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Intellectual Property Rights

Essential patents

IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The declarations
pertaining to these essential IPRs, if any, are publicly available for ETSI members and non-members, and can be
found in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to
ETS in respect of ETS standards’, which is available from the ETS| Secretariat. Latest updates are available on the
ETSI IPR online database.

Pursuant to the ETSI Directivesincluding the ETSI IPR Policy, no investigation regarding the essentiality of IPRS,
including I PR searches, has been carried out by ETSI. No guarantee can be given as to the existence of other IPRs not
referenced in ETSI SR 000 314 (or the updates on the ETS| Web server) which are, or may be, or may become,
essential to the present document.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are trademarks of ETSI registered for the benefit of its
Members. 3GPP™, LTE™ and 5G™ logo are trademarks of ETSI registered for the benefit of its Members and of the
3GPP Organizational Partners. oneM 2M ™ |ogo is atrademark of ETSI registered for the benefit of its Members and of
the oneM2M Partners. GSM® and the GSM logo are trademarks registered and owned by the GSM Association.

Foreword

This draft European Standard (EN) has been produced by ETSI Technical Committee Electromagnetic compatibility
and Radio spectrum Matters (ERM), and is now submitted for the combined Public Enquiry and V ote phase of the ETSI
EN Approva Procedure (ENAP).

The present document is part 1 of a multi-part deliverable covering the ElectroM agnetic Compatibility (EMC) standard
for marine radio equipment and services, as identified below:

Part 1: " Common technical requirements’;

Part 2. "Specific conditions for VHF radiotelephone transmitters and receivers operating in the frequency range
156 MHz to 174 MHZz";
Part 3:  "Specific conditions for non-SOLAS maritime radars and river radars';

Part 4:  "Specific conditions for Narrow-Band Direct-Printing (NBDP) NAVTEX receivers';

Part 5:  "Specific conditions for MF/HF radiotel ephone transmitters and receivers’;

Part 6:  "Specific conditions for Earth Stations on board V essels operating in frequency bands above 3 GHz";
Part 7.  "Specific conditions for Maritime Broadband Radiolink equipment”;

Part 8:  "Specific conditions for radio beacons and locating devices".

ETSI
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Proposed national transposition dates

Date of latest announcement of this EN (doa): 3 months after ETSI publication
Date of latest publication of new National Standard

or endorsement of this EN (dop/e): 6 months after doa

Date of withdrawal of any conflicting National Standard (dow): 18 months after doa

Modal verbs terminology

In the present document “shall”, "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" are to be interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression of
provisions).

"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.

Introduction

The present document contains afull list of EMC requirements together with the standard test set-ups and compliance
limits, that should be used by the product specific parts within the ETSI EN 301 843 series[i.9]. Deviations, where
applicable, from this are set out in the specific product related part.

Product dependent arrangements necessary to perform the EM C tests on dedicated types of radio equipment, and the
assessment of test results, are detailed in the appropriate relevant radio technology parts of ETS|I EN 301 843 series[i.9]
details of which can be found in the foreword of the present document.

The present document also acts as the basis for product specific parts of the ETSI EN 301 843 series[i.9]. It isthese
product specific parts that are intended to be cited in the OJEU under article 3.1(b) of Directive 2014/53/EU [i.8].

ETSI
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1 Scope

The present document contains the common requirements for marine radio communications and radio determination
equipment and associated ancillary equipment operating from any combination of internal batteries, DC and single
phase AC, in respect of ElectroMagnetic Compatibility (EMC).

The provisions of the present document apply to marine radio equipment not cover ed in the scope of the Council
Directive on marine equipment (the "Marine Equipment Directive" 2014/90/EU [i.4]).

Product dependent arrangements necessary to perform the EMC tests on dedicated types of marine radio
communications and radio determination equipment, and the assessment of test results, are detailed in the appropriate
product related parts of the present document.

The present document, together with the product related part, specifies the applicable EMC tests, the methods of
measurement, the limits and the performance criteria for marine radio equipment and associated ancillary equipment.

In case of differences (for instance concerning specia conditions, definitions, abbreviation) between the present
document and the relevant product related part of the present document, the product related part takes precedence.

For the further content of the present document, the expression "radio equipment” is taken to mean marine radio
communications or radio determination equipment, in each individual case.

Technical specifications related to the antenna port of radio equipment and emissions from the enclosure port of radio
equipment and combinations of radio and associated ancillary equipment are not included in the present document.
Such technical specifications are normally found in the relevant product standards for the effective use of the radio
spectrum.

The environment classification used in the present document is maritime, as defined in EN |EC 60945 [i.3].

Marine radio communications equipment meeting the EM C requirements set out in EN |EC 61000-6-3 [i.1] and
EN 61000-6-1 [i.2] is deemed to meet also the EM C requirements for the maritime environment described in
EN IEC 60945 [i.3].

The EMC requirements have been selected to ensure an adequate level of compatibility for apparatus intended to be
used in the maritime environment. The levels, however, do not cover extreme cases which may occur in any location
but with low probability of occurrence.

2 References

2.1 Normative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

Referenced documents which are not found to be publicly available in the expected location might be found in the
ETSI docbox.

NOTE: While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee
their long-term validity.

The following referenced documents are necessary for the application of the present document.

[1] EN 1EC 55016-1-4:2019: " Specification for radio disturbance and immunity measuring apparatus
and methods — Part 1-4: Radio disturbance and immunity measuring apparatus — Antennas and test
sites for radiated disturbance measurements”, (produced by CENELEC).

[2] EN 1EC 55016-1-1:2019: " Specification for radio disturbance and immunity measuring apparatus
and methods - Part 1-1: Radio disturbance and immunity measuring apparatus - Measuring
apparatus’, (produced by CENELEC).

