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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 Earth Orbit (LEO). The
LEO satellites and associated ground receiving stations (hereafter refegred to as the LEOSAR

system) are compatible with distress beacons operating at 406 ~The LEOSAR system
calculates the location of distress beacons using the Doppler e on the received beacon
signals. Because of LEOSAR satellite orbit patterns, there e delays between beacon
activation and the generation of an alert message. Q

In 1998, following several years of testing, the Cospa@rsat Council decided to augment the
LEOSAR system by formally incorporating SAR {ustium on geostationary satellites for
detecting 406 MHz beacons (hereafter referre as t OSAR system). Geostationary
satellite footprints are fixed with respect fQhe E s surface, therefore, each satellite
provides continuous coverage over the %graphie\region defined by its footprint. This
reduces the detection delays associate th OSAR system. Because of their altitude
each GEOSAR satellite provides coyspage %ﬂ’é‘\’ery large area (about one third the surface of
%3

the Earth excluding the Polar Re S). ever, because of these attributes (i.e. stationary
with respect to the Earth and higipaltitude)>
oY N0

o GEOSAR syste ovide location information only if this information is available
from an externdl source (i.e. global navigation receiver in the beacon) and transmitted
in the 406 @ beacon message;

o obstructions 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 aerting 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 introduction of
a MEOSAR capability into the Cospas-Sarsat System, and to develop this implementation
plan.

1.2  Purposeand Scope of Document 0)
&

The plan addresses all matters that impact upon the le introduction of a 406 MHz
MEOSAR capability into the Cospas-Sarsat System, i ing the compatibility of MEOSAR
constellations with each other and with the Cospas; %@m It includes:

O

a a generic description of the M EOSAR@géem detailed information specific to the
DASS, SAR/Galileo and SAR/GIO%QQG con ions (section 2);

b. definitions for MEOSAR sy, \Qco@(ﬁ)ility and interoperability, and a discussion

of the importance of s % lonass and SAR/Galileo compatibility and
interoperability (sectio%' y %
QY N0

C. the managemen cture and policies agreed by the Cospas-Sarsat Council for
coordinating-th3 evelopment and introduction of MEOSAR components into the
Cospas—Sa@%ystem (section 4);

d. the minimum acceptable MEOSAR search and rescue operational performance
requirements 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 Implementation Plan (M1P)

In this document the term “MEOSAR provider” designates the USA for DASS, the Russian
Federation for SAR/Glonass, and the Galileo Joint Undertaking (@U) / European Space
Agency (ESA) for SAR/Galileo. 6@

Q
Cospas-Sarsat will apply the following principles to the mar%ggi’nent and maintenance of this

document:
&

a information and changes to information conéermin specific MEOSAR component
will be provided by the respective MEOSAR proy(@s’

)
b. information and changes to inforrngt\%n p %i%i ng to MEOSAR compatibility with
Cospas-Sarsat and the interop ity ong OSAR components will be coordinated
and accepted by all M EOSAQKp ovigg&and

) : . :

C. other aspects of ME@E\R development will be coordinated with the
MEOSAR providere)Q* )

8

s

14 Refer encegéuments

a C/SG.003:  Introduction to the Cospas-Sarsat System;

b. C/SG.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;

k. C/ST.014: Cospas-Sarsat Frequency Requirements and Coordination Procedures;
and

l. The International Cospas-Sarsat Programme Agreement (1@?

3
&
N

-END OF SECTICﬁSin'- >
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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 for Cospas-
Sarsat 406 MHz distress beacons;

. high levels of space and ground segment redundancy and availability;
° robust beacon to satellite communication links; b,

. multiple and continuously changing beacon / satellite &)S, thereby providing
flexibility against beacon to satellite obstructions, and res&r\ce to interference; and

. a possible return link to the 406 MHz beacon. %Q

This section provides a general description of a ME&SAR sxystem focusing on the aspects
common to the DASS, SAR/Galileo and S onassC¥Yystems, and also presents a
description of the characteristics that are un1 ac {cs\tellatlon

% &

21  MEOSAR Concept of Oper S
T x@

Using networks of SAR 1nstru@&s on\g‘ ellites and ground processing stations, the
MEOSAR system will receiv code, afl¥ locate 406 MHz distress beacons throughout the
world.  All three MEOS nstalﬁ'l%ns will be completely compatible with Cospas-Sarsat
406 MHz distress b as dettned in document C/S T.001 (Cospas-Sarsat beacon
specification). ‘3&

MEOSAR sate%?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 MEOLUTSs, to provide beacon identification and location information. The
distress alert information computed by MEOLUTs 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
MEOLUTSs. 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,
SAR/Galileo and SAR/Glonass satellite constellations is provided at sections 2.7, 2.8 and 2.9
respectively.



2-2 C/SR.012 - Issue 1 — Rev.7
October 2011

406 MHz Beacon Cospas-Sarsat @i t @ Q
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Figure 2.1: MEOSAR Syst%ﬁ}i‘onc% Operations
S

In addition to the distress alerting {iibion, EOSAR providers are investigating the
feasibility of providing advanced capgbilities, &@b might include:

o a return link to the beacop@ upp‘%}@c‘iitional functions; and
@ s.

o new generation 406 bea

The advanced capabili@nder consideration are introduced at section 2.6, and are discussed
in greater detail at.segtion 7.
P

&

2.2 MEQOSAR 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 Table 2.1.
The primary missions for the satellites used in the three MEOSAR constellations are the
Global Positioning System (GPS), Galileo and Glonass global navigation satellite systems.
As a secondary mission, the SAR payloads will be designed within the constraints imposed
by the navigation payloads.

The three MEOSAR satellite constellations will utilise transparent repeater instruments to
relay 406 MHz beacon signals, without onboard processing, data storage, or
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.
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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 instruments on
and off, reconfiguring instruments as required, monitoring payload health etc.). This
equipment, which is required for satellite housekeeping, is not considered part of the
MEOSAR system, and is not discussed further unless specific services for SAR are integrated
into these ground stations.

Table 2.1: Characteristics of MEOSAR Satellite Constellations
DASS SAR/Galileo SAR/Glonass
Number of satellites: 5)
Total 27 30 b 24
Operational 24 27 Q) 24
In-orbit Spare 3 3 % TBD @
With MEOSAR Payloads All GPS Block 111 All Glonass-K
Satellites % Satellites
A\
Altitude (km) 20,182 23,@@ 19,140
N )
. . ) \8
Period 718 45 676
eriod (min) \0@ (y%
Orbital Planes: 46
Number of Planes \§b' '{y 3
No of Sat. Per Plane (" \) \QJ 9@ 8
Plane Inclination (degrees) S 55° ACD 56° 64.8°

Notes: 1 Not including s atellite@
2 Plus one sparg\ach plane
3 TBD - To®Be Determined

A

Y
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, MEOLUTs and possibly ground control stations for
return link functions. The specification for Cospas-Sarsat MCCs is provided in Cospas-
Sarsat System document C/S A.005. Changes to these requirements may be needed to
address specific characteristics of the MEOSAR system.

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 individual national
responsibility. MEOSAR satellite providers will make their satellite downlinks available
internationally for processing by MEOLUTs operated by Cospas-Sarsat Ground Segment
Operators. However, MEOSAR providers will not be responsible for providing all the
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MEOLUTSs necessary to support global coverage. Noting that the three MEOSAR
constellations are expected to be interoperable as defined in section 3, it is envisaged 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 advanced 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.

2.4 MEOSAR Link Budget

The performance of the MEOSAR system and, therefore, the overall degign of the MEOSAR
space and ground segment are strongly affected by the beacon to ite to MEOLUT link
budget. A sample MEOSAR single path link budget depictin minal case situation is
provided at Annex J. In order to assess the anticipated&rformance of the DASS,
SAR/Galileo and SAR/Glonass components, typical link bu are required for each.

Action Item 2.1: MEOSAR providers should dey?o% I|n dgets for their respective
MEOSAR satellite constellations for inclusion i ns of this document. The link
budgets should conform to the assumptions&rorm opted for the sample link budget
provided at Annex J. A

@% <
Q
2.5 MEOSAR 406 MHz Be@r Loc&@ﬂ Accuracy and Responsiveness

The MEOSAR system will Qe indgpendent distress beacon location information using a

combination of Time Dj nce o ival (TDOA) and Frequency Difference of Arrival
(FDOA) techniques. LUTs calculate the beacon location by measuring and processing
the time and frequ differences of the same beacon burst relayed by different satellites.

In theory, a mi@n of two simultaneous satellite receptions is required for MEOLUTsS to
locate beacons Wsing 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 information available from
the message content of location protocol beacons. In such instances location 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 and the MEOLUT.

>
Q
2.6 Advanced Capabilities @b'
&
Since the MEOSAR system is being developed using n cepts, the opportunity exists to
incorporate additional functions and/or capabilities t ight benefit SAR services. The
options being considered include: S Q>
O

o

areturn link to the beacon that migh ny lieased to acknowledge reception of a
distress alert, and/or control beacon S; and

support for a new generatlon &\?OG pﬁi beacons that might provide a superior link
budget, improved me&z&% ont d support more accurate time-tagging by
MEOLUTs.

NN

A more detailed discussi ppossi l;?additi onal capabilitiesis provided at section 7.
&
27  DASs N

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 characteristics 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 wi%,be conducted using
transponders with S-band downlinks. 6@

Q

DASS; therefore, the associated payload requir to implement this function are

A decision has not yet been made concerning thg;ﬁs‘e of return link services on
not addressed in this document. %Q,

SAR/Galileo \O‘ZJ

281 SAR/Galileo %/sten‘@%)ite%{é
XS

_ XN
The SAR/Galileo system \@Qcons :
2
406 MHz rep on{éﬂ* satellites of the Galileo navigation system, plus the
TBCI3] w@es designated as in-orbit spares;

Co sat MEOLUTSs located throughout the world as required to provide
globaMCoverage; 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 equaly 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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GALILES

Figure2.2: SAR/Galileo System Concept
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receive
SAR-re

transponder and a 1544 MHz transmit antenna, and a return link for
acknowledgements and other messages. In terms of hardware, the

The SAR ;& depicted at Figure 2.3, consists of the forward link 406 MHz

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

at Annex C.
Figure2.3: SAR/Galileo Payload Functions
SAR Transponder Navigation Payload
406 MHz 1544 MHz
SAR Rx 1544 MHz Navigation L-Band C-Band Rx
Antenna Downlink Tx Antenna Antenna

Antenna
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2.8.3 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

IS

The SAR/Glonass system will consist of: 6@
| o
406 MHz repeaters on al satellites of the Gl K navigation system; and

Cospas-Sarsat MEOLUTSs located tl&mut the world as required to
provide global coverage.
X Q'Q

Glonass satellites orbit the Earth fude( 819,140 km. The constellation of
Glonass satellites is distributed cg, diﬁént orbital planes, equaly spaced in
longitude. With this constellail eryQoint on the Earth isin visibility of at least 4
satellites with an elevation @l g{&han 5 degrees at all times.

A decision has not &?een e regarding whether SAR/Glonass would also
provide a return li Vi the beacon as described in section 2.6. If so, an
additional grou ment component would be required to provide and manage
return link Ua% Issions.

D

29.2 SA%Ionass 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 Cospas-Sarsat
MEOLUTSs.

31 System Compatibility and I nter oper ability Concepts

As a minimum, the MEOSAR system must ensure compatibility widg, the existing Cospas-

Sarsat LEOSAR and GEOSAR systems, and also compatibilityNg#th each other, i.e. they
should not impact on the operation of the existing systeds, or of other MEOSAR
constellations that might operate in the same frequency . In addition, a MEOSAR
system must be able to process 406 MHz beacons that Cospas-Sarsat requirements for

operation in the LEOSAR and GEOSAR systems. A

Moreover, there are clear benefits to ensuring th@%osp sat MEOLUTs will be capable
of processing the downlink signals of all M E@R co@ ations.

The International Cospas-Sarsat Prog@‘m reement was established to ensure the
continuity of the international co "{ﬁ resulted in the implementation of an
international satellite distress aler@ syst using a variety of space and ground segment
components. Although dlight it between the satellite payloads in the LEOSAR
system, they are basicaly i era@i e. the same ground segment architecture allows for
a local user termina ( to track, receive and process data from both satellite series.
Similarly, athough £ L@mmance characteristics of the various satellite payloads in the
GEOSAR system ferent, GEOLUTs must satisfy a common set of performance criteria
that ensures consistent distress alerting performance. The advantages of interoperable
systems include:

a  arobust ground segment providing redundancy and allowing quicker detection and
location 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-Sarsat System.

3.2.2 Interoperability:

The components of the MEOSAR system conform to a cgmmon architecture and

comply with agreed performance standards. A set of g satellite downlink
characteristics allows MEOLUTs to track satellites process signals from
interoperable MEOSAR constellations. S
o
3.3 MEOSAR Compatibility and I nter oper abili equirements

\bg

The Cospas-Sarsat requirements in respect of @OS&@ compatibility are addressed in
section 5, except for the detailed technical e(?@-y foémi ng frequency coordination and
Cospas-Sarsat frequency protection requi re@n swmgH are detailed in document C/S T.014.

The requirements for MEOSAR ] are addressed at section 6 (MEOSAR
payloads) and section 8 (M EOSA und ment).

bO
&
>
- 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 Programme 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 Parties to the ICSPA, the
development and the integration of their MEOSAR satellite constel@jons into the Cospas-
Sarsat System can be accommodated within the framework estab by the ICSPA, as an
enhancement to the existing Cospas-Sarsat System, and ed by the Cospas-Sarsat
Council through the existing management structure (i.e. cil, Joint Committee, Task
Groups, Experts Working Groups, etc.). However, b e EC/ESA are not parties to the
ICSPA, a specific management structure is required f0s-coordinating the development and
integration activities for SAR/Galileo.
o .\QQ

It is expected that a formal agreement betwegqéospaésarsat and the appropriate authority
responsible for the development of the Galij¢e system would provide the required
management structure for the devel opmg/&‘andé:ﬁ;egrati on of SAR/Galileo into the Cospas-

Sarsat System. X X
&> %\‘z’

4.1 Development andolqﬁ’graﬁ@bf the MEOSAR System

Section 10 of this do t describes the procedures agreed amongst Cospas-Sarsat Parties
and MEOSAR ers for the development, proof of concept, demonstration and
evaluation phases%f MEOSAR programmes, and the integration of an operational MEOSAR
system into the Cospas-Sarsat System. During the development, proof of concept, and the
demonstration and evaluation phases of the MEOSAR system (i.e. prior to the Council
decision to accept the MEOSAR system as an enhancement to Cospas-Sarsat in an initial
operational capability), significant changes to the management structure of the Cospas-Sarsat
Programme 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 Council and its

subsidiary organs (i.e. Joint Committee, Experts Working Groups, €tc.) in 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 integration dto the Cospas-Sarsat
System, including the documentation of decisions, r endations and actions
agreed between Cospas-Sarsat and SAR/Galileo.

In addition, the MEOSAR Providers have stated that th é) not intend to fund, procure and
operate the complete ground segment required to pro g obal coverage. Such a complete
ground segment providing global coverage ass a number of ground
receiving/processing stations (MEOLUTYS) establ |$ wo@

Furthermore, as described in section 3 of '\gjocm%ﬁt, there are significant advantages to
establishing MEOLUTSs that operate s eouqy with several MEOSAR satellite systems.

Since the development of such ground, proc capabilities for MEOSAR distress aerting
will aso have to be coordinated Co Sarsat, it would be advantageous to envisage
that:

- the developme:h?astmg and operation of MEOLUTSs should be coordinated by
Cospas—Sar e framework of the existing ICSPA,;

- a commd?:Qset of performance requirements should be agreed by Cospas-Sarsat,
taking into account the design and capabilities of each MEOSAR constellation; and

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

Asis 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 the future roles and
responsibilities of MEOSAR space segment and/or ground segment providers will have to be
considered in parallel with the development and implementation of MEOSAR capabilities. In
the future there will be a requirement to define a stable and comprehensive management
framework for the Cospas-Sarsat Programme that will ensure th inuity and availability
of 406 MHz satellite alerting services to users worldwide, address, as required, the
provision and operation of the MEOSAR system. Q)&

N
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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 distress alerting
service for 406 MHz beacons that would enhance the services provided by Cospas Sarsat
LEOSAR and GEOSAR systems. Furthermore, to be incorporated into the Cospas-Sarsat
System, MEOSAR system components should be provided and managed in accordance with
the principles that govern the Cospas-Sarsat Programme. These guiding principles impose the
following requirements.

