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1 INTRODUCTION

The Cospas-Sarsat System provides distress alert and location data for search and rescue
(SAR) using space based instruments and ground facilities to detect and locate the signals.of
distress radiobeacons that operate at 121.5 and 406 MHz. The majority of the spage ségment
instruments in the Cospas-Sarsat System operate with downlinks in the 1544 —(1545 MHz
band.

The ITU Radio Regulations restrict the use of the 406.0 — 406.1 MHz band to low power
satellite emergency position-indicating beacons in the mobile satellite Service, and the 1544 —
1545 MHz band for distress and safety communications space-to-Earthin the mobile satellite
service (MSS). Since neither band is dedicated to Cospas-Sarsat,)the regulations alow the
possibility for other distress and safety communications systems to operate in these bands,
thereby creating the potential for harmful interferepee t0 the CospasSarsat System.
Furthermore, although both bands are dedicated to distress and saféty communications, the
regulations cannot prevent them from being used inappropriately, nor for harmful interference
to be generated by emissions spilling over from,other bands~_Therefore, the use of these
bands must be monitored by Cospas-Sarsat and proceddres.developed for coordinating
Cospas-Sarsat actions to ensure that new,systems planned'to be introduced will not, under
normal operating conditions, adversely affectthe performance of the Cospas-Sarsat System.

1.1 Purpose

The purpose of this document i's to describethe framework that guides Cospas-Sarsat actions
in respect of its own.use of the 406:0 — 406.1 MHz and 1544 — 1545 MHz bands, and
recommend Cospas-Sarsat actions i’ response to the use and/or proposed use of these
frequency bands by athers. Speeifically this document:

a describes the international regulations that govern the use of these bands;

b. identifies the systems that have completed the ITU notification process to operate in
these bands, as well as systems planned to be introduced in the future;

o3 provides protection requirements in the 406.0 — 406.1 MHz and 1544.0 — 1545.0 MHz
bands for Cospas-Sarsat SAR instruments; and

d. recommends the procedures to be followed by Cospas-Sarsat Participants in
responding to proposal §/plans to operate new or additional servicesin these bands.

Although the Cospas-Sarsat System also detects and locates distress beacons that operate at
121.5MHz, this band is extensively used for general aeronautical distress and safety
communications. Consequently, Cospas-Sarsat actions in respect to the possible use of this
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band by others will be addressed on a case by case basis, and, therefore, standardised
procedures are not addressed in this document.

1.2 Background
The International Telecommunication Union (ITU) has alocated the use of the bands:

a 406.0 — 406.1 MHz to the MSS and limits its use to low power satellite emergency
position-indicating radio beacons (ITU Radio Regulations, Article 5266); and

b. 1544 - 1545 MHz to the MSS for distress and safety communications in the space-to-
Earth direction (ITU Radio Regulations, Article 5.356).

In conformance with these allocations the Cospas-Sarsat System includes search and rescue
instruments on low-altitude and geostationary satellites(LEOSAR and GEOSAR systems)
that operate in the above-mentioned frequency bands, A description of\Cospas-Sarsat’s use
of these bands is provided in the following Cospas-Sarsal documents:

Description of the Payloads Used in the Cospas-Sarsat LEOSAR System, C/S T.003;

Description of the 406 MHz Payloads Used in¢he Cospas-Sarsat GEOSAR System,
C/ST.011; and

Cospas-Sarsat 406 MHz Frequency Management Plan, C/S T.012.

To date Cospas-Sarsat is the ‘enly systemnthat operates distress beacons in the 406.0 —
406.1 MHz band. With respect to the 1644/— 1545 MHz band, some administrations have
indicated intentions to.Operate other distress and safety communications systems in this band,
and it is likely that“additional requests will occur in the future. In light of the possible
harmful interferencejother systems might cause to Cospas-Sarsat, and the complicated nature
of the internaflonal regulations that govern the introduction of new systems; the Cospas-
Sarsat Gouncily decided that Cospas-Sarsat Participants should coordinate their actions in
respect of dealing with proposals to introduce new systems into these bands.

Theinternationa regulations that govern the assignment and use of frequency spectrum were
developed to maximise its equitable and efficient use. These regulations establish a
framework that alow new systems to be established, whilst providing authorised existing
users a mechanism for assessing the impact that proposed new systems would have on their
operation. Should such an assessment indicate the likelihood of harmful interference, the
Radio Regulations include provisions for preventing the introduction of the new system until
the issue of harmful interference has been resolved. Although distress and safety systems that
have been notified to the ITU are provided greater protection than most systems, the
responsibility remains clearly on Cospas-Sarsat Participants to:

- notify their LEOLUT’s and GEOLUT's use of the 1544 — 1545 MHz band with the
ITU;
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- monitor the advanced publication information published by the ITU for the
introduction of new systems, with a view to identifying at the earliest possible stage,
those systems which might cause harmful interference to Cospas-Sarsat;

- actively participate in the formal 1TU coordination process with proposed new users 1o
assess whether proposed services would harm Cospas-Sarsat operations; and

- take appropriate action in accordance with the Radio Regulations! through their
designated representative to the ITU.

1.3 Communicationswith the I TU

This document provides guidance to Cospas-Sarsat Participantstor coordinating activities
concerning proposals to introduce new systems that might adversely affect Cospas Sarsat
operations. This guidance was developed to take advantage of the procedures for managing
the introduction of new systems provided in the ITU Radio Regulations. A characteristic of
the process is that proposed new systems would het e sanctiened by the ITU if they would
generate harmful interference to systems that*thiave been formally notified. In this regard, the
procedures in the Radio Regulations call for the administrations representing proposed and
existing systems to communicate with_each other and the-<I'TU to determine if the proposed
system would generate harmful interference.

With respect to official correspondence withithed TU, all correspondence should be submitted
through the government department qr servicé responsible for discharging the Country’s
obligations in respect of the*Constitution~0f the ITU. In most cases this government
department will not bethe organisation responsible for managing that Country’s participation
in the Cospas-Sarsat “Programme.t./ Consequently, Cospas-Sarsat Participants should
coordinate their activities and«<ftorward any official correspondence through the appropriate
department within their administration when communicating with the ITU, and aso when
officialy, communicating with another administration proposing to introduce new services
into frequency bands used by Cospas-Sarsat.

14 Reference Documents
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;
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e. C/ST.003:
f. C/ST.005:
0. C/ST.007:
h. C/S T.009:
i. C/ST.010:
j. C/ST.0L1:
k. C/ST.012:
L. C/S A.003:

Description of the Payloads Used in the Cospas-Sarsat LEOSAR
System;

Cospas-Sarsat LEOLUT Commissioning Standard;
Cospas-Sarsat 406 MHz Distress Beacon Type Approval Standard;

Cospas-Sarsat  GEOLUT Performance Specification and pDesign
Guidelines;

Cospas-Sarsat GEOLUT Commissioning Standard;

Description of the 406 MHz Payloads Used)in the Cospas-Sarsat
GEOSAR System;

Cospas-Sarsat 406 MHz Frequency.M anagement Plan; and

Cospas-Sarsat System Monitoringjand Repofting.

- END OF SECTION ¥-
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2. GENERAL PRINCIPLES OF FREQUENCY BAND MANAGEMENT

Administrations planning to introduce new systems are required to complete a three-phase
process consisting of:

publicising their intentions in advance,

coordinating with existing users that might be adversely affected (if(the frequency
band requires coordination under the provisions of the Radio Regulatiens), and

registering the new systems with the ITU using the notification proeedures described
in the Radio Regulations.

21 Spectrum M anagement for the 406.0 — 406.1 MHz'Band

The policies that govern the international proceddres™for management of the 406.0 —
406.1 MHz band are summarised below.

a Article 5 of the Radio Regulations allocates the 406.0,— 406.1 MHz band to the MSS,
for low power satellite emergency(pesition-indi¢ating radiobeacons, and prohibits any
emission capable of causing harmiful interférence to authorised uses of the band
(Articles 5.266 and 5. 267 refer).

b. An administration plamaing to use thissband must provide the details concerning their
proposed use to the,JTU for advance publication in the ITU Radio-Communication
Bureau (hereafter, réferred to as thesBR) International Frequency Information Circular
(IFIC).

Since, undex-the proyisions of the Radio Regulations, the 406.0 — 406.1 MHz band
does-ngt-require formal coordination, this will probably be the only indication of an
administration’ s intention to use this band prior to the activation of the system.

C Currently Cospas-Sarsat is the only system that has notified its use of the 406 MHz
band to the ITU. Thiswas done by the USA and Russia when they formally notified
the Cospas and Sarsat LEOSAR satellite networks. Furthermore, in the Cospas-Sarsat
406 MHz Frequency Management Plan (document C/S T.012), Cospas-Sarsat has
indicated its need for the entire 406.0 — 406.1 MHz band to accommodate the
expected 406 MHz beacon population.

d. Cospas-Sarsat Participants, in response to information in the IFIC proposing the
introduction of a new system in the 406.0 — 406.1 MHz band, should:

1) advise the Cospas-Sarsat Secretariat of the proposed new system, citing the
applicable IFIC reference, for further distribution to other Cospas-Sarsat
Participants;



T140ct03 2-2 C/ST.014 - Issue 1

October 2003

22

i) send correspondence, through their designated national body, to the
administration proposing the new service and the BR, expressing concerns that
the proposed system would cause harmful interference to the Cospas-Sarsat
System, citing Article 31.2 of the Radio Regulations; and

1) submit input papers to Cospas-Sarsat Joint Committee and Councifymeétings,
describing the status of any correspondence with other administrations.and the
BR in respect of the proposed use of the band.

In addition, Cospas-Sarsat Participants should examine all “proposals for the
introduction of new systems into bands near 406.0 — 406.1 ‘MHz. Each proposal
should be analysed to determine whether expected out of band emissions into the
406.0 — 406.1 MHz band might exceed the protection {evels'established by Cospas-
Sarsat. In such circumstances Cospas-Sarsat Rarticipants should follow the
procedures described in subparagraphsi through iii,above.

Spectrum Management for the 1544 — 1545 M Hz Band

The policies that govern the international procedures” fors management of the 1544 —
1545 MHz band are summarised below,. I addition, because of the complicated nature of the
formal coordination procedures for, this*band, more ‘detailed explanation is provided at
section 3.

a

Article 5 of the Radio Regulationg’alloeate the 1544 — 1545 MHz band to the MSS,
space-to-Earth, and restricts its use-to distress and safety communications (Article
5.356 refers). _Under Article™s.354 the use of the band by the MSS is subject to a
formal coordination process (see section 3).

An administration Wishing to introduce a new distress and safety communication
systemijinto the band must provide the details of the proposed service to the BR for
advance publication in the IFIC.

Existing users of the band are responsible for monitoring the contents of the IFIC,
conducting analysis to determine whether the proposed service could adversely affect
existing operations, and providing comments to the BR and the administration
proposing the new system.

The administration proposing the new system can, on the basis of comments made by
existing users, either amend its plans or send correspondence to the ITU to initiate the
formal coordination phase of the process. The BR will publish, in a specia section of
the IFIC, the detalls of the proposed new system along with the names of the
administrations that operate systems that might be affected. The BR will aso inform
these administrations directly.
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e Administrations that have notified their use of the band are responsible for reviewing
the contents of IFIC, conducting their own interference analysis, and coordinating
with the BR and the administration proposing the new system if they think that the
proposed new system might generate harmful interference. If an existing user fails to
provide the BR with information indicating concerns with the proposed introduction
of the new system, the ITU will assume, after a defined period, that there will_be no
harmful interference between the existing and proposed new systems. Conversely, if
the coordination process concludes that the new system would generéate tharmful
interference, the administrations participating in the coordination proceéss are to work
together to resolve the situation, keeping the BR apprised of developments.

f. Upon successful completion of the coordination processy” the administration
representing the new service will “notify” their use of the specttum, thereby becoming
an authorised user of the band.

The process overviewed above implies three principles.that “should guide the actions and
decisions of Cospas-Sarsat Participants in respect of the management«f the band, namely:

all Cospas-Sarsat Space Segment Providers’(SSPs) sheuld,complete the ITU process
of publication, coordination, and notitication for the LEQSAR and/or GEOSAR space
segment(s) they provide, thereby enabling Cospas‘Sarsat GSOs to notify their LUTsto
the ITU;

all Cospas-Sarsat GSOs shouldnotify their use of the band with the ITU (section 2.2
refers), thereby entitling them to »participate in the coordination process with
administrations propesing to introduce new systems into the band,

Cospas-Sarsat.should devel@p/protection requirements that can be used by GSOs to
evaluate whether*proposed new’systems/services would generate harmful interference;
and

all GSOs should be involved in the formal coordination process.

238 Notifying Use of the 1544 — 1545 MHz Band

Only administrations that have formally notified their use of the 1544 — 1545 MHz band with
the BR are entitled to the protection offered by the Radio Regulations. Consequently, all
SSPs and GSOs are strongly encouraged to formally notify the ITU of the use of the 1544 —
1545 MHz band by their space segment instruments, LEOLUTs and GEOLUTs. The
information required by the ITU for the notification of Cospas-Sarsat ground segment
equipment is identified in the Cospas-Sarsat LEOLUT and GEOLUT commissioning
standards (documents C/S T.005 and C/ST.010 respectively). GSOs will not be able to
notify their LUTs with the ITU until the associated satellite network (e.g. Cospas LEOSAR,
Sarsat LEOSAR, GOES GEOSAR and MSG GEOSAR) has been notified. Currently none of
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the GEOSAR satellites in the Cospas-Sarsat System that have downlinks in the 1544 —
1545 MHz band have been notified to the ITU.

24 Cospas-Sar sat Protection Requirements

Each Cospas-Sarsat service, whether it is the detection and location of 121.5 MHz heagons,
the detection and location of 406 MHz beacons using the LEOSAR Search andy)Rescue
Processor (SARP) or Repeater (SARR) channels, or the detection of 406 (MHZz beacons
through the GEOSAR system, can be adversely affected by interference_~1he impact of
interference, and, therefore, the protection required for each service is detefmined by many
factors, including:

a the technical specifications of the SAR satellite payload(s) that'support the service;
b. the technical characteristics of the LUT; and
C. the characteristics of the interfering signal.

Generic protection requirements for Cospas-Sarsat LEOSAR "and GEOSAR instruments are
provided at Annexes B through H. A summary of thepretection criteria for each Cospas
Sarsat instrument is provided in Annex.l, “In’determining-the protection required for specific
ground stations (i.e. the LUTS), the.responsible GSO should amend the parameters in each
analysisto reflect the technical characteristics of-their own ground segment equipment.

The 406 MHz protection levélseferred to"ahove are for assessing the impact of interference
from systems operating in'other frequency, bands. These protection levels should not be used
to determine whethen” the“406.0-406,1 MHz band can be shared with other systems.
Document C/ST.Q12 shows that the/complete 406.0 — 406.1 MHz band is required to
accommodate the\prajected 406.MHz beacon population. The introduction of any system into
this band will generate interference that could prevent the detection of beacon signals.
Therefore, @l administrations that allow for the use of Cospas-Sarsat 406 MHz beacons
should formally object to the ITU in respect of any proposal to introduce new systemsin the
406,0 — 406.1 MHz band.

2.5 Participation in the Frequency Coordination Process

Ultimately, it is the responsibility of each administration to protect their national interestsin
respect of their Country’s use of the spectrum. This is accomplished by monitoring the
frequency bands to identify harmful interference, and participating in the frequency
coordination process with other administrations that have indicated a desire to introduce new
services. Although, the Cospas-Sarsat organisation does not have the authority to participate
in the formal coordination process, it provides assistance by:
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documenting generic protection requirements that can be used by individua GSOs as
a foundation for developing protection requirements specific to their own ground
segment equipment;

providing a forum for sharing information between Participants in respects, of
interference and frequency coordination matters; and

coordinating strategy in respect of specific frequency coordination issues.