ETSI
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(3]

[4]

(5]
6]

[7]

(8]

[9]

[10]

2.2
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EN 61000-4-2:2009: "Electromagnetic compatibility (EMC) - Part 4-2: Testing and measurement
techniques - Electrostatic discharge immunity test”, (produced by CENELEC).

EN 1EC 61000-4-3:2020: "Electromagnetic compatibility (EMC) - Part 4-3: Testing and
measurement techniques - Radiated, radio-frequency, electromagnetic field immunity test”,
(produced by CENELEC).

EN 61000-4-4:2012: "Electromagnetic compatibility (EMC) - Part 4-4: Testing and measurement
techniques - Electrical fast transient/burst immunity test", (produced by CENELEC).

EN 61000-4-5:2014 +A1:2017: "Electromagnetic compatibility (EMC) - Part 4-5: Testing and
measurement techniques - Surge immunity test”, (produced by CENELEC).

EN 61000-4-6:2014: "Electromagnetic compatibility (EMC) - Part 4-6: Testing and measurement
techniques - Immunity to conducted disturbances, induced by radio-frequency fields', (produced
by CENELEC).

EN 1EC 61000-4-11:2020: "Electromagnetic compatibility (EMC) —Part 4-11: Testing and
measurement techniques — Voltage dips, short interruptions and voltage variations immunity tests
for equipment with input current up to 16 A per phase", (produced by CENELEC).

EN 55016-2-3:2017/A1:2019: " Specification for radio disturbance and immunity measuring
apparatus and methods - Part 2-3: Methods of measurement of disturbances and immunity -
Radiated disturbance measurements', (produced by CENELEC).

EN 55016-2-1:2014+A1:2017: " Specification for radio disturbance and immunity measuring
apparatus and methods - Part 2-1: Methods of measurement of disturbances and immunity -
Conducted disturbance measurements”, (produced by CENELEC).

Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

NOTE:

While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long-term validity.

The following referenced documents may be useful in implementing an ETSI deliverable or add to the reader's
understanding, but are not required for conformance to the present document.

[i.1]

[i.2]

[i.3]

[i.4]

[i.5]

[.6]
[i.7]

EN IEC 61000-6-3 (2021): "Electromagnetic compatibility (EMC) - Part 6-3: Generic standards -
Emission standard for residential, commercial and light-industrial environments", (produced by
CENELEC).

EN 61000-6-1 (2019): "Electromagnetic compatibility (EMC) - Part 6-1: Generic standards -
Immunity for residential, commercial and light-industrial environments®, (produced by
CENELEC).

EN 60945 (2002) + Corrigendum 1 (2008): "Maritime navigation and radiocommunication
equipment and systems - General requirements - Methods of testing and required test results”,
(produced by CENELEC).

Directive 2014/90/EU of the European Parliament and of the Council of 23 July 2014 on marine
equipment and repealing Council Directive 96/98/EC.

|EC 60050-161 (1990): "International Electrotechnical Vocabulary. Chapter 161: Electromagnetic
compatibility".

CEPT/ERC Recommendation 74-01 (2021): "Unwanted emissions in the spurious domain”.

IMO Convention: "International Convention for the Safety of Life at Sea (SOLAS)".
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[i.8] Directive 2014/53/EU of the European Parliament and of the council of 16 April 2014 on the
harmonisation of the laws of the Member States relating to the making available on the market of
radio equipment and repealing Directive 1999/5/EC.

[i.9] ETSI EN 301 489 series: "ElectroMagnetic Compatibility (EMC) standard for marine radio
equipment and services'.

3 Definition of terms, symbols and abbreviations

3.1 Terms

For the purposes of the present document, the terms given in article 2 of Directive 2014/53/EU [i.8] and the following
apply:

ancillary equipment: equipment (apparatus), used in connection with areceiver, transmitter or transceiver is
considered as an ancillary equipment (apparatus) if:

. the equipment is intended for use in conjunction with areceiver or transmitter to provide additional operational
and/or control features to the radio equipment, (e.g. to extend control to another position or location); and

e  theequipment cannot be used on a stand alone basis to provide user functions independently of areceiver or
transmitter; and

e thereceiver or transmitter to which it is connected, is capable of providing some intended operation such as
transmitting and/or receiving without the ancillary equipment (i.e. it is not a sub-unit of the main equipment
essential to the main equipment basic functions)

artificial antenna: non-reactive, non-radiating dummy load equal to the nominal impedance of the antenna port

NOTE: For the purpose of EMC tests, the antenna port(s) of the Equipment Under Test (EUT) are terminated
with a non-radiating 50 Q termination (artificial antenna) unless there is arequirement to apply a Radio
Frequency (RF) input signal to the receiver antenna port.

Artificial Mains Network (AMN): network used to supply the mains voltage (AC or DC) and current to the
Equipment Under Test (EUT)

continuous phenomena (continuous distur bance): electromagnetic disturbance, the effects of which on a particular
device or equipment cannot be resolved into a succession of distinct effects

NOTE:  Seel|EC 60050-161 [i.5].

critical stored data: datathat is essential for an EUT to perform a primary function in accordance with that EUT's
specifications.

enclosure port: physical boundary of the apparatus through which electromagnetic fields may radiate or impinge
NOTE: Inthe case of integral antenna equipment, this port isinseparable from the antenna port.

integral antenna: antenna designed to be connected directly to the equipment with or without the use of an external
connector and considered to be part of the equipment

NOTE: Anintegral antenna may be fitted internally or externally to the equipment. An antenna which may not be
removed during the tests, according to the manufacturer's statement.

mobile equipment: marine receiver, transmitter or transmitter/receiver (transceiver) intended for installation and use
onboard ships

operating frequency range: range(s) of radio frequencies covered by the Equipment Under Test (EUT) without any
change of units
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port: particular interface, of the specified equipment (apparatus), with the el ectromagnetic environment

NOTE: For example, any connection point on an equipment intended for connection of cablesto or from that
equipment is considered as a port (see Figure 1).

