a declaration by Cospas-Sarsat that the MEOSAR system should
be considered fully operational. At FOC the MEOSAR system shouldsatisfy all requirements
defined by Cospas-Sarsat. This implies that sufficient space and gfound segment components
have been commissioned in accordance with Cospas-Sarsat requirégients.

Before the MEOSAR system is declared at FOC the appropridte programmatic commitments
must be in place. Specifically, agreements must have beén completed which commit MEOSAR
space segment providers to the long-term provision of MBOSAR spade Segment capabilities.

The number of satellites required to reach FQC) 1s the miinmium number of satellites that
provide the required level of performances(e.g. availability). In addition, a ground segment
that provides global coverage is necegSary=(this could be four to six strategically located
ground stations).

It should be noted that at FOG, the MEOSAR system should provide near-instantaneous
alerting and locating servicesyfor existing, 406" MHz beacons, therefore, it could be assumed
that the MEOSAR systemreduld become the primary alerting source for 406 MHz beacons.

10.6 MEOSAR Implémentation Schedule

Each MEOSAR. constellation will be implemented in accordance with the plans developed by
the respective MEOSAR space segment provider. The tentative time line of MEOSAR
implerhentdtion is at Annex 1.

Action Item 10.1: Cospas-Sarsat and MEOSAR providers should develop proposals for the
content and implementation of MEOSAR Demonstration and Evaluation Programmes.

Action Item 10.2: Cospas-Sarsat and MEOSAR providers should develop proposals in respect
of MEOSAR system requirements necessary for progressing to 10C.

Action Item 10.3: MEOSAR providers should update the implementation schedules for their
MEOSAR constellations.

- END OF SECTION 10 -
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ANNEX A

LIST OF ABBREVIATIONS, ACRONYMS AND DEFINITIONS

Al ABBREVIATIONS AND ACRONYMS

C/No Carrier to noise density ratio

C/S R.O## Cospas-Sarsat System document in the R (Reports / Plans) serie$

C/S T.0## Cospas-Sarsat System document in the T (technical) serieg

CSCG Cospas-Sarsat Coordinating Group (superseded by the. Cespas-Sarsat Council)

D&E Demonstration and Evaluation test

DASS Distress Alerting Satellite System

EC European Commission

EIRP Effective Isotropically Radiated Power

ESA European Space Agency.

EWG Cospas-Sarsat Experts Working Group

FDOA Frequency Difference Of Arfiyal

FLAM Forward Link Alert Message

FOA Burst frequency measureg at'the time«ofiarrival (TOA)

FOC Full Operational Cagahitity

Galileo A global navigation satellitessystem being developed by ESA and the EC

GJU GALILEO Joint'Yndertaking

GEOSAR GeostatignarysSatellite Systeém for Search and Rescue

Glonass A globiahnavigation sgtetlite system provided and operated by Russia

GMS Galileg Mission.Segment

GNSS Glabal Navigation Satellite System

GOES Geostationary Operational Environmental Satellite operated by the USA

GPS Global Positioning System (global navigation satellite system operated by the
USA)

ICSPA International Cospas-Sarsat Programme Agreement

10C Initial Operational Capability

10V In-Orbit Validation

ITU International Telecommunication Union

JC Joint Committee

kHz kilohertz

LEOSAR Low-altitude Earth Orbiting satellite System for Search and Rescue

LHCP Left Hand Circular Polarisation

LUT Local Users Terminal (ground station in the Cospas-Sarsat System for tracking

and processing the downlink of search and rescue satellites)
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MCC

MEOLUT
MEOSAR
MHz

MIP
MQPSK
MSG
MSS

POC
QPSK
RCC
RHCP
RLM

RLS
RLSP
SAR/Galileo

SAR/Glonass

SAR
SARP
SARR
SIS
SPFD
SPOC
STB
TDOA
TG
TOA
TT&C
XMh

Mission Control Centre (control centre in the Cospas-Sarsat System for
distributing Cospas-Sarsat SAR distress alert messages)

LUT in the MEOSAR system

Medium-altitude Earth Orbiting satellite System for Search and Rescue
Megahertz

MEOSAR Implementation Plan

Mixed Quaternary Phase-Shift Keying

Meteosat Second Generation Satellite

Mobile Satellite Service

Proof Of Concept

Quaternary Phase-Shift Keying

Rescue Coordination Centre

Right Hand Circular Polarisation

Return Link Message

Return Link Service

Return Link Service Provider

Search and Rescue distress alerting(s€rvice supgOrted by the Galileo satellite
System

Search and Rescue distress alerting service, supported by the Glonass satellite
System

Search and Rescue

Search and Rescue RroCessor

Search and Rescue Repeater

Signal In Space; navigation(signal broadcast by Galileo satellites
Spectral’Power Flux Bensity

SAR, Point Of Coptact

Set'ef/Transpended Bursts

Jime Differenee Of Arrival

Task Group

Time Of Arrival (Beacon burst time of arrival at the MEOSAR satellite)
Telemetry, Tracking and Control

Extensible Markup Language
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A.2 DEFINITIONS

The following standard terminology should be used for the description of the MEOSAR
Ground Segment

MEOLUT

Antennas, hardware and software required to track global navigation satellite systerm, (GNSS)
satellites, process and generate locations for 406 MHz distress beacons (angd distribute
resultant alerts to a Mission Control Center (MCC).

Dependent MEOLUT

MEOLUT with one or more antennas, which may or may, het' be co-located, that must
rely on data from another MEOLUT in order to generate dlistress alerts.

Networked MEOLUT

MEOLUT with multiple antennas, which roay or may-not e co-located, that can use
processed beacon messages from another MEOLUT 1o’ generate distress alerts, and
distribute processed beacon messagesto another MEQLUT, as required.

Stand-Alone MEOLUT.

MEOLUT with multiple@ntéennas, which,may or may not be co-located, that does not
rely on any other MEQEUT or antenna(s) to generate distress aerts.

MEOSAR Solution

An unambiguous/location generated by a MEOLUT from one or more MEOSAR beacon
events.

RemetaAnhtenna(s)

Anttenna(s) that track global navigation satellite system (GNSS) satellites and recover beacon
messages, but do not generate locations for 406 MHz distress beacons. Remote antennas can
be used to enhance the capability of a MEOLUT, or can provide additional data to a
MEOLUT with insufficient standalone capability. Remote antennas have the same
capabilities as collocated antennas, but are geographically separated by a significant distance
from the MEOLUT processor.

Beacon Burst

A specific transmission from a beacon compliant with C/S T.001.
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A beacon burst can be either short or long and is repeated periodically. The digital message
transmitted by the beacon can vary between consecutive beacon bursts, eg. if the
encapsulated beacon location changes. The repetition period is much longer than the burst
duration for both short and long beacon bursts.

MEOSAR SATELLITES

Transponded burst

STB
Beacon D N N N Not received
burst Triansponded burst
<

Beacon

MEOLUT

Received, Fransponded hurst

Received
STB

FigureA-1: Proposed MEOSAR terminology

Transponded Burst

A specific bgacen’burst as relayed by asingle MEOSAR satellite.
A transpended burst may or may not be received by a MEOLUT depending on whether the

corresponding MEOSAR satellite is aso visible from the MEOLUT location and whether a
MEOLUT antennais allocated to that satellite.

Recelved Transponded Burst

A specific beacon burst as relayed by a single MEOSAR satellite and received through a
single MEOLUT antenna.

A received transponded burst is uniquely identified by: beacon ID, time of transmission,
satellite ID and antenna ID.
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Set of Transponded Bursts (STB)

All transponded bursts corresponding to a single beacon burst (relayed through all MEOSAR
satellites within view of the beacon).

The transponder burst in an STB may be received by different MEOLUTS, depending on the
location of the beacon and the MEOLUTSs and the corresponding satellites in commopview.
Received STB

All transponded bursts corresponding to a single beacon burst andh received at a given
MEOLUT.

The received STB is a subset of the STB for the particular *heacon burst. The number of

transponded bursts in the received STB is limited by the number of MEOLUT antennas and
by the number of satellitesin common view of the beacgrivand the MEOLUT.

- END. ©F) ANNEXA%
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ANNEX B

PRELIMINARY DASS TRANSPONDER CHARACTERISTICSY

Parameter Requirement Lnits
Uplink frequency range 406.0 to 406.1 Mz
Nominal input power level at antenna input®® -159.0 dBW
Maximum input power level at antennainput © -148.0 dBW
System dynamic range 30 dB
Receive antenna polarization RHCP -
Receive antennagain 10N dBiC
System noise temperature 695 K
Receive system G/T -17.7 dBi/K
Bandpass Characteristic (0.5 dB bandwidth) 100 KHz
Phase linearity (overall in-band) within +@02 of linear Degrees
Group delay 58 +/- 0.5 us
Group delay slope - -
AGC time constant [250] ms
AGC dynamic range 30 dB
Transponder gain (including ant.gaiqs) 165 dB
Transponder linearity (C/I) - -
Frequency trandation direct -
Gain stability +/- 0.5 dB
Output frequency stakility ~1x 10" -
Downlink frequegey/band 1544.8 to 1545.0 MHz
Downlink aftenia polarization RHCP -
Maximum transmitter output power 7 aBw
Downltrik/antenna gain 105 dBiC

(%)

instrument specification and design.
2
©)

plus 2 interferersin the band each with 100 Watt EIRP.

- END OF ANNEX B -

Final parameters for the DASS L-Band transponder will be supplied at completion of

Four simultaneous 406 MHz beacon signals at the antenna input each at —165 dBW.