In the matter of frequency coordination involving the 406.0 — 406.1 MHz and 1544 —
1545 MHz bands, GSOs are encouraged to cooperate with other Cospas-Sarsat Participants as
described above and in Section 3.

2.6

261

26.2

Current and Planned Use of the Frequency Bandsdsed by Cospas-Sar sat

Systems that have Completed Notification-Process to Operate in the 406 MHz
Band

At present Cospas-Sarsat 406 MHz beacons are the enly equipment authorised to
operate in the 406 MHz band.

Current and Planned Use.ef the 1544 — 4545 M Hz Band

Annex J provides a_description ofthe.current and planned usage of the 1544 —
1545 MHz band.

- END OF SECTION 2 -
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3. COSPAS-SARSAT 1544 — 1545 MHz COORDINATION PROCEDURES

This section describes the recommended procedures to be followed by Cospas Sarsat
Participants for dealing with proposals for the introduction of new systems into the 1544~
1545 MHz band. By coordinating efforts and working to agreed common pringiples and
policies, Cospas-Sarsat Participants will:

be more aware of the future intentions of other administrations ih-respect of their
planned use of the band;

provide consistent information to external organisations and&dministrations regarding
the impact that proposed new services could have on CoSpastSarsat operations; and

capitalise on the expertise available in the Cogpas-Sarsat community in respect of
interference analysis and resolving internationalfrequency coordination matters.

3.1 International Frequency Coordination Regulations
for the 1544 — 1545 MHz Band

The recommended Cospas-Sarsat, pracedures for coordinating the actions of Cospas-Sarsat
Participants in respect of the proposed introduction of new systems into the band, are
consistent with, and rely upon, the procedures detailed in the Radio Regulations. To place
these recommended procedurestin context, ya summary of the relevant Radio Regulation
articles dealing with thefintroduction of'\pew systems into the 1544 — 1545 MHz band is
provided in table 3.1 bé&low.

Table3.1: Ovenview of, | TU Regulations Regar ding Spectrum Management
in 1544+ 1545 MHz Band

Ref Radio Description
Regulation

Publication Phase

1 Article 9.1 Before initiating action for frequency assignment for a satellite network or
satellite system, an administration shall send to the BR a genera description
of the System as described in Appendix 4 of the Radio Regulations.

2 Article 9.2B On receipt, the BR shall publish this information in a Special Section of its
IFIC, within 3 months. A new IFIC is published by the BR every 2 weeks.
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Ref

Radio
Regulation

Description

Article 9.5B

Under Article 5.354 the use of this band by the MSS is subject to
coordination under Article 9.11A; thereby, making the provisions of
Article 9.5B applicable.

It is worth noting that Article 9.11A requires that the procedures described
in Appendix 5 be used for calculating interference levels, anthdefines the
criteria for establishing whether such interference levels should be
considered acceptable or unacceptable. Nevertheless, under, Article 31.2
any emission causing harmful interference to distress/ and safety
communications is prohibited. Therefore it can be argued that protection
requirements for notified systems in the 1544 —-1545 MHz band are not
limited to the procedures and protection levels praovided in Appendix 5.

Under Article 9.5B, if upon receipt of the I'flCian administration considers
its stations would be affected by any of/the systems identified in the
advanced publication section of the IFIC; it may send its comments to the
administration proposing the new system and.,the BR. In any such
communication it is recommended that Article 31.2 be quoted.

At this point both admifistrations shall_try, te<Cooperate in joint efforts to
resolve difficulties:

Coordination Phase

Article 9.30

The administration proposing“the new service shal send request for
coordination to the BR, together with the appropriate information detailed in
Appendix4 of the Radio Regulations.

Article 9.5D

Ifsthe,BR does not receiVe the information required under Article 9.30 within
24 months after'thejinitial information provided under Article 9.1, the Bureau
will initiate preceédings to cancel the information provided under Article
9.2B.

Article9.34

Article 9.36

Article 9.37

Article 9.38

On recelpt of the complete information provided under Article 9.30 the BR
shalls

b) using the interference criteria described in Appendix 5, identify any
administration with which coordination may need to be effected;

C) include the names of these administrations in the section of the IFIC
which identifies the systems for which coordination are required.

€) inform the administrations concerned of its actions, drawing attention
totherelevant IFIC.

It should be noted that the application of the procedures for calculating
harmful interference described in Appendix 5 might not be sufficient to
address Cospas-Sarsat protection requirements. Therefore, it is possible
that Cospas-Sarsat Ground Segment Operators may not be specifically
identified in the coordination section of the IFIC. Consequently, Cospas-
Sarsat Participants should review each IFIC, and make their own
determination regarding whether any proposed new system undergoing
coor dination would generate harmful interference.
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Ref

Radio
Regulation

Description

Article 9.50

An administration having received a request for coordination shall promptly
examine the matter with regard to interference in accordance with the
procedures detailed in Appendix 5.

With respect to Cospas-Sarsat Systems, the protection afforded is not=limited
to those specified in the procedures described in Appendix 5.

Article 9.52

If pursuant to Article 9.50 an administration does not agree to{coordination,
it shal, within 4 months of the date of publication of the/EIC,“inform the
administration proposing the new system, of its disagreement and shall
provide information concerning its own assignments_upon which that
disagreement is based.

A copy of al of the above correspondence shall be sent to the BR.

Article 9.59

If there is a disagreement between the admipistration seeking coordination
and an administration with which coordinatien is sought concerning the level
of acceptable interference, either may seelki'the assistance of the BR; in such a
case, it shall provide the necessaryninformation tesenable the BR to conduct
the required analysis.

10

Article 9.63

If the disagreement cannot besesolved by thé administrations participating in
the coordination, the BR will seek the necessary information to enable it to
assess the interferencen, The BR willsedmmunicate its conclusions to the
administrations involved:

11

Article 9.52C

For coordination,requests undey” Article 9.11A an administration not
responding under Article 9.52 within the 4 month period shall be regarded as
unaffected " and,” the provisions of Articles 9.48 and 9.49 apply — as
summari sechbel ow:

(Article 9.48) NoO “complaint will be made in respect of any harmful
interferencesaffecting its own assignments, which may be caused by the
assignment for'which coordination was requested.

(Article" 9.49) The use of its own assignments will not cause harmful
interference to the assignment for which coordination was requested.

Notification Phase

12

Article11.2

Any frequency assignment to a transmitting station and to its associated
receiving stations except for those mentioned in Articles 11.13 and 11.14
shall be notified to the BR.

13

Article 11.30
&
Article 11.32

The BR shal examine each notice in respect of its conformity with the
procedures relating to coordination with other applicable administrations.

14

Article 11.37

If, pursuant to Articles 11.30 and 11.32, the examination leads to a
favourable finding, the assignment shall be recorded in the Master Register
indicating the administrations with which the coordination procedure has
been completed. When the finding is unfavourable, the notice shall be
returned to the notifying administration, with an indication of the appropriate
action.

15

Article 11.43C

Where the notifying administration resubmits the notice and the BR finds
that the coordination procedures specified in Article 11.32 have been
successfully completed with all affected administrations, the assignment shall
be recorded in the Master Register.
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3.2 Cospas-Sar sat Response to Advance Publication Information

As described at references 1 and 2 in table 3.1, on most occasions the first indication of an
administration’s intention to operate a new service in the 1544 — 1545 MHz band will come
from information published in the advanced publication section of the IFIC. Furthermore,
because the 1544 — 1545 MHz band is encompassed in the larger alocation‘ef {2585 —
1559 MHz to MSS (space-to-Earth), many administrations may mistakenly inelude a
reference to a service in the 1544 — 1545 MHz band in their advance publicatien4ntormation,
even though they have no intention of operating a distress and safety communigations service
in the 1544 — 1545 MHz band.

3.21 Individua Cospas-Sarsat GSOs, in response to advance publication information
provided in the IFIC, should:

a  advise the Cospas-Sarsat Secretariat of the,proposed new service in the band,
citing the applicable IFIC reference;

b. send correspondence, through théir designated, national body, to the
administration proposing the new Service, with an4nformation copy to the BR,
expressing concerns that the proposed seryice may cause harmful inference to
the Cospas-Sarsat System, Citing Article'31:2 of the Radio Regulations (table
3.1 ref 3), and requesting & detailed desCription of the proposed new service,
including:

the spectral, characteristics,of its 1544 — 1545 MHz transmissions,

an estimate of the amount of time that the 1544 —1545 MHz signals will
be‘active, and

asdescription of the distress and safety communications services
supported-py-the proposed new service.

3.22 Further to paragraph 3.2.1.a above, upon receiving notice of relevant advance
publication information, the Cospas-Sarsat Secretariat (hereafter referred to as the
Secretariat) will distribute this information via Email to each GSOs designated
Representative in the Cospas-Sarsat Programme. GSOs are also encouraged to
initiate ssimilar correspondence to that described in 3.2.1.b. This will ensure that all
relevant organisations and administrations are aware of the potential for the proposed
service to adversely impact upon Cospas-Sarsat operations, and make the ITU aware
of all administrations concerns on the matter.

3.2.3 Cospas-Sarsat Participants are also encouraged to submit input papers to Cospas-
Sarsat Joint Committee and Council meetings describing the status of any
discussions with other administrations in respect of proposed uses of the band, and
any specific technical analysis that has been completed on the matter.
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3.3 Cospas-Sar sat Participation in the Coordination Process

Article 5.354 of the Radio Regulations specifies that the use of the 1544 — 1545 MHz band is
subject to coordination under Article 9.11A. Therefore, having completed the Publication
Phase of the process, the administration proposing the new service should submit a request, to
the BR to initiate the process for formal frequency “coordination” with existing usets,_JIn
response the BR will conduct analysis in accordance with Appendix 5 of “the/Radio
Regulations to determine if the proposed new system would interfere with other systems that
have been formally notified to the ITU. The BR will then publish in the coordination section
of the IFIC (section CR/C to the IFIC) the details concerning the proposed new system, and
based on the results of the BR's anaysis, identify those administrations with which
coordination may be required. The BR will aso inform the affected administrations directly
(Reference 6 to table 3.1).

It is important to emphasise that the BR’s analysis, conducteasin accordance in accordance
with Appendix 5 of the Radio Regulations, may not be consistént with the protection required
for Cospas-Sarsat LUTs. Consequently, Cospas-Sarsat, GSOs should mot rely on the BR
identifying them as possibly being affected by the/proposed néw jsystem. Rather, upon
becoming aware that the coordination phase for anew systemen the band has been initiated,
each GSO should conduct their own analysis,"using the generic.protection criteria provided at
Annexes B through H as a guide, to determine if the/proposed new service might cause
harmful interference to their Cospas-Sarsat,operations, and, therefore, formal coordination
should be conducted.

Upon becoming aware that coordination willbé required, each affected CospasSarsat GSO
should follow the procedures described belOw,

a Advise the Secfetariat of theteguirement for coordination, the results of any analysis
conducted to'date, and copies.of any official correspondence with the administration
proposinghthe new service. On receipt of this information the Secretariat will
distribute icopies to'ally Cospas-Sarsat Representatives via Email. Cospas-Sarsat
Rarticipants are encouraged to review this information and provide any comments
directly to the GSO that originated this information.

If the schedule for formal coordination allows, Cospas-Sarsat Participants are aso
encouraged to submit papers to the Joint Committee on specific frequency
coordination matters.

b. The GSO involved in the coordination process should consider the input provided by
other Cospas-Sarsat Participants, update their analysis as they deem appropriate, and:

- respond to the administration proposing the new service and the BR (see
References 7 and 8 to table 3.1); and

- provide a copy of al official correspondence to the Cospas-Sarsat Secretariat.

The Secretariat will distribute copies of this correspondence to all Cospas-Sarsat
Representatives via Email.
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Should the analysis conclude that the proposed new system would generate harmful
interference to Cospas-Sarsat, the administrations involved in the coordination should
attempt to resolve the matter. Copies of all official correspondence resulting from
efforts to resolve the matter should be copied to the BR and the Cospas Sarsat
Secretariat.

If an agreement is reached for the introduction of the new system, the agreement
should be fully documented by the GSO involved in the coordinationprocess, and
copies of this agreement sent to both the BR and the Cospas-Sarsat-SeCretariat. At
this stage the Cospas-Sarsat GSO may be required to modify thefx, “Hotification” for
their LUT if required by agreements made during the coordination process (see
section 3.4 below).

If an agreement cannot be reached between the administrations, the BR will conduct
its own interference analysis and communicate its,conclusions to the administrations
involved. In such instances, upon receipt of infermation from the ITU the Cospas
Sarsat GSO should provide copies of this\cofrespondence) to the Secretariat for
distribution to the other Cospas-Sarsat Partieipants.

34 Cospas-Sar sat Participation in the'NotificationProcess

Notification is the process by whichithe ITU formally recognises the introduction of a system
into a frequency band, thereby, entitlingsthe_system to the protection that the Radio
Regulations offer. Successful wotification restlts in an assignment being recorded in the
Master International Frequency Registers(often referred to simply as the Master Register).
The notification actionS required of LCospas-Sarsat GSOs are determined by the results of the
coordination process, The four possible outcomes of the coordination process and the
resulting requiredhCospas-Sarsat.actions are described below.

3.4.1 Iiall the Cospas-Sarsat GSOs that participated in the coordination process agreed that
the'\proposed new system would not generate harmful interference to the Cospas
Sarsat system, then no further action would be required of any Cospas-Sarsat GSO.

34.2 If all the Cospas-Sarsat GSOs that participated in the coordination process agreed that
the proposed new system would be acceptable, however, one or more of the Cospas
Sarsat GSOs believed that modifications to their LUT(s) would be required, then the
affected GSO(s) should determine whether such modifications necessitate a change to
their existing “notification” information on file with the BR. If so, the affected
GSO(s) should update the “ notifications” for the LUTSs concerned.

3.4.3 |If at least one of the Cospas-Sarsat GSOs that participated in the coordination process
could not agree with the introduction of the proposed system, and that GSO’s analysis
was supported by the BR’s analysis, then the ITU would return any requests for
notification in respect of the proposed new service to the originating administration.
If after returning this information, the originating administration insisted that it be
reconsidered, the BR would provisionally enter the assignment in the Master Register
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with an indication of those administrations for which agreement was not obtained.
This entry would be changed from “provisiona” to definitive in the Master Register if
the Bureau was informed that the new assignment had been in use together with the
Cospas-Sarsat assignment for which agreement was not obtained, for a period not less
than 4 months, and that during this period no complaint of harmful interferencehad
been made. Therefore, it isimportant that Cospas-Sarsat GSOs monitor the band;and
report cases of interference to both the ITU and, if it could be determined) the
administration responsible for the system that caused the interference.

If at least one of the GSOs that participated in the coordination, pregess could not
agree with the introduction of the proposed system, but, the ITU . BR’ sanalysis did not
support that GSO’s view, the ITU would record the assignmént for the proposed
system in the Master Register. In such a case the Master Register would also indicate
those administrations that did not achieve agreement threugh the coordination
process.