Enclosure port
AC power port Antenna port

DC power port APPARATUS Signal/control port

Earth port Telecommunication port

Figure 1. Examples of ports

portable equipment: marine radio and/or ancillary equipment intended for portable (e.g. handheld) operation onboard
ships, and powered by its own integral battery

radio communications equipment: radio equipment which includes one or more radio transmitters and/or receivers
and/or parts thereof for use in a mobile or portable application onboard ships

radio deter mination equipment: radio equipment able to determine the position, velocity and/or other characteristics
of an object, or the obtaining of information relating to these parameters, by means of the propagation properties of
radio waves.

NOTE: Thisincludes navigation radars

radio equipment: "An electrical or electronic product, which intentionally emits and/or receives radio waves for the
purpose of radio communication and/or radio determination, or an electrical or electronic product which must be
completed with an accessory, such as antenna, so as to intentionally emit and/or receive radio waves for the purpose of
radio communication and/or radio determination”, definition from Directive 2014/53/EU [i.8].

NOTE: Radio equipment can be operated with ancillary equipment but if so, is not dependent on it for basic
functionality.

removable antenna: antenna which may be removed for the test according to the manufacturer statement

spurious emission: emission on afrequency, or frequencies, which are outside the necessary bandwidth and the level of
which may be reduced without affecting the corresponding transmission of information

NOTE:  Spurious emissions include harmonic emissions, parasitic emissions, intermodulation products and
frequency conversion products but exclude out of band emissions
(CEPT/ERC Recommendation 74-01 [i.6]).

transient phenomena (transient disturbance): pertaining to or designating a phenomena or a quantity which varies
between two consecutive steady states during atime interval short compared with the time-scale of interest

NOTE:  SeelEC 60050-161 [i.5].

wor gt case: configuration and arrangement of the EUT, ancillary equipment and connecting cables that produces the
worst emissions or the lowest immunity during testing

3.2 Symbols

For the purposes of the present document, the following symbols apply:

Bn Necessary bandwidth of an emission
PX Maximum PEP

3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

AC Alternating Current
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AM Amplitude Modulation
AMN Artificial Mains Network
B measurement Bandwidth
DC Direct Current
EM ElectroMagnetic
EMC ElectroMagnetic Compatibility
EUT Equipment Under Test
FSOATS Free Space Open Area Test Site
IEC International Electrotechnical Commission
IMO International Maritime Organization
MF/HF Medium Frequency/High Fregquency
NAVTEX Navigational Telex
NBDP Narrow Band Direct Printing
RF Radio Frequency
SAC Semi-Anechoic Chamber
VHF Very High Freguency
4 General and operational requirements

4.1 Environmental profile

The technical requirements of the present document apply under the environmental profile for operation of the
equipment, which shall be in accordance with itsintended use, but as a minimum, shall be that specified in the test
conditions contained in the present document. The equipment shall comply with all the technical requirements of the
present document at all times when operating within the boundary limits of the operational environmental profile
defined by itsintended use.

The equipment shall be tested under normal test conditions according to the relevant product and basic standards or to
the information accompanying the equipment.

The test shall be carried out at a point within the specified nhormal operating environmental range of temperature and
humidity with the equipment connected to the intended power supply voltage. The normal temperature and humidity
conditions shall be a combination of temperature and humidity within the following ranges:

. temperature; +15°Cto +35°C
. relative humidity: 25 % to 75 %

The test voltage for equipment to be connected to the AC mains, shall be the nominal (rated) mains voltage. The
frequency of the test voltage shall be 50 Hz and its offset shall not exceed 1 Hz.

The test voltage for equipment to be connected to a battery, shall be the nominal voltage of the battery as specified in
the user documentation.

The test conditions, configuration, and mode of operation shall represent the intended use and shall be recorded.
For emission and immunity tests, specific product type related information on the test modulation, test conditions and

tests arrangements, etc., are found in the part of the present document dealing with the particular type of radio
equipment.

4.2 Arrangements for test signals

4.2.0 General

Standalone receivers and transmitters shall be tested separately. Transceivers shall be tested so that operation in each
direction is confirmed.
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4.2.1  Arrangements for test signals at the input of transmitters

The signal source providing the transmitter under test with the modulation signal for the normal test modulation shall be
located outside the test environment, unless the transmitter is modulated by its own internal source.

4.2.2  Arrangements for test signals at the output of transmitters

The measuring and monitoring equipment for the wanted RF output signal from the transmitter under test shall be
located outside the test environment.

For transmitters with an integral antenna, the wanted RF output signal to establish a communication link shall be
delivered from the EUT to an antenna located within the test environment. This antenna shall be connected to the
external equipment by a coaxial cable.

For transmitters with a removabl e antenna, the wanted RF output signal to establish a communication link shall be
delivered from the antenna connector to the external equipment by a shielded transmission line, such as a coaxial cable.

Thelevel of the wanted RF output signal in transmit mode of operation shall be set to the maximum rated RF power for
the EUT.

4.2.3  Arrangements for test signals at the input of receivers
The signal source providing the receiver under test with the wanted RF input signal shall be located outside the test
environment.

For receivers with an integral antenna, the wanted RF input signal to establish acommunication link shall be presented
to the EUT from an antennalocated within the test environment. This antenna shall be connected to the external RF
signal source by a coaxial cable.