Ten simultaneous 406 MHz beacon signals at the antenna input each at —165 dBW
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ANNEX C

PRELIMINARY SAR/GALILEO TRANSPONDER CHARACTERISTICS ™

Parameter Requirement Units
Uplink frequency range 406.0 to 406.1 MHz
Receive centre frequency
Normal mode 406.050
Narrowband mode 406.043 MHz
Nominal input power level at antenna -159.0 dBW
Maximum input power level at antenna -148°0 dBW
System dynamic range 30.0 dB
Receive antenna polarisation RHCP
Receive antenna gain 11.7 dBi min.
Receive antenna G/T
At edge of coverage
At centre of coverage =-16.1
(assuming Ta = 400K) >-14.8 dB/K
System noise temperature < 598 K
Bandpass Characteristics:
Normal mode (1 dB) 90 kHz
>90 kHz (1 dB)
<120 kHz (10 dB)
<170 kHz (45 dB)
<210kHz (70 dB)
Narrowband modg*(l dB) 50
> 50 kHz (1 dB)
<75 kHz¢10.dB)
< 1304Hz.(45 dB)
< MOKHz (70 dB)
Phase linearity.(overall in-band)® /
Group delay (total turn-around time) TBD us
Group delay uncertainty (with 95% confidence) <102 ns
Group delay slope (over any 4kHz in the 1dB band)
Normal mode <1L1
Narrowband mode <10.5 us
Transponder gain modes (set by telecommand) Fixed Gain (FG) / AGC
AGC time constant <80 ms
AGC dynamic range >30.0 dB
Transponder gain >180 dB min
Transponder linearity (C/31) >30.0 dBc
Frequency translation, Direct (non-inverting), both modes +1,138.05 MHz
Frequency translation accuracy, within +/- 2E-11
Frequency translation stability (over 100 ms), within +/- 1E-11
Gain stability over temperature, frequency and lifetime 2.0 dB pk-pk
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Parameter Requirement Units

Output frequency stability Derived from navigation clock| [High]
Downlink frequency band 1544.0 to 1544.2 MHz
Downlink centre frequency

Normal mode 1,544.100

Narrowband mode 1,544.093 @Hz
Downlink antenna polarisation LHCP 0
Downlink EIRP (within +/- 12.44 deg off-nadir angle, 16.8 [ dBW
i.e. full Earth disk) )
Downlink EIRP (within +/- 12.25 deg off-nadir angle, >18. 6 dBW
i.e. 10 deg elevation)
Minimum MTBF 3 h

(1) The Reported preliminary characteristics refer to th@&l four Galileo satellites, the
so-called In-Orbit Validation (I0V) satellites

(2) Group delay specified instead. Q
Q" .
<& N
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ANNEX D

PRELIMINARY SAR/GLONASS TRANSPONDER CHARACTERISTICS

Parameter Requirement Units
Uplink frequency range 406.0 to 406.1 MHz
Receive centre frequency
Normal mode 406.050 MHz
Narrowband mode 406.043
Nominal input power level at antenna -162.0 dBW
Maximum input power level at antenna - dBW
System dynamic range 30.0 dB
Receive antenna polarisation RHEP
Receive antenna gain 10 dBi
Receive antenna G/T At edge of coverage >-17.7 dB/K
System noise temperature 700 K
Bandpass Characteristics:
Normal mode (1 dB) 90 kHz
>90 kHz (1 dB)
<100-120 kHz (10 dB)
<170 kHz (40-45 dB)
<210 kHz (50-70 dB)
Narrowband mode (1 dB) 50
> 50 kHz (1 dB)
<75 kHz (10 dB)
<130 kHz (45 dB)
<160 kHz (50-70 dB)
Phase linearity (overall in-band)"" /
Group delay (total turn-around time) TBD ys
Group delay uncertainty (with 95%.cenfidence) <100 ns
Group delay slope us
(over any 4kHz in the 1dB band) Wormal modg <10
Narrowband mode <10
Transponder gain modeS\(sef*by telecofimand) AGC
AGC time constant <80 ms
AGC dynamic‘range >30.0 dB
Transponder gain >175 dB min
Transpondg€rlinearity >30.0 dBc
Frequeney tfanslation, direct direct
(afonsinverting), both modes
Frequency translation accuracy, within +/- 1E-11
Frequency translation stability e
(over 100 ms), within +- 5E-12
Gain stability over temperature, frequency and lifetime 2.0 dB pk-pk
Output frequency stability Derived from navigation clock [High]
Downlink frequency band 1544.85 to 1544.95 MHz
Downlink centre frequency Normal mode Narrowband mode %gjﬁggg MHz
Downlink antenna polarization LHCP
Downlink EIRP (within +/- 14 deg off-nadir angle, i.e. 10 deg 15-17 dBW

elevation)

- END OF ANNEX D —
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ANNEX E

MINIMUM PERFORMANCE REQUIREMENTS FOR MEOSAR COMPATIBILITY
WITH THE 406 MHz COSPAS-SARSAT SYSTEM

The table provided below defines the minimum performance requirements that.shotld be
satisfied by a MEOSAR system at full operational capability (FOC) to ensur@.caimpatibility
with the existing 406 MHz Cospas-Sarsat satellite system. It is understood that?

a)  these minimum requirements should be satisfied under nominal cogditiens, in particular
assuming that the 406 MHz beacon transmissions satisfy the speeification of document
C/ST.001; and

b) aMEOSAR satellite system at full operational capability, maysexhibit better performance
than the requirements specified below.
Thetable provides:

- incolumn1l: the performance parametery that charaeterises a specific system
capability;

- incolumn2:  the applicable requirement that, iwould ensure compatibility with the
existing Cospas-Sarsai406 M Hz system;

- incolumn 3:  the definition'f the performance parameter;
- incolumn4:  applicablecomments,aswecessary; and

- in column 5 the applicable CoSpas-Sarsat document reference in respect of the
identified requifement.
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Performance Requirement Definition Comments Reference
Parameter

Detection Probability 99% The probability of detecting the | The MEOLUT seferred to in | Detection probability for a
transmission of a406 MHz beacon and | the defiqition is a function, | single LEO satellite pass in
recovering at the MEOLUT a valid | indepehdent * of its actua | visibility >98% (C/S G.003).
beacon message, within 10 minutes | implementation, which may | Detection probability  over
from the first beacon message | dNelude  sewera distinct | successve LEOSAR satellite
transmission. physical entities/facilities | passes > 99%. GEOSAR

operatingtin,a network. detection  probability > 98%
within 10 min. (C/S T.012).

Independent Location 98% The probability of obtainifigsat the |, Same as above. Cospas-Sarsat system exercises

Probability MEOLUT a 2D location/(kat/Long.), have demonstrated a Doppler
independently of any,efieoded position location probability of 98% on a
data in the 406 MHz beacon messa0e) single LEO satellite pass (C/S
within 10 minutes, from the, first G.003).
beacon message transmissiQn.

Independent Location P(e < 5km) The syStem» independemt location | This requirement appliesto al | C/S T.002 requires 95% of

Error > 95% solution ‘should bef\within 5km from | independent location solutions. | nomina solutions to be within
the~actal beacen,position 95% of the 5 km from the actual position.
time.

Estimated Error 50% A measure of the accuracy of the | Thisrequirement appliestoall | C/S T.002 defines the

(Error Ellipse)

calculated  independent  location
expressed as an area that encompasses
the actual beacon location 50% of the
time.

independent location solutions
provided by the system.

requirement for a 50% error
dlipse.




R120CT04 E-3 C/ISR.012 - Issue 1
October 2004
Performance Requirement Definition Comments Reference
Parameter

Sensitivity BER < 5x10° | Assuming a nominal background noise This BER is used in the analysis
temperature of 600°K, the overall link for al repeater based system
budget should provide a bit error rate protection  requirements in
better than 5x10™ to allow for adequate document C/S T.014.
system performance margins.

Availability 99.5% The system should be available This goal smay, be achieved | C/S A.005 requires a 99.5%
99.5% of the time over a period of through variotis means, i.e. by | availability of Cospas-Sarsat
one year. The system is considered providing adequate | MCCs. The overal System
to be unavailable when any of(the redundancies and/or  high | availability is achieved through
performance requirements |isted SN retidhility of sub-systems. redundancy of the other sub-
this Table cannot be satisfieds systems.

Coverage Global The system should “satisfy _.the The existing Cospas-Sarsat
minimum perforidance’ requiremeénts LEOSAR system  provides
listed in this Tabhe Tegardless, of the global coverage for 406 MHz
beacon position on the Earth, beacons (C/S G.003).

Capacity 3 38M The gystém minimun,/performance | A 3.8 million worldwide | The existing LEOSAR system

requirements should be satisfied
assuming  aNwarldwide 406 MHz
beacon population of at least 3.8
million.

beacon population corresponds
to a peak number of active
beacons in a MEO satellite
visibility area of 150. To be
confirmed upon completion of
MEOSAR beacon message
traffic model.

has a maximum capacity of 3.8
million beacons when carrier
frequencies are spread in
accordance with C/S T.012.
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Performance Requirement Definition Comments X Reference
Parameter
~\)
Processing Anomalies < 1x10™ The system should not produce more | MCCs are requi validate | This requirement applies to
than one processing anomaly for every | alert m before | Cospas-Sarsat LEO and GEO
10,000 alert messages. A processing | distributi R services. | LUTs (C/IST.002 and

anomaly is an alert message produced | Processi omalies may, or | C/ST.009).
by the system, which should not have | may, Itinfalsederts.

been generated, or which provided

incorrect information. Q 0
” 0

<

-END OF\QNEX @
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ANNEX F 6
MEOSAR SPACE SEGMENT INTEROPERABILITY PA TERS
Parameter Requirement Definition QQ Comments Reference

SAR Receive Centre 406.05 MHz
Frequency (normal Q Q
bandwidth mode)
SAR Receive Bandwidth | > 80 kHz (1.0 dB bandwidth) Normal mode mus ed on 1ses pass band to reduce the
(normal bandwidth mode) | >90 kHz (3.0 dB bandwidth) all satellite constellat ss1ble impact from out of band

<110 kHz (10 dB bandwidth) The bandwidt cteristics @ interferers.