- END OF SECTAON 3 -
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BR

COSPAS

GEO
GEOLUT
GEOSAR
GSO

IFIC
ITU
ITU-R

kHz

LUT
LEO
LEOLUT
LEOSAR

MHz
MCC

PDS

SAR
SARP
SARR
SARSAT
SSP

ANNEX A

LIST OF ABBREVIATIONSAND ACRONYMS

ITU Radiocommunication Bureau

COsmicheskaya Sistema Poiska Avarinykh Sudov (Satellite System for the Search
of Vesselsin Distress)

Geostationary Earth Orbit

Local User Terminal (LUT) inthe GEOSAR system
Geostationary Satellite System for Search and Rescue
Cospas-Sarsat Ground Segment Operator

International Frequency Information Circular
International Telecommunication Union
ITU Radiocommunication Sector

Kilohertz

Loca User Terminal (Cospas Sarsat Ground Receiving Station)
Low-altitude Earth Orbit

LUT inthe LEOSAR system

Low-altitude Earth'©rbit Systemfor Search and Rescue

Megahertz
MissionControl Centre

Processed Data'Stream Channel

Search And Rescue

Search And Rescue Processor

Search And Rescue Repesater

Search And Rescue Satellite Aided Tracking
Cospas-Sarsat Space Segment Provider

- END OF ANNEX A —
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ANNEX B

PROTECTION REQUIREMENTSIN THE 1544 — 1545 MHz BAND
FOR COSPAS-SARSAT LEOSAR SERVICES AGAINST
INTERFERENCE FROM BROADBAND EMISSIONS

B.1 Introduction

Cospas-Sarsat search and rescue (SAR) satellites in low-altitude Earth.orbit(LEO) transmit
using downlink frequencies in the band 1544-1545 MHz. The_satellite downlinks are
received and processed by Cospas-Sarsat Earth receiving stations, also referred to as local
users terminals or LEOLUTSs. In accordance with the ITU Radie Regulations the 1544 —
1545 MHz band is allocated to the mobile satellite service (MSS), space-to-Earth, and is
specifically limited by article 5.356 to distress and safety.communications. Because the 1544
— 1545 MHz band is not dedicated to Cospas-Sarsat,\there is a requirement to establish
protection criteria for possible use in formal frequency coordinaiion deliberations with
administrations proposing to introduce new systems’into the band.

Since Cospas and Sarsat LEOSAR satellites have different’technical characteristics, coupled
with the fact that each LEOSAR chanpel(l.e. SARP, 1215 MHz SARR, 406 MHz SARR)
has different operating characteristics @nd at different portions of the 1544 — 1545 MHz
spectrum, there is arequirement to ‘establish protection requirements for each satellite/channel
combination. The protection“criteria for each.,/Cospas-Sarsat LEOSAR satellite/channel
combination are provided inthe'appendices to,this annex as detailed below.

Satellite Channel Appendix
Cospasand Sarsat | SARP A
Sarsat 406 MHz SARR B
Sarsat 121.5 MHz SARR C
Cospas 121.5 MHz SARR D

B.2 Overview of Sarsat Satellite Downlinks

The detailed technical characteristics of Sarsat satellite downlinks are provided in the Cospas
Sarsat System document entitled “Description of the Payloads Used in the Cospas-Sarsat
LEOSAR System, C/S T.003". As depicted at Figure B.1, the Sarsat SAR payload downlink
contains a composite baseband signa comprised of the SARP channel 2.4 kbps processed
data stream (PDS), and the SAR repeater (SARR) which includes 121.5 MHz, 243 MHz and
406 MHz channels. In baseband the SARP 2.4 kbps PDS data channel is centered at 2.4 kHz,
the 121.5 MHz sub-band at 47 kHz, the 243 MHz sub-band at 94 kHz and the 406 MHz sub-
band at 170 kHz. The composite baseband signal is phase modulated onto the 1544.5 MHz
carrier, which results in the radiated spectrum shown in Figure B.2.
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FigureB.2: Sarsat 1544.5 MHz Downlink Signal Spectrum

B.3 Overview of Cospas Satellite Downlinks

The detailed technical characteristics of Cospas satellite downlinks are provided in the
Cospas-Sarsat System document C/S T.003. As depicted at Figure B.3, Cospas SAR payload
downlinks contain a composite baseband signal comprised of the SARP channel 2.4 kbps
PDS and 121.5 MHz SARR channels. In baseband the SARP 2.4 kbps PDS data channel is
centered at 2.4 kHz and the 121.5 MHz sub-band at 46.875 kHz. The composite baseband
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signal is phase modulated onto the 1544.5 MHz carrier, which results in the radiated spectrum
shown in Figure B.4.
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FigureB.4: Cospas 1544.5 MHz Downlink Signal Spectrum
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APPENDIX A to ANNEX B

PROTECTION REQUIREMENTSIN THE 1544 — 1545 MHz BAND
FOR COSPAS AND SARSAT SARP SERVICES AGAINST
INTERFERENCE FROM BROADBAND EMISSIONS

B-A.1 General

Cospas and Sarsat SARP 2.4 kbps channels are located at 1544.5MHz = 5 kHz on the
LEOSAR payload downlinks (note that due to the resolution of Figufes B.2 and B.4 it is
difficult to see the SARP channels). Because of the frequency:spreading caused by the
modulation process and the Doppler shift resulting from the movement of the satellite, the
24kbps SARP channel is received a LEOLUTs (over a frequency range of
1544.5 MHz + 50 kHz.

Table B-A.1 provides recommended downlink power” budgets*for Cospas and Sarsat SARP
channels that were developed to assist administrations design \LEOLUTSs for use in the
Cospas-Sarsat System (C/S T.002 refers). Thelink budget shows that the Cospas SARP
channel has a more robust communicatiens link than the Sarsat SARP service, therefore,
protection requirements suitable for the,Sarsat SARP ¢hannel would also provide adequate
protection for the Cospas SARP service!

B-A.2 Criteria for Establishing HarmfulyLevel of Interference to the SARP Channel
(2.4 kbpsPDYS)

In order to reliably.detect and locate 406 MHz distress beacons the bit error rate (BER) of the
SARP channel ‘downlink must\not exceed 1x10° (reference Cospas-Sarsat document
C/IST.002).

B-A3 Analysisof Spectral Power Flux Density that Causes Interference

The'BER of a communications channel is derived from the ratio of the energy contained in
each data bit (E,) to the noise density. The total noise density is comprised of the noise
developed by Cospas-Sarsat equipment (No) and noise caused by interference from other
systems (10).

This analysis will establish the level of interference, expressed as a spectral power flux
density (spfd) at the LEOLUT antenna, that would degrade the BER of the SARP channel
downlink to one bit error in every million (1x10°).

Table B-A.1 shows the recommended downlink power budget for the SARP channel
(reference C/ST.002). The link budget has been completed using typica LEOLUT
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parameters. The link budget shows that the required BER of 1x10° is achieved with a2.4 dB
margin for tracking Sarsat satellites. The link must maintain a positive margin in order to
sustain the required BER. In other words, the total of all interference cannot be alowed to
degrade the link by more than 2.4 dB. In this case the cumulative interference power spectral
density (10) at the LEOLUT receiver is given by the following equation (numeric quantities).

No + lo £ 10?419 x No
or

lo/No £ (10%419 . 1) = 738 (numeric)
then

lo/No = -1.3dB

The cumulative effect of adl interferers, therefore, must not exceed an 16/No =-1.3 dB.

For LEOLUTs with an antenna gain G of 26.7 dB and a System noise temperature (T) of
22.4dBK at the LEOLUT low noise amplifier (LNA).~The noise power spectral density
without interference (No) is the product of Boltzmann's constant %(k) and the noise
temperature T, or No = kT.

No = -228.6 +22.4 = 2062 dB(W/HZ)

Therefore, the maximum interferencepower spectral ‘density from all interfering emitters,
lo(max), at the LEOLUT low noise amplifier within the 1544.5 MHz + 50 kHz band must not
exceed the following:

[o(max) £ No - 1:3,= -207.5 dB(W/Hz)

It is desirable to characterize the protection criteriain terms of the spectral power flux density
(spfd) interference<threshold specifiedtin dB(W/m” Hz) at the input to the LEOLUT antenna.
The effective apérture of an artenna having again G is Ae = GA%4p. The LEOLUT antenna
gain of 26.7.dB.or 100%%, =1467.74 results in A = 467.740%/4p = 1.4 m*. Therefore, the
maximum, level of al interference on the downlink expressed asa spfdis:

spfd = 10/A¢ = -207.5 — 10log(1.4) = -209.0 dB(W/m? Hz)
The maximum level of broadband noise-like interference in the 1544.5 MHz + 50 kHz band
channel should not exceed —209.0 dB(W/m? Hz).
B-A.4 Procedurefor Computing Level of Interferenceto the LEOSAR SARP Channel

Interference to Cospas-Sarsat is most often a result of out-of-band emissions from servicesin
adjacent or near adjacent bands such as M'SS space-Earth allocations.

The emission bandwidth must be examined to determine if energy is transmitted in the
frequency range 1544.5 MHz + 50 kHz. Particular care must be taken when analysing the
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impact of mobile systems (e.g. non-geostationary satellites and airborne transmitters) to take
into account their Doppler effect generated by their movement.

Compute the spfd level at the LEOLUT antenna. The aggregate level of all sources of
interference must not exceed —209.0 dB(W/m® Hz) in any portion of Athe
1544.5 MHz + 50 kHz.

The link budget associated with this analysisis summarised in tabular format at AanexH.
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Table B-A.1: Downlink Power Budget Parametersfor the Cospas and Sar sat Processed Data Stream (PDS) of the SARP

Par ameter Units Cospas Sar sat Source

Nominal Nominal
Carrier frequency (MH2) 1544.5 1544.5 C/ST.003
Polarization (Left Hand Circular) LCHP LHCP C/ST.003
Elevation angle (degrees) 5 5 C/ST.002
Satellite altitude (km) 1000 850 C/ST.003
Satellite e.i.r.p* (dBW) 6.2 7.1 C/ST.003
Slant range @ 5 degrees (km) 3200 2900 calculated from geometry
Free-space path loss (Lp) (dB) 166.3 165.5 calculated standard formula
Short-term fading loss (L+) (dB) 10 10
Other losses (Lo) (dB) 3.6%* 3.6%* LUT-design & site-dependent
Antenna (G/T)*** (dBK") 4.3 4.3 G=26.7dB, T =22.4dB(K)
Boltzmann constant (k) (dBWK*HzY) -228.6 -228.6 physical constant
Datarate factor @ 2.4 kbps (r) (dBH2) 33.8 33.8 C/ST.003
Modulation loss (Pros/Pr) (dB) -12.1 -14.1
Desired maximum Bit Error Rate  (BER) 10% 10°® C/ST.002
Calculated (En/No)c (dB) 138 13.0 using above parameters
Theoretical (Ex/No)ifor BER of 10° (dB) 10.6 10.6 Ew/No for required BER
PDSLink Margin (dB) 2.7 24

* Equival ent |sotropically Radiat edy Power
**pol ari zati on mi smatch, antenna pointing and denodul ator inplenmentation | osses
*** Antenna Gai n-to-Noi se Tenperature/ Ratio, to include radone, if applicable, and cable | osses. USA LUTs GT = 4.3 dB.
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APPENDIX B to ANNEX B

PROTECTION REQUIREMENTSIN THE 1544 — 1545 MHz BAND
FOR SARSAT 406 MHz REPEATER (SARR) SERVICES AGAINST
INTERFERENCE FROM BROADBAND EMISSIONS

B-B.1 General

The Sarsat 406 MHz SARR channel occupies approximately 100 kHz of spectrum starting
120 kHz above and below the 1544.5 MHz carrier. However, dueto the allowable frequency
drift caused by the aging of the satellite transmitter, the Boppler shift caused by the
movement of the Sarsat satellite, a minimum guard band @nd, the spreading of the signal
caused by the modulation process, LEOLUTS require 220.kHz"0f spectrum beginning 80 kHz
above and below the 1544.5 MHz carrier to process the 406 MHz SARR ehannel.

The frequency occupied by the SARR channel is depicted at Figure B-B.1.
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Figure B-B.1: Sarsat 1544.5 MHz Downlink Signal Spectrum

B-B.2 Criteria for Establishing Harmful Level of Interference to the Sarsat 406 MHz
SARR Channel

To reliably detect and locate 406 MHz distress beacons using Sarsat 406 MHz satellite
repeaters the bit error rate (BER) of the Sarsat 406 MHz SARR channel must not exceed
5x10°.
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B-B.3 Analysisof Interference Spectral Power Flux Density

The BER of a communications channel is derived from the ratio of the energy contained in
each data hit (Ep) to the noise density. The total noise density is comprised of the noise
developed by Cospas-Sarsat equipment (No) and noise caused by interference from other
systems (lo). Figure B-B.2 depicts the 406 MHz SARR channel with interference.on, the
downlink.

| Sarsat SARR
Downlink Interference
Signa
spid

Distress LEOLUT _
Beacons |~ T T T T T T T AN 1 Gain = 26.7 dB
Demodulator/ |

| |
| |
| |
I Processor %‘ T :
|

| |
| |
| |
| |

Figure B-B.2:.(Sarsat 406 Mz SARR with I nterference on the Downlink

To achieve a BER of5x10°, the ratio of the energy per bit to noise plus interference density
Ep/(No+lo) atithe LEOLUT demodulator must equal or exceed 8.8 dB. This analysis
determinesitheimaximum amount of broadband noise-like interference specified as a spectral
power fluxydensity (spfd) referenced to the input to the LEOLUT antenna that could be
accommodated without degrading the overall link Eb/(No+lo) below 8.8 dB.

As depicted in Figure B-B.2, the composite baseband, comprised of the Sarsat SARP,
121.5 MHz, 243 MHz and 406 MHz channels, are phase modulated onto a 1544.5 MHz
downlink carrier for detection and processing by LEOLUTs. The antenna gain and system
noise temperature for atypical LEOLUT is26.7 dB and 173.8 K, respectively.

This analysis assumes three simultaneously active beacons transmitting at the exact same
time on three different frequencies in the 406.0 — 406.1 MHz band. The “Low-Level”
beacon, which is the subject of the analysis, has an elevation angle of 5 degrees with respect
to the spacecraft. The two other beacons transmit at ‘ Nominal-Levels' and at elevation angles
of 40 degrees with respect to the spacecraft. The two “Nomina Level” beacons are included
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in the analysis because they share the available satellite repeater power, and, therefore, affect
the link budget. This manifests itself in the link budget as a 15.3 dB sharing loss on the
downlink (Annex H refers).

The complete link budget for the 406 MHz SARR channel is summarised in tabular format at
Annex H. When no external sources of interference are present the overall C/No of thelinkIs
38.8 dBHz, which equates to an Ey/No of 12.8 dB. Under such conditions, and ‘acceunting
for implementation and beacon data demodulation losses at the LEOLUT, this results in an
effective ratio of E,/No at the LEOLUT demodulator of 10.8 dB. Since the channel requires
an overall Ey/(No+lo) of at least 8.8 dB to operate effectively, any broadband-interference on
the downlink that reduces the overal carrier to noise plus interference density ratio by more
than 2.0 dB cannot be accommodated.