For receivers with a removabl e antenna, the wanted RF input signal to establish a communication link shall be
presented to the antenna connector of the EUT by a shielded transmission line, such as e.g. acoaxia cable. The
transmission line shall be connected to the external RF signal source.

Thelevel of the wanted RF input signal is expected to represent asignal level and isintended to avoid the broadband
noise from the power amplifiers generating the EM disturbance from influencing the measurement.
4.2.4  Arrangements for test signals at the output of receivers

The measuring and monitoring equipment for the output signal from the receiver under test shall be located outside the
test environment.

If the receiver has an output connector or port providing the wanted baseband output signal, then this port should be
used in a manner consistent with itsintended use.

For receivers without an output connector, thus providing a visual or acoustic indicating of the received signa, this
output should be coupled via an electrically non-conductive means to the external equipment.

For receivers with an analogue speech output the audio output from the acoustic transducer, this output should be
coupled via an electrically non-conductive acoustic tube to an external audio distortion meter or other measuring
equipment as required.

Precautions will need to be taken to ensure that any effect on the test due to the coupling meansis minimized.

4.2.5  Arrangements for testing transmitter and receiver together
(as a system)

Transmitters and receivers may be tested for immunity as a system when combined as a transceiver or the combined
equipment is of a size which allows simultaneous testing. In this case the transceiver or transmitter and receiver shall be
located inside the test environment and shall be exposed simultaneously to the immunity test signals.

The test modulation shall be transmitted by the test system and looped back in the EUT. Further, the output of the EUT
shall be monitored by the test system.
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4.3 RF exclusion band of radio communications equipment

For the purpose of EMC tests set up in the present document, the radio communications or radio determination
equipment is subject to an exclusion band.

The RF exclusion band shall apply to radio communications and determination equipment intended for operation at
designated frequencies up to 6 GHz.

Particular careis required for radio equipment intended for operation at designated frequencies less than or equal to

30 MHz. Under these circumstances the RF exclusion band shall apply to EM C emission measurements and immunity
tests for conducted disturbances at AC mains and/or DC power ports which are performed in the frequency range up to
30 MHz.

The following provisions shall apply to all types of radio equipment:
. transmitters and transceivers.

- the RF exclusion band applies to EMC emission measurements in transmit mode of operation, and to
immunity tests. For equipment in stand-by mode, the exclusion band for transmitters shall not apply to
EMC emission measurements,

e  receivers
- the RF exclusion band applies to immunity tests only;
e  ancillary equipment:
- for i':xncillary equipment intended to be tested on a stand alone basis, an RF exclusion band does not
apply;

- for ancillary equipment intended to be tested in combination with radio equipment the provisions above
for transmitters and/or receivers apply.

4.4 Intermediate frequency responses of receivers or receivers
which are part of transceivers

Responses on receivers or the receiver part of (duplex) transceivers occurring during the immunity tests at discrete
frequencies which are narrow band responses (spurious responses), are identified by the following method:

. If during the test, the immunity RF test signal (see clauses 9.2 and 9.5) causes non-compliance of the receiver
with the specified performance criteriafor continuous phenomena (see clause 6.1), it is necessary to identify
whether this non compliance is due to a narrow band response or a wideband phenomenon. For narrow band
phenomenon the frequency of the disturbance signal isincreased by an amount equal to twice the nominal
6 dB bandwidth of the filter immediately preceding the demodulator of the receiver. For wideband
phenomenon the frequency of the disturbance signal isincreased by an amount equal to the bandwidth over
which the apparatus is intended to operate. The test is repeated with the frequency of the test signal decreased
by the same amount.

. If the receiver isthenin either or both frequency offset cases in compliance with the specified performance
criteria, the response is considered as a harrow band response.

. If the receiver till does not comply with the specified performance criteria, this may be due to the fact that the
offset has made the frequency of the unwanted signal correspond to the frequency of another narrow band
response. Under these circumstances, the procedure is repeated with a positive and negative offset of the
frequency of the disturbance signal adjusted two and a half times the bandwidth referred to above.

. If the receiver still does not comply with the specified performance criteriain either or both frequency offset
cases, the phenomena is considered wideband and therefore an EM C problem and the equipment fails the test.

For immunity tests, narrow band responses shall be disregarded.
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4.5 Void

) Performance assessment

5.1 General

At the time of submission of the equipment for test, the manufacturer supplies all relevant technical information to
establish the functionality of the EUT including the following:

e theintended functions of the radio equipment which shall be in accordance with the documentation
accompanying the equipment;

e theantennatype of the radio equipment (integral or removable antenna);

. the user control functions and stored data that are required for normal operation and the method to be used to
assess Whether these have been lost after the EMC exposure;

e thetype of modulation, the characteristics of the transmission used for testing (random bit stream, message
format, etc.) and the necessary test equipment delivered to enable the assessment of the EUT;

e  the maximum rated RF output power of transmitters;
. the ancillary equipment to be combined with the radio equipment for testing (where applicable);
e theancillary equipment intended to be tested on a stand alone basis (where applicable);

. an exhaustive list of ports, with the maximum cable lengths allowed, classified as either power (AC/DC) or
telecommunication/signal/control;

. the bandwidth of the filter immediately preceding the demodulator;
e theoperating frequency bands over which the equipment isintended to operate.
The following information should be included in the test report:
e  theprimary functions of the EUT exercised during and after EMC immunity test;
e theother functions of the EUT in accordance with the documentation accompanying the equipment;

e the method of monitoring the actual level of performance and/or the actual degradation of performance of the
EUT.