<170 kHz (45 dB bandwidth) shall be cent@ 406.05 M'PA Must satisfy system group delay

<200 kHz (70 dB bandwidth) requirements.
SAR Receive Centre 406.043 MHz \
Frequency (optional Q @o
additional bandwidth \
mode)
SAR Receive Bandwidth > 50 kHz (1.0 dB band The width characteristics shall | Narrowband option would provide
(optional additional er d at 406.043 MHz. improved C/N, and reduce the
bandwidth mode) <75kHz(10dBb @ susceptibility to interference.

< 130 kHz (45 Wldth) The 50 kHz covers channels A through C/i Zd%lidgafgi modle !

<160 kHz dw1dth) O, which is expected to satisfy capacity Zn . z L-hanne

- . ssignment Table.
\ requirements through 2025.
o A S
. x\ . . .
Receive System G/T 7. 7MdB/K Measured at the input of the LNA. | Assuming an antenna noise of 400 K.
Over the entire Earth coverage area.
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Parameter Requirement Definition Co S Reference
Axial Ratio <2.5dB Over entire Earth coverage area. @
Rx Antenna Polarisation RHCP (\®
System Dynamic Range >30dB The linear range of the transponder, i Smmodate 10 narrow band
not accounting for AGC. als (interferers or beacon bursts)
Q received at the satellite.
@ An '%ngle beacon signal level at
tﬁ@ite receiver input is
Q@ ‘® imately -165 dBW.
AGC Dynamic Range >30dB @ equired to accommodate varying noise
@9 A and interference levels.
A QAN
AGC Time Constant [< 80 ms] \ \p Sarsat LEOSAR AGC
Q @, performance as documented
@ \ at Table 3.3 of document
é :\ @ C/S T.003.
SAR Transmit Frequency | SAR/Galileo 0 The exact bandwidth used for the
(1544.0-1544.2 MHz) Q downlink must take into account
. protection requirements for other
DASS and SA @ s instruments that have filed to use the
(1544.8 - 1545. % band
. .
W
Transmit EIRP >15d \\ Over entire Earth coverage.
y 3

<&




F-3 C/SR.012 - Issue 1 —Rev.5
October 2009
Parameter Requirement Definition Co S Reference
Downlink Polarisation Circular Either RHC@{CP.
SAR Transmit Emission Must meet Annex I of iati with Inmarsat will be Annex [ of C/S T.014

Mask

C/S T.014 and Inmarsat-E
protection requirements

confirm their protection

Repeater linearity (C/I)

>30 dBc

Ratio of power to intermodulatio
products (which occur when t
repeater operates beyond its @r
range)

P .\

Frequency Translation

Accuracy +/- 2x10™"!

Short Term Stability (100 ms) <
1x10™

R\~
>

N
SO

ynchronisation with the on-board
navigation frequency reference provides
for a very accurate and stable frequency
translation on all MEOSAR satellites.

Allows FDOA measurements through
different satellites regardless of their
constellation.

SAR Rx to Tx conversion

Frequency Translation, non-

inverted 0

e
S

Rx band is not re-modulated on a
downlink carrier

Conversion may utilize an intermediate
frequency to facilitate translation with
minimum loss of gain.

60
NI




C/SR.012 - Issue 1 —Rev.5

October 2009

Parameter Requirement

Definition

Co S

Reference

Group Delay <10 pus/4 kHz

)]

o

Group dela)g;%nction of bandwidth

. Filter must be designed
lay characteristics that
system performance
nts.

%)up delay parameter is for guidance
only an uld be considered subsidiary

to th dwidth requirement.
L 3

Group Delay Stability <500 ns

(;Q@
2° N

S\ .
erformance will ensure that group
y has negligible impact on TDOA
easurements

b

S
N

0
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ANNEX G @6
PRELIMINARY MEOLUT INTEROPERABILITY P@&M ETERS
Parameter Requirement Definition 60 Comments Reference
MEOLUT BER Performance Achieyable with a G/T of 4 dB/K

Suitable to provide

BER of 5E-5 IP to correct BER discrepancy
: @ % ex E.
Antenna Polarisation RHCP and LHCP ASS will operate with RHCP

R\

downlinks, SAR/Galileo with LHCP
downlinks.

SAR/Glonass will operate with LHCP
downlinks.

g
MEOLUT System Clock UTC +/- 50 ns ®\
Accuracy (<\ @
. . \
Time Tagging Accuracy When processing C/S T.001 signals.

Standard Devia*@
within 7

i ﬁng accuracy measured at
1@ U7T processing threshold
using a calibrated input signal fed
directly into the MEOLUT.

Theoretical limit at threshold is 3 ps.

Frequency Measurement
Accuracy

.
@d Deviation
& 1thin 0.1 Hz

Frequency measurement accuracy at
MEOLUT processing threshold
using a calibrated input signal fed
directly into the MEOLUT.

To facilitate the exchange of frequency
measurements between MEOLUTs.

Theoretical limit at threshold is 0.025 Hz.
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Parameter Requirement Definition C S Reference
Processing Threshold 34.8 dB - Hz C/No measured at the demodulator. | C/No that 9@ a BER of 5E-5.
Beacon Modulations As per C/S T.001 Ne lations are being considered to
e MEOSAR system performance.

Supported

en and if accepted these will be
included jn C/S T.001.

~ N

*
ended a T development proceeds.

2)
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ANNEX H

WORK PLAN FOR MEOSAR SYSTEM DEVELOPMENT AND INTEGRATION IN
RESPECT OF TECHNICAL AND OPERATIONAL MATTERS

This annex presents a work plan overview for the development and integration™of the
MEOSAR system. The work plan is organized by system data flow; it presentSthe work
required for each process or interface and the Cospas-Sarsat body which shoul grtindertake the
work effort. The work effort in some cases can be accomplishedsduring a single
implementation phase, but in others it can span severa phases. The werk plan must retain
some measure of flexibility to account for the different implementétion” schedules of the
MEOSAR component providers. The work plan overview is‘graphically depicted at
Figure H.1.

H.1 Beacon to Satellite Interface

Because of the use of transparent repeaters plannediforthe MEQSAR satellite payloads, there
are no modifications required to the 406 MHzeacon for jts<€ompatibility with the proposed
MEOSAR system. However, the possible implementation of advanced capabilities of a
return link or enhanced beacon transmisSions waould “réquire consideration by the Joint
Committee and Task Groups as reguited o studysspecific needs. Consideration of a return
link service should be accomplishethas early aspessible in the development and proof-of-
concept/in-orbit validation phases.,, Becauseof=the use of spacecraft repeater instruments,
enhanced beacon characteristics,can be censidered at any time.

H.2 Satdliteto MEOLUT Interface

The satellited MEOLUT interface, or the satellite downlink parameters, must be completed
in the develOpment phase. To this end, the magjor parameters for downlink compatibility and
interoperability have been agreed among the MEOSAR system providers and are documented
in section/6 and Annex F of this document. Issues remaining to be completed should be
addressed in specific Experts Working Groups established by the Council, with the results
reeorded in this document according to procedures given in section 1.3.

H.3 MEOLUT Processing

The development of MEOLUT processing will initially be accomplished by the respective
MEOSAR component providers. The performance of the prototype MEOLUTs will be
evaluated during the proof-of-concept/in-orbit validation phase. Further evaluation of the
MEOLUTSs will be accomplished during the demonstration and evaluation phase, and the
MEOSAR D&E Plan should include the necessary test objectives to be measured. These
evauations will contribute to the effort within Cospas-Sarsat to develop new System



R12NOV05 H-2 C/ISR.012-Issuel—-Rev.1
November 2005

documents for MEOLUT performance, design guidelines, and commissioning. The
development of these documents should be accomplished by the Joint Committee, with Task
Groups as necessary, and should be completed and approved by the end of the demonstration
and evaluation phase.

H.4 MEOLUT toMCC Interface

There are no explicit actions to be taken in respect of the MEOLUT to MGG\Interface as
Cospas-Sarsat does not create specifications dealing with this nominally technieal matter of
ground segment provider concern. However, the appropriate body of e deint Committee
should ensure that the necessary data fields to be provided by the MEOL UTs are specified in
the operational documents. The Joint Committee should continuéfo look at changes that
need to be made to existing System documents and ensure that, the MEOSAR D&E Plan
includes the appropriate referencesto MEOLUT / MCC interfaceaS'necessary.

H.5 MCC Processing

A significant effort is required to determineniow M EOSAR~“dert data will be incorporated
into the distress aert information distributed” to the»SAR services. The amount of
modifications necessary in the Cospas-Sarsat’ M CCs will=depend on the operational scenario
concept developed for the use of MEQSAR data, and the additional information provided by
the MEOSAR system. Extensive madificationswilh require the convening of a dedicated task
group to review the impact on therdocuments'C/S'A.001 (DDP) and C/S A.002 (SID), and to
recommend the necessary updaties. Modification will also be required to ancillary documents
such as C/S A.003 (monitofiag and reporting), but these may be accomplished within the
context of the Joint Committee. The'Joint Committee should ensure that the MEOSAR D&E
Plan accommodatesthe,riecessary, abj ectives to evaluate the MCC performance.