Q
a MEOSAR services should be provided free of charge t%@ end user in distress.
b. the MEOSAR system should not generate harmctomﬁﬁterference to the Cospas-Sarsat
LEOSAR and GEOSAR systems. A
S
C. the MEOSAR system should be compl et@y:om @ le with Cospas-Sarsat 406 MHz
distress beacons. @

Sarsat Ground Segment Pro

d. MEOSAR downlinks shoi&,is%p !ﬁacc ible and free of charge to Cospas

e the MEOSAR syst i%ve minimum performance levels agreed by the
Cospas-Sarsat Cour@p' \0

52 M inimunﬁOSAR Performance Levelsfor 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 mechanism 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 satellites in each
MEOSAR constellation, the MEOSAR system has the potential to provide performance that
exceeds the minimum requirements established above. Cospas-Sarsat and 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 sect@s summarise analyses
in respect of achievable MEOSAR performance in key areas. 6@
Q
Action Item5.1: MEOSAR providers are invited to @nduct analysis to identify
performance levels that can be achieved practically. e analysis should particularly
investigate the beacon to satellite and satellite to ME ink budgets, and their impact on
various aspects of overall MEOSAR system perfor%r‘be. Q>
O

53.1  Detection Probability \O‘ZJ@ Q)&%\,

The Cospas-Sarsat LEOSAR @@cﬁ)h eéthan full-Earth visibility at any time due
to the limited number of ites it. Beacons outside a satellite's coverage
area can therefore not be gmediat®ly detected, but must continue to transmit until a
satellite passes overh GEOSKR satellites, though visible nearly everywhere in
the Earth's mid-lati regks, can be blocked from a beacon's view by terrain
features. ME systems, due to their large numbers of satellites, changing
orbital positi d large fields of view, can significantly reduce or eliminate these
limitatio N can increase a beacon's probability of detection.

5.3.2 Independent Location 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 to identify
anticipated MEOSAR location determination performance in respect of location accuracy
and time to produce location information, and to propose options for optimising MEOSAR
location determination performance.

534 Error Ellipse
TBD b,

&Z»
535  Sensitivity Q

TBD '&c"
53.6 Availability CJQ«C’Q

that a MEOSAR system would co rm well even if the constellations

became reduced. The analysis sh th% ming only DASS satellites in orbit

and with the highly unlikely &ﬁ/ SiX lites randomly selected from a nominal
ill

constellation, beacons wo ! |mmed|ate visibility to 3 or more DASS

A study conducted by the USA assessi %e ig@ of satellite failures concluded

satellites 99.5% of the ti and the¥Independent location capability would still be
provided with only a n@r reduéon in accuracy.

The availabilit %EOSRQ services would be further enhanced for a MEOSAR
system comprisext of satellite constellations fully interoperable with all Cospas-Sarsat
MEOLUTRgaMable 5.1 provides the expected performance for different availability
scenarios DASS and SAR/Galileo satellite constellations, assuming a global
ground segment of MEOLUTSs capable of processing both constellations.

Table5.1: 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




R120CT04 5-4 C/ISR.012 - Issue 1
October 2004

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 LEOLUT, but with
excessive delay.

The coverage provided by the MEOSAR system will be determined by the
availability of a suitable MEOLUT ground segment. The coverage provided with a
single MEOLUT is dependent upon the minimum number ¢f satellites that need to
achieve ssimultaneous visibility of both the beacon aniﬁ» EOLUT to alow for
independent location determination with the required racy. Figure 5.1 depicts
the nominal coverage for a stand-alone MEOLUT trég%g SAR/Galileo satellites.

To achieve global coverage as soon as@ ible, MEOSAR providers are
investigating various possibilities for grc')&rﬁb segr{@t architecture and MEOLUT
design, including: ) \,Q

networking MEOLUTs to éNable t to share beacon burst time and
frequency measurement dan%@lth eaeﬁother and

the space and grouneg\%men@requwements necessary for Cospas-Sarsat
MEOLUTS to rec d ess the downlink signals from all MEOSAR
satellite constella@ns

FlgureS%C&)veraaoArea 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 than 3.8 million
beacons is based upon the projected beacon population growth and the channel
assignment strategy adopted by Cospas-Sarsat for optimising the capacity of the
LEOSAR and GEOSAR systems.

Because a MEOSAR system requires multiple simultaneop§ beacon, satellite and
MEOLUT visibility, the model for calculating MEO apacity is likely to be
different from either the LEOSAR or GEOSAR sy models. Furthermore, in
light of the relationship between capacity and c@ el assignment strategies, an
optimum channel assignment strategy that woulgoQ mmodate LEOSAR, GEOSAR
and MEOSAR systems is needed.

simultaneously that can be succ proc to provide a beacon geolocation,
under nominal conditions. As t mb simultaneous beacon transmissions
increases, so does the inci den@@ nterfering collisions between transmitted signals.
Such collisions tend to inc%ge he ngé required for the system to locate a beacon.
To minimize the incidencg, inte?iéfng collisions between transmitted signals and
to improve system ity, .t 406-406.1 MHz band has been divided into
approximately '[WG@IV "}SHZ channels in which Cospas-Sarsat attempts to
control the num@) beaconS operating in each channel.

System capacity is defined as the num@of 4§®%Hz distress beacons operating

Prelimin : acity studies indicate that the MEOSAR system will provide a large
capacity that will adequately support the projected beacon population growth.

Action Item5.3: MEOSAR providers and Cospas-Sarsat are invited to develop a
MEOSAR 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).



R120CT04 5-6 C/ISR.012 - Issue 1
October 2004

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 techniques adopted for
the LEOSAR system will not be possible with a complete MEOSAR constellation.

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

a. investigate whether their respective Administrations operate\or have knowledge of
other Administrations which operate wind profiler radar&@b 04.3 MHz, and report

their findings to the Council; and %Q,
b. request administrations operating wind profil Q 04 3 MHz to move these radars
to the 449 MHz frequency band by the year ZOQ??
5.3.10 Processing Anomalies @Q -\,QQ
TBD o 6&%
(b% 4

54 Evaluation of MEOSAR Ff&f_o mq#‘

Evaluation of MEOSAR syst erfo n%nce will be made during the demonstration and
evaluation (D& E) phase ( r\&ﬁs)or adescription of the scope of the D&E). However,
the actual MEOSAR pesf@mance wiTl depend upon the availability of complete space and
ground segments, whlgg ay or may not be in place at the time of the D&E.

The decision to us%% erts produced by the MEOSAR system operationally will be dependant
upon the performance 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
decision 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 Radio ulations allocate the
1544 — 1545 MHz band to the mobile satellite service (MSS), sp o- earth for distress and
safety communications (article 5.356). International agreem 0 operate systems in this
band is achieved by completing the formal frequency natlon process with other
administrations that have successfully notified their use band to the ITU. This process,
which establishes whether proposed new systems wgenerate harmful interference to
other “notified” systems, will have to be complet EOSAR satellite constellation.
In effect MEOSAR providers will need to desu(g@ owrﬂ&hat support SAR performance
requirements, whilst:

a not generating harmful interferenfgqo ot authorlsed users of the band or to other
MEOSAR components; and , O | &)
o XN o
b. operating in the presence@%m SQ{Q from the other systems authorised to operate
in the band. @
D

Tables 6.1 through 6.3 %Aﬁfsumr;g se the preliminary information provided by the USA,
EC/ESA and Russa erning their respective plans for the DASS, SAR/Galileo and
SAR/Glonass M EQ@% downlinks.

The preliminary plan for MEOSAR system use of the 1544 — 1545 MHz band is depicted at
Figure 6.1. This plan cannot be finalised until the protection requirements for the other users
of the band 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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Table 6.2: SAR/Galileo Payload Downlink Characteristics

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 Ch eristics

o
. ~
SAR/Glonass Payload Downlink Charac@stlcs
Item DescFifitidn
Y
Payload type Direct frequency translation repeateraQTJ

Downlink frequency** Occupies approximately 100 kl—l(l@t\'/)veen AQMB and 1545.0 MHz

Downlink EIRP

19.0 dBW e, v ’Q\V

Downlink polarisation Left Hand Circular Pok&Mon (L{-@‘?ﬂ'v

Bandwidth relayed

MEOSAR DogQIe ift K©

406.0 — 406.1 wdpossiw\r\educed by small amount to accommodate

NN
S

NG
b@cdure 6.1:% 1544 — 1545 MHz Band Plan

>

QQ AR/
Glonass
GOES, MSG and -
SAR/Galileo* Electro-L SAR/GPS
GEOSAR
|
Cospas-Sarsat LEOSAR
| | | | |
1544.0 1544.1 1544.2 1544.3 1544.4 1544.5 1544.6 1544.7 1544.8 15449  1545.

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.

I

Sarsat LEOSAR system;
Cospas LEOSAR system;
GOES GEOSAR;

MSG GEOSAR;
Electro-L GEOSAR

The protection requirements for some of the components of the Cospas,i—Sarsat systems above

are described in the draft Cospas-Sarsat System document C/S

14 (Cospas-Sarsat

frequency protection and coordination requirements). A suscepti mask for the 1544 —
1545 MHz band based on the information currently available is pé@ ed at Figure 6.2.

Ground Station (dBW/m’Hz)

&
Q
S

Figure 6.2: Cospas-Sarsat LEOSAR aﬁﬁ;E%AR Susceptibility
Mask for 1544 — 1545 I\Qiz Ban
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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 when designing
MEOSAR downlinks; and

C. initiate the formal 1TU advance publication, coordination and notification process for
their MEOSAR satellite network, in accordance with the procedures described in the
Radio Regulations. b’
&Z)
6.3 Interference to MEOSAR Downlinks &%
Q
In addition to ensuring that the MEOSAR system d@@not cause interference to other
systems, the minimum MEOSAR system perforrnan vels required for compatibility with

Cospas-Sarsat must be maintained while operatin ep ce of emissions from systems
in the 1544 — 1545 MHz band, as well as from r sy operating in adjacent frequency

bands.
O @

Specifically, each component of the S ystem must be designed to account for
possible emissions in the MEOSAR@‘VHII@HdS from:

J MEOSAR satellites th erat % downlinks in the band;

J Cospas-Sarsat LEO and\QEOSAR satellites;

o other authorlsed ms using the 1544 — 1545 MHz band; and
o out-of-band e®51ons from systems operating in adjacent bands.

The level of inter)f}rence in the MEOSAR downlink band(s) impacts the overall design of a
MEOSAR system, and will require trade-offs between payload and MEOLUT design. For
example, the impact of interference could be mitigated by using more powerful MEOSAR
downlinks. This approach would add to the cost / complexity of the payload and possibly
increase 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 between 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 insufficient spectrum
available either in the upper or lower portion of the band to assign the third
constellation its own allocation. b

However, as depicted at Figure 6.1 it might be feasible f SS and SAR/Glonass to
share a portion of the available spectrum between 15 Oég and 1545.0 MHz for their
downlinks. In which case the DASS and SAR/Glg systems could be designed to
be viewed by MEOLUTs as a single larger satellg@\¢onstellation. This might provide
MEOLUTSs with additional options for s mg satellites, thereby optimising

MEOSAR coverage and location determl ance. Additional analysis is
required to establish how many DAS @ﬁd S lonass MEOSAR satellites can
share the upper portion of the band W) out atlng harmful interference to each

other. If mutual MEOSAR interfgfence besh e a problem, it might be necessary to
turn-off some DASS and SAR/ ass ]@DSAR payloads, in effect making them in-

orbit spares.

@Q \‘Zr
Since the primary ro all Ah satellites under consideration are the navigation
missions, replaceme@ sate might not be launched for the sole purpose of

restormg the co%@atlon of MEOSAR payloads. Consequently, the availability of
in-orbit sparescy uld be highly beneficial. If such an approach were adopted, a
process ft ermmmg which MEOSAR payloads would be turned-off will be
required.

Action Item 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
without generating 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, MSG and Electro-L
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 Cospas-Sarsat, the
MEOSAR system must also be designed to accommodate downlink interference
originating from other systems operating within the 1544 — 1545 MHz band and
interference spilling over from systems operating outside the 15 1545 MHz band.

In consideration of the Koreasat system, a detailed desc@ of its transmissions in
the band was requested from the Korean Administratio% However, a letter from the
Korean Director of Frequency Division and Radi roadcasting Bureau advised
that Koreasat was still in the planning stages and ed information could not yet be
provided. %

1544 — 1545 MHz band from geostdQyidry s es in the Mobile Satellite Service
based upon information provided‘oin filiggs” with the ITU, indicated that the
interference levels could exca&? e Cosfas-Sarsat susceptibility mask provided at
Figure 6.2. However, the iMgr erenc\@vels presented in the USA study represent
the most pessimistic case,g&e a lﬁ@humber of the systems filed with the ITU will

A USA study (EWG-2/2003/4/12-Rev. Qh% qu%h@ed possible interference in the

likely never become o onal, for those that do, many will utilise lower EIRP
than advertised for downlinks. Additionally, the study did not consider that
beacon signals wj Ge rela}%@b multiple satellites and will be received by multiple
MEOLUTs at rent locations. Therefore, even if one MEOLUT is degraded by
out-of-band daterference, the other MEOLUTs might remain unaffected and the
overall performance impact will be minimal.

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

Action 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 Cospas-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. b

The most significant payload characteristics that impact upon I\/‘L?&AR interoperability are:

modul ation of the downlinks; N bandwidth;

downlink frequency; er receiver G/T;

downlink EIRP; C»’r dynamic range;

downlink polarisation; QQ)Q @ter linearity; and
\Q Q)ﬁ%lp delay.

6.4.1 Modulation of theD r&ggﬁal

The decision by the U uss: %d the EC/ESA to use direct frequency transation
repeaters for their ellite payloads simplifies the development of
MEOLUTS cap of rece|vmg and processing the signals from al MEOSAR
constellations, CO

6.4.2 Do:}hlmk Frequency

MEOSAR satellite constellations need not have the exact same downlink frequencies
to enable 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, MEOSAR downlink EIRPs
should exceed 15 dBW for all MEOLUT to satellite elevation angles above 5°.
6.4.4 Downlink Polarisation b,
Q
The selection of adownlink polarisation should take |nt% Sideration:
a. the protection requirements for Cospas-Sarsat LédSAR and GEOSAR systems,
b. the possibleimpact on MEOSAR syste&ﬁerop&bﬂﬂy, and
c. constraints imposed by the pri maf,@{d\n gat@nsson
Since the LEOSAR and GE ens have downlinks with opposite circular
polarisation, it is not poss Oﬁ« a MEOSAR downlink polarisation that
optimises protection to bot d GEOSAR systems.

From the perspectiv, \br ME@%AR interoperability, adopting a common downlink

polarisation for OSAR ‘space segments would simplify the design of Cospas-
Sarsat MEOJ_ However, having different downlink polarisations could be
accommod |n MEOLUT designs without imposing substantive additional
requiremen%.

Finaly, 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 characteristics.
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. b

@b@

Anaysis conducted by France (MEOSAR-1/2 /3) concluded that, assuming

6.4.6 Repeater Receiver G/T

practical satellite receiver and receive antenna mance characteristics, the overall
MEOSAR link budget was 5 times more su degradations in the uplink than
the downlink. In view of this, the satgﬁ er subsystem G/T is a critical

characteristic for both MEOSAR perf teroperability.

MEOSAR providers and Cosp that arepeater G/T value of -17.7 dB/K

or greater would enable the of a fully interoperable MEOSAR system

that satisfied the perform equr r ts for compatibility with Cospas-Sarsat.

6.4.7 System Dy IC @rge and Automatic Gain Control (AGC)
Char acte&@cs

The rep namic range and AGC characteristics determine the MEOSAR
system’s abdity to adequately accommodate interference and varying beacon message
traffic loads. MEOSAR providers agreed that the repeater instantaneous linear range
(not 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 analysis has been
conducted to determine expected MEOSAR performance and the impact each
MEOSAR satellite constellation would have upon the other authorised users of the
band.