5.2 Equipment which can provide a continuous communication
link

A communication link shall be established to the measuring equipment for the wanted RF output signal from the EUT,

or from the RF signal source providing the EUT with the wanted RF input signal, at the start of the test, and its

performance shall be assessed during and after the immunity tests, as specified in clause 6 and its subclauses. The

SINAD performance shall be monitored for analogue communications, and the Bit Error Rate shall be monitored for
digital communications.

5.3 Equipment which does not provide a continuous
communication link

A communication link shall be established to the measuring equipment for the wanted RF output signal from the EUT,
or from the RF signal source providing the EUT with the wanted RF input signal, at the start of the test, and its
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performance shall be assessed during and after the immunity tests, as specified in clause 6 and its subclauses. The
packet error rate shall be monitored.

54 Ancillary equipment

For immunity tests of ancillary equipment tested on a stand alone basis the permissible minimum level of performance
or the permissible degradation of performance during and/or after the EM C exposure is specified in the relevant part of
this multi part deliverable. The related specifications set out in clause 5.3 also apply.

For immunity tests of ancillary equipment tested in combination with the radio equipment and not having separate
pass/fail criteria, the receiver, transmitter or transceiver coupled to the ancillary equipment shall be used to assess
whether the ancillary equipment passes or fails the test.

5.5 Equipment classification

For the purpose of the EM C performance assessment in the present document, the marine radio equipment and/or
associated ancillary equipment under test shall be classified into one of the following two classes:

. mobile equipment;
. portable equipment.

Portable marine radio and/or ancillary equipment or combinations thereof capable of being powered for intended use by
theinternal AC or DC mains supply onboard ships shall additionally be considered as mobile equipment.

For multiple use (mobile and portable), marine radio and/or ancillary equipment both sets of tests shall be applied.

6 Performance criteria

6.0 General requirements

The performance criteria are used to take a decision on whether a radio equipment passes or failsimmunity tests.

The establishment of the communication link at the start of the test, its maintenance and the assessment of the recovered
signal are used as performance criteria for the eval uation of the essential functions of the radio equipment during and
after the test.

Portable marine equipment powered by the internal AC/DC supply onboard ships shall in addition fulfil the
requirements specified in the present document for mobile equipment.

For the purpose of the present document three categories of performance criteria are defined:
. performance criteria A for continuous phenomena applied to transmitters and receivers,
. performance criteria B for transient phenomena applied to transmitters and receivers; and
. performance criteria C applied to power supply failure.

Table 1 summarize the performance criteria.
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Table 1: Performance criteria

Criteria During test After test
(i.e. as a result of the application of the test)
A Shall operate as intended. Shall operate as intended.
(See note). Shall be no degradation of performance.
Shall be no loss of function. Shall be no loss of function.
Shall be no unintentional transmissions. Shall be no loss of critical stored data.
B May be loss of function. Functions shall be self-recoverable.
Shall be no unintentional transmissions. Shall operate as intended after recovering.
Shall be no loss of critical stored data.
C May be loss of function. Functions shall be recoverable by the operator.
Shall be no unintentional transmissions. Shall operate as intended after recovering.
Shall be no loss of critical stored data.

NOTE: Operate as intended during the test shall be considered as:
e For equipment that supports a PER or FER, the minimum performance level shall be a PER or
FER less than or equal to 10 %.
e For equipment that does not support a PER or a FER, (e.g. audio equipment and equipment
transmitting sporadic messages) the minimum performance level shall be no loss of the wireless
transmission function needed for the intended use of the equipment.

6.1 Performance criteria A for continuous phenomena applied
to transmitters and receivers

During and after the test, the apparatus shall continue to operate as intended. No degradation of performance or 1oss of
functionis allowed. See Table 1.

The EUT shall meet the requirements of the performance check during and after the test.

6.2 Performance criteria B for transient phenomena applied to
transmitters and receivers

Any degradation of performance or loss of function is allowed below a permissible performance level as defined in the

immunity performance check, provided that the EUT recovers following the test. Before and after the test, the apparatus
shall operate asintended. See Table 1.

The EUT shall meet the requirements of the performance check after the test.

NOTE: For exampleif the EUT resets during the test it will immediately recover after the test to same state and
condition as before the test.

6.3 Performance criteria C applied to power supply failure

During the test sequence the EUT shall not unintentionally transmit or change critical stored data. See Table 1.

The EUT shall meet the requirements of the performance check.

6.4 Void

6.5 Performance criteria for equipment which does not provide
a continuous communication link

The provisions defined in clause 5.3 shall apply.
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6.6 Performance criteria for ancillary equipment tested on a
stand alone basis

The provisions defined in clause 5.4 shall apply.

7 Applicability

The applicability of EMC tests specified in the present document depends on the actual type of marine radio and/or
associated ancillary equipment under test. All tests are port-related EMC tests. For EUT not having a particular type of
port the related EMC tests do not apply.

Signal and control portsintended for connection to lines which may carry power shall be assessed only as signal and
control ports.

All ports of the equipment shall be actively exercised during tests.

In the case of multiple radio and ancillary equipment, the worst case scenario shall be tested.

8 Testing for compliance with technical requirements

8.1 Test configuration
The requirements for test configurations are as follows:

e the measurements shall be carried out at a point within the specified normal operating environmental range and
at the rated supply voltage for the equipment;

e  the measurements shall be made in the operational mode producing the largest emission in the frequency band
being investigated consistent with normal applications;

. the equipment shall be configured in a manner which is representative for normal operation;
e theradiated emission shall be maximized, e.g. by moving the cables of the equipment;

e  whereradio equipment is provided with a detachable antenna, it shall be tested with the antenna fitted in the
manner typical of normal intended use;

. if the equipment is part of a system, or can be connected to ancillary equipment, the equipment shall be tested
while connected to the minimum representative configuration of ancillary equipment necessary to exercise all
the different types of ports available;

e if the equipment has multiple ports of the same type, then at least half shall be selected to simulate actual
operational conditions;

. ports which in normal operation are exercised, shall be connected to an ancillary equipment or to a
representative piece of cable terminated to simulate the impedance of the ancillary equipment. RF input/output
ports shall be correctly terminated;

e the configuration and mode of operation during the measurements shall be recorded.
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8.2 Enclosure emissions

8.2.0  Applicability

Thistest shall be applicable to ancillary equipment not incorporated in the radio equipment and measured on a stand
alone basis, and to aradio or combinations of radio and ancillary equipment together as a system. Radiated emission
testing is not required for radio equipment without any ancillary equipment as thisis covered by the appropriate
standard under article 3.2 of Directive 2014/53/EU [i.8].