Since the C/No in the absence of interference equates to 38.8,dBHz, broadband noise-like
interference on the downlink that degrades the overall link oy 2.0 dB, would result in a

=38.8dBHz+2.0dB
= 36.8\0BHz

The overall carrier to noise plus interference density ratio can be calculated from the carrier to
noise plus interference density ratios.of the'uplink and downlink as indicated below:

(CINOH O)sverai=[ (CINO¥I 0) 2y + (C/NO+10)  doun]

Because this analysis only goncerns interference on the downlink, it is assumed that there is
no interference on the Wphink, therefere, the equation simplifies to:

(CINO+0)gyerai=[(C/NO) ™ + (C/NO+10)  gown] ™

Substituting the values for (C/No+10)overal (36.8 dBHz, see above) and (C/No),, (41.3 dBHz,
see Annex\yH), the value of the downlink carrier to noise plus interference density ratio
[(C/INo+I0)down] €quals 38.7 dBHz (see below):

C/(NO+ 10)gown = ((C/NO +10)oyeral = (C/NO)yp )™
or

C/(NO+10)down = 10l0g((10°°0¥10 -10"*+¥10)
then

The noise power spectral density of the downlink without interference at the input to the LNA
iSNo=KT, where k is Boltzmann's constant. Therefore, No=-228.6+22.4 = -206.2 dB(W/Hz).
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Knowing that (C/N0)gown €quals 42.5 dB (see Annex H), and (NO)gown €quals -206.2 dBW/Hz,

The maximum permissible interference power spectral density in the downlink from the
aggregate of al interfering emitters, lo(max), measured at the input to the LEOLUT recéiver
LNA in the 1544 — 1545 MHz band used for the downlink of the 406 MHz SARR channél:

lo(max) £ 10l og(10(Caown-(C/(No+iojdown)/10_y (Nojdown/10y
or

lo(max) £ 10l og(10(163-7-38:1/10_7 (-206.2110y
then

lo(max) £ -204.7 dB(W/Hz)

It is desirable to characterize the protection criteriain terms ofsthe spectral power flux density
(spfd) interference threshold specified in dB(W/m? Hz) aisthe input to,the LEOLUT antenna.
The effective aperture of an antenna (A¢) having a gain of G is Aq.= Gl %/4p. For LEOLUT
antennas with a gain of 26.7 dB the effective apertiteds 1.4 nf, Therefore, the maximum
acceptable aggregate interference specified as aspid is:

spfd = lo(max).- Liine - Ae
assuming no line losses (Lyjne= Q)
spfd = -204.7- 0—40log(1.4) = -206.2 dB(W/m? Hz)

The maximum level of bnoadband noisetlike interference in the bands processed by
LEOLUTsfor the 4064VIMz SARR ¢hannel shall not exceed -206.2 dB(W/m?*Hz).

B-B.4 Procedure for Computing Level of Interference to the LEOSAR 406 MHz
SARR Channel

Interference to Cospas-Sarsat is most often a result of out-of-band emissions from services in
adjacent or near adjacent bands such as M'SS space-Earth allocations.

The emission bandwidth must be examined to determine if energy is transmitted in the
frequency ranges processed by LEOLUTs for 406 MHz SARR channel (i.e.,1544.58 —
1544.80 MHz and 1544.42 — 1544.20 MHz). Particular care must be taken when analysing
the impact of mobile systems (e.g. non-geostationary satellites and airborne transmitters) to
take into account effects of the Doppler shift generated by their movement.

Compute the level of interference from all sources that transmit energy in the band expressed
as a spfd level at the LEOLUT antenna. The aggregate level for al interfering sources must
not exceed -206.2 dB(W/m? Hz) anywhere in this range.
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APPENDIX Cto ANNEX B

PROTECTION REQUIREMENTSIN THE 1544 — 1545 MHz BAND
FOR SARSAT 121.5 MHz REPEATER (SARR) SERVICES AGAINST
INTERFERENCE FROM BROADBAND EMISSIONS

To be completed.
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APPENDIX D to ANNEX B

PROTECTION REQUIREMENTSIN THE 1544 — 1545 MHz BAND
FOR COSPAS 121.5 MHz REPEATER (SARR) SERVICES AGAINST
INTERFERENCE FROM BROADBAND EMISSIONS

To be completed.

- END OF ANNEX B —
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ANNEX C

PROTECTION REQUIREMENTSIN THE 1544 — 1545 MHz BAND
FOR GOES GEOSAR SERVICES

C.1 Introduction

GOES geostationary search and rescue satellites (GEOSAR) operatelusing downlink
frequencies in the 1544 -1545MHz band. The satellite downlinks\aré received and
processed by Cospas-Sarsat Earth receiving stations, also referred to 'as local user terminals
for geostationary satellites or GEOLUTSs. In accordance with the FTURadio Regulations the
1544 — 1545 MHz band is allocated to the mobile satellite serviee (MSS), space-to-Earth, and
is specifically limited by article 5.356 to distress and safety_cemmunications. The analysis
provided in this Annex establishes protection criteria for GOES GEOLUTSs from interference
in the 1544 - 1545 MHz band. This protection criteria eould be used, bysthe administrations
that operate Cospas-Sarsat equipment in any formal_frequency coofdination deliberations with
administrations proposing to introduce new systems’that would-al Se Use this frequency band.

C.2 Criteria for Establishing Harmful/Level of Interference to the GOES 406 MHz
SARR Channel Downlink

To reliably detect 406 MHz distress beaconswsing GOES 406 MHz satellite repeaters the bit
error rate (BER) of the channél must not exCeed’5x10°.

C.3 Analyssof|nterference Spectral Power Flux Density

The BER of a.communications,channel is derived from the ratio of the energy contained in
each data hit (Ep) to the noise density. The total noise density is comprised of the noise
developéd by Cospas-Sarsat equipment (No) and noise caused by interference from other
systems (10). Figure C.1 depicts the GOES 406 MHz SARR channel with interference on the
dewnlink.

Fo achieve a BER of 5x10°, the ratio of the energy per bit to noise plus interference density
Ep/(Not+lo) at the GEOLUT demodulator must equal or exceed 8.8 dB. This analysis
determines the maximum amount of broadband noise-like interference specified as a spectral
power flux density (spfd) referenced to the input to the GEOLUT antenna that could be
accommodated without degrading the overall link Eb/(No+lo) below 8.8 dB.

Asseenin Figure C.1, 406 MHz distress beacon signals are received by the GOES search and
rescue repeater and phase modulated onto a 1544.5 MHz downlink carrier for detection and
processing by GEOLUTs. The antenna gain and system noise temperature for a typical
GOES GEOLUT are 33.3 dB and 165.96 K, respectively. By using sophisticated digital
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signal processing and burst integration techniques, when there is no interference the overall
carrier to noise density ratio (C/No) equals 31.1 dBHz.

. GOES SARR
406 MHz \<— W5 MHz

Downlink
Signal Interference
spfd
Distress | GEOLUT _______ h’
Beacons : I Gain =:38.3 dB
|
|
I Demodulator/ | INA } |
| Processor ? |
i |
: Tss= 165.96 :

Figure C.1: GOES SAR Repeater with Interference on the Downlink

This analysis assumes three simultanegusly active beacons transmitting at the exact same
time on three different frequencies in the 406:0% 406.1 MHz band. The “Low-Level”
beacon, which is the subject of‘the analysis,shas.an elevation angle of 5 degrees with respect
to the spacecraft. The two otherbeacons transmit at ‘Nominal-Levels and at elevation angles
of 40 degrees with respect 10,the spacecraft="The two “Nomina Level” beacons are included
in the analysis because they share thé€available satellite repeater power, and, therefore, affect
the link budget. This manifests itsalf in the link budget as a 18.3 dB sharing loss in the
downlink (Annex\H refers).

The compléte link budget for‘the GOES 406 MHz SARR channel is summarised in tabular
format a Apnex H. When no external sources of interference are present the overall C/No of
the link 1S"31.1 dBHz, which equates to an E,/No of 5.1 dB. Under such conditions, and
aecounting for implementation and beacon data demodulation losses at the GEOLUT as well
a8, GEOLUT processing gain, this results in an effective ratio of Ex/No at the GEOLUT
demodulator of 10.1 dB. Since the channel requires an overall E,/(No+lo) of at least 8.8 dB
to operate effectively, any broadband interference on the downlink that reduces the overall
carrier to noise plus interference density ratio by more than 1.3 dB cannot be accommodated.
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Since the C/No in the absence of interference equates to 31.1 dBHz, broadband noise-like
interference on the downlink that degrades the overall link by 1.3 dB, would result in a

=31.1dBHz-13dB
=29.8dBHz

The overall carrier to noise plus interference density ratio can be calculated fromvthe carrier to
noise plusinterference density ratios of the uplink and downlink as indicated_ below:

(CINO+0)overar=[ (C/No+10) ™, + (C/NO+10)  gounl &
p

Since this analysis only concerns interference on the downlinkait I's assumed that there is no
interference on the uplink, therefore, the equation simplifies to:

(CINO+0)overai=[(C/NO) %y + (C/NO+10) jown]
p

Substituting the values for (C/No+0)overal (29.8 dBHz, see abeve)and (C/No)y, (31.3 dBHz,
see Annex H), the value of the downlink carrier to noisé plus interference density ratio
[(C/NO+10)down] €quals 35.1 dBHz (see below):

C/(NO [0)gown = UEMNO +10)overan = (C/NO)yp )™
or

CINO + Q) ugmis 10l0g((1029%10 -10°%-¥10)
then

The noise power ‘speetral density.of the downlink without interference at the input to the LNA
isNo=KT, where k is Boltzmann' s constant. Therefore, No=-228.6+22.2 = -206.4 dB(W/Hz).

Knowing that (C/N0)gown €quals 43.8 dB (see Annex H), and (NO)gown €quals -206.4 dBW/Hz,

The*maximum permissible interference power spectral density in the downlink from the
aggregate of all interfering emitters, lo(max), measured at the input to the GEOLUT receiver
LNA over the 1544.5 MHz + 100 kHz band is:

| o(max) £ 10l Og(lo(Cdown-(C/(N0+Io)down)/10_ 1O(N0)down/10)

or

IO(maX) £ 10l Og(lo(-162.6-35.l)/10_10-206.4/10)
then

lo(max) £ -198.3 dB(W/Hz)
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It is desirable to characterize the protection criteriain terms of the spectral power flux density
(spfd) interference threshold specified in dB(W/m? Hz) at the input to the GEOLUT antenna.
The effective aperture of an antenna (Ae) having again of G is A. = Gl %/4p. For GEOLUT
antennas with a gain of 33.3 dB the effective aperture is 6.42 n?. Therefore, the maximum
acceptable aggregate interference specified asaspfdis:

spfd = lo(max) - Liine - Ae
assuming no line losses (L ine = 0)
spfd = -198.3 - 0 — 10l0g(6.42) = -206.4 dB{W/fM° Hz)
The maximum level of broadband noise-like interference in the"1544.5 MHz + 100 kHz
GEOLUT channel shall not exceed -206.4 dB(W/m?Hz).
C.4 Procedure for Computing Level of Intecference to_the “GOES 406 MHz

SARR Channel Downlink

Interference to Cospas-Sarsat is most often a result of out-of-band emissions from services in
adjacent or near adjacent bands such as M SS space-Earth(allacations.

The emission bandwidth must he examined to determine if energy is transmitted in the
frequency range 1544.5 MHz + 100.kHz. Particular care must be taken when analysing the
impact of mobile systems (e.g. hon-geostati ohary-satellites and airborne transmitters) to take
into account the effects of the, Doppler shift generated by their movement.

Compute the level of intexference fromyall sources that transmit energy in the band expressed

as aspfd level at the' GEOLUT antenma. The aggregate level for al interfering sources must
not exceed -206.4dB(W/m? HZ)-ahywhere in this range.

- END OF ANNEX C -
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ANNEX D

PROTECTION REQUIREMENTSIN THE 1544 — 1545 MHz BAND
FOR MSG GEOSAR SERVICES

D.1 Introduction

MSG geostationary search and rescue satellites (GEOSAR) operate(using downlink
frequencies in the 1544 -1545MHz band. The satellite downlinks\aré received and
processed by Cospas-Sarsat Earth receiving stations, also referred to 'as local user terminals
for geostationary satellites or GEOLUTSs. In accordance with the FTURadio Regulations the
1544 — 1545 MHz band is allocated for mobile satellite service(MSS); space-to-Earth, and is
specifically limited by article 5.356 to distress and safety (cemmunications. The analysis
provided in this Annex establishes protection criteria forM SG GEOLUTSs from interference
in the 1544 - 1545 MHz band. This protection criteria could be used by*administrations that
operate Cospas-Sarsat equipment in any formal freguency coordination deliberations with
other administrations proposing to introduce new. systems that-would also use the frequency
band.

D.2 Criteria for Establishing Harimful Level of Interference to the MSG 406 MHz
SARR Channel Downlink

To reliably detect 406 MHz«distress beacagns,using MSG 406 MHz satellite repeaters the bit
error rate (BER) of the chénhel*must not exceed 5x10°°.

D.3 Analyssof InterferenceSpectral Power Flux Density

The BER of ajcommunications channel is derived from the ratio of the energy contained in
each data hit (Ep) to the noise density. The total noise density is comprised of the noise
developed by Cospas-Sarsat equipment (No) and caused by interference from other systems

(lg):

Fo achieve a BER of 5x10°, the ratio of the energy per bit to noise plus interference density
Ep/(No+lo) at the GEOLUT demodulator must equal or exceed 8.8 dB. This analysis
determines the maximum amount of broadband noise-like interference specified as a spectral
power flux density (spfd) referenced to the input to the GEOLUT antenna that could be
accommodated without degrading the overall link Eb/(No+lo) below 8.8 dB.

406 MHz distress beacon signals are received by the MSG search and rescue repeater (SARR)
and are directly trandated to a frequency band centred at 1544.5 MHz for detection and
processing by GEOLUTs. The gain and system noise temperature for a typical MSG
GEOLUT are 35.7 dB and 105 K, respectively. By using sophisticated digital signal
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processing and burst integration technigques, when there is no interference the overall carrier
to noise dengity ratio (C/No) equals 27.4 dBHz.

The complete link budget for the MSG 406 MHz SARR channel is summarised in tabular
format at Annex H. When no external sources of interference are present the overall C/No, of
the link is 27.4 dBHz, which equates to an E,/No of 1.4 dB. Under such conditions,and
accounting for implementation and beacon data demodulation losses at the GEOLU T as'well
as GEOLUT processing and coding gain, this results in an effective ratio of B/Np at the
GEOLUT demodulator of 8.9 dB. Since the channel requires an overal Ey/(Na+l0) of at least
8.8 dB to operate effectively, any broadband interference on the downlipk.that reduces the
overal carrier to noise plus interference density ratio by more than“0.1"dB cannot be
accommodated.

Since the C/No in the absence of interference equates to 27.4,dBHz, broadband noise-like
interference on the downlink that degrades the overall link oy 0.1 dB, would result in a

=274dBHz+0.1dB
= 27.30BHz

The overall carrier to noise plus interference density ratio can be calculated from the carrier to
noise plusinterference density ratios.of the'uplink and downlink as indicated below:

(CINO+ O)uerar=[ (C/NO#I0) 2y + (C/No+10)  goun] *
p

Since this analysis only concerns interferenee on the downlink, it is assumed that there is no
interference on the uplinks, the equation,simplifies to:

(CINO+0)gyera=[(C/NO) %y + (C/NO+I0)  gown]
p

Substituting the values for (C/No+10)overal (27.3 dBHz, see above) and (C/No)y, (28.1 dBHz,
see AnnexyH), the value of the downlink carrier to noise plus interference density ratio
[(CINo+I0)down] €quals 35.0 dBHz (see below):

C/(NO+ 10)gown = ((C/NO +10)oyeral = (C/NO)yp )™
or

C/(No+10)down = 10l0g((10°%"¥10 -102841%)
then

The noise power spectral density of the downlink without interference at the input to the LNA
iISNo=KT, where k is Boltzmann's constant. Therefore, No=-228.6+20.2 = -208.4 dB(W/Hz).
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Knowing that (C/N0)gown €quals 35.5 dB (see Annex H), and (NO)gown €quals -206.5 dBW/Hz,

The maximum permissible interference power spectral density in the downlink from the
aggregate of al interfering emitters, lo(max), measured at the input to the GEOLUT recéiver
LNA over the 1544.5 MHz + 100 kHz band is:

lo(max) £ 10l og(1O(C>d°Wn-(C/(N0+IO)down)/lo_ 1O(No)down/10)
or

lo(max) £ 10log(10¢171-0-350/10_7 ) -208.4110y
then

lo(max) £ -209.7 dB(W/Hz)

It is desirable to characterize the protection criteriain terms of the spectral power flux density
(spfd) interference threshold specified in dB(W/m? Hz) at théifiput to the GEOLUT antenna.
The effective aperture of an antenna (Ae) having a gain/ef. G is Ae =Gl %4p. For GEOLUT
antennas with a gain of 35.7 dB the effective aperture«i$12.0 m?._Theréfore, the maximum
acceptable aggregate interference specified as a spid,[s.

spfd = lo(max) -*Lpipe - Ae
assuming no line losses (L ine =/0)
spfd ==209.7 - 0 #10leg(12.0) = -220.5 dB(W/m? Hz)
The maximum level of broadband noisetlike interference in the 1544.5 MHz + 100 kHz
GEOLUT channel shall not’exceed -220.5dB(W/m?Hz).
D.4 Procedure, for Computing Level of Interference to the MSG 406 MHz

SARR €hannel Downlink

Interferencerto Cospas-Sarsat is most often aresult of out-of-band emissions from services in
adjacent or near adjacent bands such as M'SS space-Earth allocations.