Action Item 6.5: MEOSAR providers should conduct
revisions of this document, to refine the MEOSAR payload rg§uitrements provided at Annex F
for enabling MEOLUTSs to receive and process the dowr}:',

satellite constellations. %Q,
>
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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 reception of
distress alerts, and/or control beacon transmissions; and

b.  support for beacons with different transmission characteristics that could improve beacon

effectiveness and reduce beacon cost. b’
66
7.1 MEOSAR Return Link Service cf)
&
The Galileo MEOSAR design includes a return link to A@\/IHZ beacons that can be used for
transmitting information to the beacon through the G L1 signal. The Return Link Service

(RLS) is provided through a dedicated facility QUed't
(RLSP), which acts as an interface between the£dspas-Safsat System and the Galileo system,
as illustrated in Figure 7.1. The available dat{dits d ted to SAR on the L1 signal are used
to broadcast Return Link Messages M) 3~ beacons allowing various services
complementary to the existing Forwar“dQLmk Service. These complementary services
could consist of a confirmation o ep@of the alert or other applications such as a
capability to remotely activate a &@1 ic bgacen.

eturn Link Service Provider”

A number of operational im Qétioﬁ@%r SAR authorities and the Cospas-Sarsat System need
to be thoroughly assesse ough trials and testing before the potential operational benefits of
the Return Link Serv.iccocan be demonstrated.

D

&
Figure 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
4@7 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 link 406 MHz alert.

7.1.1.1 Acknowledgment Service

An acknowledgment service through the Return Link can pgovide to the person(s) in
distress a confirmation of the detection of the alert an e determination of its
location by the System, and possibly a further confirmat; at the rescue operation is
underway. To enable this function, the beacon m ansmit in the Forward Link
Alert Message' (FLAM) a Return Link Message R st indicating to the System that
an acknowledgment of the distress alert is reque

From analysis of the Return Link survey,eg%f)ons wo types of acknowledgement
have been defined: A)
@ ,{O

e Type 1l Acknowledgment (,S&stem a&&nowledgment): the Galileo system
automatically transmits V1a ‘ﬁ eturn Link Message to the emitting beacon
after the alert has bee e@h‘ nd located and the RLM request has been
received. This will a '&@V facxe ivery of the RLM particularly in the MEOSAR

environment.

e Type 2 Ackﬁ@edgment (RCC Acknowledgment): in this case the RLSP will
send the. t0 the emitting beacon only after it has received an authorization
from t \5p0n31ble RCC. This acknowledgment will inform the user that the alert
is ben@ rocessed by an RCC. This type of acknowledgment would not be
immediate 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 and type approval
requirements for 406 MHz beacons with a return link capability (i.e. should
Cospas-Sarsat involvement be limited to ensuring no adverse impact on the
406 MHz distress alerting function, or should requisgments for RLS capable
beacons be part of Cospas-Sarsat specifications and si&érds); and

o>

e. the Dbenefits and drawbacks of Typié?:,@ Acknowledgement (RCC
Acknowledgment).
o\

7.1.1.2 Other Possible Return Link SerV|
A return link to the beacon might also sed gntrol the transmissions of suitably
designed new generation 406 MHZ mples where such a capability might

be useful include:

a. activating beacons on ts é&%@craft that have been reported missing;

b.  turning off beac ans cQ’ons when the SAR mission has been completed, but
where it wa e or practical to recover and turn off the beacon
manually,

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

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.

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).




7-4 C/SR.012 - Issue 1 - Rev.6
October 2010

Space Segment 406 MHz

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

Cospas-Sarsat S
AT .
Galileo Space Segment P
Distress 4 41544 M.HZ
Signals Distress Signals

b Uplink with
Navigation @ Return Link Message
Signal (L1) |: N | ~7 .7 T b
with Return i & N | 2 e ~<
Link & ...................................................... Cg) il ~s
Message eI > %

-l

P

%. { | LEOLUT > y

ol )
; RLSP e Galileo GMS
MEOLUT 7%
GEOLUT .| Galileo System L’
i Cospas-Sarsat
System
Return Link
“tecsccccstcccscensscecfPe Peeeecccens Message and
& Information Dissemination

SAR Oper@m
X
>

The Return Link Message requests originating from beacons and coded in the FLAM
will be received by all types of LUTs (LEO/MEO/GEO) and transmitted to the RLSP
through 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
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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 RCC-RLSP
interface could be implemented as a simple web interface accessed by RCCs.

Implementation of the SAR/GALILEO Return Link Service
7.2.1  General

The SAR/Galileo return link capability takes advanta e@the fact that 406 MHz
beacons equipped with a Galileo navigation receiver w'gbave a built-in capability to
receive the Galileo navigation signal. Therefore, shc{éﬁR messages included in the
Galileo navigation signal (Galileo Signal-In-Spacgj,¥an be received by the beacon.
The cost of beacons with the return link capabidilyd should not be significantly higher
than the cost of existing beacons which alrea clude a GNSS receiver.

The development of operational navigati %Ce’v&%r Galileo is outside the scope of
the Galileo return link developmentN_jTowe 2;Vbrogress of this development will be
closely monitored as the availahfhity of «§afileo receivers is a prerequisite to the
availability of 406 MHz b s withy a Return Link Service capability. The

development of operationa co s(s‘kkl an RLS capability is supported by the EC
through the development ¢ proto F}e LS beacons.

During the In-OrbiQ%lida@% (IOV) Phase of the Galileo Programme, prototype
beacons using %@Cospas—Sarsat test protocol will be used for the testing of the
SAR/Galileg gd . The technical objective of the IOV in respect of the SAR/Galileo
RLS willAge¥0 validate the feasibility of the basic RLS function, i.e. answering a
beacon R request with an acknowledgement (Type 1 and Type 2). A number of
emulators will be used to simulate the role of the Cospas-Sarsat network in the Return
Link 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 beacons. The
Cospas-Sarsat Ground Segment network will be replaced by the Cospas-Sarsat
Network Emulator (CSNE) to emulate the functions of the Cospas-Sarsat Ground
Segment contributing to the RLS implementation and forward RLM requests to the
experimental RLSP, also installed in Toulouse. Eventually the CSNE will be replaced
by the FMCC for preliminary testing of the dissemina%rvl procedure for RLM

requests. %6
@b

g,
Figure 7.3:  Galileo Return Link Service |n-®blt Validation Concept
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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 receiver and a
processor able to recover Return Link Messages included in the Galileo navigation
signal. The beacon will identify the specific RLM with its own recipient ID 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 IOV. The development of
operational beacons with an RLS capability is in progress.

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

Operational beacons compatible Wlth th ospas Sarsat System and meeting
international requirements (i.e. ETSI RT EUROCAE) must be available
before the Return Link Service is decla In1 perational Capability (see section
10.4).

Amendments to Cospas-SafsQ&'@go documentation (documents C/S T.001,
C/ST.007 and C/S G.005)~we req@iwed for allowing the development and type
approval of operational 4 Hz besCons with the SAR/Galileo RLS capability.
Considering the fac@t the@%lm Link Service will be available well before the Full
Operational Ca @ity of the MEOSAR system, the introduction of RLS beacons is
foreseen to ta]% ace in two steps:

— 1% Step \\?troductlon of the RLS capability in legacy 406 MHz beacons through the
deﬁmtlon 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
<1 25 [«27 <37 <86 107 <113 <133
24| 26 36— 40—|«41 85— 106~ 112 132> 144—
\
p— 61BITS e |  BCH-l | b, 26BITS - N BCH-2
PDF-1 AQ)~ PDF2
(N
2 10 4 45 21 6 %@ 7 7 6 12
. 18 BITS 27 BITS P
g IDENTI- LATITUDE «A‘O% A LATITUDE | A LONGITUDE
M FICATION LONGITUDE c‘}'p b
Al C P POy R
| o R |2 16 1| 7 5 11 8 5 QSQ i 'Q 1|2 4 [1]2]4 L
U 0 NATIONAL ¢ S
BIT&FRAME | &| N T |B D g 1\14 g 1\1/1 ‘QQIT BC [P M 1\1/1 ; 1\1/1 E 12-BIT BCH ERROR
T O |E|NUMBER || 4 N el @ NGl TERR El Ixleol.lnlc D CORRECTING
SYNCHRONIZ.| p R c |a R U R (b;.’CORR G| N vl oo Ul oo A CODE
PATTERNS [ R Y 0o |C *Q DE T T
E T E +|l T N[+ T | N
o) L |o A A
s| E E(w| BEXE XS E| D E| D
N e N s | s SN R s | s s | s
o| o C \ Y
c| o o |T
o E b |y 0-90 0—58&9180A 0- b 0-3]0-56 0-3]0-56
L E P C A
E Y T
. (1de) DD | | (1 deg) | 2m) A (Im)| @s) (im) | @)
L
A * c,)
G )\Q\’
N
T 00 ” = ELT 1107 = “17
F=1 »01” = EPIRB 1108= “1”
P=0 »10” =PLB 1109=«0”
”11” = Spare 1 110 = Additional Data Flag: 1= [ Position, 0 = Nat. Assignment

1101 RLS Beacons

T 111 = Encoded Position Data Source: 1 = Internal, 0 = External

1 112 = 121.5 MHz Homing: 1= Yes, 0 = No




7-9 C/SR.012 - Issue 1 - Rev.6
October 2010

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 Location protocol
format except for the first two bits of the 18 bit national ID code, which are used for
defining the beacon type as illustrated in Figure 7.4. In addition, the six bits 127 to
132 are assigned for RLM use. The bit pattern “100000” will be used for informing
the RLSP of an RLM request. b

7.2.4 Return Link Message Content Definition @66

The Return Link Messages to be received by RLS @ble beacons are included in the
Galileo navigation signal-in-space (SIS). A d tion of the RLM contained in the
Galileo SIS is provided in Chapter 4.3.7 "S teld Structure" of the “Galileo Open
Service Signal In Space Interface Contr%\??ocm@t Draft 1 (OS SIS ICD Draft
1)”available at the following web s1te a

WWwWWw.gsa.europa.eu/go/galileo/os- s1s,_166/gahleo$$fen service-signal-in-space-interface-

control-document \Q QJ&
7.2.4.1 Basic RLM Stru@e q;\(b'

The RLM SAR d@s d in the Galileo Signal-in-Space Interface Control
Document (SIS as follows

Each RL“@\%’I contain the following data included in the Galileo SIS as defined in
chapter 4)8Y of the SIS ICD document:

- 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 oth @edicated receivers) using
the Galileo Open Service. Short RLMs could primarily associated with
automatically generated acknowledgements, whil o g RLMs might be used for
RCC-generated messages relating to operational @ects of the rescue.

7.2.4.2 Definition of RLM Data Fields g, 'Q
SR

[ sectior%%%fu%{&\?eﬁned ]
a) 60-bit Beacon ID \\Q(b% @'&4

This field content is identi@o thé‘@“ bit (15 Hexadecimal characters) of the standard
beacon identification ed iS e C/S T.001 document. It uniquely identifies the

beacon to which the i essed.

A consi
The Beacon | d consists of:
- P | Flag (1 bit): 1= User protocols; 0 = other protocols.

- ntry Code (10 bits)
- Beacon ldentification (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 RLM is
assembled after a long segmented reception period, in four segments over 8 seconds for
short-RLMs or eight segments over 16 seconds for long-RLMs. Furthermore, the
environmental conditions of the reception are potentially very difficult and changing in
time. Therefore, a final post-assembly check of the RLM validity using the last parity bit

is required. b
: Q
7.2.4.3 RLM Messages for the SAR/Galileo IOV o

At this stage of development, for the IOV, only the @}rcilard type of the short or long
RLM is required for providing an automatic ackn dgement. The short/long message
information is included in the SIS format (see t ICD, Chapter 4.3.7, Table 53). The
four bits of the message code define the type @ essage;

- message code 0000: automatic ackng gme@ithout significant parameters (15 or

95 bits), S QQ)
- message code 0001: automatic\@ﬂow@@gment with significant parameters (15 or 95
bits). 'Q\ ‘,b‘\,
> N

725  Return Link s%@e Provider (RLSP)

The RLSP is the u@&nterfa\c? point between the Galileo Mission Segment (GMS) and
the Cospas-Sars stem. Although mostly devoted to the RLS, the RLSP is in charge
of providing as-Sarsat MEOLUT Operators with SAR/Galileo system information
such as opergﬁ nal functionalities and monitoring status.

This configuration 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
European 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 LUTs to the
SAR/Galileo RLSP. The RLSP will process this information and eventually instruct the
Galileo Mission Segment to send a Return Link Message in accordance with the
SAR/Galileo RLS internal procedures.

The action performed by a beacon when it receives a Return Link Message is still to be
decided between the following options: b

Option 1: Without acknowledgment of reception by the beagé
In this case the beacon continues to transmit the sa e‘é@LAM with the Return Link
Message Request. The beacon will receive the Retu&iﬁ Message from the Galileo
System (via the RLSP) until a time-out is reached i@%% RLSP.

Option 2: With acknowledgment of receptlon.zb\\;?\e beddon

In this case, when the beacon receives th &Yurn yMessage, it modifies the content
of the FLAM (Acknowledgement “@%‘R ink Message Reception).  This
acknowledgment of reception is rg@ved b\ the LUTs and forwarded to the RLSP
through the Cospas-Sarsat SystentQ \g}

Option 1 leads to a more s ﬁ'g%tforw’}%‘ implementation into the Cospas-Sarsat System
(in terms of modificatio MC rocessmg) while Option 2 may require additional
GEOLUT and MCC ar ‘%lﬁca‘uons However, Option 2 ensures an adequate
monitoring of the urn Lmk Service performance as it informs the RLSP of the
successful recepgioflr of the Return Link Message by the beacon. The complexity of
implementat@ these two options should be assessed before a decision is made on
which option‘¥hould be retained.

Figure 7.6.1 shows the interfaces between the various system components involved in a
Type 1 — 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.
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Figure 7.6: RLS Data Exchange Overview

F.7.6.1: RLS Data Exchange Overview for Type 1 — Option 1 Acknowledgment
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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 distress is located).
Routing of this information may involve another nodal MCC.

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

Table 7.1 summarises the various interfaces &rolved in the Return Link
Acknowledgment Service.

7.2.6.2 RLS Impact on the Cospas- SarsaéQrount@%ment

- MCC Return Link Alert Data proces 1}@ &
All MCCs shall be able to perforg-the Dé actions defined in 7.2.6.1 when an RLS
alert, identified by its coding pr K\%col i Pycated in its service area.

%
- SIT 135 \
This new SIT messa @1 belsent by the MCC associated with the SAR area to the

FMCC for transm@ﬁﬁn to tﬁ@{ SP.

- DDP updat@

To be developed

- SID 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
Forward Link Alert Message (FLAM):
Beacon < LUT Location protocol adapted for RLS The LEO, GEO and MEO LUTs will receive and process the FLAMs for location
(LEO, GEO, MEO) application. The coding protocol used by determination (when possible) and FLAM content recovery and analysis.
C/S RLS beacons is defined in section 7.2.6. A
C/S does not specity the LUT/MCC inter Q’s for the other location protocols, I;z;g?get{ggull r(e;lofor C/Sin
LUT 3 MCC The LUT forwards the alert information to its | the LUT provides the MCC with all info 1on necessary for preparing standard ackno 163 ment of RLM
associated MCC. SIT 122 to 127 and 132, 133 (no cha @ The specific RLS information is wieds
rovided by the 30 Hex beacon me in the SITs” MF#23 reception by the beacon, thus
P ) no modifications to FLAM)
MCCs =» Associated The alert 1nforrpat10n 'S process.ed by. the Except for the associated harge of the SPOC/RCC interface, the No change required at
- MCC network in accordance with existing
MCC processing of alert 1nform provided by the SIT messages will be unchanged. Cospas-Sarsat level
DDP procedures.
The Assomated rst ss the incoming SIT messages as currently
After the confirmation of the alert location, defined in the and I'T 185).
Associated MCC & the Associated MCC prepares and s§nds a In addi (@Fter the, rmatlon of the alert, it processes the RLS bits in the 30 Change in MCC processing
FMCC new SIT 135 to inform the RLSP (via the % .
. Hex. mess repares and sends a SIT 135 to the FMCC. required
[FMCC]) of the requests and cancellations of h b R /A8 b df 1o the SIT 13
Return Link messages T ing matrlx, Flgqre III/A.8, may be used for routing the IT 5
’ %} ge to (g nique interface point between the C/S network and SAR/Galileo
.@CC]‘
The FMCC informs the RLSP of the RLM " \0\5 Change required at FMCC /
FMCC & RLSP request (SIT 135 can be re-used). A (\0 RLSP interface only
RLSP = GMS Internal SAR/Galileo interface.
A
Associated MCC = An updated SIT-185 is used t(;xfansmi  alerts After the con_ﬁrmatlon of the aleﬁ lo_catvlon, the? Associated MCC in charge of the
SPOC/RCC to RCC. The updated SIT 185 includes RLM SPOC/RCC interface (alert location in its service area) sends a SIT 185 to the
request .informaﬁion relevant SPOC/RCC with the mention “THIS BEACON HAS A RETURN LINK
qu ' CAPABILITY” in MF #62.
No change for Cospas-Sarsat
SPOC/RCC = RLSP TBD Mechanism still TBD for RCC activation of RLM Type 2 Ack. Only applicable to Type 2
Acknowledgement
GMS 9 Beacons The. RL. Mes.sages are 1nclud§d 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 to the 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 error 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 en%flce MEOSAR system
effectiveness, and/or simplify beacon coding requirements. 6,6

With respect to possible new 406 MHz beacon modulation %éforms, the Sarsat SARP-3
instruments developed by France will support an addition &(;dulation format called mixed
QPSK, also known as MQPSK. The efficient channel eqing associated with MQPSK will
improve the beacon — satellite — LUT link margin by al dB. Such an improvement might
be particularly beneficial for a MEOSAR syste he e greater satellite to ground
distances result in a poorer link margin than tha@&de 1Y LEOSAR systems.