This test shall be performed on aworst case configuration.

8.2.1  Test description

This test assesses the ability of the equipment to limit itsinternal noise from being radiated from the enclosure.

8.2.2 Test method

The test method shall be in accordance with EN 55016-2-3[9] clause 7.11 for frequencies from 150 kHz to 30 MHz,
clause 7.3 for frequencies from 30 MHz to 1 GHz and clause 7.6 for frequencies from 1 GHz to 6 GHz with the
modifications specified hereafter.

The measurement distance between the centre of the test antenna and the EUT shall be 3 m. The test site to be used
shall be as follows:

e  The SAC test sitein accordance with EN IEC 55016-1-4 [1] clause 5 for 150 kHz < f <30 MHz.
e  The SAC test sitein accordance with EN IEC 55016-1-4 [1] clause 6 for 30 MHz < f <1 GHz.
. The FSOAT S test site in accordance with EN |EC 55016-1-4 [1] clause 7 for 1 GHz < f <6 GHz.

The measuring bandwidth shall be in accordance with Table 2.

Table 2: Measuring bandwidth - radiated emissions

Frequency range Measuring bandwidth
150 kHz = f < 30 MHz 9 kHz
30 MHz < f <156 MHz 120 kHz
156 MHz < f < 165 MHz 9 kHz
165 MHz < f <2 GHz 120 kHz
2GHz<f<6 GHz 1 MHz

For measurement equipment that does not support the 120 kHz measurement bandwidth between 1 GHz and 2 GHz a
measurement bandwidth of 100 kHz shall be used instead applying the following amplitude correction factor:

M easured amplitude correction factor = 10 x logip (120 / 100) dB, which is added to the measurement.

When the EUT consists of more than one unit the interconnecting cables shall have the maximum length and type as stated
in the user documentation. Available input and output ports of the equipment under test shall be connected to the
maximum length of cable as stated in the user documentation and terminated to simulate the impedance of the relevant
ports of the radio equipment. These cables shall be bundled at the approximate centre of the cable with the bundles of

30 cmto 40 cmin length running in the horizontal plane from the port to which it is connected. If it isimpractical to do so
because of cable bulk or stiffness, the disposition of the excess cable shall be precisealy noted in the test report.

The emissions shall be measured in the frequency range of 150 kHz to 6 GHz using the measuring receiver described in
EN IEC 55016-1-1 [2] clause 5 for 150 kHz < f <2 GHz and clauses 6 and 7 for 2 GHz < f <6 GHz.

Carrier frequency emissions (including out of band emissions) and associated harmonics from radio equipment when
tested as part of a system shall be ignored as these are covered by the appropriate standard under article 3.2 of

Directive 2014/53/EU [i.8]. Care should be taken to ensure that carrier frequency emissions do not overload the input of
the test receiver, for example by replacing removable antennas with dummy loads.
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The equipment shall meet both, the quasi peak and the peak emission limits set out in Table 3. The correction factor for the
antenna shall include the factor +51,5 dB to convert the magnetic field strength to eguivalent electric field strength.

8.2.3 Limits

The levels of field strength of any radiated emission from the enclosure of the EUT in the frequency range 150 kHz to
2 GHz shall not exceed the values givenin Table 3 and Figure 2 below.

Table 3: EMC emission limits

Frequency range

Limit (Quasi Peak)

Limit (Peak)

Limit (Average)

150 kHz = f < 300 kHz

80 dBuV/m to 52 dBuV/m

not applicable

not applicable

300 kHz < f = 30 MHz

52 dBuV/m to 34 dBuv/im

not applicable

not applicable

30 MHz < f £ 156 MHz 54 dBuV/m not applicable not applicable
156 MHz < f < 165 MHz 24 dBpV/m not applicable not applicable
165 MHz < f< 2 GHz 54 dBuV/m not applicable not applicable

2GHz <f<3 GHz

not applicable

70 dBuV/m (see note 2)

50 dBuV/m

3GHz<f<6 GHz

not applicable

74 dBuV/m (see note 2)

54 dBuV/m

NOTE 1: These limits are specified in EN 60945 [i.3], Table 5 for frequencies up to 2 GHz and EN IEC 61000-6-3 [i.1]
for frequencies above 2 GHz.
NOTE 2: Between 2 GHz and 6 GHz, both the peak and average limits shall apply.
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Figure 2: EMC emission limits
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8.3 DC power input/output ports

8.3.0  Applicability

Thistest is applicable to mobile marine radio and ancillary equipment for use onboard ships and intended to be powered
by the ship'sinternal DC supply.

If the DC power cable of the radio and/or the ancillary equipment is intended only for direct connection to a dedicated
AC to DC power supply, then the measurement shall be performed on the AC power input of that power supply only as
specified in clause 8.4.2.

8.3.1  Test description

This test assesses the ability of transmitters, receivers, transceivers and ancillary equipment to limit internal noise from
the DC power input/output ports.