H.6 MCC{oRCC/SPOC MEOSAR Alert Data Distribution

The MEGSAR D&E implementation phase offers the opportunity to evaluate the planned
datadrstribution procedures for MEOSAR distress aert data, and the anticipated response
pracedures for the use of the data by SAR services. The Joint Committee, and possibly a
dedicated task group, will need to ensure that the operational procedures and message formats
are modified as necessary to optimise the availability of MEOSAR data. This will
particularly impact the document C/S A.002 (SID) and other ancillary documents provided
for RCC/SPOC edification on the use of Cospas-Sarsat alert data. Cospas-Sarsat will need to
coordinate with the appropriate international organizations to ensure that their publications
are updated to include the most current description of the System.
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H.7 Return Link Service

If areturn link service isimplemented by any MEOSAR component provider, it will represent
anew function that will, in all probability, impact on several, or all, interfaces and processes
within the Cospas-Sarsat System, depending on its operational implementation. The return
link function may be implemented by entities outside the Cospas-Sarsat System, or may be
part of Cospas-Sarsat, but in either case its implementation must be recognised and
accommodated by the System. Because it represents an entirely new operational goneept, the
introduction of a return link process should first be studied in dedicated~eperationa /
technical task groups, given adequate guidance by the Council on the scopeof-their efforts.
The impact of a return link service on the processes and interfaces covered'in the preceding
sections will not be known until an operational scenario is devel oped*hy ‘Cospas-Sarsat task
groups, in coordination with the MEOSAR component providers¢and, possibly, national
Administrations. Any impact on the Cospas-Sarsat System must be documented in the
appropriate System documents. The development of a return, |imk*service could impact al
phases of MEOSAR system implementation.
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-_:fg,.'f‘ =
\ MEOLUT MCC SPOC | RCC
Technical / Operational Beacon to Satellite Satelliteto MEOLUT | MEOLUT Pr g toMCC MCC Processing MCC to SPOC/RCC
M atter Interface Interface nterface Alert Distribution
- @
Description No change to current Devel opment of Dment of Devel opment of Change to Changesto alert
beacon specifications; downlink parameters design and specifications specifications and message format and
review return link and issues regarding forma% data distribution content
service interoperabilit ‘@ specifi snion
Venue N/A EWG \ \'@; JC/TG JC/TG JC/TG
N> ~
System Documentation & N\ @E Plan; New D&E Plan; affected D&E Plan; Affected System
Affected N/A o/ (MIP) uments; affected System documents C/SA.001; documents;
System documents C/S A.002; affected documents of
\ \ System documents international bodies
. . . NS )
Return Link Discussed inJC/ TG <_) Q
TBD TBD TBD TBD TBD

and may affect @
System docur%y

Figufe H.1:

Summary of Work Plan for Technical and Operational Matters

- END OF ANNEX H —
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ANNEX J

SAMPLE MEOSAR CONSTELLATION LINK BUDGET

System Constants Units Value
Boltzman's Constant Joules/K 1.38E-23
Boltzman's Constant dB(W/m?Hz) -228.6
Satellite Altitude - from earth centre km 29994.135
Earth Radius km 6378.135
Parameter Units Typical
Case
Uplink (Beacon to Spacecraft)
Beacon Transmit Power dBW 7.00
Beacon Antenna Gain dB 0.00
Elevation deg 30.0
Range Km 26292
Uplink Frequency MHz 406.050
Path Loss dB -173.0
Polarization Loss dB 45
Fading loss dB -2.5
GI/T of Satellite Rx Antenna dB/K -17.7
Uplink C/No dBHz 378
Downlink (Spacecraft to MEOLUT) Seenariojl| Scenario 2
Satellite Transmit EIRP dBW 15.0 20.0
Elevation deg 30 30
Range Km 26292 26292
Downlink Frequency MHz 1544.5 1544.5
Path Loss dB -184.6 -184.6
Fading Loss dB -1.0 -1.0
Polarization Loss dB -1.0 -1.0
Power Sharing Lloss dB -10.0 -10.0
Ground Station G/T dB/degK 4.0 -1.0
Downlifik, G/NG dBHz 51.0 51.0
Estimated downlink C/lo dBHz 51.0 51.0
Downhink C/(No+lo) dBHz 48.0 48.0
Overall C/(No+lo) dBHz 37.4 37.4
Required C/No
Theoretical Eb/No for required BER dB 8.8
Beacon Data Modulation loss (for 1.1rad) |dB 1.0
Coding Gain dB 2.0
Processing Gain (on only 1 burst) dB 0.0
Modem implementation loss dB 1.0
Required Eb/No on coded channel dB 8.8
Bit rate (at 400 bps) dBHz 26.0
Required C/(No+lo) dBHz 34.8
Margin dB 2.6

Comments

23,616 km above earth surface

Beacen, Spec C/S T.001 para 2.3.2
Narfiinal power 5 Watts

Beagomspec T.001 para 2.3.3, approx
migsfange case

Typical elev to a MEOSAR satellite
Slant rapge at 30 degree elevation

Middle‘ef beacon operating band

Linear” beacon antenna to elliptical
spacecraft antenna
Sum of various atmospheric effects

Estimated value

Two possible scenarios for satellite to
MEOLUT link
Two possible scenarios for satellite

Mid-band for 1544.0 to 1544.1 MHz

LUT antenna will need to match
polarization of spacecraft D/L antenna
Assume 8 total signals + 1 dB for noise

Two possible scenarios for MEOLUT

Combined effect of uplink and downlink

Theoretical for BPSK at 5x10° BER
Due to Bi-phase-L being used
beacon, relative to BPSK

from BCH decoding on beacon burst

For decoding beacon on 1 burst with no
integration

in
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Summary:

The link budget is calculated for a single burst from a 406 MHz beacon at hominal power
(5W) transmitting to a MEOSAR satellite at a 30 degree elevation angle, and the MEOLUT
is viewing that single satellite aso at a 30 degree elevation angle. It is assumed that there are
atotal of 8 signals present ssmultaneously in the band.

The resultant values for thislink budget are:

(CINg)yp = 37.9dBHz

(C/No)down = 48.0 dBHz (i.e. 10 dB above the (C/No)uyp)
(C/No)overal = 37.4 dBHz

(C/No)required = 34.8 dBHz

Margin =2.6dB

This (C/Ng)gown Can be achieved with a satellite EIRP off1§ to 20 dBW,, requiring a MEOLUT
antenna G/T greater than 4 or —1 dB/K, respectively.

Based on the assumptions adopted for the link/udget calculations, MEOSAR interoperability
can be achieved with a MEOLUT G/T of 4 dB/K and MEOSAR satellite downlinks with an
EIRP of 15dBW. Under these conditionS/MEOSAR “system communication links would
provide 2.6 dB of margin.

> END OFANNEX J-
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ANNEX K

LIST OF ACTIONS

FOR THE DEVELOPMENT AND INTEGRATION
OF A MEOSAR SYSTEM INTO COSPAS-SARSAT

Action

Status / Comipnents

Action Item 2.1: MEOSAR providers should develop link
budgets for their respective MEOSAR satellite constellations for
inclusion in future revisions of this document. The link budgets
should conform to the assumptions and format adopted for the
sample link budget provided at Annex J.

Action Item 2.2: MEOSAR  providers should update, ( as
necessary, the information concerning the design, performance, and
functionality of their system.

Action Item 5.1: MEQOSAR providers are invitéd’ to conduet
analysis to identify performance levels thatNcan be achiéved
practically. The analysis should particularly jnvestigate the’Geaeon
to satellite and satellite to MEOLUT link budgets, and their‘mpact
on various aspects of overall MEOSAR system performance.

Action Item 5.2: MEOSAR providers are #vited to conduct
analysis to identify anticipatedl, MEOSAR l0¢ation determination
performance in respect of I@cation accuracy, and time to produce
location information, add ™0 propogenoptions for optimising
MEQOSAR location determination performance.

Action Item 5.3:,.\MEOSAR “providers and Cospas-Sarsat are
invited to dévelop/a MEOSAR capacity model, and proposals for a
406 MHz channel assignment strategy that accommodates
LEOSAR, GEOSAR and MEOSAR requirements.

ActiorrItem 5.4:  Cospas-Sarsat Participants are invited to:

a.vinvestigate whether their respective Administrations operate, or
have knowledge of other Administrations which operate wind
profiler radars at 404.3 MHz, and report their findings to the
Council; and

b. request administrations operating wind profilers at 404.3 MHz
to move these radars to the 449 MHz frequency band.

Revisioprprovided for
SAR/G|0ondss

T0.be continued

On-going

On-going

On-going

Open

On-going

Modifications of US
profiler radar transmitters
is in progress with three
transmitters modified each
year.
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Action

Status / Comments

Action Item 6.1: MEQOSAR providers should:

a. consider the protection requirements for the other systems that
have notified their use of the 1544 — 1545 MHz band when
designing their MEOSAR downlinks;

b. conduct investigations to identify other systems that have, or
will have, started the coordination / notification process with the
ITU prior to the respective MEOSAR provider, and consider the
protection requirements for such systems when designing
MEQOSAR downlinks; and

c. initiate the formal ITU advance publication, coordination and
notification process for their MEOSAR satellite network, in
accordance with the procedures described in the Radio
Regulations.

Action Item 6.2: MEQOSAR providers should study the jssue of
how many DASS and SAR/Glonass MEOSAR repeatess,could be
accommodated in the upper portion of the band withoutgenerating
harmful interference to each other.

Action Item 6.3:  The Secretariat should forwvard any infagmation
regarding Koreasat downlink provided by“Koréa to theJMEOSAR
providers.

Action Item 6.4: MEOSAR prewiders should:

a. establish susceptibility ¢ Jprotection ‘tequirements for their
MEOSAR downlinks; dhd

b. consider the possibleninterference from other systems, including
inter MEOSARNsatellite constellation interference, when
designing theik ddwnlinks,“and cenfirm whether the minimum
performance fequired for compatibility with Cospas-Sarsat
would stilljbe satisfied while operating in the presence of
intepference from these systems.

Actionitem 6.5: MEOSAR providers should conduct analyses for
inclusion in future revisions of this document, to refine the
MEOSAR payload requirements provided at Annex F for enabling
MEOLUTSs to receive and process the downlink signals from
multiple MEOSAR satellite constellations.

Action Item 7.1: Cospas-Sarsat Participants should investigate,
through trials where possible, the operational benefits and
drawbacks that may be associated with distress alert
acknowledgement services and return link services that control
beacon transmissions.

Action Item 7.2: Cospas-Sarsat  Participants and MEOSAR
providers should conduct analysis to identify suitable options for
operating and managing acknowledgement services.