The emission bandwidth must be examined to determine if energy is transmitted in the
frequency range 1544.5 MHz + 100 kHz. Particular care must be taken when analysing the
impact of mobile systems (e.g. non-geostationary satellites and airborne transmitters) to take
into account the effects of the Doppler shift generated by their movement.

Compute the level of interference from all sources that tranamit energy in the band expressed

as a spfd level at the GEOLUT antenna. The aggregate level for al interfering sources must
not exceed -220.5 dB(W/m? Hz) anywhere in this range.

- END OF ANNEX D -
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ANNEX E

PROTECTION REQUIREMENTSIN THE 406.0 —406.1 MHz BAND
FOR COSPAS-SARSAT LEOSAR SERVICES

| ntroduction

The Cospas-Sarsat LEOSAR system includes SAR instruments on board Cospas and Sarsat

satellites in low-dltitude Earth orbit.

In the case of the Sarsat sub-systerm, each satellite

includes both 406 MHz SARP and 406 MHz SARR instruments, wheréas Cospas satellite
406 MHz distress alert services are provided by SARP instrumentsonly.

Article 5.266 of the ITU Radio Regulations limit the use of theband 406.0-406.1 MHz to low
power satellite EPIRBs. Furthermore, article 5.267 states that “any emission capable of
causing harmful interference to the authorized use “of ‘the band, 406.0-406.1 MHz is
prohibited”. The protection criteria for each Cospas-Sarsat satellite/channel combination in
the 406.0 — 406.1 MHz band are provided in the appendices to thiSannex as detailed below.

Satellite Channel Appendix
Sarsat SARP A
Cospas SARP B
Sarsat SARR C
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APPENDIX A TO ANNEX E

PROTECTION CRITERIA IN THE 406.0 —-406.1 MHz BAND
FOR SARSAT SARP INSTRUMENTS

E-A Genera

This appendix identifies the protection requirements for Sarsat SARP inStraments against
broadband and narrow band interference in the 406.0 — 406.1 MHz band. “The protection
criteriaisaso included in ITU Recommendation ITU-R M.1478.

E-A.1 Broadband Interference

E-A.1l1l Criteria for Establishing Harmful Level*of Interference to the SARP
Channel from Broadband I nterfer ence

In order to reliably detect and locate 406 MHz/distress beacans the bit error rate (BER) of the
uplink of the Sarsat SARP channel must not excéed 5 x 10>

E-A.12 Analysis of Spectral ‘Power Flux Density In Respect of Broadband
Interference

The BER of a communications channel is ‘dérived from the ratio of the energy contained in
each data bit (E,) to.the noise depSity. The noise density being comprised of the noise
developed by Cospas-Sarsat equipment (No) and the noise caused by interference from other
systems (10).

To achievef@ BER of 5 x 10°,the ratio of the energy per bit to noise plus interference density
Ep/(No+lopat the satellite SARP must equal or exceed 8.8 dB. This analysis determines the
maximunt amount of broadband noise-like interference specified as a spectral power flux
density (spfd) referenced to the input to the Sarsat 406 MHz SARP satellite antenna that
could be accommodated without degrading the Sarsat SARP uplink Eb/(No+lo) below
8.8 dB.

LineLoss 1.6 dB @ SARP

/Y

Interference 406 MHz Distress Beacon

Figure E-A.1: Sarsat 406 MHz SARP with Uplink Interference
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The system noise temperature without uplink interference measured at the input of the SARP
receiver (point B) is 1010K, which equates to a spectral noise density No of
-198.6 dB(W/Hz).

The SARP processor is designed to operate effectively for uplink signals equal or greaterithan
C= -161 dBW at the input of the receiver. When interference is not present, sueh ‘a’signal
provides an Ey/No of 9.1 dB, which provides a BER of 2.6 x 10°.

Since the uplink requires an E,/(No+l0) of at least 8.8 dB for the SARP channel to provide
the required BER, any broadband interference on the uplink that reduces the tiplink carrier to
noise plus interference density ratio by more than 0.3 dB cannot be accommodated.

Consequently the maximum allowable noise density interference (lo) at point B is
-210.1 dB(W/Hz).

Converting this value to a spfd at the SARP satellite receive antenna by applying the line
losses and the maximum satellite antenna gain, the aximumeaggregate level of broadband
interference in the 406.0 — 406.1 MHz band shoul @10t exceed <1986 dB(W/m?Hz).

E-A.2 Sarsat Narrow Band Interferenceé

E-A21 Criteria for Establishing Harmful Level of Interference to the Sarsat
SARP Channel from Narrow,Band | nterference

Sarsat SARP instruments,include, dépending upon the model, either 2 or three data recover
units (DRUs). Narrow band signals 21 dB(Hz) above the noise floor are assigned to a DRU
to demodulate the distress beacon message and to measure the parameters required for
Doppler processing. Any interfering signal that satisfies this criterion would cause the SARP
to alocate & DRU to process it, which would render that DRU unavailable to process signals
from real distress beacons.

EsA2.2 Analysis of Power Flux Density In Respect of Narrow Band I nterference

As identified at section E-A.1.2 the system noise temperature without uplink interference
measured at the input of the SARP receiver (point B) is 1010K, which equates to a spectra
noise density No of —198.6 dB(W/Hz). Any interfering signal 21 dB above this level,
Cmin =-177.6 dBW, would cause a DRU to be assigned for its processing.
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Converting this value to a power flux density (pfd) at the SARP satellite receive antenna by
applying the line losses and the maximum satellite antenna gain, the maximum narrow band

signal that could be accommodated is:

pfd(max) = -177.6 - Ljjne—Ae
=-177.6 + 1.6 — 10 log (0.105) = -166.2 dB(W/m?)
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APPENDIX B TO ANNEX E

PROTECTION CRITERIA IN THE 406.0 —-406.1 MHz BAND
FOR COSPAS SARP INSTRUMENTS

E-B Genera

This appendix identifies the protection requirements for Cospas SARP inStruments against
broadband and narrow band interference in the 406.0 — 406.1 MHz band. “The protection
criteriaisaso included in ITU Recommendation ITU-R M.1478.

E-B.1 Broadband Interferenceto Cospas SARP Channel

E-B.1.1 Criteria for Establishing Harmful Level ‘of Interference to the Cospas
SARP Channel from Broadband I nterférence

In order to reliably detect and locate 406 MHz/distress beacans the bit error rate (BER) of the
uplink of the Cospas SARP channel must pet exceed 5 x 107,

E-B.1.2 Analysis of Spectral ‘Power Flux Density In Respect of Broadband
Interference

The BER of a communications channel is ‘dérived from the ratio of the energy contained in
each data bit (E,) to.the noise depSity. The noise density being comprised of the noise
developed by Cospas-Sarsat equipment (No) and the noise caused by interference from other
systems (10).

To achievela BER of 5x10°, the ratio of the energy per bit to noise plus interference density
Ep/(No+lopat the satellite SARP must equal or exceed 8.8 dB. This analysis determines the
maximunt amount of broadband noise-like interference specified as a spectral power flux
density (spfd) referenced to the input to the Cospas 406 MHz SARP satellite antenna that
could be accommodated without degrading the Cospas SARP uplink Eb/(No+lo) below
8.8 dB.

LineLoss 1.6 dB @ SARP

/Y

Interference 406 MHz Distress Beacon

Figure E-B.1: Cospas 406 MHz SARP with Uplink Interference
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The system noise temperature without uplink interference measured at the input of the Cospas
SARP receiver (point B) is 600K, resulting in a spectra noise density No of
-200.8 dB(W/Hz).

When interference is not present the E,/No is 9.6 dB. Since the uplink requires an E,/(No+lo)
of a least 8.8 dB for the SARP channel to provide the required BER, any broadband
interference on the downlink that reduces the uplink carrier to noise plus interference density
ratio by more than 0.8 dB cannot be accommodated.

Consequently the maximum allowable noise density interference (lo)-af point B is
-207.8 dB(W/Hz).

Converting this value to a spfd at the SARP satellite receive antenna by applying the line
losses and the maximum satellite antenna gain, the maximum-<aggregate level of broadband
interference in the 406.0 —406.1 MHz band should not exceed-198°6 dB(W/m?Hz).

E-B.2 Narrow Band Interference to the Cospas SARP Channel

E-B.2.1 Criteria for Establishing-Harmful Leyvel”of Interference to the Cospas
SARP Channel from Narrow Band | nterference

Cospas SARP instruments include, "depending upon,the model, either 2 or three data recover
units (DRUs). Narrow band signals 21 dB(Hz)<above the noise floor are assigned to a DRU
to demodulate the distress«beacon messége and to measure the parameters required for
Doppler processing. Any(interfering signal“that satisfies this criterion would cause the SARP
to alocate a DRU to proeess it, whiehiwould render that DRU unavailable to process signals
from real distress beacons.

E-B.2.2 Analysis of Power Flux Density In Respect of Narrow Band Interference

As identified at section E-B.1.2 the system noise temperature without uplink interference
measured at the input of the SARP receiver (point B) is 600K, which equates to a spectral
noeise density No of —200.8 dB(W/Hz). Any interfering signal 21 dB above thislevel, Cnin =

=179.8 dBW, would cause a DRU to be assigned for its processing.

Converting this value to a power flux density (pfd) at the SARP satellite receive antenna by
applying the line losses and the maximum satellite antenna gain, the maximum narrow band
signal that could be accommodated is:

pfdmax =-179.8 - Ljjne—Ae

=-179.8 + 1.6 — 10 log (0.174) =-170.6 dB(W/m?)
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APPENDIX CTO ANNEX E

PROTECTION CRITERIA IN THE 406.0 —-406.1 MHz BAND
FOR SARSAT SARR INSTRUMENTS

E-C.1 General

The appendix identifies the protection requirements for Sarsat SARR_ astrtuments against
broadband interference in the 406.0 — 406.1 MHz band.

E-C.2 Criteria for Establishing Harmful Level of Interference to the SARR channel
from Broadband Interference

To reliably detect 406 MHz distress beacons using the Sarsaf LEO 406 MHz satellite
repeaters the bit error rate (BER) of the channel miust not exceed 5x10°.

E-C.3 Analysisof Spectral Power Flux Density That'Cadses | nterference

The BER of a communications channel is deriyed'from the ratio of the energy contained in
each data bit (E,) to the noisezdensity. The'oise density being comprised of the noise
developed by Cospas-Sarsat+«equipment, (NO)and the noise caused by interference from other
systems (10). Figure E-C/.depicts the LEO'SARR 406 MHz channel with interference on the
uplink.

To achieve a BER off5 x 10°, the'ratio of the energy per bit to noise plus interference density
Ep/(Not+lo) at'the LEOLUT demodulator must equal or exceed 8.8 dB. This analysis
determinesitheimaximum amount of broadband noise-like interference specified as a spectral
power fluxidensity (spfd) referenced to the input to the Sarsat LEO 406 MHz satellite antenna
that coul d"be accommodated without degrading the overall link Ey/(No+l0) below 8.8 dB.

As depicted in Figure E-C.1, 406 MHz distress beacon signals are received by the LEO search
and rescue repeater and phase modulated onto a 1544.5 MHz downlink carrier for detection
and processing by LEOLUTSs. The gain and system noise temperature for the satellite repeater
is-4 dB and 1000 K at point B (Figure E-C.1).

This analysis assumes three simultaneously active beacons transmitting at the exact same
time on three different frequenciesin the 406.0 — 406.1 MHz band. The “Low-Level” beacon,
which is the subject of the analysis, has an elevation angle of 5 degrees with respect to the
spacecraft. The two other beacons transmit at ‘Nominal-Levels and at elevation angles of 40
degrees with respect to the spacecraft. The two “Nominal Level” beacons are included in the



T140ct03 E-C-2 C/ST.014 - Issue 1
October 2003

analysis because they share the available satellite repeater power, and, therefore, affect the
link budget.

LEO SARR
G=-34 A B Modulator/
——@— .6dB Transmitter
406 MHz : : 1554.5 MHz
| |
spfd | |
L ___ J
Distress

Beacons Interference

T

LEOLUT

Figure E-C.1: Sarsat 406:MHz SARR with Uplink Interference

This manifests itself in the lipk budget as a15.3-0B sharing loss in the downlink (Annex H
refers).

The complete link budget for the LEQSAR 406 MHz repeater channel is summarized in
tabular format at Aqnex H. When no“external sources of interference are present the overall
C/No of the link-1$.38.8 dBHz, Which equates to an E,/No of 12.8 dB. Under such conditions,
and accountigfor implementation’and beacon data demodulation losses at the LEOLUT, this
results inyan effective ratio of Ey/No at the LEOLUT demodulator of 10.8 dB. Since the
channel ‘requires an overall Ey/(No+10) of at least 8.8 dB to operate effectively, any broadband
interference on the uplink that reduces the overall carrier to noise plus interference density
ratio by more than 2.0 dB cannot be accommodated.

Since the C/No overall in the absence of interference equates to 38.8 dBHz, broadband noise-
like interference on the uplink that degrades the overall link by 2.0 dB, would result in an
(C/NO)Overall of:

(C/NO)OveraII with Interference = (C/N0)0| = (C/NO)Overall -2.0dB
(C/NO)oy = 38.8 dBHz — 2.0 dB
(C/INO)o = 36.8 dBHz (1)

The overall carrier to noise plus interference density ratio can be calculated from the carrier to
noise plusinterference density ratios of the uplink and downlink as indicated below:
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(C/NO)Ol = [(C/NO)-lup with interference (C/NO)-ldown with inten‘erenoe]-1 (numeric) (2)

Since this analysis concerns interference on the uplink, (C/NO)yp with interference 1N €Quation 2
becomes:

(C/N O)Up with interference = (CU/L/(NCH'I 0)) (numeri C) (3)

The interferer also affects the downlink carrier to noise density ratio by incréasing the total
power shared within the SAR bandwidth. The power sharing loss is the rétie,of the beacon
signal power (subject of the analysis) to the total available band power.. ThiSincreased total
power decreases the power sharing loss and affects the downlink_Garrier to noise power
density asfollows:

Where Lps is the power sharing loss without interference and Lpsi is,the power sharing loss
with interference. Lpsi iscalculated asfollows:

Lpsi = Cun/(Cur + 2 x C2 + Ny, + 10B) (numeric) ©)

Where C2 is the power level from one of the'two ‘ Other Beacon’ simultaneously received by
the LEOSAR repesater.