8.3.2 Test method
The test method shall be in accordance with EN 55016-2-1 [10], clause 7 with the modifications specified hereafter.

Thistest shall be performed on the EUT. For transceivers, both the receive and the transmit mode of operation shall be
tested.

If the EUT consists of more than one unit with individual DC power input ports, power input ports of identical nominal
supply voltages shall be connected in parallel to the artificial mains network.

The measurement frequency range extends from 10 kHz to 30 MHz. The measuring bandwidth shall be:
. 200 Hz in the frequency range 10 kHz to 150 kHz; and
. 9 kHz in the frequency range 150 kHz to 30 MHz.

The artificial mains networks for tests shall be asin Figure 4 for 10 kHz <f < 150 kHz and Figure 5 for
150 kHz < f <30 MHz.
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8.3.3 Limits

Thelevel (quasi-peak) of any conducted spurious signal shall not exceed the values given in Figure 3.

100

T o0 [N
AN
80 N

70 AN

60

60 N

50 N TN

50 - 50 50

Spurious voltage (dBuV)
/

40

30

20

10

0

0,01 0,1 015 0,35 1 10 30 100

—

Frequency (MHz)

Figure 3: Maximum permissible level (quasi-peak) of conducted EMC emissions into the mains

8.4 AC mains power input/output ports

8.4.0  Applicability

Thistest shall be applicable to mobile marine radio and ancillary equipment for use onboard ships and powered by the
ship'sinterna AC mains.

Thistest is not applicable to AC output ports which are passively connected (or viaa switch or circuit breaker) to an
AC input port.

Thistest shall be performed on ancillary equipment not incorporated in the radio equipment and measured on a stand
alone basis, and to aradio or combinations of radio and ancillary equipment.

8.4.1  Test description

This test assesses the ability of transmitters, receivers, transceivers and ancillary equipment to limit internal noise from
the AC mains power input/output ports.

8.4.2 Test method

The test method shall be in accordance with EN 55016-2-1 [10], clause 7 with the modifications specified in this
clause 8.4.2.

Thistest shall be performed on the EUT. For transceivers, both the receive and the transmit mode of operation shall be
tested.

The power input cable(s) between AC input ports of the EUT and the Artificial Mains Network (AMN) shall be
screened and not exceed 0,8 min length.
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If the EUT consists of more than one unit with individual AC power input ports, power input ports of identical nominal
supply voltages shall be connected in parallel to the artificial mains network.

The measurement frequency range extends from 10 kHz to 30 MHz. The measuring bandwidth shall be:
e 200 Hzin the frequency range 10 kHz < f <150 kHz; and
. 9 kHz in the frequency range 150 kHz < f <30 MHz.

The artificial mains networks for tests shall be asin Figure 4 for 10 kHz < f < 150 kHz and Figure 5 for
150 kHz < f <30 MHz.

When the EUT is atransmitter operating at frequencies below 30 MHz, then the exclusion band for transmitters applies
(see clause 4.3) for measurements in the transmit mode of operation.
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Figure 5: Artificial mains network for tests in the frequency range 150 kHz < f £ 30 MHz

8.4.3 Limits

Thelevel (quasi-peak) of any conducted spurious signal shall not exceed the values given in clause 8.3.3, Figure 3.
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9 Test methods and levels for immunity tests

9.0 General

For the immunity tests of transmitters, the transmitter shall be operated at its maximum rated RF output power,
modulated with normal test modulation

For the immunity tests of receivers, the wanted RF input signal, coupled to the receiver, shall be modulated with normal
test modulation.

For transceivers, the tests shall be performed in both receive and transmit mode of operation. During the tests with
continuous EM C phenomena (conducted and radiated RF immunity tests) the exclusion band for receivers and/or
transmitters shall apply (see clause 4.3).

9.1 Test configuration

This clause defines the requirements for test configurations:

e thetestsshall be carried out at a point within the specified normal operating environmental range and at the
rated supply voltage for the equipment;

. if the equipment is part of a system, or can be connected to ancillary equipment, the equipment shall be tested
while connected to the minimum representative configuration of ancillary equipment necessary to exercise all
the different types of ports available;

e  whereradio equipment is provided with a detachable antenna, it shall be tested with the antenna fitted in a
manner typical of intended use;

e  for equipment with multiple ports of different types, a minimum of one of each type shall be connected;

. ports which in normal operation are connected, shall be connected to an ancillary equipment or to a
representative piece of cable terminated to simulate the impedance of the ancillary equipment. RF input/output
ports shall be correctly terminated;

. ports which are not connected to cables during normal intended operation, e.g. service connectors,
programming connectors, temporary connectors etc. shall not be connected to any cables for the purpose of
EMC testing;

e theconfiguration and mode of operation during the tests shall be recorded.

9.2 Radio frequency electromagnetic field (80 MHz to 6 GHz)

9.2.0 Applicability

Thistest is applicable to mobile and portable marine radio equipment and associated ancillary equipment.

Thistest shall be performed on the radio equipment, the associated ancillary equipment, or the worst case combination
of radio and ancillary equipment.

9.2.1  Test description

This test assesses the ability of the EUT to operate as intended in the presence of aradio frequency electromagnetic
field disturbance.

9.2.2 Test method

The test method shall be in accordance with EN 1EC 61000-4-3 [4] clauses 7 and 8 with the modifications specified in
this clause below.
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The following requirements and eval uation of test results shall apply:

. the test level shall be 10 V/m (measured unmodulated). The test signal shall be Amplitude Modulated (AM) to
adepth of 80 % by a sinusoidal audio signal of 400 Hz;

e thetest shal be performed over the frequency range 80 MHz to 6 GHz with the exception of the exclusion
band for transmitters and receivers and duplex transceivers (see clause 4.3);

. astep size of 1 % shall be used. The dwell time shall be set to a minimum of 0,5 s. The dwell time shall be set
to give a sweep rate dow enough to allow the detection of any malfunction of the EUT, refer to annex A for
guidance on setting the dwell time;

. the frequencies selected and used during the test shall be recorded.