On-going

Notification of
SAR/Glonass frequencies
has been madeyStatus of
notificationvfor
SAR/Galileo frequencies
to betinVestigated by
France/ESA

On going

No information received
from Korea

Open

Open

Open

Open
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Action

Status / Comments

Action Item 7.3: Cospas-Sarsat  Participants and MEOSAR
providers should develop technical proposals for acknowledgement
services (including description of the required downlink signals and
406 MHz beacon specification / type approval requirements).

Action Item 7.4: Cospas-Sarsat and MEOSAR providers should
conduct analysis to identify improvements to the 406 MHz beacon
specification for the MEOSAR system. The following points
should be specifically addressed:

a. changes in the channel coding (e.g. convolutional coding);

b. the impact that new beacon specifications would have on
System capacity;

c. new modulation techniques to improve TDOA/FDOA
performance;

improvements to the message format;

additional encoded data requested by SAR authorities;
general optimisation of beacon parameters;

technologies that could reduce the cost of thé\geagon; and

the suitability of the MQPSK modulatien for the ME@SAR
TDOA time-tagging requirement.

S@ oo

Action Item 8.1: Cospas-Sarsat and“MEOSAR prowiders should
conduct analysis on the feasibilityhof developingdMEOLUTSs and
identifying the associated LUTtechnical chédracteristics necessary
for simultaneously receiving @pd,processing‘the-downlinks from:

a. multiple MEOSAR/~satellites fromp the same MEOSAR
constellation; and

b. multiple MEOSAR satellites “\from different MEOSAR
constellatiors:

Action Item8.2: Cospas-Sarsat and MEOSAR providers should
conduct~analysis and propose options for a MEOLUT ground
segmént «architecture. The analysis should specifically address
advantages and disadvantages of networking MEOLUTS, propose
options for sharing MEOLUT beacon burst data measurements with
other MEOLUTSs, and identify specification and commissioning
requirements for the MEOLUT data sharing function.

Action Item 8.3: Cospas-Sarsat and MEOSAR providers should
conduct analysis and propose MEOLUT functional, technical and
commissioning requirements, that ensure that MEOLUTSs will be
capable of providing a service that satisfies the performance
requirements identified at section 5.

Open

Open

Open

Open

Open
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Action

Status / Comments

Action Item 9.1: MEOSAR providers should conduct studies and
trials to identify:

a. what calibration information will be required to support Cospas-
Sarsat performance requirements;

b. the required update frequency of calibration information; and

c. the most appropriate methods for obtaining and distributing
calibration information.

Action Item 10.1: Cospas-Sarsat and MEOSAR providers should
develop proposals for the content and implementation of MEOSAR
Demonstration and Evaluation Programmes.

Action Item 10.2: Cospas-Sarsat and MEOSAR providers shou

Open

&’p
OP%Q
>

Id
- > pen
develop proposals in respect of MEOSAR system reqwremenO

necessary for progressing to 10C.

Action Item 10.3: MEOSAR  providers should update ™ the
implementation schedules for their MEOSAR constellat@ .

O@going
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ANNEX L

PRELIMINARY MEOLUT NETWORK ARCHITECTURE

AND BURST DATA REQUIREMENTS

This Annex illustrates the architecture concept for MEOLUT networking

L.1 OPTIONS FOR MEOSAR DATA SERVER NETWORK IMPEEMENTATION

TOA/FOA Data
A Y
MEOLUT Location Data
& TOMFOA T3 MCC
Request

TOA/FOA Request & Data

" TOA/FOA Data

TOA/FOA Data

v v
Location Data TOA/FOA Data
MEOLUT > MCC <
& TOA/FOA
Request v H
N
> TOA(FOA
Server,
TOA/FOA ~—e
Request &
Data
> TOA/FOA
Server F
~04L

Location Data

MEOLUT 2 TONFBAN MCC

Request

A

T F

TOAIEOA Data

Option 1

TOA/FOA Data

Lo :TOAIFOA Request & Data
MCC < MEOLUT
TOA/FOA Data
Logation'Data TOA/FOA Data
MCC < MEOLUT [¢
7'y \ \4
Ne—
> TOAFOA
Server
TOAIFOA ~—
Request &
Data
<O
MNe—
»| TOAFOA g
Server
\‘_/
A
v
Location Data
MCC < MEOLUT [«

TOA/FOA Data

Option 2

Figure L.1: Overall Architecture of the MEOSAR Data Server Network
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L.2 FORMAT OF MEOSAR DATA HOSTED ON MEOSAR DATA SERVERS
L.2.1 Folder structure:

FTP_OUTPUT_FOLDER
YYYYMMDD

BEACON _ID

Text Files
BEACON _ID

Text Files
BEACON _ID

Text Files

BEACON 1D as defined by message field 22 in/C4S=A.002 (SID)
Notes:
- The daily folders shall be kept on line for a minimum of 36 days.
- Self-test transmissions shall not be stored in the daily foldecs.

L.2.2 File naming convention:
YY DDD HHMM SS”NNNNNKD AA.txt
Using the Uplink TOA, new messagcfield 67 (C/S™AX.002).

YY —year

DDD — Julian day

HH — hour

MM — minute

SS — seconds

NNNNNN - fraction of second (micro-seconds)
AA — antenga LD

L.2.3 ¢ \EXample of MEOSAR Beacon Event File

Q1614 00000/3668/06 005 1320

/422/0000/01

/323/3668/02/123456789 ABCDEF012345600000000
/06 093 1320 20.453613/406.025123456
/0.123456/10000.123/00.0/400.000/FFFF

/LASSIT

/ENDMSG

Each file contains a single TOA/FOA pair, in accordance with the format of data
defined for SIT 722 messages (see Annex M)
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L.24 Theserver isinterrogated for data using Beacon ID and Time using the
following general steps:

(1) Log onto the FTP site

(2) Search for folder name with desired Beacon ID

(3) If found, change to that folder

(4) List fileswithin time range using expressions like YY_DDD_HHMMé
(5) Perform FTP “get” on resulting file list

(6) Log off 6@
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ANNEX M

DRAFT DEFINITIONS OF BURST DATA ELEMENTS
AND ASSOCIATED MESSAGE FIELDS DESCRIPTIONS

The following definitions and descriptions of data elements and message fields-ar&pfrovided in
accordance with the conventions / standards and formats used to define MCG,nterfaces in the
document C/S A.002 (SID), Annexes B and C. However, these definitiens will not be
included in the Cospas-Sarsat System Document C/S A.002 (SID) at thiS stage.

New message fields 67 to 76, which are specific to MEOSAR buist'data, are described per the
format used in Table B.1 of the SID and defined as per AppendixXyBxl of Annex B to the SID.

New SIT message format are defined for the exchange, of burst data between networked
MEOLUTS, i.e. SIT number:

o] 721 to request burst data; and

o] 722 to provide the requested data.

These new SIT formats and contents are @described as persAnnex C, Table C.4 and Appendix C.1
of the SID.

In addition, during the POC/IQVahase, ME®SAR providers may, as an option, evaluate on a
bilateral basis the exchange gf’data between“MEOLUTSs using the XML protocol as defined at
Appendix M.1 to Annex(W\in FigureM.1 (MEOSAR XML Schema) . A sample SIT 722
message in the XML fermat is provided-as illustration in Figure M.2

Note: In this Annex, existing text in the document C/S A.002 (SID) is in normal fonts,
deletions are shown as strike-eut fonts and additions are in italic fonts.
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TABLE B.1 TO ANNEX B OF C/S A.002 (SID)
MESSAGE FIELDS DESCRIPTION
MF# NAME CONTENT CHARACTER TEXT

2 REPORTING McE
FACILITY

(SEE TABLE II/A.1in C/S A.001)

nnnn

6 SPACECRAFT ID

SARSAT =001 -> 099
COSPAS =101 ->199
GOES =201 -> 220
LUCH-M =221 ->240
INSAT-2, INSAT-3 =241 -> 260
MSG =261 ->280
GPS =300 -> 399*
Galileo =400 -> 499
GLONASS =500 -> 599

nnn

(See Annex II/F in C/S A.001 forSpacecraft status)

67 UPLINK TOA

YEAR = 00 -> 99
DAY(JULIAN) = 001 ->{366
UTC-HRS =00-%728

on

nn

nnnn
T

MINS =00 ->49
SECS =00.000000+> 59.999999

nn.nnnnnn

68 UPLINK FOA (MHz)

406.000000Q00 -> 406.100000000

nnn.nnnnnnnnn

69  TIME OFFSET (sec) 0.0000Q0 -> 9,999999 n.nnnnnn
DEEAULT VALNE™=0.000000
70 FREQUENCY OFFSET_(HZ) J -90000.000 *= +90000.000 snnnnn.nnn
DEFAURLTE VALUE = +99999.999
71  ANTENNAID (SEE'TABLE II/TBD in C/S A.001) nn
DEFAULT VALUE =00
72 C/No (dBHZ) 00.0->99.9 nn.n
DEFAULT VALUE = 00.0
13 REQUEST TIME 000.000000 -> 999.999999 nnn.nnnnnn
WINDOW (sec) DEFAULT VALUE = 000.000000
74 NUMBER OF 01->99 nn
DATA BLOCKS
75 BIT RATE 000.000 -> 999.999 nnn.nnn
DEFAULT VALUE = 000.000
76 SPARE DATA FFFF hhhh

DEFAULT VALUE = 0000

1. For MEOSAR satellites the sequence within the range correspond to the Pseudo Random Noise (PRN)
number for the spacecraft (e.g., GPS PRN 23 would be 323).
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APPENDIX B.1 TO ANNEX B OF C/S A.002 (SID)

MESSAGE FIELDS DEFINITION

MF Message Fields Definition

#
2. Reporting Facility
The identification code corresponding to the facility (e.g., MCC, LUT) génding the
current message.
67. Uplink TOA'
Time that the burst is received at the satellite as calculated 8y the MEOLUT. The
time reference point (anchor) of a 406 MHz SAR burst is'thejend of the 24th bit in the
message Preamble. The end of the 24™ bit is defined, ay the mid point of the 50%
phase crossing (i.e. “zero-crossing”) of the mid-tranditions of the 24" and 25" bit.
68. Uplink FOA
Burst frequency measured at the time @f-the-Uplink TIOA.
69. Time Offset '
This is the calculated differéficévn time between the reception of the beacon burst at
the satellite and the groutid stdtion. YAdding this offset to the Uplink TOA provides
the time the burst was récéived at th€)ground station.
70. Frequency Offset

This is thesealciilated difference of the burst frequency received by the satellite and
the groyndsstation. Adding ‘this offset to the Uplink FOA provides the frequency of
the bigst.as received at the ground station. If the offset is set to the default value, the
Uplink/FOA refers to the frequency measured at the ground station (i.e. offset is
ineluded). The intended use of the default value pertains to ‘“antenna only”
installations that may not have the capacity to compute this offset.