Substituting equation 5 into equation 4 and ther substituting equations 3 and 4 into equation
2 and solving for lo results inthefollowing termul a:

10 = (Cus ((C/NOYe, ™= (C/No)gi) — Noyn )/(1 + Lps(C/N)pr ™) (numeric) (6)

Given equation_hwhere (C/No).g is 36.8 dBHz and Annex H, Cospas-Sarsat Link Budget,
where Cy, is£157.3 dB, (CINO)pu is 42.5 dBHz, Noy,. is-198.6, Lpsis—15.3 and (C/N)px
is 42.5 dBHz minus 10log(80k) or —6.5 dB, and substituting their numeric into equation 6
yields:

lo= -198.9 dBW/Hz

It is desirable to characterize the protection criteriain terms of the spectral power flux density
(spfd) interference threshold specified in dB (W/m’Hz) at the input to the satellite 406 MHz
receive antenna. The effective aperture of an antenna (A¢) having a gain of G is
A=Gl %/4p. For aLEO receive antenna with the gain of —3.4 dB, the effective aperture is.02
m?. Therefore, the maximum acceptable aggregate interference specified asa spfd is:

$fd = IO_ LLine = Ae
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Assuming line losses of 0.6 dB (see Figure E-C.1):
spfd = -198.9 +.6 — 10l0g(.02) = -181.3 dB (W/m?Hz)

The maximum level of broadband noise-like interference in the 406.0 — 406.1 MHz band
measured at the LEO satellite antenna shall not exceed —181.3 dB (W/m?Hz).

E-C.4 Procedure for Computing Level of Interference to the 406 MHzyLEOSAR
Repeater Channel

Interference to Cospas-Sarsat is most often aresult of out-of-band emissions from services in
adjacent or near adjacent bands.

The emission bandwidth must be examined to determine if ehergy Is transmitted in the 406.0
— 406.1 MHz band. Particular care must be taken when analyzing the impact of mobile
systems (e.g. non-geostationary satellites and airborne_transmitters) to take into account the
effects of the Doppler shift generated by their movement!

Compute the level of interference from all souices that transmit.energy in the band 406-406.1
MHz expressed as a spfd level at the satellite antenna. The aggregate level for all interfering
sources must not exceed —181.3 dB (W/m*Hz) anywher& inrthis range.
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APPENDIX D TO ANNEX E

PROTECTION CRITERIA IN THE 406.0 - 406.1 MHz BAND
FOR COSPAS SARR INSTRUMENTS

E-D.1 General

The appendix identifies the protection requirements for Cospas SARR inStruments against
broadband interference in the 406.0 - 406.1 MHz band.

E-D.2 Criteria for Establishing Harmful Level of Interference to the SARR channel
from Broadband Interference

To reliably detect 406 MHz distress beacons using.the Cospas LEOv406 MHz satellite
repeaters the bit error rate (BER) of the channel must'nOtiexceed 5k 10°.

E-D.3 Analysisof Spectral Power Flux Density That Causes I nterference

The BER of a communications channel(is derived:from the ratio of the energy contained in
each data bit (E,) to the noise density. The noise density being comprised of the noise
developed by Cospas-Sarsat equipment (No)»and.the noise caused by interference from other
systems (10). Figure E-D.1 depiets the LEO SARR 406 MHz channel with interference on the
uplink.

To achieve a BER of\5 % 10°, the ratio/of the energy per bit to noise plus interference density
Ep/(Not+lo) at the DEOLUT demodulator must equal or exceed 8.8 dB. This analysis
determines the maximum amount of broadband noise-like interference specified as a spectral
power flux_ density (spfd) referenced to the input to the Cospas LEO 406 MHz satellite
antenna(that could be accommodated without degrading the overall link Ep/(No+lo) below
8.8 dB.

As depicted in Figure E-D.1, 406 MHz distress beacon signals are received by the LEO
Search and rescue repeater and phase modulated onto a 1544.5 MHz downlink carrier for
detection and processing by LEOLUTs. The gain and system noise temperature for the
satellite repeater is-4 dB and 1000 K at point B (Figure E-D.1).

This analysis assumes three simultaneously active beacons transmitting at the exact same
time on three different frequencies in the 406.0 - 406.1 MHz band. The “Low-Level” beacon,
which is the subject of the analysis, has an elevation angle of 5 degrees with respect to the
gpacecraft. The two other beacons transmit at ‘Nominal-Levels and at elevation angles of
40 degrees with respect to the spacecraft. The two “Nominal Level” beacons are included in
the analysis because they share the avail able satellite repeater power, and, therefore, affect the
link budget.
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LEO SARR
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406 MHz : | 15545 MHz
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Figure E-D.1: Cospas 406 MHz SARR with"Uplink Interference

This manifests itself in the link budget ‘as a 15.5 @B sharing loss in the downlink (Annex H
refers).

The complete link budget_for the LEQSARMO06 MHz repeater channel is summarized in
tabular format at Annex H¢" When no external sources of interference are present the overall
C/No of the link is 39:8 dBHz, which/eguates to an E,/No of 13.8 dB. Under such conditions,
and accounting for4mplementation and beacon data demodulation losses at the LEOLUT, this
results in an effective ratio of Ey/No at the LEOLUT demodulator of 13.8dB. Since the
channel requires.an overall Ey/(No+10) of at least 8.8 dB to operate effectively, any broadband
interference,on the uplink that reduces the overal carrier to noise plus interference density
ratio by '3.0/dB cannot be accommodated.

Sinceithe C/No overall in the absence of interference equates to 39.8 dBHz, broadband noise-
like interference on the uplink that degrades the overall link by 3.0 dB, would result in an
(C/NO)OveraII of:

(C/NO)OveraII with Interference = (C/NO)OI = (C/No)Overall -3.0dB
(C/NO)o = 39.8 dBHz — 3.0 dB
(C/NO)o, = 36.8 dBHZ )

The overall carrier to noise plus interference density ratio can be calculated from the carrier to
noise plus interference density ratios of the uplink and downlink as indicated below:

(C/NO)Ol = [(C/NO)-lup with interference (C/NO)-ldown with inten‘erenoe]-1 (numeric) (2)
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Since this analysis concerns interference on the uplink, (C/NO)yp with interference 1N €QuUation 2
becomes:

(C/N O)Up with interference = (CU/L/(NCH'I 0)) (numeri C) (3)

The interferer also affects the downlink carrier to noise density ratio by increasing the'totel
power shared within the SAR bandwidth. The power sharing loss is the ratio of ‘theeacon
signal power (subject of the analysis) to the total available band power. This increased total
power decreases the power sharing loss and affects the downlink carrier to/noise power
density asfollows:

Where Lps is the power sharing loss without interference and kpsiysithe power sharing loss
with interference. Lpsi iscalculated asfollows:

Lpsi = Cun/(Cur + 2 x C2 + Ny + 10B)  (numeic) ©)

Where C2 is the power level from one of the two' Other Beacen'simultaneously received by
the LEOSAR repesater.

Substituting equation 5 into equation 4.and_then substituting equations 3 and 4 into equation
2 and solving for lo resultsin the following formula

10 = (Cun((C/NO)o ™ - (CINO)pi. ™) — Nogi)/(1 + Lps(C/N)pr ™) (numeric) (6)
Given equation 1 where (G/NO) o is 36.8 dBHz and Annex H, Cospas-Sarsat Link Budget,
where Cy,_ i1s-158.2 dB,(C/No)p,. i548.6 dBHz, Noy,_ is-198.6, Lpsis-15.5 and (C/N)px
is 48.6 dBHz minus\10log(80k) or <0:4 dB, and substituting their numeric into equation 6
yields:

lo= -198.2 dBW/Hz

It is.desirable to characterize the protection criteriain terms of the spectral power flux density
(spfd) interference threshold specified in dB (W/m’Hz) at the input to the satellite 406 MHz
recéive antenna. The effective aperture of an antenna (A¢) having a gain of G is

A=Gl ?/4p. For a LEO receive antenna with the gain of —3.4 dB, the effective aperture is
.02 m?. Therefore, the maximum acceptable aggregate interference specified asaspfdis:

$fd = IO_ LLine - Ae
Assuming line losses of 0.6 dB (see Figure E-D.1):
spfd = -198.2 +.6 — 10l0g(.02) = -180.6 dB (W/m?Hz)

The maximum level of broadband noise-like interference in the 406.0 — 406.1 MHz band
measured at the LEO satellite antenna shall not exceed —180.6 dB (W/m?Hz).

-END OF ANNEX E-
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ANNEX F

PROTECTION REQUIREMENTSIN THE 406.0 —406.1 MHz BAND
FOR GOES GEOSAR SERVICES

F1 | ntroduction

The Cospas-Sarsat GOES GEOSAR system consists of SAR instruments. en-hoard satellites
in geostationary orbit. The SAR instruments are radio repeaters that receivedistress beacon
signalsin the 406 - 406.1 MHz band and relay these signals to GEOLUTS for processing.

Article 5.266 of the ITU Radio Regulations limit the use of the band406-406.1 MHz to low
power satellite EPIRBs. Furthermore, article 5.267 states_that “any emission capable of
causing harmful interference to the authorized use of the bhand 406-406.1 MHz is prohibited”.
The analysis provided in this Annex establishes protection - criteria far the GOES GEOSAR
system from interference in the 406 MHz band _that tould be (used”in formal frequency
coordination deliberations.

F.2  Criteria for Establishing Harmful L evel of Interference to the GOES 406 MHz
GEOSAR SARR Channel Uplink

To reliably detect 406 MHz distress beaconswsing GOES 406 MHz satellite repeaters the bit
error rate (BER) of the channél must not exCeed5x10°.

F.3  Analysisof,Spectral Power Flux Density That Causes I nterference

The BER of a.communications)channel is derived from the ratio of the energy contained in
each data bit (E,) to the noise density. The noise density being comprised of the noise
developéd hy Cospas-Sarsat equipment (No) and the noise caused by interference from other
systems (10). Figure F.1 depicts the GOES 406 MHz SARR channel with interference on the
uplirk,

Fo achieve a BER of 5 x 10, the ratio of the energy per bit to noise plus interference density
Ep/(No+lo) at the GEOLUT demodulator must equal or exceed 8.8 dB. This analysis
determines the maximum amount of broadband noise-like interference specified as a spectral
power flux density (spfd) referenced to the input to the GOES 406 MHz satellite antenna that
could be accommodated without degrading the overall link Eb/(No+10) below 8.8 dB.

As depicted in Figure F.1, 406 MHz distress beacon signals are received by the GOES search
and rescue repeater and phase modulated onto a 1544.5 MHz downlink carrier for detection
and processing by GEOLUTs. The gain and system noise temperature for the satellite
repeater is 7.05 dB and 359 K at point B (Figure F.1). By using sophisticated digital signal
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processing and burst integration techniques, when there is no interference the overall carrier
to noise density ratio (C/No) equals 31.1 dBHz.

: GOES : GEOSAR
G=s5a8 | ! System
| |
LA Tiom B ' Modulator/ |
| Transmitter |
406 MHz \<_|.7 f Vw.s MHz
| |
fd
¥ ! Ts=359K :

L |

Distress  Interference

Beacons j

GEOLUT

FigureF.1: GOES 406 MHz Repeater with Uplink Interference

This analysis assumes three simultaneeusly/ active beacons transmitting at the exact same
time on three different frequencies.in(the 406.0.— 406.1 MHz band. The “Low-Level”
beacon, which is the subject of the'analysis, has-amnelevation angle of 5 degrees with respect
to the spacecraft. The two other‘beacons transmit.at ‘ Nominal-Levels and at elevation angles
of 40 degrees with respect talthe,spacecraft. I he two “Nomina Level” beacons are included
in the analysis because théy share the avail able satellite repeater power, and, therefore, affect
the link budget. This'manitests itself,in the link budget as a 18.3 dB sharing loss in the
downlink (Annex H refers).

The complete link budget for the GOES 406 MHz SARR channel is summarised in tabular
format at, Annex H. When noexternal sources of interference are present the overall C/No of
the link(1s'\31.1 dBHz, which equates to an E,/No of 5.1 dB. Under such conditions, and
accounting for implementation and beacon data demodulation losses at the GEOLUT as well
as, GEOLUT processing gain, this results in an effective ratio of Ey/No at the GEOLUT
demodulator of 10.1 dB. Since the channel requires an overall Ey/(No+lo) of at least 8.8 dB
to operate effectively, any broadband interference on the uplink that reduces the overall
carrier to noise plus interference density ratio by more than 1.3 dB cannot be accommodated.

Since the C/No overall in the absence of interference equates to 31.1 dBHz, broadband noise-
like interference on the uplink that degrades the overal link by 1.3 dB, would result in an

(C/NO)overal with Interference Of -

(C/NO)OveraII with Interference = (C/N0)0| = (C/NO)Ovefm -1.3dB
(C/NO)o = 31.1 dBHz—1.3dB
(C/INO)o, = 29.8 dBHz (1)
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The overall carrier to noise plus interference density ratio can be calculated from the carrier to
noise plusinterference density ratios of the uplink and downlink as indicated below:

(C/NO)OI = [(C/NO)-lup with interference (C/No)-ldown with interference]-1 (numeric) (2)

Since this analysis concerns interference on the uplink, (C/NO)yp with interference 1N €Quation,2
becomes:

(C/No)up with interference = (CU/L/(NOU/L+|O)) (numeric) (3)

The interferer also affects the downlink carrier to noise density ratio by Wncreasing the total
power shared within the SAR bandwidth. The power sharing loss is thefratio of the beacon
signal power (subject of the analysis) to the total available band pewer. This increased total
power decreases the power sharing loss and affects the downlink “carrier to noise power
density asfollows:

Where Lps is the power sharing loss without interfénence and-psi is the power sharing loss
with interference. Lpsi iscalculated asfollows:

Lpsi = Cun/(Cur + 2 x C2 + Nye+10B)  (numetic) ©)

Where C2 is the power level from one'of the twe, ©ther Beacon’ simultaneously received by
the GOES SARR and B is the bandwidth of the GOES receiver.

Substituting equation 5 intoequation 4 and‘then substituting equations 3 and 4 into equation
2 and solving for lo resultsin the following formula:

10 = (Cugf(CINO) o™ - (€INO)p. Y] — Noy )/(1 + Lps(C/N)pr ™) (numeric) (6)

Given eguation 1 where (C/NO) ¢ is 29.8 dBHz and Annex H, Cospas-Sarsat Link Budget,
where Gy NS —171.7 dBW, (C/No)p,. is 43.8 dBHz, Noy,. is—-203.0 dB(W/Hz), Lpsis—18.3
dB and (C/N)p,. is 43.8 dBHz minus 10log(80k) or 5.2 dB, and substituting their numeric
into"egquation 6 yields:

lo = (1071727110 [ (20810 1 (43810) _ 1(y20310)7 4 1(y 18310 1352/10)
or
lo=-207.7 dBW/Hz

It is desirable to characterize the protection criteriain terms of the spectral power flux density
(spfd) interference threshold specified in dB (W/m?HZ) at the input to the satellite 406 MHz
receive antenna. The effective aperture of an antenna (Ae) having a gain of G is
A=Gl ?/4p. For a GOES receive antenna with the gain of 8.95 dB, the effective aperture is
0.341 m% Therefore, the maximum acceptable aggregate interference specified as a spfd is:
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q)fd = IO - LLine = Ae
Assuming line losses of 1.9 dB (see Figure F.1):
spfd = -207.7 +1.9 — 10log(.341) = -201.1 dB (W/m*Hz)

The maximum level of broadband noise-like interference in the 406.0 — 406.1 MKz band
measured at the GOES satellite antenna shall not exceed —201.1 dB (W/m*Hz).