S

O

Any new beacon specifications, or changegbl% existi&&zgpeciﬁcations should be:
a.  approved by the Cospas-Sarsat C@&cil q@}oordinated with international organisations

as appropriate; @Q \(b‘

b.  as spectrum efficient as ¢ t 406 Otz beacons;
c.  supported by extensi@dnalysﬁ@n testing; and

d.  accompanied v.vi% necessary type approval requirements.

AR

Action Item 7.4: C\Epas-Sarsat and MEOSAR providers should conduct analyses to identify
improvements to the 406 MHz beacon specification for the MEOSAR system. The following points
should be 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 MEOLUTS for use in the proof of
concept (POC) and demonstration and evaluation (D&E) phases. However, none of the
programmes will provide al the MEOLUTS necessary for global coverage. Instead, the
provision of MEOLUTs will be a national responsibility, and the programmatic requirements
and responsibilities for providing and operating MEOLUTs will have to be formulated during
the development and proof of concept phases of the MEOSAR programmes.

8.1 MEOSAR Ground Segment Concept and Architecture 6‘2)
Q

The MEOSAR ground segment will be comprised of Cosp sat MEOLUTS, the existing
Cospas-Sarsat MCC network, and possibly ground cont % ations for implementing return
link functions. The principal function of the MEO Lﬁ’i to receive and process satellite
downlinks, calculate 406 MHz beacon locations, % orvv@ this information to the MCC
associated with the MEOLUT. The MCC netw ill rm the same basic functions for
MEOSAR alerts as they currently provide f o d GEOSAR dlerts (e.g. distribute
derts to other MCCs or SAR points of cahtact as;g%f the Cospas-Sarsat Data Distribution
Plan, validate alert data, filter-out redun@ da)t\%:@tc.).

XN

Unlike LEOLUTs which track azﬁgle %Iite a a time and derive Doppler location
information from a single sat 4@ p DVEOSAR system requires multiple simultaneous
time and frequency measur ts%ﬁﬁl culate beacon locations to the required accuracy.
MEOSAR location acc%@y is adso affected by the beacon / satellite geometry. As a
consequence, the prong)l ty of providing independent location information and the accuracy
of the location d Id decrease when the distance of a beacon to the MEOLUT increases.
Specificaly, ambiguity resolution could become problematic at the edge of a MEOLUT
coverage area. Two 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-Alone MEOLUTS

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 a radius of around 6,000 to 7,000 kilometres centred on the
LUT. The number of stand-alone MEOLUTs that would be required to achieve
complete coverage depends on a number of factors such as:

. the number of operational satellites available in orbit;

. MEOSAR system performance requirements;

. operational requirements in terms of redundancy; and

. the actual geographical location of the MEOLUTs. b,

Studies show that a minimum of six MEOLUTSs suitab %@ ated around the world
would provide for global MEOSAR coverage. Q}’

Q%Q

The basic advantages of networking MEOLU@lnclu

. increased coverage due to geog ﬁcall k‘rsed MEOLUTs sharing data in
order to increase the input to 10 pro Ing algorithms;

8.1.2 Networked MEOLUTS

. increased fault tolerance a up OQPablhty, and

. reducing or ehmmatmg@mns@ﬂ reduced location accuracy, as the computed
location accuracy d @a es istance to the MEOLUT increases.

MEOLUT networkn@% exp?e to be essential during the pre-operational phase of
the MEOSAR s , when the limited number of satellites will directly impact the
capability of M UTs to locate beacons. With complete MEOSAR constellations
in a fully, %tlonal MEOSAR system, MEOLUT networking will continue to be
beneficia enhanced performance and redundancy.  Networking MEOLUTSs will
augment the coverage of stand-alone MEOLUTsS, providing for the location of beacons
at the fringe of their coverage area.

A number of issues need to be addressed before implementing the networking of

MEOLUTs on an operational basis, including:

. programmatic issues concerning IT security; and

. operational and technical issues related to the provision of reliable
communications and increased requirements for measurement calibrations.

8.1.3 Ground Segment Architecture

The requirement to develop a ground segment architecture is to have enough
infrastructure to ensure global coverage with high level of availability [99.9%]. While



8-3 C/SR.012 - Issue 1 — Rev.7
October 2011

dependent MEOLUTSs provide capability to the system, they do not provide the
independent location and coverage that a stand-alone MEOLUT provides. In
constructing a MEOLUT architecture it is preferred that stand-alone MEOLUTs be
planned for as the fundamental unit in the optimum architecture. The following are
agreed upon principles for developing the MEOSAR system ground segment.

Global coverage for the Cospas-Sarsat MEOSAR system should be achieved by a
distribution of stand-alone MEOLUTSs, with no reliance on MEOLUT networking to
satisfy the performance requirements of the full operational capability.

MEOLUT networking should be implemented to enhance system performance and
support redundancy of the Cospas-Sarsat Ground System.

The following principles and standards should be used in the @lopment of MEOLUT
networks:

a) the approach used in the pre-operational ph f the system should remain
flexible to allow for the evolution towards rational status and should not
limit system capabilities or preclude futur ancements

b)  during the pre-operational phase, '?etw%&g architecture should use the
hybrid concept illustrated at A vide the primary distribution of
MEOLUT burst measurement d%a 4

c) the local 1mplementat10n)%\%EOS@ data servers should remain the prerogative
of the MEOLUT ope taklf?@lto account local infrastructures and practices,
particularly with re to IT c%purlty constraints;

d)  burst data sh e sto}@?%h the data servers in the format specified at Annex L
and the ex ge of burst data should be made using the message definitions and
data cen@lts provided at Annex M; and

e) ME&%JTS should have the capability to exchange data with any other MEOLUT
as per Annex L, but should not be required to connect to any other MEOLUT.

Annex L also contains optional topologies and data transfer methodologies (e.g., data
forwarding) which may facilitate global availability of MEOLUT burst measurement
data.

8.1.4 International MEOLUT Networks

Sharing MEOLUT measurements internationally raises 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
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be affected by the performance of equipment operated by other administrations. In
view of this, further analysis is required in respect of:

. the suitability and implications of networking MEOLUTSs internationally;
. procedures for sharing data internationally; and
. specifications and commissioning requirements for sharing MEOLUT data.

The Demonstration and Evaluation phase should provide the data necessary to enable
the analysis for the implementation of international MEOLUT networking as
appropriate. It is anticipated that networking will be implemented prior to
Demonstration and Evaluation.

8.2 MEOLUT Requirements @b’

The main role of a MEOLUT is to track MEOSAR sate%%), measure the time and
frequency of beacon bursts relayed by MEOSAR satellite ssibly interface with other
MEOLUTS to obtain additional beacon burst time and fre ? y measurements, calculate the
location of 406 MHz beacons, and provide distress q& essages from active 406 MHz
beacons to the MEOLUT’s associated MCC. % Q

RS

8.2.1 Satellite Tracking 2 &%\

It is desirable that MEOLUTS be ca Gble of sixﬁ%%aneously tracking and processing the
downlinks from all satellites 1@' givel( MEOSAR constellation that are in the
MEOLUT’s field of view. TNy Would&i#himise its reliance on other MEOLUTs for
providing beacon burst ti nd ncy measurements, and provide options in
selecting satellites with L@wst geoyetry to the beacon for location processing.

Depending on ME R do&@c design options, it is likely that MEOLUT cost and
complexity will {(dgrease as a function of the number of satellites they are capable of
tracking anc @:essing simultaneously.

Analysis §rould be carried-out to determine an appropriate MEOLUT requirement in
respect of the number of satellites that MEOLUTs should be capable of simultaneously
tracking, taking into account MEOLUT costs, complexity, and performance.

8.2.2 Tracking Satellites from Different MEOSAR Constellations
Separate studies 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 providing
MEOLUTSs 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;
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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 MEOLUTs have access to two complete MEOSAR satellite
constellations; and

d. an increase in MEOLUT local coverage area from a 6,000 km radius for
SAR/Galileo system alone 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 intgroperability achieved
between the three MEOSAR constellations will also impa% EOLUT cost and

complexity. b
_ <
8.2.3 MEOLUT RF Chain &%
<

As discussed at section 5.3.3, MEOSAR independ ﬁg%cation accuracy performance is
dependent upon the accuracy of the measuremeq&f beacon burst time and frequency
by the MEOLUT, which in turn are affected kfnthe be carrier to noise density ratio
available at the MEOLUT processor. F analy s needed to identifty MEOLUT
antenna and receiver requirements ne to ve the desired MEOSAR system

performance. ) Q
LS
8.2.4 Suppressing Redunda@%rm%&@m

MEOLUTs will be cap st calcyating beacon location information from a single
beacon burst that ha n relayjed by multiple MEOSAR satellites. Therefore, in
view of the covera ailabw a MEOSAR system, it is possible that MEOLUTs
might produce n: eacon location information every time a beacon transmits a burst,
resulting in « 0 solutions per beacon per hour. Because of the large number of
solutions thaeWill be available for each active beacon, procedures will be required for
determinin®” which solutions should be forwarded to the MCC, and which solutions
should be suppressed at the MEOLUT.

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

8.2.5 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 LUTs is reliable. Although the LEOLUT
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and GEOLUT procedures differ, they are both based on receiving beacon information
from a single satellite. Since MEOLUT processing is based on obtaining 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 dependent upon the accuracy
of the time and frequency measurements performed for each MEOSAR beacon event

(see the definition of a MEOSAR Beacon Event at Annex A). niform convention
should be used by all MEOLUTs for burst time and freq measurements. In
particular, burst frequency data should be provided with ence to the same burst

time defined in accordance with the agreed burst timing o& ention.

Burst data formats and contents to be made av l@;& to networked MEOLUTS are
defined at Annex L and M to this docume %Networked MEOLUTSs should be
capable of exchanging these data on reque ata servers as described at
Annex L, using the SIT message formats %@rlbe tsémex M to this document.

O

8.2.7 Interferer Processing % 46

As described at section 5, stt&\?cond@ﬁbd by the USA indicate that a MEOSAR
system should be able to | 40 z interferers. However, additional study is
required to identify spe ME interferer location determination techniques
most suitable to the tr 1ssion.§1aracteristics of the interference signal.

Q
8.2.8 Data Cha@@

MEOLU@uId be capable of receiving and processing the entire bandwidth of the
MEOSA ellite downlinks.

Action Item 8.1: Cospas-Sarsat and MEOSAR providers should conduct analysis on the
feasibility of developing MEOLUTs and identifying the associated LUT technical
characteristics 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 constellations.

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.

- 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, medium and short time
periods,

C. the ground segment architecture (e.g. standalone MEOL@S or MEOLUTs which
share time and frequency measurements); and %2)

S
d. bias errors introduced at the MEOLUT. Q‘Z)

S
There are a number of options that might be suit@@for Wning calibration information,
including: > WO

o

Q
specialised processing of periodic t \Oissiq{@ rom reference beacons;
data from onboard satellite tel emg@; and{),

tests performed locally at ingigsdu LUTs which might not necessarily involve
the processing of signalsr, b}s OSAR satellites.

| ML
9.1 SatellltePaonac@llbratlon
TBD . %
>
b S
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;

the required update frequency of calibration information; and

the most appropriate methods for obtaining and distributing calibration information.

-END OF SECTION 9- b,
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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 Cospas-Sarsat.
Specifically the LEOSAR D&E Report was approved by the Cospas-Sarsat Coordinating Group
(CSCQ) in 1984 before declaring the LEOSAR system operational. Similarly the Cospas-Sarsat
Council at its 21* Session in October 1998 adopted the GEOSAR D&E Report before
incorporating GEOSAR elements into the Cospas-Sarsat System. In accordance with the same
principles that were followed for the LEOSAR and GEOSAR systems, a MEOSAR system will
have to undergo an extensive test and evaluation period to validate 1tsa?rformance prior to its
data being used operationally. b@

development and implementation activities. The various ities can be summarised in the
five phases described below. The time estimates for thg @ggous stages are not definitive and
can overlap to show that some activities will occur currently. For example, it may be
possible to start using operational data prior to ha all ites in orbit operating in their
final configuration. In most cases, activities&each% ge will have to be successfully
completed before substantial work can be init¥@ed in ollowing stage.

\Q '&

10.1 Definition and Development %’}s \‘b‘

The MEOSAR system should be implemented in sever?%%ﬁases to clearly delineate

During this phase MEOSAR ﬁ %d Cospas-Sarsat focus on identifying MEOSAR
system functional and perfofiptince ﬁ@%rements as well as matters relating to MEOSAR /
Cospas-Sarsat compatibiliy’ MEOSAR providers also refine the high-level functional and
performance requirem@ts into more detailed technical specifications suitable for building
MEOSAR space s@ht and prototype ground segment equipment.

Work should also start in developing Cospas-Sarsat specification and commissioning
requirements 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 Participants from
upgrading their existing LEOSAR and GEOSAR ground segment equipment as these systems
will continue to be the primary distress alerting source for the foreseeable future.

10.2 Proof of Concept / In-orbit Validation Phase

of-concept phase, of MEOSAR programmes will assess the basic ilities of the MEOSAR
system and establish preliminary performance levels that will sed to focus the scope and
content of the MEOSAR D&E phase. This is the first test st

The proof-of-concept (POC) / in-orbit validation phase, hereafter rgf@ to only as the proof-

The proof-of-concept phase will focus on conﬁrming%é%capabilities of the MEOSAR space
and ground segments. Proof-of-concept testing wi deQ@a minimum:

a. confirmation of the ability to rehabl?*@celve process emergency beacon signals
(i.e. confirm the performance of link {i\p the beacon to the satellite and the
ground station);

b. an evaluation of location ?ssn}é\igorlthms

C. an assessment of the@f ‘% of detection and location processing with degraded
system compone@e g. less than four satellites in view, malfunctioning beacons,
etc.);and .

S

d. the conﬁn?fation of the ground segment architecture (e.g. tracking satellites with
receive only phased-array antennas).

During the POC phase, MEOSAR providers continue co-coordinating with Cospas-Sarsat on
compatibility 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



10-3 C/SR.012 - Issue 1 - Rev.6
October 2010

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 opergtional effectiveness and
the benefits to SAR services, and providing a basis for a Cospas-Sars uncil decision on the
use of the MEOSAR system operationally. This assessment of M AR system performance
is required for national and international organizations (e.g., IC nd IMO which mandate the
use of beacons and accept distress alerting systems, ITUgwhich regulates the use of the
frequency bands, and Cospas-Sarsat Participants that provid¢ and use the new alerting system)
to accept the MEOSAR system as an alerting source.

Typical demonstration and evaluation perlods 1 D »@sat span a number of years. A
thorough evaluation is particularly 1mp0rtant g?QAR system could significantly alter
the Cospas-Sarsat System architecture iwng te@ Therefore, although the demonstration
and evaluation period for the GEOSAR’ limited to two years, the importance of the
MEOSAR D&E, combined with dgﬁient of new specifications and System
documentation, might require exten: the period to more than two years.

Sufficient MEOSAR capabi@ of space and ground segment will be required to
adequately characterise t&ystem confirm its benefits. During this phase all minimum
MEOSAR performan rameters required for compatibility with Cospas-Sarsat, with the
possible exception b&;ﬁbal coverage, will be evaluated. Operational data should be provided to
the Cospas-Sarsat network for analysis, however, data should not be transmitted to SAR services
until the Council decides that the MEOSAR system has reached its initial operational capability
(IOC). In light of the different characteristics of each MEOSAR constellation, a specific D&E
plan may have to be developed for each. The plan should provide guidelines for conducting the
demonstration and evaluation in a standard manner, collecting a set of results on an agreed basis,
and 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 enhancement
provided by the exchange of MEOLUT data, and possible drawbacks, should be assessed.
Furthermore, if as planned, MEOLUTs are capable of processing satellites from several
constellations, a specific evaluation of the performance achieved with the combined processing
capability should also be performed.