" If the offset is set to the default value, the Uplink TOA refers to the time the end of
bit 24 was received at the ground station (i.e. offset is included). The intended use of
the default value pertains to “antenna only” installations that may not have the
capacity to compute this offset.
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71.

72,

73.

74,

75.

76.

Antenna ID
The identification code corresponding to the individual antenna associated with the
ground station that originally provided the burst data being reported in the SIT
message.

C/Ng

The Carrier over Noise Density of the detected burst as determined by the.ground
station.

Request Time Window
The time frame for which burst data is requested. Spe¢ifically, this number of
seconds should be added to and subtracted from the timg rerérence in the request to
determine the start and end time (Uplink TOA) for, bursis to be included in the
response. If the default value is received, a windo@.ef*+/- [5.0] seconds should be
applied.

Number of Data Blocks
The number of data blocks in this SIT format.

Bit Rate
The number of bits per segond‘as measured by the ground station.

Spare Data

This field congists®of four, hexadecimal characters as place holders for additional
informatiop.
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TABLE C.4 TO ANNEX C OF C/S A.002 (SID)
MESSAGE CONTENT
FOR
MEOSAR DATA MESSAGES

SIT NUMBERS
MESSAGE MF 6
FORMAT # TITLE 721 22 @
I\(/IDESSAGE 1 MESSAGE NUMBER A A 0
HEADER 2 REPORTING FACILITY

3 MESSAGE TRANSMIT TIME

/J;
&Q

@

()

SIT 4 SIT A
HEADER 5 SIT DESTINATION A
74 NUMBER OF DATA BLOCKS A

6 SPACECRAFT ID
11 SOURCE ID
71 ANTENNA ID

22 BEACON ID @

*

S
/_)6‘
%

23 406 MESSAGE \Q @ A
67 UPLINK TOA @ A A
DATA 68  UPLINK FOA % l A
69 TIME OFFSET @» X
70 FREQUENCY OF K X
72 CIN, 0 . X

73 REQUESTTI INDOW \ X .
75  BITRATE @ . X
76 SPARE X

‘

@F #sGTO@B REQUIRED, A A
SITTRAILER 42 ('Msn \(ﬁ A A
MSG TRAILER 0 ENDMSG A A

Note 1: “A” - indicates actual values.
“X” - indicates default values are allowed.

@.\ The underline “__"" is an indication where the New Line (NL) code is to be inserted.
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FORMAT
FRAMES

HEADER

INFO

TRAILER

APPENDIX C.1 TO ANNEX C OF C/S A.002 (SID)
SAMPLE MESSAGES
SAMPLE MESSAGE FOR
SIT721

MF# CONTENT
(as per communication network requirements if ar@

12,3 /01614 00000/3169/80 005 1750 é

4,574 1721/3668/02 0

22 /123456789ABCDEF ©
%0000\ ()Q

22 /23456789ABC[!§®® \9
67,73 /80 005 17?56000000/0 1000000

42 ILASS K
’ N X
LN

C)Q® (aw%communication network requirements if any)

67,73 /80 005 1700 20.000000

O

66
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SAMPLE MESSAGE FOR
SIT 722
FORMAT MF# CONTENT
FRAMES
HEADER (as per communication network requirements if any) 6
1,2,3 /01614 00000/3668/80 005 1750 @6
45,74 [722/3169/02 K@
6,11,71,23 /323/3668/02/123456789ABCDEFOl@OOOOOO
67,68 /80 005 1700 20.000000/406.02@}6
69,70,72,75,76 /0.123456/+10000. 123/00 OOO/FF
o 6,11,71,23 /318/3668/02/234567@@DE 700000000
67,69 /80 005 1700 20.0 0/406 %156
68,70,72,75,76 /0.123456 0. 123/0&&400 000/FFFF
42 /L SQ
43 @MSG @
S o
N
TRAILER 0

60
NI

@communicaﬁon network requirements if any)
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APPENDIX M.1 TO ANNEX M

The data contained in the SIT messages can easily be described by the Schema below for packet
data and packet request messages. One XML Schema document can be copied to any number of
users for immediate use by any of the third-party XML parsers.

Figure M.1: MEOSAR XML Schema

<?xml version="1.0"?>
<xsd:schema xmlns:xsd="http://www.w3.0rg/2001/XMLSchema"
xmlns="urn:packet-schema"
elementFormDefault="qualified"
targetNamespace="urn:packet-schema">
<xsd:element name="Packet">
<xsd:complexType>
<xsd:all>
<!-- Beacon code -->
<xsd:element name="MsgNum" type="xsd:paSitivelnteger+>
<xsd:element name="MsgOrig" type="xsdipasitivelnteger+/>
<xsd:element name="SIT" type="xsd:paSitivV€Integer />
<xsd:element name="TxTime" type=.'xsdtdate Tinme* />
<xsd:element name="Beacon30">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:pattern value="[0-9A-F]{30}"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:element>
<xsd:elementname="GS" type="xsd:positivelnteger" />
<xsd:element pame="8atM®" type="xsd:positivelnteger" />
<xsd:elementname="TOA" type="xsd:dateTime" />
<xsdielegient name="FOA" type="xsd:decimal" />
<xsd:efément name="TimeOffset" type="xsd:decimal” />
<Xsd:element name="FreqOffset" type="xsd:decimal” />
<Xxsd:element name="AntID" type="xsd:positivelnteger" />
<xsd:element name="CNO" type="xsd:decimal" />
<xsd:element name="RqTimeWndw" type="xsd:decimal” />
<xsd:element name="NumBcks" type="xsd:positivelnteger" />
<xsd:element name="BitRate" type="xsd:decimal" />
</xsd:all>
</xsd:complexType>
</xsd:element>
</xsd:schema>
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Figure M.2: Sample SIT 722 in XML format

<?xml version="1.0" encoding="utf-8"?>

<Packet>

<MsgNum>00020</MsgNum>

<SIT>722</SIT>

<TxTime>2007-12-21T21:04:27</TXTime>

<Beacon30>4E04E98EBAC9A68AB880D000000000</Beacon30> 6
<GS>1</GS> @
<TOA>2007-12-21T21:03:21.673114657</TOA> 6
<FOA>29313.0467</FOA> @
<SatlD>28874</SatID> 6
<CNO0>41.56188</CNO> \

</Packet>
)
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ANNEX N
POSSIBLE MEOSAR SYSTEM PERFORMANCE PARAMETERS
Parameter Definition Conditions efsrMgasurement Comments
Valid Message babili ¢4 . ¢ lid ) e Standard 406 MHgz beacon
Throughput Proba 11ty of detection of a valid, or gomp ete, message o BCN/Sat, efcvation angle > [5°] BCN/Sat elevation angle
from a single beacon burst: the ratio of the number e LUT/Sat SeVati le > [5°] and C/No should be
valid/complete messages received via a single MEO 218t cevation angle = collected to characterise
Complete Message Channel over the expected number of bursts which should * Min gample s1ze [TBD] ) erformance
Throughput have been received during a given period of time. * Jobe determined for 5° elevation angle P '
increments
Single Channel Valid
Message Detection . _ _ P . .
il Probability of detection of a valid/complete beatgn) |Same a§ above, except for the time period. inute =
Probability - . 2 minute = 2 bursts
- message via a single MEO channel over a given pefiod of Theprobability can be measured for periods 5 minutes = 6 bursts
Single Channel time after [beacon activation] [first burst transmissionis of 2,5 ?nfi/ or 10 minutes 'afte.r [first burst 10 minutes = 12 bursts
Complete Message tranismission] [beacon activation].
Detection Probability

Multi channel

Probability of detection of a valid [op=eomplete] beaecor
message by a MEOLUT using multiple channéls ‘over a

Single channel probabilities can be reported
as a function of the elevation angle using 5°
elevation angle increments.

The C/No of the channel
should be recorded.

Detection Probability | given period of time after [beacon ‘dctivation] [first burst
transmission].
Short Message Time elapsed between beacen agtivation and\the production

Transfer Time

by a MEOLUT of the first valid message.

Long Message
Transfer Time

Time elapsed between‘beacon activation and the production
by a MEOLUT of the first complete message.

Standard 406 MHz beacon
BCN/Sat. elevation angle > [5°]
LUT/Sat. elevation angle > [5°]

These times may be
affected by the distance of
the beacon to the

Confirmed Message Time elapsed betWeen beacon activation and the production MEOLUT.
Transfer Time by a MEQEW Thof the second identical complete message.
Channel Threshold Minimum C/No that allows the detection of a valid | e Standard 406 MHz beacon Average C/No of a MEO

message from a single burst over a single channel with
[95%] probability.

Min sample size [TBD]
To be determined for 5° elevation angle
increments

channel could also be
useful to characterise the
achieved performance.
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Parameter Definition Conditions of measLLrW Comments
Single Burst Probability of obtaining an independent 2D location Standard 406 MHz beacon
Independent Location | (Lat./Long.) using a single burst transmission, with a BCN/Sat. elevation anglé > [5°] Number of MEO channels

Probability

location error less than [5] km.

Single Burst
Independent Location
Accuracy

Average location error for single burst independent 2D
locations from a given set of MEOLUTSs with max HDOP
of [TBD].