F.4  Procedure for Computing Level of Interference to the” GOES 406 MHz
SARR Channel

Interference to Cospas-Sarsat is most often a result of out-of<4and emissions from services in
adjacent or near adjacent bands.

The emission bandwidth must be examined to determing it energylis transmitted in the 406.0
— 406.1 MHz band. Particular care must be taken when apalysing the impact of mobile
systems (e.g. non-geostationary satellites andvairhorne transmitters) to take into account the
effects of the Doppler shift generated by their movement.

Compute the level of interference from @l sourcesthat transmit energy in the band expressed

asaspfd level at the satellite antenna. The aggregate level for all interfering sources must not
exceed -201.1 dB(W/m? Hz) anjwhere in thisrangeé.

~+END OF ANNEX F -
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ANNEX G

PROTECTION REQUIREMENTSIN THE 406.0 —406.1 MHz BAND
FOR MSG GEOSAR SERVICES

G.1 Introduction

The Cospas-Sarsat MSG GEOSAR system consists of SAR instruments onbeard satellitesin
geostationary orbit. The SAR instruments are radio repeaters that recelve distress beacon
signals in the 406 - 406.1 MHz band and relay these signals to GEOLUTS for processing
beacon identification and associated data.

Article 5.266 of the ITU Radio Regulations limit the use of thesband 406-406.1 MHz to low
power satellite EPIRBs. Furthermore, article 5.267 states that “any emission capable of
causing harmful interference to the authorized use of the'band 406-406.1'MHz is prohibited”.
The analysis provided in this Annex establishes protéction criteria for the MSG GEOSAR
system from interference in the 406 MHz bandthat could e used in formal frequency
coordination deliberations.

G.2 Criteria for Establishing Harmful Level of Interference to the MSG 406 MHz
GEOSAR SARR Channel"Uplink

To reliably detect 406 MHz«distress beacagns,using MSG 406 MHz satellite repeaters the bit
error rate (BER) of the chénhel*must not exceed 5x10°.

G.3 Analysiseof Spectral Power Flux Density That Causes I nterference

The BER of ajcommunications channel is derived from the ratio of the energy contained in
each dafa hit (E,) to the noise density. The noise density being comprised of the noise
developed™by Cospas-Sarsat equipment (No) and interference noise generated from other
Systems (o). Figure G.1 depicts the MSG 406 MHz SARR channel with interference on the
dewnlink.

To achieve a BER of 5x10°, the ratio of the energy per bit to noise plus interference density
Ep/(No+lo) at the GEOLUT demodulator must equal or exceed 8.8 dB. This anaysis
determines the maximum amount of broadband noise-like interference specified as a spectral
power flux density (spfd) referenced to the input to the MSG 406 MHz satellite antenna that
could be accommodated without degrading the overall link Eb/(No+lo) below 8.8 dB.

As seen in Figure G.1, 406 MHz distress beacon signals are received by the MSG search and
rescue repeater (SARR) and are trandlated in frequency to a frequency band centred on
1544.5 MHz for detection and processing by GEOLUTs. The gain and system noise
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temperature for the satellite repeater are 3.0 dB and 326K at point A (Figure G.1). By using
sophisticated digital signal processing and burst integration techniques, when there is no
interference the overall carrier to noise density ratio (C/No) equals 27.4 dBHz.

I MSG ' GEOSAR
| |
| ! System
G=3.0dB | |
| A |
| Modulator/ |
| Transmitter |
406 MHz | I 1544.5 MHz
| |
fd
¥ : Tys=326 K :
Y |
Distress  Interference
Beacons j
GEOLUT

Figure G.1: MSG 406 MHzRepeater with Uplink Interference

The complete link budget for the MSG 406 MHz SARR channel is summarised in tabular
format at Annex H. When no external 'sources ofyinterference are present the overall C/No of
the link is 27.4 dBHz, which equates to awEsNO of 1.4 dB. Under such conditions, and
accounting for implementation and beacon” data’demodul ation losses at the GEOLUT as well
as GEOLUT processing @ain," this results“in an effective ratio of Ey/No at the GEOLUT
demodulator of 8.9 dB( Sifce the channel requires an overall E,/(No+lo) of at least 8.8 dB to
operate effectively, “any»broadband interference on the downlink that reduces the overal
carrier to noise plus interference.density ratio by more than 0.1 dB cannot be accommodated.

Since the €/No In the absence of interference equates to 27.4 dBHz, broadband noiselike
interference, on the downlink that degrades the overal link by 0.1 dB, would result in a

=27.4dBHz-0.1dB
=27.3dBHz

The overall carrier to noise plus interference density ratio can be calculated from the carrier to
noise plus interference density ratios of the uplink and downlink as indicated below:

(CINO+0)overar=[ (C/No+0) ™y, + (C/NO+0)  goun] *
P

Since this analysis only concerns interference on the uplink, it is assumed that there is no
interference on the downlink, the equation simplifiesto:
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(CINOH O)overai=[(C/NO+ 0) o + (CINO)  donn]

Substituting the values for (C/No+0)overat (27.3 dBHz, see above) and (C/NO)gown
(35.5dBHz, see Annex H), the value of the worst-case acceptable carrier to noise_plus
interference density ratio [(C/No+l0),,] is28.0 dBHz (see below):

C/(No+10)up = ((C/NO +10)overait - (C/NO)gonn ™)™
or

C/(No+10),, = 10l 0g((1027310 1 35510y1y
then

C/(No+10)y, = 28.0 dBHz

Solving for lo yields:

lo = 10*| og[ 10(Cup-(C/(N0+Io)up)/10 _ 1O(No(up)/10)]

The noise power spectral density of the uplink without interference at point A is No=kT,
where k is Boltzmann’s constant and T is the repeéater noise temperature referenced to point
A. Therefore, No(up) = -228.6+25.1 = -203.5,dB(W/Hz). .Fhe uplink carrier power is
Cup=-175.7 dBW. Therefore, the maxipum acceptablé value for the noise density in the
uplink (10)y is:

{ o)UID =10%| og[lo(-175.7-28.0)/1o _ 10(-203.5/10)]
or
(10)p= -217.0°4B(W/H2)

It is desirable to characterize the protéetion criteriain terms of the spectral power flux density
(spfd) interference threshold specifietlin dB(W/m? Hz) at the input to the satellite 406 MHz
receive antenna. Theé-effectivesaperture of an antenna (Ao having again of G is A. = Gl %/4p.
For MSG recelve antennas Withigaihs of 3.0 dB the effective aperture is0.087 m®. Therefore,
the maxitnum acceptabl e aggregate interference specified asaspfdis:

spfd = lo(max) - Ae

spfd = -217.0 — 10l0g(0.087) = -206.4 dB(W/m*Hz)
The maximum level of broadband noise-like interference in the 406.0 — 406.1 MHz band
measured at the MSG satellite antenna shall not exceed —206.4 dB(W/m? Hz).
G.4 Procedure for Computing Level of Interference to the MSG 406 MHz

SARR Channd

Interference to Cospas-Sarsat is most often aresult of out-of-band emissions from services in
adjacent or near adjacent bands.
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The emission bandwidth must be examined to determine if energy is transmitted in the 406.0
— 406.1 MHz band. Particular care must be taken when analysing the impact of mobile
systems (e.g. non-geostationary satellites and airborne transmitters) to take into account the
effects of the Doppler shift generated by their movement.

Compute the level of interference from all sources that transmit energy in the bandhexpréssed

asaspfd level at the satellite antenna. The aggregate level for all interfering sources must not
exceed —206.4 dB(W/m? Hz) anywhere in this range.

- END OF ANNEX G -
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ANNEX H
COSPAS-SARSAT LINK BUDGETS
LEOSAR GEQSAR
Sar sat GOES M SG
PDS  Sarsat SARR Cospas SARR SARR SARR
Low Level| Low Level Low Level l.owLevel || Low Level
Parameter See Note Units Case Case Case Case Case
EPIRB to Spacecraft Uplink
SAR bandwidth 1 kHz 80.0 80.0 80.0 100.0
Data Rate, Rb Hz 400.0 400.0 400.0 400.0
Freguency 2 MHz 406.05 406.05 406.05 406.05
Transmit power 3 dBW 5.0 5.0 5.0 5.0
Tx Antenna Gain 4 dB -2.0 -2.0 -2.0 -2.0
EIRP dBWi 3.0 3.0 3.0 3.0
Elevation Angle 5 Degrees 50 5.0 5.0 5.0
Path Distance km 2900.0 3200.0 41126.3 41126.3
Path Loss dB 153.8 154.7 176.9 176.9
Polarization Loss 6 dB 4.9 4.5
Fading Loss dB 2.5 25
GI/T of Satellite Rx Antenna 7 dB/K £34.0 -34.0 -18.5 -22.1
Boltzmann's Constant dB (JK) -228.6 -228.6 -228.6 -228.6
Uplink C/No dBHZ 41.3 40.4 313 28.1
Spaceto Earth Downlink
Downlink Frequency 8 MHz 1544.5 1544.5 1544.5 1544.5 1544.5
Transmit EIRP 9 dBW. 7.1 7.1 6.2 15.0 -18.9
Power Sharing Loss 10 dB 15.3 155 18.3
Modulation Loss 11 dB 14.1 14.1 6.0 354
Elevation Angle 12 Degrees 5.0 5.0 5.0 5.0 5.0
Path Distance km 2900.0 2900.0 3200.0 41126.3 41126.3
Path Loss dB 165.5 165.5 166.4 188.46 188.46
GI/T of LUTNRX Antenna 13 dB/K 4.3 4.3 4.3 11.0 15.5
Polarization Loss 14 dB 0.35 0.2
Otherk0sses dB 2.6 2.6 2.6
Pointing L oss 15 0.20 1.0
ShertTerm Fading Loss 16 dB 10.0
Downlink C/No dBHz 47.8 42.5 48.6 43.8 355
Overal C/No dBHz 38.8 39.8 311 274
Data Rate, Rb 17 dB 33.8 26.0 26.0 26.0 26.0
Eb/No dB 14.0 12.8 13.8 51 14
Implementation Loss dB 1.0 1.0 1.0 1.0 0.5
Bcn Data Modulation Loss,
b=1.1rad 18 dB 1.0 1.0 1.0 1.0
Coding Gain dB 0.0 0.0 0.0 0.0 2.0
Processing Gain (5 bursts) 19 dB 7.0 7.0
Available Eb/No dB 13.0 10.8 11.8 10.1 8.9
Theoretical Eb/No for 1E-6 and
5E-05 BERs 20 dB 10.6 8.8 8.8 8.8 8.8
Margin 21 dB 2.40 2.04 3.0 13 0.1
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10.

Notesto Cospas-Sarsat Link Budget (used for System Protection Criteria)

Nomina 1 dB bandwidth of satellite receiver, centred at 406.05 MHz.
Beacon frequencies are within the range 406.022 to 406.079 MHz.

A beacon transmitter can range from 5 to 9 dBW, so this weak beacon (5dBW)
beacon is used for the link budget calculation, while two additional nominal, 406 MHz
beacons are also assumed to be transmitting bursts simultaneously, each at 40 degree
elevation to the satellite, with 7dBW, 0 dB antenna gain, 1 dB emission loss, so
6 dBW EIRP uplink (this additional beacon loading affects the power sharing value of
the satellite transmitter).

Transmit antennais linearly polarised.

The 5-degree elevation from the beacon to the satellite is the nominal edge of
coverage, and the nominal altitude of the GEOSAR satellites is 35,786 km, 850km for
Sarsat satellites (ranges from 830 to 870km) and 1,000 km for Cospas satellites.

Polarization loss due to linear polarization of-the beacon antenna and fading of the
uplink signal. The polarization loss of the. LEOSAR linkiis included in the antenna
gain, and istherefore reflected in the G/T 'of the satellite Rx antenna.

G/T of the satellite 406 MHz receiver ‘referenced-tonthe LNA input, where nominal
gain and noise temperatures are:

GOES: G=7.05dB and Noise Femp = 359K

MSG: G= 3.0 dB and Noise Temp= 326K;

Sarsat: G=-4.0 dB and Noise Temp=1000K.

Cospas. G=-4.0 dB and'Noise T emp=1000K.

Downlink frequency-band alleeated for distress and safety is 1544 — 1545 MHz.
EIRP basedwon,satel lite transmitter power and transmit antenna gain.

Power sharing lossig'the friaction of the transmit EIRP allocated for this one distress
beagon,signal. The power sharing loss for the LEOSAR and GEOSAR are calculated
below-

a The power sharing loss for the LEOSAR Repeater (Sarsat) is calculated as
follows:

C1="Low Level’ beacon. Power received at the spacecraft dueto C1is—157.3 dB.

C2 ="Other Beacon’. Power received at the spacecraft due to C2 is—146 dB.

kTB = The noise power at the spacecraft in the bandwidth of interest.

kTB= 10Log(Bandwidth) + 10Log(degrees K) + 10Log(Boltzman’s constant).

kTB = 10Log(80000 Hz) + 10Log(1000 K) + 10Log(1.38x10%) = -149.6

Pt = Total power in the spacecraft receiver.

=-142.0dB. (No interference included in this calculation.)

The power sharing loss without interference is CL/Pt. C1/Pt =-157.3 dB —(-142 dB)
=-15.3 dB.
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11.

12.
13,
14.
15.
16.

17.
18.

19.

b. The power sharing loss for the LEOSAR Repeater (Cospas) is calculated as
follows:

C1="Low Level’ beacon. Power received at the spacecraft dueto C1is-158.2 dB.
C2 ="Other Beacon’. Power received at the spacecraft due to C2 is-146.9 dB.
kTB = The noise power at the spacecraft in the bandwidth of interest.

kTB= 10Log(Bandwidth) + 10Log(degrees K) + 10Log(Boltzman’s constant).

kTB = 10Log(80000 Hz) + 10Log(1000 K) + 10Log(1.38x10%) = -149.6

Pt = Total power in the spacecraft receiver.

=-142.7 dB. (No interference included in this calculation.)

The power sharing loss without interference is C1/Pt. C1/Pt.= -158.2 dB -(-142.7 dB)
=15.5dB.

c. The power sharing loss for the GOES Repeater. is calculated asfollows:
C1="Low Level’ beacon. Power received at the spacecraft due toC1is-171.7 dB.
C2 ="'Other Beacon’. Power received at thespacecraft dueto C2 is-166.0 dB.
kTB = The noise power at the spacecraft- the bandwidiiof interest.

kTB= 10Log(Bandwidth) + 10Log(degrees K) + 10k0g(Boltzman’s constant).

KTB = 10L0g(80000 Hz) + 10L0g(359K) + 10L 6g(138x10%°) = -154.0 dB.

Pt = Total power in the spaceeraft.receiver.,

Pt = 1OC1/10 +2x 10C2/10 + 1OKTB/10+ 1OIoB/10 Pt = 10-17.17 +2x 10-16.60 + 10—15.4
=-153.4 dB. (No interference includedin this calculation.)

The power sharing tess without,interference is CL/Pt. C1/Pt =-171.7 dB —(-153.4 dB)
=-18.3dB.

Modulation, |oss is thefraetion of the transmit EIRP allocated to the 406 MHz repeater
band.on,the satellite)\as set by the phase modulation index (not applicable for MSG
satellite, which has direct frequency translation and afixed gain of 148 dB).