Operational performance parameters to be evaluated include, but are notNjmited to:
. location accuracy of operational beacons; 6,6
. potential time advantage of MEOSAR system oaéﬁe existing System,;
. degree to which the MEOSAR system com Xé%nts the existing System;

. volume of distress alert traffic in the C@-Sarsat Ground Segment and impact
on communication networks; and O Q’Q

. direct and indirect benefits of t@%OSk@ystem.
Q

All Cospas-Sarsat Participants sheuld w&&’ invj fﬁto participate in the D&E. The detailed
description of the technical and operaQo al teﬁ@y to be performed during the D&E and the
procedure applicable for the distri&?@on of\&rt data and the collection of test data will be
provided in a MEOSAR D&E P, 0 be qgproved by the Cospas-Sarsat Council. Successful
completion of demonstration2yn e%ﬁtion activities should form the basis for a Council
decision on the operatioglggé of the OSAR system.

A preliminary desés&nion of alert data distribution procedures applicable during the
MEOSAR D&E i&ovided 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) and the new SIT formats are described as modifications to the relevant sections and
tables of document C/S A.002 (MCCs Standard Interface Description).

A minimum 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 it will be
collected and made available for analysis. Data should also be exchanged among Cospas-Sarsat
Participants for their evaluation. However, MEOSAR alert data should not normally 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 required 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 CospgSarsat documentation
will also have to be reviewed and updated, as necessary. 6,6

To terminate the D&E phase the Cospas-Sarsat Council will h&@g@o adopt a D&E Report that
provides official results of the evaluation, including the MEQ system performance data.

cy%
10.4 Initial Operational Capability (I0C) @Q . Q’Q

Initial operational capability is a declaration b M(E%C‘B\atellite providers and Cospas-Sarsat
that, prior to full deployment, alert data fi: he AR system can be used operationally.
The MEOSAR system need not necessatNyprovidéglobal coverage during the IOC phase. This
could be due to an incomplete s Mite ¢ lation or an incomplete ground segment.
However, MEOSAR distress ale ta fh» ave already been proven to be reliable, and,
therefore, should be provided t%’ se%i s for their use.

To declare the MEOSA%@stem (or a combination of MEOSAR constellations) at IOC, the
Cospas-Sarsat Councilggo 1d:
x

a. approve th)e\‘speciﬁcation and commissioning requirements for MEOSAR space and
ground segments;

b. declare 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 @ segment components
have been commissioned in accordance with Cospas-Sarsat requlre

Before the MEOSAR system is declared at FOC the apprq e programmatic commitments
must be in place. Specifically, agreements must have bee pleted which commit MEOSAR
space segment providers to the long-term provision of SAR space segment capabilities.

provide the required level of performance (&g)avail y). In addition, a ground segment
that provides global coverage is necessa@a(thls d be four to six strategically located
ground stations).

The number of satellites required to reach F ?t 3 1mum number of satellites that

It should be noted that at FOC %9 M XFQR system should provide near-instantaneous
alerting and locating service x1st 06 MHz beacons, therefore, it could be assumed
that the MEOSAR system c he primary alerting source for 406 MHz beacons.

10.6 MEOSAR I{@mentatlon 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
implementation 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) series

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

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

D&E Demonstration and Evaluation test

DASS Distress Alerting Satellite System &Z)

EC European Commission &%2)

EIRP Effective Isotropically Radiated Power Q

ESA European Space Agency. %Q

EWG Cospas-Sarsat Experts Working Groufp

FDOA Frequency Difference Of Arrival@) OQ

FLAM Forward Link Alert Messagesog &%

FOA Burst frequency measureqb@the timégf arrival (TOA)

FOC Full Operational Capabi)ty )

Galileo A global navigationéa&ellitx@tem being developed by ESA and the EC

GJU GALILEO Joi@derta@g

GEOSAR Geostation tel[§~§ystem for Search and Rescue

Glonass A global @@Vigation satellite system provided and operated by Russia

GMS Galil ission Segment

GNSS D 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

I0C 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/GPS

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

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 br

Right Hand Circular Polarisation b@

Return Link Message &%6

Return Link Service

Return Link Service Provider Q

Search and Rescue distress alerting e supported by the Galileo satellite
System - O

Search and Rescue distress aler@@syste@smg the Glonass satellites

Search and Rescue dlstress%\@ting &@ e supported by the GPS III Block B
& C satellite System D &

Search and Rescue \TQ ,\@

Search and Resc oces

Search and Repe@r

Signal In 10n signal broadcast by Galileo satellites
Spec er Flux ensity

1nt Of Contact

\$‘ f Transponded Bursts
X¥ime Difference 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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A2 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 system (GNSS)
satellites, process and generate locations for 406 MHz distress beacons and distribute
resultant alerts to a Mission Control Center (MCC).

Dependent MEOLUT

MEOLUT with one or more antennas, which may or may n k% -located, that must
rely on data from another MEOLUT in order to generate ind ent locations.

Stand-Alone MEOLUT. Q}’%

MEOLUT with multiple antennas, which may ‘f[@ not be co-located, that does not
rely on any other MEOLUT or antenna(s) to rate j ependent locations, and may
share data with other MEOLUTS to improv orm

MEOSAR Solution G:O 4@&

An unambiguous location generateq\'\ﬁa MR@UT from one or more MEOSAR beacon
events. \‘b‘

Remote Antenna(s) @

Antenna(s) that track naV|gat n satellite system (GNSS) satellites and recover beacon

messages, but do n t erate locations for 406 MHz distress beacons. Remote antennas
can be used to e e the capability of a MEOLUT, or can provide additional data to a
MEOLUT Wit&sufﬁment stand-alone 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.

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, e.g. if the

encapsulated beacon location changes. The repetition period is much longer than the burst
duration for both short and long beacon bursts.
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MEOSAR SATELLITES

Transponded burst

STB
Bsarcs(:n e — Not received
u Transponded burst
Beacon

MEOLUT

'Q Q'Q
Figure A-1: Propose&@EOSA@rmmology

Transponded Burst
~Q q}
A specific beacon burst as relayedé@a smqu OSAR satellite.

A transponded burst may mﬁ not 4% received by a MEOLUT depending on whether the
corresponding MEOSAR_g@gellite 1‘3@ visible from the MEOLUT location and whether a
MEOLUT antenna is a@ted to that satellite.

S

Received Transﬁo ded 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.

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 MEOLUTS and the corresponding satellites in common view.
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Received STB

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

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

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

- END OF ANNEX A -
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ANNEX B

PRELIMINARY DASS TRANSPONDER CHARACTERISTICSY

Parameter Requirement Units
Uplink frequency range 406.0 to 406.1 MHz
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 RHCPAY ™ -
Receive antenna gain 1(9&5" dBiC
System noise temperature ‘@5 K
Receive system G/T N7 dBi/K
Bandpass Characteristic (0.5 dB bandwidth) A 100 KHz
Phase linearity (overall in-band) _Qwithin &3 of linear | Degrees
Group delay M\@U !®‘8/ +/- 0.5 us
Group delay slope VR - -
AGC time constant “‘b’j X - [250] ms
AGC dynamic range ,\\V Ry ‘2 30 dB
Transponder gain (including ant. Q@V ‘\0' 165 dB
Transponder linearity (C/1) \Q‘ 4 0 - -
Frequency translation YO direct -
Gain stability ) +-05 dB
Output frequency staRify ~1x 10" -
Downlink frequeng¥ohand 1544.8 to 1545.0 MHz
Downlink antenna |50I arization RHCP -
Maximum transmitter output power 7 aBw
Downlink antennagain 105 dBiC

(D)

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 \@H dB
Receive antenna polarisation A@\ﬂ{CP
Receive antenna gain 0’&‘0 11.7 dBi min.
Receive antenna G/T %Qv
At edge of coverage AQ«
) >-16.1
At centre of coverage N Q .
(assuming Ta = 400K) o) RO) >-14.8 dB/K
System noise temperature () ) %‘ < 598 K
Bandpass Characteristics: % e 4(
Normal mode (1 dB) \Q‘b' S 90 kHz
> 90 kHz (1 dB) X X%
<120 kHz (10 dB) e 4
<170 kHz (45 dB) ,6\ >
<210 kHz (70 dB) A @
Narrowband mode 50
>50kHz (1 dB
<75 kHz(1 )
<130k 5 dB)
<160 kHz (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 MHz
Downlink antenna polarisation LHCP
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, >18.0 dBW
i.e. 10 deg elevation) R
Minimum MTBF 520093 h

\~
(1) The Reported preliminary characteristics refer to the im'gdl four Galileo satellites, the
so-called In-Orbit Validation (IOV) satellites @'&
(2) Group delay specified instead. %Q
> .@0
)
A
- N@br? Awﬁ C-
N xXP
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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 -160.0 dBW
Maximum input power level at antenna -140 dBW
System dynamic range 30.0 dB
Receive antenna polarisation RHCR
Receive antenna gain A @}] dBi
Receive antenna G/T At edge of coverage ,.,QY'6.7 dB/K
System noise temperature A,C,V 700 K
Bandpass Characteristics: @F\v
Normal mode (1 dB) 90 kHz
>90 kHz (1 dB) %
<100-120 kHz (10 dB) CO
<170 kHz (40-45 dB) D
<210 kHz (50-70 dB) Q . 'Q
Narrowband mode (1 dB) Q) \Q 50
> 50 kHz (1 dB) Q S
<75 KkHz (10 dB) AS) Q&
<130 kHz (45 dB) S AN\
< 160 kHz (50-70 dB) AT &
Phase linearity (overall in-band)"” x Y x< /
Group delay (total turn-around time) Q)" \‘b;v_ TBD us
Group delay uncertainty (with 95% cg&éﬂce) O\ A4 <100 ns
Group delay slope '\ v us
(over any 4kHz in the 1dB band@’mal m@ <10
Narrowband mode N <10
. N
Transponder gain modes (s@y telecommand) AGC
AGC time constant ° ~% <80 ms
AGC dynamic rangdQ)” >30.0 dB
Transponder gain ~ >175 dB min
Transponder linearity >30.0 dBc
Frequency translation, direct direct
(non-inverting), both modes
Frequency translation accuracy, within +/- 1E-11
Frequency translation stability
(over 100 ms), within - 5B-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 %gjjggg 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 should be
satisfied by a MEOSAR system at full operational capability (FOC) to ensure compatibility
with the existing 406 MHz Cospas-Sarsat satellite system. It is understood that:

a)  these minimum requirements should be satisfied under nominal conditions, in particular
assuming that the 406 MHz beacon transmissions satisfy the specification of document

C/ST.001; and
b) aMEOSAR satellite system at full operational capability m Q)hi bit better performance
than the requirements specified below. {O
Q
The table provides: COQ
- incolumnl: the performance parameter that c,@racterisas a specific system
capability; ) -\,Q
- incolumn2:  the applicable require‘hé‘f thg)’&pcrbuld ensure compatibility with the
existing Cospaerar@él% MEZ system;

- incolumn 3:  thedefinition ot&t\(m\perf\%%ﬁénce parameter;
- incolumn4:  applicable cefyimen }s‘%ecessary; and

- in column 5 the ap le €@spas-Sarsat document reference in respect of the
id%" ped requirenient.
S

&
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Performance Requirement Definition Comments Reference
Parameter

Detection Probability 99% The probability of detecting the | The MEOLU'beferred to in | Detection probability for a
transmission of a 406 MHz beacon and | the defini is a function, | single LEO satellite pass in
recovering at the MEOLUT a valid | indep of its actua | vishility >98% (C/S G.003).
beacon message, within 10 minutes | impl ation, which may | Detection probability  over
from the first beacon message | in several distinct | successive LEOSAR satellite
transmission. ycal entities/facilities | passes > 99%. GEOSAR

) per@gin anetwork. detection  probability > 98%
. within 10 min. (C/ST.012).
-@Q AN ( )

Independent Location 98% The probability of obtainin "@ the Q"aﬂneasabove. Cospas-Sarsat system exercises

Probability MEOLUT a 2D location ( Lon )4 have demonstrated a Doppler
independently of any en location probability of 98% on a
data in the 406 MHz on single LEO satellite pass (C/S
within 10 minuteg)¥rom G.003).
beacon message x@@nlﬂ

Independent Location P(e<5km) The sy @Q indep ent location | Thisrequirement appliestoal | C/S T.002 requires 95% of

Error > 95% solution uld be within 5km from | independent location solutions. | nomina solutions to be within
th as@l beacon position 95% of the 5 km from the actual position.
S

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.
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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 b’ for al repeater based system
budget should provide a bit error rate Q protection  requirements in
better than 5x10™ to allow for adequate é’ document C/S T.014.
system performance margins. %6

Availability 99.5% The system should be available ﬁ%oal may be achieved | C/S A.005 requires a 99.5%
99.5% of the time over a period of & ough various 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 tt@Q r ancies and/or high | availability is achieved through
performance requirements Iist%@h iability of sub-systems. redundancy of the other sub-
this Table cannot be sati sfied% 4@ systems.

O\
(%

Coverage Global The system shoulct\i\%isf @*ie The existing Cospas-Sarsat
minimum perform regm| Fexients LEOSAR system  provides
listed in this T egard‘lﬁs of the globa coverage for 406 MHz
beacon positio he Egfth: beacons (C/S G.003).

SR
Capacity 3 38M The sy minimum performance | A 3.8 million worldwide | The existing LEOSAR system

requi.@ s should be satisfied
g a worldwide 406 MHz
be’éegn 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 Reference
Parameter
Processing Anomalies < 1x10™ The system should not produce more | MCCs are required to validate | This requirement applies to

than one processing anomaly for every | alert me&&e: before | Cospas-Sarsat LEO and GEO
10,000 alert messages. A processing | distributio ) R services. | LUTs (C/IST.002 and
anomaly is an alert message produced | Processi %omali& may, or | C/ST.009).
by the system, which should not have | may n& Itinfalseaderts.
been generated, or which provided Q
incorrect information. Q

N\

-END OESQ&IEQ(}F}
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ANNEX F
MEOSAR SPACE SEGMENT INTEROPERABILITY PARAMETERS
O
- ¥
Parameter Requirement Definition Q Comments Reference
e
. N

SAR Receive Centre 406.05 MHz )
Frequency (normal %(2
bandwidth mode) C.Q
SAR Receive Bandwidth | > 80 kHz (1.0 dB bandwidth) Normal mode must be i d on ( %ptlmlses pass band to reduce the
(normal bandwidth mode) | >90 kHz (3.0 dB bandwidth) all satellite constellati p0s51b1e impact from out of band

<110 kHz (10 dB bandwidth) The bandwidth ¢ ?&erlst interferers.

<170 kHz (45 dB bandwidth) shall be centerecg%4% Oé Must satisfy system group delay

<200 kHz (70 dB bandwidth) K \Q) requirements.
SAR Receive Centre 406.043 MHz @Q \{b
Frequency (optional ,&
additional bandwidth 4)
mode O \0

) S

SAR Receive Bandwidth >50kHz (1.0 dB bandwidtf% The bandwidth characteristics shall | Narrowband option would provide
(optional additional be centered at 406.043 MHz. improved C/N, and reduce the
bandwidth mode) <75KkHz (10 dB bandv@’) susceptibility to interference.

< 130 kHz (45 dB bandwidth) The 50 kHz covers channels A through C/i Iézlidgafgi modle !

<160 kHz (70 dB bandwidth) O, which is expected to satisfy capacity | 4 . z - hanne

. Assignment Table.
requirements through 2025.
Receive System G/T >-17.7 dB/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 Comments Reference
Axial Ratio <2.5dB Over entire Earth coverage area.
Rx Antenna Polarisation RHCP b’
N
System Dynamic Range >30dB The linear range of the transponder, | Wi @gCommodate 10 narrow band
not accounting for AGC. é& Is (interferers or beacon bursts)
<2 ceived at the satellite.
0% A nominal single beacon signal level at
% e satellite receiver input is
roximately -165 dBW.
Q’)Q ‘séﬁ y
AGC Dynamic Range >30dB '\O '{/ Required to accommodate varying noise
‘bv% 46 and interference levels.
S &
AGC Time Constant [< 80 ms] @Q \(b Sarsat LEOSAR AGC
,& D performance as documented
A % at Table 3.3 of document
QY N0 C/S T.003,
&

SAR Transmit Frequency | SAR/Galileo . % The exact bandwidth used for the

(1544.0-1544.2 MHz) N downlink must take into account

DASS and SAR/Glonass Ftrumentsthat have e 0 e the

(1544.8 - 1545.0 MHz)

band.