LUT/Sat. elevation‘afigle > [5°]

Sample size: >FBR

Distributionst@ be’reported as a function
of HDOPaand.number of channels (i.e. 3,
>4)

and HDOP should be
reported.

Three MEO Channels
Independent Location
Probability

Four' MEO Channels
Independent Location
Probability

Probability of obtaining an independent 2D location
(Lat./Long.) within [10] minutes from [first burst
transmission] [beacon activation], with a location error less
than [5] km.

Standard b€acon bursts relayed via
threée/four or more MEO satellites to a given
MEOLUT,

Distribution‘shetild be reported as a function
of HDQPythe number of channels (i.e. 3,
>4) and the number of bursts used in the
commputation.

Measurement could be
done over 5, 10 or 15
minutes.

Independent Location
Error

Average and standard deviation of independentiJocation
errors obtained for a given number of fixed beacons aftey@
given period of time, with a max. HDOP,ofNIBD].

Time to First Location

Time elapsed between beacon actiyation and theNir§t/2D
independent location by a MEOLB Wwith an ewer less than
5 km, with a max. HDOP of [TBD},

Sample size: > TBD

Standard beacon transmissions
BCN/Sat. elevation angle > [5°]
LUT/Sat. elevation angle > [5°]

Results may be affected by
geo. area considered.

Can also be reported as a
function of HDOP and the
number of bursts.

TOA Estimation Error | Average (bias) and standard deyiation of TOA | TBD Distribution of errors
measurements performed by a MEOLUT. should also be provided.
FOA Estimation Error | Average (bias) and standdard deviation of FOA measurements | TBD
performed by a ME@LUT.
Definitions:  HDOP: TBD.

Independent locatiofi:
Valid message/AComplete message:
MEO channel:

Standard beacon:

- END OF ANNEX N -

Location obtained by a MEOLUT, independently of any encoded position data in the beacon message.
See C/S T.002 and C/S T.009.

Unique beacon-satellite-MEOLUT antenna path.
TBD (Use of “standard” beacon or controlled simulator transmissions should be documented).
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ANNEX O
DRAFT CHANGES TO DOCUMENT C/S A.001 (DDP) AND C/S A.002 (SID)

A) DEFINITIONS OF BURST DATA ELEMENTS IN C/S A.001

PROCEDURES

3.1

General Procedures for the Distribution of Cospas-Sarsat Alert Data
3.1.1 Introduction

Alert data is the generic term for Cospas-Sarsat alert and loéatie® position® data derived
from 406 MHz distress beacon signal processing. Alertdata derived from beacon
signals may contain beacon position information_and other coded information,
including the beacon identification.

Beacon signals are relayed via three satellite/systems, low earth orbiting (LEO),
geostationary earth orbiting (GEO) and meduim earthocbiting (MEQO). Position data
can be derived in three ways:

e by Doppler processing via the tracking, of a1 EO satellite receiving 406 MHz
beacon transmissions,

e Dby difference of arrival {DOA), processing using time of arrival (TOA) and
frequency of arrival (E©A) measurements received from multiple MEO satellites
relaying the sam€heacon transmissions,

¢ by position data‘encoded ip'beacon messages.

MCC:s receife alert datarfromytheir LUTs or from other MCCs and distribute this alert
data tq th€appropriate R€C or SPOC in their service area, or forward the alert data to

another MUC.  Alert data reccived from a single satellite pass or in a single MCC
messagesshall-be—processedinTCA—or-detectiontime—order: MCCs should transmit

Cospas-Sarsat alert data in accordance with the principles for data distribution listed in
section 2.2 of this Cospas-Sarsat Data Distribution Plan (DDP). The corresponding
procedures are outlined in Figures 3.1 and 3.2, and in the following sections. These
procedures are further detailed at Annex III / B of this DDP.2

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.

' 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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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 organized 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 seryicg area
forwards the alert data to the appropriate SPOC or national RCC,, infaecotdance
with the applicable Cospas-Sarsat or national procedures.

b)  Beacon position is within another MCC's service area:

An MCC that receives alert data for a beacon position uranether MCC's service
area forwards the alert data to the appropriate MCEy w accordance with the
applicable Cospas-Sarsat procedures as describedNifigthe Annexes III/ A and
I11 / B to this DDP.

c¢)  Unlocated alerts:

There will be occasions when a LEOLUTL/0r MEQLUI is unable to calculate a
leeation position for a beacon or a beacon is dete€ted by a GEOLUT, and the only
information available is the beaconamessage, \If this data does not contain an
encoded position, the alert isCumlocated. | i jthese cases the only information
available will be the digitalidentification eentained in the beacon message which
includes a country codeldesignating ‘the country of registration of the beacon.
MCCs will transmit ‘this ihformatiod fo the country of registration according to
the procedure descifibed in section, 3+2.8.

3.1.3 Message ormats

Alert messages,ate exchafigéd between MCCs using standard formats which permit
automatic.progessing andrefransmission of all data. These message formats are
referenieed.in the Cospas-Sarsat Mission Control Centres Standard Interface Description
(C/S A002). A list of message formats that are implemented at each MCC is provided
at(Aanex II / D of this DDP.

314 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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3.2

406 MHz Alert Data Distribution Procedures
3.2.1  Doppler Loeeatiens, 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 aII Cospas -Sarsat lew—earth
: satellites,
constitute 1ndependent sources of beacon posmon 1nformat10n Be%h All ‘types of
position data are used by MCCs in the filtering and geographical sorting,pfocess, and
distributed with alerts to RCCs and / or SPOCs, in accordance with, the/*procedures
described hereunder.

Eeeatien-Position data provided by LEOLUT Doppler processifig shall not be removed
or altered by a distributing MCC, unless the Doppler leegtieposition fails Doppler
footprint validation.

3.2.2  Validation of Beacon Message Data

Under various circumstances such as interferénC¢, weak bedeon signals or high noise
levels, the LUT processing can produce err@uieous alert-ddta (i.e. processing anomalies)
which may cause false alerts.

The alert data produced by the”hWH's must.be validated in accordance with the
requirements of document CASFR002. In addition, to avoid propagating invalid alerts
through the Cospas-Sarsat, Ground Segihent; the procedure for validating alert data
described at Annex III / Bnofethis DPPssliould be implemented at the MCC level to
satisfy the requirementsyofidocument €/S A.005.

3.2.3  Filtering,ofiRedundant Data

After validation, alertNdata seceived by an MCC must be compared to previous
information) concerning the same beacon identification which has already been
processed by that MCC.

Alest’ data produced by LEOLUTSs fer is considered to be the same beacon event
tke- when it has the same beacon identification, is received by the same spacecraft and
has the same time of closest approach (TCA) + 20 minutes). LEOLUT/GEOLUT data
is deemed to be redundant if, using the distance criterion defined at Annex I/ 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:
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J 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

c) 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, data for the safné,Beacon event
should not be considered redundant if it contains information{en“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 has the same“fime* (+/- [2] seconds) for the
latest beacon transmission included in the assoffated computation®. MEOLUT alert
data is deemed to be redundant if, using the distance critepigmdefined at Annex 111 / B
of this DDP, either:

a) the new alert message does not inelude D@A “position data and the MEOLUT
encoded position matches MEQLUT engoded position information received
earlier by the MCC; or

b)  the new alert messagéiincludes DOA.position data, the DOA position in the new
alert matches a DOA position inap alert received previously for the same beacon
event and, eithef:

o the new alert message/does not include MEOLUT encoded position data, or

o thre ‘encoded ApoSition data in the new alert message matches MEOLUT
eneoded positigh information received earlier by the MCC; or

c) andalert with the same beacon ID has already been processed for the same
beacon event and the new alert message does not include DOA position data or
MEOLUT encoded position data.

Alert data produced by GEOLUTS for the same beacon identification is deemed to be
redundant if:

a)  the new alert message does not include encoded position data; or

b)  the encoded position data in the new alert message matches encoded position data
received in an earlier message, using the distance matching criterion defined at
Annex III / B of this DDP.

* Time is determined as the average TOA for all measurements associated with the burst.
> DOA positions with the same time may or may not include all the same TOA/FOA measurements, but a
different time tag dictates conclusively that distinct geometry is present and hence constitutes independent data.
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To minimize 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 II1 / 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.ihessage).
However, the matching test for a coarse encoded position shall also be perférmed with
the position derived from the first protected field of previous non-redundant messages:
a coarse encoded position will be deemed redundant if it matches the\position encoded
in the first protected field of a previous beacon message.

Data deemed to be redundant shall not be used to determing"witether subsequent data is
redundant.

3.2.4  Ambiguity-Reselution Confirmation of 406 MHz Positions

The objective of the-ambiguityreselution thi§ process.isfo'confirm the position of a
beacon on the basis of independent informafien. -providedb¥two-independent sourees.

A-Doppler leeation data always includes two set, 0f *position data, the ‘true’ and the
‘image’ solutions which are symmetrieal relative to the trace of the orbit. Each solution
is associated with a probabilitwwihich is génerally sufficient to resolve the Doppler
ambiguity. However, the,actual charactétistics of the 406 MHz transmission are not
known by the receiving Lt T\and reliable ambiguity resolution of the Doppler solutions
can only be achieved with,a set of\Doppler positions from two different beacon events,
or using an external ‘§ource of, data such as position data encoded in the beacon
message.

While a DOA p0Sition*d0oés npt have any inherent ambiguity, it is still appropriate to
require_confirmation of the position as errors may occur. Confirmation of MEOLUT
alert data, Can only be achieved with a set of DOA positions from two different beacon
events, OF using an external source of data such as position data encoded in the beacon
meSsage and received via a MEO satellite.

A beacon message with encoded position data provides a unique position which may be
very accurate in most circumstances. However, since the source of that position data is
not under the control of Cospas-Sarsat, errors could remain undetected and
confirmation of the encoded position via an independent source is also desirable. As
several alert messages from the same beacon received through different satellites and/or
different LUTs can all originate from the same beacon transmission and, therefore,
from the same navigational data, confirmation of encoded position data can only be
provided by a Doppler selution position matching the encoded position from a
LEOLUT or GEOLUT or by a DOA position matching the encoded position from a
MEOLUT.
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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;

d) DOA position and MEOLUT encoded position data.