5'degree elevation angle from the LUT to the satellite is the nominal edge of coverage.
G/T uses nominal values for each type of LUT.

Polarization loss for each type of LUT antenna.

Pointing Loss due to LUT antenna pointing.

Short duration 10dB drops in the carrier level due to high modulation in other
channels before the AGC responds.

Datarate is 400 bps for the beacon emission and 2400 bps for the PDS.

Beacon data modulation loss, since some power is intentionally retained in the carrier,
asthe modulation index isset to 1.1 + 0.1 radians.

Processing gain due to the integration of several beacon bursts at the GEOLUT.
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20.  Bit Error Rate (BER) for repeater band is 5.0x10°, as stated in Recommendation
ITU-R M.1478, whereas for the PDS channel it is 1.0x10°®.

21.  Marginisthe extrasigna remaining that might be taken when there is interference.

- END OF ANNEX H - b
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ANNEX |

SUMMARY OF COSPAS-SARSAT 406 MHz BEACON DATA PROTECTION
CRITERIA AGAINST BROADBAND INTERFERENCE

Channel C/(Notlo) No I o(max) spfd Frequeney.Range
dBHz dB(W/H2) | dB(W/HZ) | dB(W/m?Hz) Hz
Cospas SARP 39 -200.8 2078 -198.6 406.0 - 406.1
Uplink
Sarsat SARP 37.3 11986 -210.1 11986 406.0 - 406.1
Uplink
Cospas and
Sarsat PDS N/A -206.2 2075 -200.0 1544.45 - 1544.55
Downlink
Sarsat SARR 36.8 11986 1889 4818 406.0 - 406.1
Uplink
Sarsat SARR 36.8 -206.2 -204.7 12062 1544.2 - 1544.8
Downlink
GOES SARR 29.8 2030 2077 2011 406.0 - 406.1
Uplink
GOES SARR 29.8 2306.4 1083 -206.4 1544.4 - 1544.6
Downlink
MSG SARR 2783 2055 2170 -206.4 406.0 - 406.1
Uplink
MSG SARR 7.3 2208.4 -200.7 2205 1544.4 - 1544.6
Downlink

- END OF ANNEX [ -
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ANNEX J

EXISTING AND PLANNED SYSTEMS OPERATING
IN THE 1544 — 1545 MHz BAND

J.1 Introduction

Cospas-Sarsat became the initial user of the 1544 — 1545 MHz distress.and Safety frequency
band with the launch of the first Cospas LEO satellite in June of 1982. /The Cospas-Sarsat
space segment has continued to evolve and includes payloads on, satellites in LEO and GEO
orbit, with plansin place to further augment the System to include SAR payloads on satellites
in medium-altitude Earth orbit (MEOSAR).

The existing and planned use of the 1544 — 1545 MKz band isgraphically depicted at
FigureJland J2. Anayses of the spectral occupanicy requirements for Cospas Sarsat
instruments and other systems that are planned to.be operated.in the band are provided in the
following sections of this Annex.

1545.0 __|
_ DASS
SAR/Glonass Repeater
Sarsat with 121.5/243 MHz SARR Sar sat without 121.5/243 M Hz,
N
I
=
15445 — Cospas
GOESand MSG
Inmarsat E
SAR/Galileo
‘ SAR/Glonass Processor‘
1544.0
B P S A Y B
02 04 06 08 10 12 14 16 18

FigureJ.1l: Existingand Planned Use of the 1544 — 1545 M Hz Band (2002 — 2019)

Notes: a Information concerning Koreasat not available; and
b. SAR/Galileo will occupy approximately 100 kHz.
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return-link
SAR/Glonass Processor DSARlle onass R.epea;er >
- Downlink approximately owniin apprfgénlzf }:
50 kHz[* z
SAR/Galileo** DASS
GOES and MSG
GEOSAR
Cospas-Sarsat LEOSAR
1544.0 1544.1 1544.2 1544.3 1544.4 1544.5 154446 1544.7 1544.8 1544.9 1545.0

Frequency (MHZz)

FigureJ.2:  Existing and Planned Use of the 1544 — 1545 MHz Band

Notes: a. information concerning Koreasat net ‘available;
b. *exact location of"SAR/Glonass processor and repeater downlinks have yet to be
determined; and
c. **SAR/Galileowill occupy approximately 100 kHz.

J.2 1544 - 1545 MMz Bandwidth Requirements for Sarsat Payloads with

1215/243 MHz SARRsS
Sarsat Payload with 121.5/243 MHz SARR
Downlink Characteristics

Downlink emission polarity LHCP
Downlink centre frequency 1544.5 MHz
Long-term frequency stability (C/ST.003, Table3.4) | £3.2kHz
Doppler frequency range + 36 kHz
Guard band (each edge of spectrum) 20 kHz

The SARP channel, 121.5 MHz, 243 MHz and 406 MHz repeater channels are phase
modulated onto the 1544.5 MHz downlink with a composite phase modulation index of 0.7
radians rms. The maximum modulating frequency is at the upper edge of the 406 MHz
channel. The 406 MHz channel 3 dB bandwidth is approximately 90 kHz centred at 170 kHz
in the baseband. This results in a baseband maximum modulating frequency of 170 + 45 =
215kHz. The spurious emissions from Sarsat SARR transmitters must be considered by
other systems planning to operate in the 1544 — 1545 MHz band. The maximum spurious
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emission limits are described in document C/S T.003 (description of LEOSAR payloads), and
a spectral plot from an actual SARR transmitter is provided at Appendix A.

Due to the relatively narrow band phase modulation and ground station filtering, LEOLUTs
tracking these satellites can adequately process the SAR data when receiving the carrier*and
first order spectral sidebands. Without accounting for long-term frequency offsets\and
Doppler frequency, the necessary bandwidth is 1544.5 MHz + 215 kHz or 1544.2850 M Hz to
1544.7150 MHz.

By adding the effects of long-term frequency stability, Doppler frequency;.and guard band,
the “necessary bandwidth” required for reliable LEOLUT processing is 1544.2258 MHz to
1544.7742 MHz.

The necessary bandwidth for LEOLUT processing of SAR downlink signals from Sarsat
satellites that have a121.5/ 243 MHz SARR service, is.

1544.2 MHz to 1544.8 MHz

J3 1544 — 1545 MHz Bandwidth Reguifements For~Sarsat Payloads without

121.5/243 MHz SARRsS
Sar sat Payload/without 121.5/243MHz SARR
Doewnlink CharaCteristics

Downlink emission pol aity LHCP
Downlink centre frequency 1544.5 MHz
Long-term freguiency stability (C/S,T.003, Table3.4) | £ 3.2kHz
Doppler frequency range + 36 kHz
Guard band‘(each edge @f spectrum) 20 kHz

The SARP channél and 406:MHz SARR channel are phase modulated onto the 1544.5 MHz
downlink, withy a composite phase modulation index of 0.5 radians rms. The maximum
modulatingyfrequency is at the upper edge of the 406 MHz channel. The 406 MHz channel
3 dB-bandwidth is approximately 90 kHz centred at 90 kHz in the baseband. Thisresultsina
baseband maximum modulating frequency of 90 +45 = 135 kHz.

Due to the narrow band phase modulation and ground station filtering, LEOLUTS tracking
these satellites can adequately process the SAR data when receiving the carrier and first order
gpectral sidebands.  Without accounting for long-term frequency offsets and Doppler
frequency, the necessary bandwidth is 1544.5 MHz + 135 kHz or 1544.3650 MHz to
1544.6350 MHz.

By adding the effects of long-term frequency stability, Doppler frequency, and guard band,
the “necessary bandwidth” required for reliable LEOLUT processing is 1544.3058 MHz
t01544.6942 MHz.
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The necessary bandwidth for LEOLUT processing of SAR downlink signals from Sarsat
satellites that do not have a 121.5/243 MHz SARR serviceis:

1544.3 MHz to 1544.7 MHz

J4 1544 -1545 MHz Bandwidth Requirementsfor Cospas Payloads

Cospas Payload Downlink Characteristics
Downlink emission polarity LHCP
Downlink centre frequency 1544.5 MHz
Long-term frequency stability (C/ST.003, Table3.4) | £ 1.5kHz
Doppler frequency range +.36kHz
Guard band (each edge of spectrum) 20 KHz

The SARP channel and 121.5 MHz SARR channe ae”jphase modulated onto the
1544.5 MHz downlink with a composite phase modulatien index of 0.6 radians rms. The
maximum modulating frequency is at the upper edgenof the 121§ MHz channel. The
121.5 MHz channel 3 dB bandwidth is approximatély 28 kHz'centred at 47 kHz in the
baseband. Thisresultsin a baseband maximum medulating frequency of 47 +14 = 61 kHz.

Due to the narrow band phase modulationr and ground &tation filtering, LEOLUTS tracking
Cospas satellites can adequately process,the SAR data,when receiving the carrier and first
order spectral sidebands. Without accounting farlong-term frequency offsets and Doppler
frequency the necessary bandwidth is 154459MHz + 61 kHz or 1544.4390 MHz to
1544.5610 MHz.

By adding the effects of |ongsterm frequency stability, Doppler frequency, and guard band the
“necessary bandwidth” “required foryreliable LEOLUT processing is 1544.3815 MHz
t01544.6185 MHz.

The necessary bandwidth far LEQLUT processing of SAR downlink signals from Cospas
satellitesis:

1544.38 MHz to 1544.62 MHz

J.5 1544 - 1545 MHz Bandwidth Requirements for GOES Payloads

GOES Payload Downlink Characteristics
Downlink emission polarity RHCP
Downlink centre frequency 1544.5 MHz
Long-term frequency stability (C/ST.011) + 3.9kHz
Doppler frequency range negligible
Guard band (each edge of spectrum) 10 kHz

The 406 MHz channel is phase modulated onto the 1544.5 MHz downlink with a phase
modulation index of 1.1 radians rms. The maximum modulating frequency at the upper edge
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of the 406 MHz channel baseband occurs in the wideband mode and is approximately
90 kHz.

GEOLUTs tracking these satellites can adequately process the SAR data when receiving the
carrier and first order spectral sidebands. Without accounting for long-term frequency
offsets, the necessary bandwidth is 1544.5 MHz + 90 kHz or 1544.41 MHz to 1544.59 MKz

By adding the effects of long-term frequency stability and guard band, thel*necessary
bandwidth” required for reliable GEOLUT processing is 1544.3961 MHz to 1544.6039 MHz.

The necessary bandwidth for GEOLUT processing of SAR downlink. signa's from GOES
satellitesis:

1544.4 MHz to 1544.6 MHz

J.6 1544 -1545 MHz Bandwidth Requirementsfof M SG Payloads

M SG Payload Downlink-€haracteristies
Downlink emission polarity linear
Downlink centre frequency 1544.5 MHz
L ong-term frequency stability (C/S T.011) +13.9kHz
Doppler frequency range negligible
Guard band (each edge of, spectrum) 10 kHz

The MSG spacecraft directlytrans atesi¢he 406 MHz band to the L-band downlink centred at
1544.5 MHz. The on-bearch 406 MHz channel filter 0.5 dB bandwidth is 100 kHz. This
results in a useable downlink transmission ranging from 1544.45 MHz to 1544.55 MHz.

By adding the.effects of long-term frequency stability and guard band, the necessary
bandwidth needed for reliable GEGLUT processing is 1544.4261 MHz to 1544.5739 MHz.

The necessary bandwidth for GEOLUT processing of SAR downlink signals from MSG
satellitesis:

1544.42 MHz to 1544.58 MHz

J.7 1544 -1545 MHz Bandwidth Requirementsfor DASS Payloads

The Distress Alerting Satellite System (DASS) currently being considered as a potential
enhancement to the Cospas-Sarsat system would be comprised of 406 MHz SAR instruments
to be flown on USA Globa Positioning System satellites. A full constellation of DASS
instruments would include SAR payloads on at |east 24 satellites.

Operating DASS downlinks in the 1544-1545 MHz band is desirable since this band is
allocated strictly for distress and safety use. However, caution must be used in devel opment
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of a 1544-1545 MHz DASS downlink to assure non-interference with existing Cospas-Sarsat
systems and other planned systems such as SAR/Galileo and SAR/Glonass.

A potential design for DASS is to use direct frequency trandation of the 406 MHz uplink
band to L-band. It is estimated that DASS would require 200 kHz of spectrum and could,be
placed at:

1544.8 — 1545.0 MHz.

J.8 1544 -1545 MHz Bandwidth Requirementsfor SAR/Galileo Payloads

The SAR/Galileo system currently being considered as a potential/enhancement to the
Cospas-Sarsat system would be comprised of 406 MHz SAR instruments to be flown on the
Galileo GNSS satellites. A full constellation of SAR/Galileo instruments would include SAR
payloads on at least 27 satellites.

SAR/Gadlileo is planning to operate with downlinks in ‘the*1544-1545 MHz band. Caution
must be used in development of the downlink tog/assure nondintéerference with existing
Cospas-Sarsat systems and other planned systemsisuch as DASS and SAR/Glonass.

A potential design for SAR/Galileo is to-use direct frequeney translation of the 406 MHz
uplink band to L-band. It is estimated that, SAR/Galileg would require 100 kHz of spectrum
and could be placed at:

1544.0 — 1544.2 MHz (the exact |gcation has yet to be determined).

J.9 1544 -1545 MHz Bandwidth Requirementsfor SAR/Glonass Payloads

The SAR/Glonass system currently being considered as a potential enhancement to the Cospas
Sarsat systemswould be camprised of 406 MHz SAR instruments to be flown on the Glonass
GNSS satellites. The planned SAR/Glonass payloads would include two instruments, a
406 MHzdiect frequency trandation repester and a 406 MHz processor.  The two onboard
instrumentswould have separate downlinks.

The repeater downlink would require approximatdy 100 kHz of spectrum and is tentatively
planned to be located in the band:

1544.8 — 1545.0 MHz (the exact location has yet to be determined).

The processor downlink would require approximately 50 kHz of spectrum and is tentatively
planned to be located in the band:

1544.0 — 1544.2 MHz (the exact location has yet to be determined).

Anaysis is underway to design SAR/Glonass downlinks that would not generate harmful
interference to existing Cospas-Sarsat systems, nor to the DASS and SAR/Galileo systems.
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J.10 Inmarsat-E Return Link

The UK has completed the formal coordination process with France and the USA to operate a
return link to Inmarsat-E EPIRBs using downlinks in the band:

1544.20 — 1544.24 MHz.
A spectrum plot of Inmarsat-E downlink signalsisprovided at Appendix B.

The coordination agreement:

a stipulates that Inmarsat-E downlink signal's should not exceed:

-209.0 dBW/m?Hz between 1544.45 - 1544.55 MHz;

-206.3 dBW/m’Hz between 154424 — 154445)MMHz, and 154455 —
1544.76 MHz.

b. defines Inmarsat-E return link transmissions as fellews:

Right Hand Circularly Polarised;
maximum EIRP of 22 dBW;
channel centre frequency at least 10 kHz bel aw1544.24 MHz; and

maximum unwanted emigSions™/- 10 kHz from the centre frequency must be at
least 10 dB the centrefréguericy emissions.

C. stipulates that the maximum level of emissions from Sarsat LEOSAR satdllites in the
1544.2 — 1544.24 M\H2,band should riofexceed —156 dBW/m? in the worst 1 kHz.
J.J11 Koreasat

The planned-spectrum usage by K oreasat has yet to be identified.
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APPENDIX A TO ANNEX J

SARSAT SARR TRANSMITTER EMISSION TEST RESULTS
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APPENDIX B TO ANNEX J

SPECTRUM PLOTSFOR INMARSAT-E RETURN LINK DOWNLINK
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