Transmit EIRP > 15 dBW Over entire Earth coverage.
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Parameter Requirement Definition Comments Reference
Downlink Polarisation Circular Either RHCP or LHCP.
SAR Transmit Emission Must meet Annex I of Annex [ of C/S T.014

Mask

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

requir confirm their protection

Negotiatg' é‘with Inmarsat will be
re @'gments.
&

Repeater linearity (C/T)

>30 dBc

Ratio of power to intermodulation
products (which occur when the
repeater operates beyond its li
range)

q

SR

>

>

Frequency Translation

Accuracy +/- 2x10™"!

Short Term Stability (100 ms) <
1x10™

)
\.\Q(b‘
o

&

\é

QO
(b\

o
Synchronisation with the on-board

constellation.

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

SAR Rx to Tx conversion

Frequency Translation, non-
inverted

S
&
N

G
D

Rx band is not re-modulated on a
downlink carrier

minimum loss of gain.

Conversion may utilize an intermediate
frequency to facilitate translation with
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Parameter Requirement Definition Comments Reference

Group Delay

<10 us/4 kHz

Group delay is a function of bandwidth
and filter dgsign. Filter must be designed

@&Qup delay parameter is for guidance
nly and should be considered subsidiary

ato the Bandwidth requirement.

Group Delay Stability

<500 ns

D@‘ds performance will ensure that group
delay has negligible impact on TDOA
measurements
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ANNEX G
PRELIMINARY MEOLUT INTEROPERABILITY PARAMETERS
N
Parameter Requirement Definition O&CD Comments Reference
)
MEOLUT BER Performance Suitable to provide 0% chievable with a G/T of 4 dB/K
BER of 5E-5 % Update MIP to correct BER discrepancy
ggAnnex E.
AN
Antenna Polarisation RHCP and LHCP "O Q}’ DASS will operate with RHCP
% Q downlinks, SAR/Galileo with LHCP
ownlinks.
“Q‘b < downlink
Q\' (b)&@ SAR/Glonass will operate with LHCP
downlinks.
KA
S
MEOLUT System Clock UTC +/- 50 ns C)Q @

Accuracy

Time Tagging Accuracy

Standard Deviatig&\%

within 7 us X

U

Time tagging accuracy measured at
MEOLUT processing threshold
using a calibrated input signal fed
directly into the MEOLUT.

When processing C/S T.001 signals.
Theoretical limit at threshold is 3 ps.

Frequency Measurement
Accuracy

Standard Deviation
within 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 MEOLUTSs.

Theoretical limit at threshold is 0.025 Hz.
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Parameter Requirement Definition Comments Reference
Processing Threshold 34.8 dB - Hz C/No measured at the demodulator. | C/No that supports a BER of 5E-5.
>

Beacon Modulations As per C/S T.001 New n{oWtlations are being considered to
Supported enhaflec MEOSAR system performance.

and if accepted these will be

A cluded in C/S T.001.

v 7

Note: The above MEOLUT interoperability parameters have not been finalised and may be @%ded aQ‘[EOLUT development proceeds.

\
~o° &

- E%@? ANQ‘]%( G-
@Q \Q’

S
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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 presents the work
required for each process or interface and the Cospas-Sarsat body which should undertake the
work effort. The work effort in some cases can be accomplished during a single
implementation phase, but in others it can span severa phases. The work plan must retain
some measure of flexibility to account for the different implementation schedules of the
MEOSAR component providers. The work plan overview is %aphlcally depicted at

Figure H.1. 6@
H.1 Beacon to Satellite Interface
%Q

Because of the use of transparent repeaters planned o‘bﬁ OSAR satellite payloads, there
are no modifications required to the 406 MHz b for i tompatibility with the proposed
MEOSAR system. However, the possbl Iem %!lon of advanced capabilities of a
return link or enhanced beacon transml requwe consideration by the Joint
Committee and Task Groups as reqw specific needs. Consideration of a return
link service should be accomplishegXas earl possible in the development and proof-of-

concept/in-orbit validation phasesg) ecau f the use of spacecraft repeater instruments,
enhanced beacon characterlsilcs@l be coi¥idered at any time.

o O
H.2 SatellitetoM E%@'T Interface

The satellite to M@_UT 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
recorded 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
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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 MCC interface as
Cospas-Sarsat does not create specifications dealing with this nominally technical matter of
ground segment provider concern. However, the appropriate body of the Joint Committee
should ensure that the necessary data fields to be provided by the MEOLUTSs are specified in
the operational documents. The Joint Committee should continue g, look at changes that
need to be made to existing System documents and ensure th MEOSAR D&E Plan
includes the appropriate referencesto MEOLUT / MCC interfa% necessary.

Q

H.5 MCC Processing
%
A significant effort is required to determine ho@ U@ialert data will be incorporated

into the distress aert information distri IJ% R services. The amount of
modifications necessary in the Cospaerar il depend on the operational scenario
concept developed for the use of ME the additional information provided by
the MEOSAR system. Extensive m ;éa{ | require the convening of a dedicated task
group to review the impact on the /SA 001 (DDP) and C/S A.002 (SID), and to

such as C/S A.003 (monit orting), but these may be accomplished within the
context of the Joint Co ee. The Joint Committee should ensure that the MEOSAR D& E
Plan accommodat&sth% essary objectives to evaluate the MCC performance.

)QQ‘\

H.6 MCCtoRCC/SPOC MEOSAR Alert Data Distribution

recommend the necessary updat.@ Moglfhatlon will also be required to ancillary documents

The MEOSAR D&E implementation phase offers the opportunity to evaluate the planned
data distribution procedures for MEOSAR distress aert data, and the anticipated response
procedures 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 concept, the
introduction of a return link process should first be studied in dedicated operational /
technical task groups, given adequate guidance by the Council on the scope of 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 developed by Cospas-Sarsat task
groups, in coordination with the MEOSAR component providers agd, possibly, national
Administrations. Any impact on the Cospas-Sarsat System W e documented in the
appropriate System documents. The development of a return% service could impact al
phases of MEOSAR system implementation.

S
o .@Q
O~ S
A
& A
\\Q \q}
O N\
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il ’J'-I-":
MEOLUT >§J MCC SPOC/RCC
&
QQ)
Technical / Operational Beacon to Satellite Satelliteto MEOLUT | MEOLUT Proc&%% MEOLUT to MCC MCC Processing MCC to SPOC/RCC
M atter Interface Interface C;, A Interface Alert Distribution
[N
Yy . Yy
Description No change to current Development of Dev ‘\ent oA Development of Changeto Changesto alert
beacon specifications; downlink parameters n an%{/% specifications specifications and message format and
review return link and issues regarding er ormm datadistribution content
service interoperability ecifigations
x> o
Venue N/A EWG (98 /TG JC/TG JC/TG JC/TG
1 N
System Documentation .& %&E Plan; New D& E Plan; affected D&E Plan; Affected System
Affected S\ documents; affected System documents C/SA.001; documents;
A Gl M P}Q System documents C/S A.002; affected documents of
System documents international bodies
A
Return Link Discussed inJC/ TG *Q\‘o
and may affect several "\ TBD TBD TBD TBD TBD
System documents
FigureH.1: Summary of Work Plan for Technical and Operational Matters

- END OF ANNEX H —
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ANNEX |

TENTATIVE TIME LINE OF MEOSAR IMPLEMENTATION

2009 2010 2011 2012 2013 2014 2015 e)éma 2017 2018

Q}

S
’@b Space Segment
| | | |

@Q% QQ MEO Ground Segment

| NS NN = X -— | | |
Beacon Requirements Beacon Specificatio
Design Studies Dev e iTv e Approval New Beacon Segment >
I I S vw

annin fQ
| D&E |=|I g ,\% D&{lb'

Development of Ground Segment &
Specifications and Data Dlstrlhu%’@ — Spec. Develop. G.S. Commissioning

Procedures %
;\
& oc | roc

D\

- END OF ANNEX | -
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ANNEX J

SAMPLE MEOSAR CONSTELLATION LINK BUDGET

System Constants Units Value Comments
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 23,616 km above earth surface
Earth Radius km 6378.135
Parameter Units Typical
Case
Uplink (Beacon to Spacecraft)
Beacon Transmit Power dBW 7.00 Beacon @e C/S T.001 para 2.3.2
Nomi wer 5 Watts
Beacon Antenna Gain dB 0.00 Be pec T.001 para 2.3.3, approx
nge case
Elevation deg 30.0 Asypical elev to a MEOSAR satellite
Range Km 26292 $5lant range at 30 degree elevation
Uplink Frequency MHz 406.050 .S} Middle of beacon operating band
Path Loss dB -173.0] AN
Polarization Loss dB 4&» v AQ)near beacon antenna to elliptical
~N « (Y Yspacecraft antenna
Fading loss dB o = &N | Sum of various atmospheric effects
GIT of Satellite Rx Antenna dB/K NOVY7.7[ S\7 | Estimated value
S\
Uplink C/No dBHz  A~P  3T9
x Y| x©~
Downlink (Spacecraft to MEOLUT) b io 1| Scenario 2| Two possible scenarios for satellite to
< s\ MEOLUT link
Satellite Transmit EIRP B ¢ 15.0 20.0| Two possible scenarios for satellite
Elevation . LA 30 30
Range AN [Km ‘ 26292 26292
Downlink Frequency ?\,V MHz 1544.5 1544.5] Mid-band for 1544.0 to 1544.1 MHz
Path Loss . o dB -184.6]  -1846
Fading Loss AN dB -1.0 -1.0
Polarization Loss L% dB -1.0 -1.0|] LUT antenna will need to match
polarization of spacecraft D/L antenna
Power Sharing Loss dB -10.0 -10.0{ Assume 8 total signals + 1 dB for noise
Ground Station G/T dB/degK 4.0 -1.0| Two possible scenarios for MEOLUT
Downlink C/No dBHz 51.0 51.0
Estimated downlink C/lo dBHz 51.0 51.0
Downlink C/(No+lo) dBHz 48.0 48.0
Overall C/(No+lo) dBHz 37.4 37.4| Combined effect of uplink and downlink
Required C/No
Theoretical Eb/No for required BER dB 8.8 Theoretical for BPSK at 5x10° BER
Beacon Data Modulation loss (for 1.1rad) |dB 1.0 Due to Bi-phase-L being used in
beacon, relative to BPSK
Coding Gain dB 2.0 from BCH decoding on beacon burst
Processing Gain (on only 1 burst) dB 0.0 For decoding beacon on 1 burst with no
integration
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
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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:

(C/No)up = 37.9 dBHz

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

(C/No)overall = 37.4 dBHz b,
(C/No)required = 34.8 dBHz 66
Margin =2.6dB %2)

This (C/Ng)down Can be achieved with a satellite EIRP of %’20 dBW, requiring aMEOLUT
antenna G/T greater than 4 or -1 dB/K, respectively.

Based on the assumptions adopted for the link b@ ca &T ons, MEOSAR interoperability

can be achieved with a MEOLUT G/T of 4 OSAR satdllite downlinks with an
EIRP of 15dBW. Under these condltlon% EOQ@R system communication links would
provide 2.6 dB of margin. \Q S

N X&
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ANNEX K

LIST OF ACTIONS

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

Action

Status / Comments

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.

Revision provided for
SAR/Glonass

To be continued

&Z)

Action Item 2.2: MEOSAR providers should update, %Q;@ On-going

necessary, the information concerning the design, performance, @)
functionality of their system. Q«%Q
Action Item 5.1: MEOSAR providers are invite tg") con
analysis to identify performance levels that cai)be a%he@ed
practically. The analysis should particularly i igate t acon
to satellite and satellite to MEOLUT link budgﬁts, an%@r impact
on various aspects of overall MEOSAR s perfé@ance.

Action Item 5.2:  MEOSAR provj are\@?ited to conduct
analysis to identify anticipated SAR(Qpcation determination
performance in respect of Ioca@o acc%y and time to produce

location information, and propﬁ@ ptions for optimising
MEOSAR location deter ion performance.

Action Item 5.3: ﬁ@E\DSAR providers and Cospas-Sarsat are
invited to develop a"MEOSAR capacity model, and proposals for a
406 MHz channel assignment strategy that accommodates
LEOSAR, GEOSAR and MEOSAR requirements.

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

a. investigate 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.

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

On-going

Notification of
SAR/Glonass frequencies
has been made, Status of
notification for
SAR/Galileo frequencies
to be investigated by
France/ESA

accordance with the procedures described in the Radio 6@

Regulations.

Action Item 6.2: MEOSAR providers should study the is
how many DASS and SAR/Glonass MEOSAR repeaters ; be

accommodated in the upper portion of the band without rating

harmful interference to each other. Q - Q
i

Action Item 6.3:  The Secretariat should forwd@any i ation

regarding Koreasat downlink provided by a to th MEOSAR

providers. S
Soad®
Action Item 6.4: MEOSAR providgs% shoula
a. establish susceptibility / ectio requirements for their
MEOSAR downlinks; a O

b. consider the possible i¥&rference from other systems, including
inter MEOSAR- @ellite constellation interference, when
designing thei nlinks, and confirm whether the minimum
performance re§|uired for compatibility with Cospas-Sarsat
would still be satisfied while operating in the presence of
interference from these systems.

Action Item 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

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; QJ&
additional encoded data requested by SAR authorities; Q,COQ
general optimisation of beacon parameters; S Q
technologies that could reduce the cost of the bea@%and\,@

the suitability of the MQPSK modulatiom@ the %@SAR
TDOA time-tagging requirement. ‘b'% Q

S@ oo

Action Item 8.1:  Cospas-Sarsat and ME SAR@/iders should
conduct analysis on the feasibility veIO&f@ MEOLUTs and
identifying the associated LUT t cal acteristics necessary
for simultaneously receiving a cessidg the downlinks from:

a. multiple MEOSAR sé‘fites fr the same MEOSAR
constellation; and b’

b. multiple ME satellites from different MEOSAR
constellations. X

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 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

IS

&Z)

QO

Open

Open

Open
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Action Status / Comments

Action Item 9.1: MEOSAR providers should conduct studies and Open
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 Open
develop proposals for the content and implementation of MEOSAR
Demonstration and Evaluation Programmes. b’

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

Q

Action Item 10.3: MEOSAR  providers should updat%Qhe On-going
implementation schedules for their MEOSAR constellatio
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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 MEOLUT NETWORK TOPOLOGY AND METHODOLOG

Network topology refers to the physical connectivity between “@%LUT sites: examples
include mesh, star and ring configurations. The primary appro%@ or exchanging data is a
partial mesh topology, involving point-to-point connecti between MEOLUTs, as
necessary to provide connections to neighboring MEOLU%Q

>

L.1.1  Primary Partial Mesh Topology 'Q
Location Data Q Location Data
MCC MCC
MEOLUT MEOLUT
y
MEOLUT MEOLUT
MCC MCC
Location Data Location Data

Optional Sharing of TOA/FOA Data Between MEOLUTS
(Established via bilateral arrangements between MEOLUT operators)

=== Tyo0 way dataexchange
4= Onewaydataexchange

Figure L.1: Primary Topology of the MEOLUT Network
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L.1.2 Optional Data Exchange Methodology

As an option some MEOLUT providers may want to share measurement data with all
participating MEOLUTs while limiting the number of point to point connections. An
example of this is node forwarding methodology where forwarding of data received from
other MEOLUTS requires the preliminary step of the concatenation of the local MEOLUT
data with all data coming from other MEOLUTs. Forwarded MEOLUT FOA/TOA data shall
not be modified by the transit nodes. TOA/FOA data may be forwarded between MEOLUTSs
by the applying the following conventions:

- the exchanged files shall be limited to a maximum number of [2000] TOA/FOA data
records (number to be implemented as a configurable value to allow possible future
adjustments);

- beyond the maximum number of records, the older records d on TOA) shall be
removed from the TOA/FOA data file to be exchanged; Q

- TOA/FOA data files shall be pushed every [60] second@eriodicity to be implemented
as a configurable value to allow possible future a ment) by the MEOLUT to all
linked MEOLUTs. No accurate time synchroni % shall be required; and

ere

- possible duplicated TOA/FOA data records SIQU

&“9\

L.1.3 Optional Central Server Node

An optional MEOLUT Central Data r co e 1mplemented within the primary partial
mesh topology of the MEOLUT n; UTs could store their data on the Central
Data Server. MEOLUTs could t @ tam from the central data server as desired.