The beacon position ambiguity-isreselved is confirmed only if two independeht Sets of
position data match the distance criterion specified at Annex II1/ B of this, DIDB.

Alert data for beacons located outside an MCC'’s service area will besfprwarded until
ambiguity—is—resolved beacon position is confirmed. Once ambiguity—is—resolved the
position is confirmed, an ambiguity resolution message Or @ position confirmation
message shall be transmitted to each MCC and/or SPO@C&that has the reselved
confirmed position or a previous #nage incorrect position, i its MCC service area, or
its SAR Region(s), respectively.

3.25 Continued Transmission after <«Ambiguity~~Resolution Position

Confirmation

If necessary, continued transmission ofg@lert’data after”ambiguity—reselution position
confirmation may be requested by an MCG:

Alert data transmitted after ambistity—reselutiont position confirmation should not be
geographically sorted according to the rgeeived position, but sent to the same MCC,
SPOC or RCC which received the alertéforthe confirmed beacon position or requested
the continued transmissidn.

In satisfying a reguest for confintied transmission of alert data for a specified beacon
identification, the“same méthod of filtering redundant data used before ambiguity
reselation pesition confipmatian should also be used after ambiguityreselution position
confirmagion:

When eentinued transmission is requested, continued transmission of alert data shall
hé-provided from MEOLUTSs every [15] minutes®.

3.2.6  Exchange of Ship Security Alerts

Ship security alerts are initiated and transmitted by vessels whose security is threatened
and who need to notify a competent authority designated by the flag state. The
transmission of ship security alerts is based on the country code contained in the beacon
identification, which is then used to route the alert to the appropriate MCC or
competent authority.

8 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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MCCs will exchange ship security alerts using the formats specified in the document
C/S A.002 and according to the ship security alert distribution procedures described in
Annex III / B of this DDP.

An MCC will transmit a ship security alert only to the MCC or competent authority
associated with the country code. An MCC will not transmit a ship security alert to the
RCC or SPOC associated with the leeation position of the alert.

3.2.7  Requesting Transmission of Alerts

MCCs, SPOCs or RCCs may request transmission of alerts by geographical area or
15 hexadecimal beacon identifier.

If the request is by geographical area, then the request should specify the area for which
new alerts would be provided, either as a radius in nautical'miles around a position or
as a rectangle defined by two opposing corner positions.

The request should indicate the MCCs that would reeeive alerts for that area in real
time. A nodal MCC that receives a request for transmission should forward the request
to the appropriate MCCs, to ensure that the requésted alerts ate sent.

The requesting agency should indicate when transmis§16n8 are to be discontinued.

3.2.8  Exchange of Unlocated Alekts

When a LEOLUT or MEQLUW,is"unablete ealculate a leeation position for a beacon,
or a beacon message is detéeted by a GEOLUT, the only information available is the
beacon message. If this data deds/met contain an encoded position, the alert is
unlocated. An unlogcatéd’alert shall be distributed using the country code in the beacon
identification for fouting to thé dppropriate MCC or SPOC. Unlocated alerts shall be
validated at LUThNaid MCC Ievel in accordance with the applicable procedure.

MCCs, wil\ €xchange uhfocated alert messages using the format specified in the
document "€/S A.002 and according to the alert distribution procedures described in
Annex H1 / A of this DDP.

At MCC will transmit an unlocated alert message only if no position information has
been received previously for the same beacon identification. To increase the
probability of Image Position Determination (as defined in C/S A.002, Appendix B.2 to
Annex B), multiple LEOLUT/GEOLUT unlocated alert messages may be transmitted
for a beacon, provided that:

a)  only one unlocated alert message is sent per GEO satellite, and

b)  only one unlocated alert message is sent per LEO satellite beacon event.
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3.29 Combined LEO/GEO Processing

For the purposes of alert data distribution procedures, solutions derived from combined
LEO/GEO processing shall be treated as LEOSAR alerts.

3.3 Notification of Country of Beacon Registration (NOCR) Service
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B) NEW SIT MESSAGES FORMAT AND CONTENT

Table 1: SIT Message Format Correlations from Existing to MEOSAR

message  contains  Doppler/DOA
positions. It may or may not contain
an encoded position.

SIT Meaning New SIT

121 | 406 DOPPLER This message is used for notification 141* 406 DOA
INTERFERER of 406 MHz interferer signals. INTERFERER
NOTIFICATION NOTIFICATION

122 | 406 INCIDENT A 406 MHz alert message with no 142 406 INCIDENT
(NO DOPPLER) Doppler/DOA positions. An encoded (NO'DOA)

position may or may not be available.

123 | 406 POSITION A 406 MHz alert message with no 143 406 POSITION
CONFLICT Doppler/DOA positions for which the CONFLICT
(ENCODED ONLY) encoded position differs by more than (ENCODED ONLY)

the match criteria from all previous
positions.

124 | 406 AMBIGUITY A 406 MHz alert message «with, no i 406 POSITION
RESOLUTION Doppler/DOA positions thatiidentifies CONFIRMATION
(ENCODED ONLY) the confirmed position eof a406 MHZ (ENCODED ONLY)

alert.

125 | 406 INCIDENT A beacon alest message computed 145* 406 INCIDENT

from 406 MH#z"ihcident ddta’~The
message (confains  Doppler/DOA
positions”

126 | 406 POSITION Ambgagon alert “message computed 146* 406 POSITION
CONFLICT fiomv»406 MHZ sincident data. The CONFLICT

message  comtainis  Doppler/DOA
and/or encoded position(s) which
differ frop pother position(s) by the
match critéfia.

127 | 406 AMBIGUITY A__ 406 MHz alert message with 147* 406 POSITION
RESQLUTION 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

*New SIT Format (message content outlined below)
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Table 2: Message Contents for New MEOSAR SIT Formats
(SITs 141,145,146,147,137)
Field Name MF# | Description
MEOLUT ID 11 MEOLUT identifier
Beacon Message 23 30 character hexadecimal (bits 25-144) ‘6
Bursts 21 The number of independent 406 MHz bursts
(transmissions) used in generating this posmo%
Time Tag First Burst 14 Time of the first burst (average TOA)
Time Tag Last Burst 14 Time of the last burst (average TOA) ,7\./
Service Area 24 DDR/Service Area and AR flag nv
Latitude 25 Latitude for the position 'QV
Longitude 26 Longitude for the positi(m
: , AN
Altitude 7T7* Altitude for the pos@% "Q
Frequency 13 Frequency ‘(} * U
Average C/No 78* The average@er over ]‘@enmty of RTBs associated with
this posit'Pn
DOA Quality Factor 79% A mem the gu@h& of the position (TBD)

\Qv
(\ \’b‘

* New field
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C) CHANGES TO C/S A.002 - ANNEX B
(Only changes and new fields included, new text in italics)
TABLE B.1
Message Fields Description
MF# NAME CONTENT CHARACTER TEXT
8 NUMBER OF ALERTS 01 ->99 nn
WITH DOPPLER/DOA
POSITIONS
77 ALTITUDE 00000.000 ->99999.999 namRmRNNN
DEFAULT VALUE = 99999.999
78 AVERAGE CARRIER 00.00 ->99.99 fn.nn
TO NOISE RATIO
DEFAULT VALUE =99.99
79 DOA QUALITY FACTOR 001-> 999 NN
DEFAULT VALUE = 000
MESSAGE.FIELDS REFINITION
MF Message Fields Definitign
#
8. Number of AlertS\with Doppler/DOA Positions
The numbet of “alerts “ef 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 {letts may or may not contain encoded position information.
14, ~T'C€A
For LEOSAR Doppler location data, the Time of Closest Approach (TCA) indicates the
time at which the satellite was closest to the beacon. For LEOSAR detect only
solutions, the TCA is the time of the last data point. For GEOSAR, the TCA field
contains the time of the first beacon burst for the alert. For MEOSAR, the TCA field
contains the time of the burst as computed by averaging the associated TOA
measurements.
For LEOSAR alerts, the value for this field shall be computed from the ‘A’ solution.
21. Number of Points (406 MHz)

For data originating from the LEOSAR system: The number of bursts detected by the
LEOLUT for each 406 MHz beacon identification, used to develop a solution. For
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77,

78.

79.

combined SARP and SARR, it is the number of unique time-frequency data points after
the two processes have 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 fiom 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/ised to develop
the DOA position.

Altitude

The calculated altitude of the DOA position relative to.the tentre of the earth, given in
kilometres.

Average Carrier to Noise Ratio

The average Carrier to Noise Ratio «ag~computed ,ftem "all contributing TOA/FOA
measurements, computed by taking theslog of thesaverage of inverse logs of all
measurements.

DOA Quality Factor
A measure of quality assdcratéd withthe BOA position (algorithm TBD).
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SAMPLE MESSAGE FOR
SITs 141,145,146,147,137
FORMAT MF# CONTENT
FRAMES
HEADER (as per communication network requirements if any) E
12,3 /01614 00000/3660/09 280 1518 66
45,8 /141/3160/02 6®
11,23,21 /3668/123456789ABCDEF012345600000®93
14,14 /09 280 1516 36.21/09 280 1518 1@
24,25,26,77  [+316/+53.225/-130. 102/06379
13,78,79 /-00405.0 001.0 +99.99/ 9750 Q
INFO @ * O
11, 23,21 /3668/23456789@01234@900000/01
14,14 /09 280 1517 @1/09 280 0.01
24,25,26,77 /+316%@/ 140. Q/99999.999
13,78,79 &3 0 999(?. 9/34.39/250
42 @ASSIT
43 0@ /EN S;
TRAILER (as per communication network requirements if any)

R,
S

- END OF ANNEX O -
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