L.2 MEOLUT TOA@‘DATA‘%(CHANGE

Sharing of MEOS %? TOA/FOA data is optional, determined by national requirements and
arranged on a bilajEral basis between MEOLUT operators. All TOA/FOA data shall include
data content and be transferred in the data format specified in Annex M. Data transfer shall use
a secure form of FTP as per the specifications found in Annex P. (Annex L is a place holder
for a future update to C/S A.001 (DDP) as Annexes M and P are place holders for future updates
to document C/S A.002 (SID)). Using shared data for location processing is optional.

L.3 MEOLUT TOA/FOA CENTRAL NODE

[definition required]

- END OF ANNEX L -
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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 are provided in
accordance with the conventions / standards and formats used to define MCC interfaces in the
document C/S A.002 (SID), Annexes B and C. However, these dgfinitions will not be
included in the Cospas-Sarsat System Document C/S A.002 (SID) at t@(age.

New message fields 67 to77, which are specific to MEOSAR b Kg‘[a are described per the
format used in Table B.1 of the SID and defined as per Apper@;; .1 of Annex B to the SID.

S
%

Note: In this Annex, existing text in the dogujrient Q@Q 002 (SID) is in normal fonts,
deletions are shown as strike-eutt font\@ add are in italic fonts.

“Q(b ,&q}
& \‘b
SN
600 O
&
N



C/SR.012 - Issue 1 - Rev.7

October 2011
TABLE B.1 TO ANNEX B OF C/S A.002 (SID)
MESSAGE FIELDS DESCRIPTION
MF# NAME CONTENT CHARACTER TEXT
2 REPORTING Mcc (SEE TABLE II/A.1 in C/S A.001) nnnn
FACILITY
6 SPACECRAFT ID SARSAT =001 -> 099 nnn
COSPAS =101 ->199
GOES =201 ->220
LUCH-M =221 ->240 b’
INSAT-2, INSAT-3 =241->260 @
MSG =261 -> 280 b
GPS =300 -> 399!
Galileo =400 -> 499,{,%
GLONASS =500 -> 5
(See Annex II/F in C/S A.001 fm@%acecraft status)
0"’
67 UPLINK TOA YEAR = 00 -> 99 nn
DAY(JULIAN) = 001 -
UTC-HRS =00 nnnn
MINS =00-> 5
SECS = OO -> 5 nn.nnnnnn
68 UPLINK FOA (Hz) 406000@@0 -> 4@100000 000 nnnnnnnnn.nnn

69  TIME OFFSET (sec) @b n.nnnnnn
LTA(A E O 000000
70 FREQUENCY OFFSET @ m -> +90000.000 snnnnn.nnn
VALUE = +99999.999
71 ANTENNA ID, %6 (SEE TABLE 1I/TBD in C/S A.001) nn
AR DEFAULT VALUE = 00
>
72 C/No (dBHz) 00.0->99.9 nn.n
DEFAULT VALUE =00.0
73 BIT RATE 000.000 -> 999.999 nnn.nnn
DEFAULT VALUE = 000.000
74 SPARE DATA FFFF hhhh
DEFAULT VALUE = 0000
75  SATELLITE POSITION (km) X=-99999.9999 ->+99999.9999

(OPTIONAL)

DEFAULT VALUE = +00000.0000
Y=-99999.9999 ->+99999.9999
DEFAULT VALUE = +00000.0000
Z=-99999.9999 ->+99999.9999
DEFAULT VALUE = +00000.0000

snnnnn.nnnn

snnnnn.nnnn

snnnnn.nnnn
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76 SATELLITE VELOCITY (km/s) X=-999.999999 ->+999.999999
(OPTIONAL) DEFAULT VALUE = +000.000000 snnn.nnnnnn
Y=-999.999999 ->+999.999999
DEFAULT VALUE = +000.000000 snnn.nnnnnn
Z=-999.999999 ->+999.999999
DEFAULT VALUE = +000.000000 snnn.nnnnnn

77 FULL 406 MESSAGE 36 HEX CHARACTERS (BITS 1-144)  h.......... h
(SEE C/S T.001)

1. For MEOSAR satellites the sequence within the range corresponds 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 MCC Facility
The identification code corresponding to the MEECfacility (e.g., MCC, LUT) sending the
current message.

67. Uplink TOA | b'
Time that the burst is received at the satellite as calculated e MEOLUT. The time
reference point (anchor) of a 406 MHz SAR burst is d of the 24th bit in the
message Preamble. The end of the 24" bit is defined as@yE mid point of the 50% phase
crossing (i.e. “zero-crossing”) of the mid—transitiong@he 24" and 25" bit.

68. Uplink FOA S Q>

S L QO
Burst frequency measured at the time pIinJ& A.
_ T 5> W
69. Time Offset QY
LS
This is the calculated differe ti e@tween the reception of the beacon burst at the
satellite and the ground s §oR. AddinY this offset to the Uplink TOA provides the time
the burst was received grg& tation.
)

70. Frequency Offseé’Q O
This is the_calcdlated difference of the burst frequency received by the satellite and the
ground st . Adding this offset to the Uplink FOA provides the frequency of the burst
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 included). The
intended use of the default value pertains to “antenna only’” installations that may not
have the capacity to compute this offset.

71. 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.

" 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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72.

73.

74,

75.

76.

77,

C/No

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

Bit Rate
The number of bits per second as measured by the ground station.
Spare Data

This field consists of four hexadecimal characters as place hglders for additional

information. b@
Satellite Position (Optional) %Q)

The satellite position (X,Y,Z) with respect to the centrQ@[he earth in kilometres.

@

Satellite Velocity (Optional)

The X, Y and Z components of the satelllt@@ocn @%rs with respect to the centre of
the earth in kilometres per second. ‘{

Qo
Full 406 Message
< v@}

The 406 MHz binary mess f the tion, in its undecoded form, shown in the full
36 hexadecimal characte@pre senf@tion.

RS
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ANNEX C OF C/S A.002 (SID)
MESSAGE CONTENT FOR MEOSAR DATA MESSAGES

The TOA/FOA data to be transferred between MEOLUTS is described by the Schema below in
Figure M.1. This XML Schema document can be copied to an appropriate folder on a local
MEOLUT data server for immediate use by any third-party XML parser. Note that each
“element name” corresponds to the message field name as provided in Annex B.1 of C/S A.002
(SID) or the corresponding additions above in this Annex, with the explicit replacement of all
spaces and other punctuation characters by the underscore characters (“ ).

<?xml version="1.0"?>

<xsd:schema xmins:xsd="http://www.w3.0rg/2001/XMLSchema"
xmlns="urn:packet-schema" b’
elementFormDefault="qualified" bg)
targetNamespace="urn:packet-schema">
<xsd:element name="TOA_FOA_DATA"> ,{,%

<xsd:complexType>

<xsd:all> Q

<xsd:element name="MF6" type="xsd:positivelnteger" /> 0%
<xsd:element name="MF11" type="xsd:positivelnteger" /> % Q
<xsd:element name="MF71" type="xsd:positivelnteger" /;Q Q

<xsd:element name="MF22"> \
<xsd:simpleType> Q) %
<xsd:restriction base="xsd:string"> \0 &
<xsd:pattern value="[0-9A-F]{15}" b‘b‘% 4
</xsd:restriction>
</xsd:simpleType> \TQ \6&
</xsd:element> \(b
<xsd:element name= MF77
<xsd:simpleType>
<xsd:restriction basg %
<xsd:pattern "[0- 9A
</xsd:restricti
</xsd:simple
</xsd:ele @
<xsd:ele %ame "MF67" type="xsd:string" />
<xsd:element name="MF68" type="xsd:decimal" />
<xsd:element name="MF69" type="xsd:decimal" />
<xsd:element name="MF70" type="xsd:decimal" />
<xsd:element name="MF72" type="xsd:decimal" />
<xsd:element name="MF73" type="xsd:decimal" />
<xsd:element name="MF74">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:pattern value="[0-9A-F}{4}" I>
</xsd:restriction>
<Ixsd:simpleType>
</xsd:element>
<xsd:element name="MF75" type="xsd:string" />
<xsd:element name="MF76" type="xsd:string" />
</xsd:all>
</xsd:complexType>
</xsd:element>
</xsd:schema>

Figure M.1 — XML Schema for the transfer of TOA/FOA data between MEOLUTSs
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APPENDIX C.1 TO ANNEX C OF C/S A.002 (SID)
SAMPLE MESSAGES

SAMPLE MESSAGE FOR
TOA/FOA XML DATA TRANSFER

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

<MF6>312</MF6>

<MF11>7106</MF11> b’
<MF71>16</MF71> Q)
<MF22>ADDFFFFFFFFFFFC</MF22> b'

<MF77>42BB1F56EFFFFFFFFFFFESCB630000000000</MF77> %Q)

<MF67>10 272 0003 50.623698</MF67> &
<MF68>406036073.075</MF68> Q
<MF69>0.076403</MF69> Q?J
<MF70>2255.694</MF70> S
<MF72>37.6</MF72> Q. S
<MF73>400.046</MF73> Q \Q
<MF74>0000</MF74> \g@ &%
<MF75>22797.7391 -13074.3953 -owo MF7;4©
<MF76>001.064675 002.052740 -003. <IMF763
<ITOA_FOA_DATA>
FOA xS
RN
<
3T
X 3D
S
- END OF ANNEX M -

o
>
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ANNEX N
POSSIBLE MEOSAR SYSTEM PERFORMANCE PARAMETERS
Parameter Definition Conditions of measurement Comments
Valid Message . . . e Standard 406 M§g beacon
Throughput Probablhty of detection of a valid, or (.:omplete, message | | poN/Sat. o @ angle > [5°] BCN/Sat elevation angle
from a single beacon burst: the ratio of the number e LUT/Sat " le > [5°] and C/No should be
valid/complete messages received via a single MEO 2 1/=at, gyvation angle = collected to characterise
Complete Message Channel over the expected number of bursts which should | * Min sa size [TBD]O _ erformance
Throughput have been received during a given period of time.  To termined for 5° elevation angle P '
\'ﬁj ments
. . N
Single Channel Valid & %
Message Detection ?
e Probability of detection of a valid/complete beac ZPsamé ) ove, except for the time period. i =
Probability 2 minute = 2 bursts
: message via a single MEO channel over a given perio The¢probability can be measured for periods | o . o o
Single Channel time after [beacon activation] [first burst transmissi ] ?nfi/ or 10 minutes 'afte.r [first burst 10 minutes = 12 bursts
Complete Message \Q & transmission] [beacon activation].
Detection Probability \Q)

N

Multi channel
Detection Probability

Probability of detection of a valid [or co@lete l‘)}sgc‘)n
message by a MEOLUT using multi ann ver a
given period of time after [beacon & ng"&rst burst

transmission].

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.

Short Message
Transfer Time

t}\%tlon and the production
message.

Time elapsed between beacan
by a MEOLUT of the ﬁrs‘g{

Long Message
Transfer Time

Y

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

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

o 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 MEOLUT of 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.

e Min sample size [TBD]
e 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 measurement 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 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].

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

Sample size: > TBD

Distribution t eported as a function
of HDOP a mber of channels (i.e. 3,

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.

Q

AN

Q,

N

dof H

) L

con bursts relayed via
or more MEO satellites to a given

T.
ribut@ should be reported as a function
@, the number of channels (i.e. 3,
>4 the number of bursts used in the
@gutation.

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

Independent Location
Error

Average and standard deviation of independeb?igl
errors obtained for a given number of fixed b s
given period of time, with a max. HDOP of 1.

-

Time to First Location

Time elapsed between beacon activati
independent location by a MEOLUT
5 km, with a max. HDOP of [TBRJO

\ﬁd tﬁ;ﬁst 2D
an riless than

S 3
catio &
B>
¢

e Sample size: > TBD

e Standard beacon transmissions
e BCN/Sat. elevation angle > [5°]
e L[UT/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.

7
TOA Estimation Error | Average (bias) and sta ﬁgrd deviation of TOA | TBD
measurements performedw EOLUT.
FOA Estimation Error | Average (bias) and standard deviation of FOA measurements | TBD

performed by a MEOLUT.

Distribution of errors
should also be provided.

Definitions: HDOP:

Independent location:

Valid message / Complete message:
MEO channel:

Standard beacon:

TBD.

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).

- END OF ANNEX N -

Location obtained by a MEOLUT, independently of any encoded position data in the beacon message.
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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 be@ position® data derived

from 406 MHz distress beacon signal processing. Ale ta derived from beacon
signals may contain beacon position information @ other coded information,
including the beacon identification. 'QQ

Beacon signals are relayed via three satelli Qﬂ/stems, low earth orbiting (LEO),
geostationary earth orbiting (GEO) and mee@m ear@%rbiting (MEO). Position data
can be derived in three ways: @ %\

e by Doppler processing via theq.}?ckm‘g&%f a LEO satellite receiving 406 MHz
beacon transmissions, \Q .&

e Dby difference of arrivagszOA‘% cessing using time of arrival (TOA) and
frequency of arrival rements received from multiple MEO satellites
relaying the same ont n issions,

e by position d%éﬁcode(m beacon messages.
MCCs rece a& data from their LUTs or from other MCCs and distribute this alert
0

data to the priate RCC or SPOC in their serv1ce area, or forward the alert data to
another MCC.

MCCs should transmit
Cospas-Sarsat alert data in accordance with the principles for data distribution listed in
section 2.2 of this Cospas-Sarsat Data Distribution Plan (DDP). The corresponding
procedures are outlined in Figures 3.1 and 3.2, and in the following sections. These
procedures are further detailed at Annex III / B of this DDP.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 service area
forwards the alert data to the appropriate SPOC or national RCC, in accordance
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 inanother MCC's service
area forwards the alert data to the appropriate MCC rb'accordance with the
applicable Cospas-Sarsat procedures as described 1&6 Annexes III/ A and
11/ B to this DDP. %

&

¢)  Unlocated alerts: %Q

There will be occasions when a LEOLU%SBr §LUT is unable to calculate a
leeation position for a beacon or a is de d by a GEOLUT, and the only
information available is the beacm@%?:sa f this data does not contain an
encoded position, the alert is un nfocate 4& these cases the only information
available will be the dlgltal identifica %h contained in the beacon message which
includes a country code de nat @) the country of registration of the beacon.
MCCs will transmit th1 m@» to the country of registration according to
the procedure descri

3.1.3 Messag&&rmats“@ﬁ

Alert messages\ﬁge exchanged between MCCs using standard formats which permit
automatic \@bssmg and retransmission of all data. These message formats are
referenced E}fhe Cospas-Sarsat Mission Control Centres Standard Interface Description
(C/S A.002). A list of message formats that are implemented at each MCC is provided
at Annex II / D of this DDP.

3.14 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 process, and
distributed with alerts to RCCs and / or SPOCs, in accordance with the procedures
described hereunder.

or altered by a distributing MCC, unless the Doppler osition fails Doppler

Eeeatien-Position data provided by LEOLUT Doppler processigg shall not be removed
footprint validation. E S

Q
o &
3.2.2  Validation of Beacon Message Data %)

Under various circumstances such as interfere@ weak beacon signals or high noise
levels, the LUT processing can produce erroQQ al%@ata (i.e. processing anomalies)

which may cause false alerts. @ %\

The alert data produced by the S muskqﬂe validated in accordance with the
requirements of document C/S I ition, to avoid propagating invalid alerts
through the Cospas-Sarsat G %e@went, the procedure for validating alert data
described at Annex I/ B hould be implemented at the MCC level to

satisfy the requirements %' cum /S A.005.
3.2.3 Fllterlng @edundant Data

After validasogy alert data received by an MCC must be compared to previous
information ‘®oncerning the same beacon identification which has already been
processed by that MCC.

Alert data produced by LEOLUTSs fer is considered to be the same beacon event
t=e- 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 same beacon event
should not be considered redundant if it contains information on image position
determination not previously received (see document C/S A.002, Appendix B.2 to
Annex B).

Alert data produced by MEOLUTS is considered to be t me beacon event when it
has the same beacon identification and has the sa ‘G;%?e (+/- [2] seconds) for the
latest beacon transmission included in the assocm% computation®. MEOLUT alert
data is deemed to be redundant if, using the dis riterion defined at Annex 111 / B
of this DDP, either: c,)

>

a) the new alert message does no @lude I%@ position data and the MEOLUT
encoded position matches M@ T &ﬁa ded position information received

earlier by the MCC; or \Q Q)&

alert matches a DO ition‘fy an alert received previously for the same beacon
event and, either; Ay
P S

o the ne rt message does not include MEOLUT encoded position data, or

X\
b) the new alert messaggp@des‘@A position data, the DOA position in the new

o t '~émcoded position data in the new alert message matches MEOLUT
ded 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 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 message).
However, the matching test for a coarse encoded position shall also be performed with
the position derived from the first protected field of previous non-redundant messages:
a coarse encoded position will be deemed redundant if it matches the position encoded
in the first protected field of a previous beacon message.

Data deemed to be redundant shall not be used to determine v@her subsequent data is

redundant.
@5
3.2.4  Ambiguity-Reselution Confirmation of 40 @Hz Positions

The objective of this ess is to conﬁrm the position of a
beacon on the basis of independent 1nf0rmat1%

A—Doppler lecation data always inclutigy qfwo of position data, the ‘true’ and the
‘image’ solutions which are symmetriegl relaux o the trace of the orbit. Each solution
is associated with a probablhty'\q‘&h @@nerally sufficient to resolve the Doppler
ambiguity. However, the ac char fstics of the 406 MHz transmission are not
known by the receiving LUT& reli@‘ ambiguity resolution of the Doppler solutions
can only be achieved wit eto ]%’ppler positions from two different beacon events,
or using an external ce xé%ata such as position data encoded in the beacon

message. bQ

While a Doﬁo&dtion does not have any inherent ambiguity, it is still appropriate to
require confixmation 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, or 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 independent sets of
position data match the distance criterion specified at Annex III / B of this DDP.

Alert data for beacons located outside an MCC'’s service area will be forwarded until
ambiguity—is—resolved beacon position is confirmed. Once ambiguity—is—reselved the
position is confirmed, an ambiguity resolution message Or pOSItlon confirmation
message shall be transmitted to each MCC and/or SPO at has the reselved
confirmed position or a previous image incorrect pos1t10n MCC service area, or
its SAR Region(s), respectively.

3.25 Continued Transmission after A&?guﬂy—%sehﬁlen Position
Confirmation %Q,

If necessary, continued transmission of al@%atay@@? ambiguityresolution position
confirmation may be requested by an ]\@ '{9
Q

Alert data transmitted after amb@cifese%\geﬂ position confirmation should not be
geographically sorted according, to” the l@aved position, but sent to the same MCC,
SPOC or RCC which receiv%&é alé@br the confirmed beacon position or requested
the continued transmlssm@ D

In satisfying a req e@cfor cor?&ued transmission of alert data for a specified beacon
1dent1ﬁcat10n % me method of filtering redundant data used before ambiguity

confirmation should also be used after ambiguityreselation position
conflrmatlo

When continued transmission is requested, continued transmission of alert data shall
be provided from MEOLUTS 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 spgcify the area for which
new alerts would be provided, either as a radius in nautical néﬁ around a position or
as a rectangle defined by two opposing corner positions.

The request should indicate the MCCs that would r@ve alerts for that area in real
time. A nodal MCC that receives a request for tra ssion should forward the request
to the appropriate MCCs, to ensure that the req@ alerts are sent.

The requesting agency should indicate whgﬁns @ons are to be discontinued.

Q}

3.2.8  Exchange of Unlocated AI

When a LEOLUT or MEOL ab calculate a leeation position for a beacon,
or a beacon message is dete OLUT, the only information available is the
beacon message. If thi ta o‘&' not contain an encoded position, the alert is
unlocated. An unloca er be distributed using the country code in the beacon

identification for r&@lg to the ‘appropriate MCC or SPOC. Unlocated alerts shall be
validated at LUT and MCC level in accordance with the applicable procedure.

MCCs w1ll&hange unlocated alert messages using the format specified in the
document C/S A.002 and according to the alert distribution procedures described in
Annex I/ A of this DDP.

An 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 14 406 POSITION
CONFLICT Doppler/DOA positions for which the CONFLICT
(ENCODED ONLY) encoded position differs by more than 6@ (ENCODED ONLY)

the match criteria from all previous Q)
positions. <‘°
&

124 | 406 AMBIGUITY A 406 MHz alert message wji 0 144 406 POSITION
RESOLUTION Doppler/DOA positions that j iffes CONFIRMATION
(ENCODED ONLY) the confirmed position of a MHz (ENCODED ONLY)

alert. Q Q
Y O
125 | 406 INCIDENT A beacon alert w@age &%})uted 145* | 406 INCIDENT
from 406 MHz intident The
message cq‘@ns pler/DOA
ositions.
p \Q \@

126 | 406 POSITION A b & alertN\Message computed 146* 406 POSITION
CONFLICT fr 6 M incident data. The CONFLICT

age ontains  Doppler/DOA

( grtd/or \?Ic ded position(s) which

Q d1ffer from other position(s) by the
b match criteria.

127 | 406 AMBI A 406 MHz alert message with 147* 406 POSITION

RESOLUTI 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)
Bursts 21 The number of independent 406 MHz beacon bursts

(transmissions) used in generating this position
Time Tag First Burst 14 Time of the first burst (average TOA)
Time Tag Last Burst 14 Time of the last burst (average TOA) A
Service Area 24 DDR/Service Area and AR flag &@0’
Latitude 25 Latitude for the position {k@o
Longitude 26 Longitude for the position @&'J
Altitude 77* Altitude for the position\%'%
Frequency 13 Frequency c,)v O

S TN\ . :

Average C/No 78* The average C over, b@se Density of RTBs associated with

this positiorﬁo S %
DOA Quality Factor 79% A measur&%f the!qﬁéllty of the position (TBD)

N
&

* New field %) \

S
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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 nnann.nnn
DEFAULT VALUE = 99999.999 =
\&
78 AVERAGE CARRIER 00.00 ->99.99 .nn
TO NOISE RATIO %6
DEFAULT VALUE =99.99 \
79 DOA QUALITY FACTOR 001-> 999 Q nnn
DEFAULT VALUE = OOQA‘Q’
~
> .\00
)
S
& A
MESSA &IEL@ EFINITION
o
MF Message Fields Definitio@’ ‘b'\
# P A ‘4
\) P}
8. Number of Alerts%QO Doppler/DOA Positions
The number@erts of this SIT format with Doppler or DOA positions, that are
included between the SIT header and the SIT trailer as specified in Table C.1. 406
MHz alerts may or may not contain encoded position information.
14. TCA
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 from the
406 MHz LEOSAR channel in the combined processing.

The value for this field shall be computed from the ‘A’ solution.

For data originating from the MEOSAR system: The number of bursts used to develop
the DOA position.

Altitude @b'

The calculated altitude of the DOA position relative to t ntre of the earth, given in

kilometres. 6&
. N
Average Carrier to Noise Ratio %0’
The average Carrier to Noise Ratio as uted@m all contributing TOA/FOA
measurements, computed by taking I@é@pg ok@é*e average of inverse logs of all
measurements. S QQ)
. P &
DOA Quality Factor X ‘b'\'
A measure of quality assoz'e@vith&k DOA position (algorithm TBD).
éocf’ S

5
>
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FORMAT
FRAMES

HEADER

INFO

TRAILER

MF#

1,2,3

45,8
11,23,21
14,14
24,25,26,77
13,78,79
11, 23,21
14,14
24,25,26,77
13,78,79

42

SAMPLE MESSAGE FOR
SITs 141,145,146,147,137

CONTENT
(as per communication network requirements if any)

/01614 00000/3660/09 280 1518
/141/3160/02
/3668/123456789ABCDEF0123456000000Q0/03
/09 280 1516 36.21/09 280 1518 16.19 @QJ
/+316/+53.225/-13o.102/06379.4%@%
/-00405.0 001.0 +99.99/35gngo
S

/3668/23456789ABC%501234@300000000/01

%) N
/09 280 1517 107909 28@}?7 10.01

S Q

/+316/+5&Q&7-14%§¢0/99999.999

N XN

/+01923: 999’.‘9&99.99/34.39/250

gy

43 6/6 /ENDMSG

&
>

(as per communication network requirements if any)

- END OF ANNEX O -
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ANNEX P
Annex P is actually Annex F of C/S A.002 in its entirety, but modified to account for MEOLUT
TOA/FOA data transfer via FTP. Strike out and italicized text represents suggested changes
that would ultimately appear in document C/S A.002 (SID).
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.
COSPAS-SARSAT STANDARD FOR THE TRANSMISSION OF
SH MESSAGES VIA FTP

Q
F.1 FILE TRANSFER PROTOCOL (FTP) COMMUNIC&@%NS

v

Each M€€ Ground Segment facility (e.g., MCC or MEO%@Jcommunicating via FTP shall
comply with the applicable standards described in tl% et Engineering Task Group
document RFC 959 - File Transfer Protocol, Whic}Ecan bSound at the following web

address: www.ietf.org. .
g ) \Q
: : _ < S
F.1.1 File naming Convention %\0 4@'&
An-MEE A ground segment facility sﬁ?(ﬂen message by writing a file on the FTP

server of the receiving MECfacility fi lqgsa contain exactly one SIFmessage.
) }\

The FTP file name format sha “?S Cb’_ ?DEST ?CUR#.TXT”, where:
“?SRCE” is the Sou C@e (per Table II/A.1 at Annex II/A to C/S A.001), or
the Source MEO ame (per'Table 11/B.3 at Annex 11/B to C/S A.001)
- “I9DEST” is the tination MCC Name (per Table II/A.1 at Annex II/A to C/S A.001)
or the Destihiﬁnn MEOLUT Name (per Table 11/B.3 at Annex 11/B to C/S A.001), and
- “?CUR#”)QQhe Current Message Number (Message Field 1).

The FTP file name shall contain only upper case characters. For example, a file with the
name “USMCC_CMCC 02345.TXT” contains Current Message Number 02345 sent by the
USMCC to the CMCC.

Any MECfacility that wants to receive data via FTP shall provide the Host Name and/or
Internet Protocol (IP) Address, User Name, Password, and Message Directory Name in
Table F.1, to enable other MEECsGround Segment facilities to place data on the FTP server of
the receiving ME€Cfacility.  On a bilateral basis, the receiving and sending MEEfacility
should agree on passwords and other security measures. It is the responsibility of the
receiving MEEfacility to provide adequate security for its FTP server.

The sending MECfacility shall write a file with a file name extension of “.TMP” on the FTP
server of the receiving MEECfacility. A file is given a temporary name to prevent the
receiving MECfacility from processing a file before it is complete. Once the file transfer is
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complete, the sending MEECTacility shall rename the file with an extension “.TXT”. Once
the file has been renamed, the sending MEETfacility shall not manipulate the file. The
receiving ME€Cfacility shall not process files with an extension of “. TMP”. The receiving
MeEc€facility shall be responsible for disposing of files placed on its FTP server. (paragraph
split added)

If the receiving MCC detects an anomalous condition in the FTP file transfer, it shall notify
the transmitting MCC. (paragraph split removed)If a FTP file transfer fails for any reason the
transmitting MCC shall try to resend the message, and notify the receiving MCC if the failure
persists.

If the receiving MEOLUT detects an anomalous condition in the e transfer, it shall
notify its associated MCC. If a FTP file transfer fails for a ason the transmitting
MEOLUT shall maintain a [10] minute buffer of messages. n re-establishment of a

connection the transmitting MEOLUT shall send the buffere@ fnessages. If MEOLUT FTP
file transfer failures persist, the transmitting MEOLUT sh%Qotify its associated MCC.

Each MEcCfacility communicating via FTP shall op a%in bi%gl transfer mode.
&
F.2  FILE TRANSFER PROTOCOL (,F}G) INF ATION LIST

A list of information used to send es tK a facility via FTP is provided in this
section. This list is composed of 6 &S \(b,

1. Receiving MEC d S m‘gt Facility
2. Host Name Q 9%

3. IP Addres

. S

5.

6.

User Name
Pas
Mesdsgee Directory Path

F.2.1 Receiving MCC Ground Segment Facility

The name of the MEEGround Segment Facility to receive data via FTP. For MCCs; Fthis
name matches the MCC Identification Code in Table II/A.1 at Annex II/A to C/S A.001.
For MEOLUTSs, this name matches the MEOLUT name in Table Il / B.3 at Annex I1/B to
C/S A.001, noting that spaces are always replaced with an underscore (*“_"") character.

F.2.2 Host Name

This is the FTP Host Name of the receiving MEEGround Segment Facility. *** indicates that
the Host Name is provided on a need to know basis.
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F.2.3 Internet Protocol (IP) Address

This is the Internet Protocol Address referenced to reach the receiving MECGround Segment
Facility. *** indicates that the IP Address is provided on a need to know basis.

F.2.4 User Name

The User Name required to login to the FTP server of the receiving ME€facility. If the
value is “Sending MEEGround Segment facility Name”, then the user name is the name of
the sending MEEGround Segment facility, per Table B-2A.1 or B.3. *** indicates that the
User Name is provided on a need to know basis.

F.25 Password @b’

The password required to access the FTP server of the receivin%&’@facility. *** indicates
that the Password is provided on a need to know basis. Q}’

F.2.6 Message Directory Path &Q

The path of the directory into which message fil all b ten. <MEC-facilityname >
indicates that each MEECfacility will put messa na irectory per MCCfacility where
the sub-directory name is the name of the S¥Qiing acility, per Table II/A.1 at Annex
II/A to C/S A.001 for MCCs and per Tab[%‘%’BS atsdnfex 11/B to C/S A.001 for MEOLUTS.

LS
X X
F3 SECURITY O A\

‘O
All M€€sGround Segme&()ﬁili@vith an Internet connection must be protected by
firewall technology. QO

F.3.1 Passwords,&
D
MecsGround ment facilities shall formulate passwords using security best practices.
The passwords shall have the following characteristics:
- contain at least 8 characters
- not have any characters that are “blank”
- six of the characters shall occur once in the password

- at least one of the characters must be a number (0-9) or a special character (~,!,$,#,%,*)
—see Table F.2

- at least one of the characters must be from the alphabet (upper or lower case)

- passwords shall not include:
o words found in any dictionary (English or other language), spelled forward or
backward system User Ids
. addresses or birthdays
. common character sequences (e.g., 123, ghijk, 2468)
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o vendor-supplied default passwords (e.g., SYSTEM, Password, Default, USER,
Demo)

o words that others might guess
MECsGround Segment facilities shall change passwords at least semi-annually.

To protect passwords from unauthorized disclosure MECsfacilities shall exchange passwords
by telephone or facsimile if allowed by security authorities at each MCcCfacility. MCCs
Facilities shall coordinate the exchange of new passwords during the last full work week of
April and October of each year. MECsFacilities exchanging passwords shall agree on an

implementation date that is not later than the end of the week during which new passwords
are exchanged. b’

Table F.1: FTP Password Special Chara&%@

&
SYMBOL NAME Q)

~ TIL|

! EXCLAMAOON POINT
@ AT SYMBOD

# oOTOTHORPE

$ A ~DOLLARSIGN

% .~ PEROENT
&

)

(

N~ CHAREAU / HAT
N  OAMPERSAND
N . A\ ASTERIX
_ 1. OSE PARENTHESES

Y| O OPEN PARENTHESES
AY AN APOSTROPHE
A\ ‘ HYPHEN

[ QUOTATION
S/ VARGULESLASH

14

F.3.2 Access X

Access permissions on all directories and files on the FTP server shall follow the principle of
“least permissions” to ensure that no unauthorized access is allowed. *Least permissions”
means that each user is granted the minimum access required to perform their assigned tasks.
MECCsFacilities shall check IP addresses to limit server access only to authorized users.

MCCsFacilities shall allow access to their FTP servers only through ports 20 and 21. All
other ports that are not being used shall be closed.

F.3.3 Anonymous FTP

MEECs-Facilities shall not use anonymous FTP.
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F.3.4 Encryption of Critical Information

McEEsFacilities shall implement methodologies to encrypt FTP login names (userids) and
passwords during file transmission to prevent unauthorized disclosure. These
methodologies include FTP over Internet VPN.  Standards for the use of hardware VPN
are contained in Annex G.

F.3.5 Monitoring for a Potential Security Breach

McEcEsFacilities shall monitor the FTP servers for abnormal activity. If a breach of security
is found, MEEsGround Segment facility operators shall notify all FTP correspondents as
soon as possible to minimize exposure. b’

<

Examples of items that should be monitored on a FTP server inclucéé

Event logs
Should be set and checked for failed 10ginéémpts

Gaps in time and date stamps 0
Attempts to elevate privileges Q
. ) QO
Disk Space Q &%\

Unexplained loss of disk s §®
Unexplained disk acces gi)

Unexplained events '&
Large number o res @ﬁ or programs crash)

Unexplained pr s or ms running
New users a

Virus pro @} en disabled
Ko i

F.3.6 Security Patcl%v

MGGsFaCilitie@H apply the latest software and security patches to their FTP servers as
soon as possible.

- END OF ANNEX P -
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