9.2.3 Performance criteria
The performance criteria A for continuous phenomena shall apply (see clause 6.1).
The provisions of the performance check for transmitters and/or receivers shall apply during and after the test.

Responses on receivers occurring at discrete frequencies which are narrow band responses, shall be disregarded from
the test (see clause 4.4).

9.3 Electrostatic discharge

9.3.0  Applicability

Thistest shall be applicable to mobile and portable marine radio equipment and associated ancillary equipment.
Thistest shall be performed on the radio equipment, the associated ancillary equipment, or the worst case combination
of radio and ancillary equipment.

9.3.1  Test description

This test assesses the ability of the EUT to operate asintended in the event of an electrostatic discharge.

9.3.2 Test method

The test method shall be in accordance with EN 61000-4-2 [3] clauses 7 and 8 with the modifications specified in this
clause below.

For radio equipment and ancillary equipment the following requirements and eval uation of test results shall apply.

The test severity level for contact discharge shall be 6 kV and for air discharge 8 kV. All the intermediate test levels as
specified EN 61000-4-2 [3], clause 5, Table 1 shall be performed.

Electrostatic discharges shall be applied to all exposed surfaces of the EUT except where the user documentation
specificaly indicates a requirement for appropriate protective measures.

9.3.3 Performance criteria
The performance criteria B for transient phenomena shall apply (see clause 6.2).

The provisions of the performance check for transmitters and/or receivers shall apply after the test.
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9.4 Fast transients, differential and common mode

9.4.0  Applicability
Thistest shall be applicable to mobile marine radio equipment and associated ancillary equipment.
Thistest shall be performed on the AC power ports of the radio equipment and associated ancillary equipment.

Thistest shall be additionally performed on signal and control ports and DC power ports (common mode only), if the
cables they are connected to are longer than 2 m.

Where thistest is not carried out on any port because the EUT is not intended to be used with cables longer than2 m, a
list of ports which were not tested for this reason shall be recorded.

Thistest shall be performed on the radio equipment, the associated ancillary equipment, or the worst case combination
of radio and ancillary equipment.
9.4.1  Test description

This test assesses the ability of the EUT to operate as intended in the event of fast transients present on one of the
input/output ports.

9.4.2 Test method

The test method shall be in accordance with EN 61000-4-4 [5] clauses 7 and 8 with the modifications specified in this
clause below.

A test generator complying with clause 6.2 of EN 61000-4-4 [5] shall be used. The induction of the interference shall be
applied to:

e  AC/DC power ports by a coupling/decoupling network complying with clause 6.3 of EN 61000-4-4 [5];
. signal and control ports by a capacitive coupling clamp complying with clause 6.4 of EN 61000-4-4 [5].

Thetest level shall be 2 kV differential mode on AC mains power ports, and 1 kV common mode on DC power ports
and signal and control ports. The test pulses shall comply with the following requirements:

e risetime 5 ns (value between 10 % and 90 %)
. width: 50 ns (50 % value)

. repetition rate: 5 kHz (1 kV), 2,5 kHz (2 kV)
. application: 15 ms burst every 300 ms

. duration: 3 minto 5 min for each of positive and negative polarity pulses

9.4.3 Performance criteria
The performance criteria B for transient phenomena shall apply (see clause 6.2).

The provisions of the performance check for transmitters and/or receivers shall apply after the test.

9.5 Radio frequency, common mode

9.5.0 Applicability

Thistest shall be applicable to mobile marine radio equipment and associated ancillary equipment.

Thistest shall be performed on the AC power input ports of the radio equipment and associated ancillary egquipment.
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Thistest shall be additionally performed on signal and control ports and DC power ports of radio equipment and
associated ancillary equipment.

Where thistest is hot carried out on any port because the EUT's portsis not capable of being tested or is not used in
normal operation alist of ports which were not tested for this reason shall be recorded in the test report.

Thistest shall be performed on the radio equipment, the associated ancillary equipment, or the worst case combination
of radio and ancillary equipment.

9.5.1  Test description

This test assesses the ability of the EUT to operate as intended in the presence of aradio frequency electromagnetic
disturbance on the input/output ports.

9.5.2 Test method

The test method shall be in accordance with EN 61000-4-6 [7], clauses 7 and 8 with the modifications specified in this
clause below.

The following requirements and eval uation of test results shall apply:

. the test signal shall be applied to the AC or DC power supply line by a coupling/decoupling network as shown
in Figure 5 using the principles described in clause 6.2.1 of EN 61000-4-6 [7];

. For thefirst test, the test frequency shall be swept and the level shall be 3V rms unmodulated. The test signal
shall then be Amplitude Modulated (AM) to a depth of 80 % by a sinusoidal audio signal of 400 Hz; the test
shall be performed over the frequency range 150 kHz to 80 MHz with the exception of an exclusion band for
transmitters, for receivers, or duplex transceivers, (see clause 4.3); the frequency range shall be swept at arate
not exceeding 1,5 x 103 decades per second;

. For the second test, spot frequencies shall be tested with atest level of 10 V rms as follows:
- 2 MHz, 3MHz, 4 MHz, 6,2 MHz, 8,2 MHz, 12,2 MHz, 16,5 MHz, 18,8 MHz, 22 MHz and 25 MHz;

. the frequencies of the immunity test signal selected and used during the test shall be recorded.

9.5.3 Performance criteria
The performance criteria A for continuous phenomena shall apply (see clause 6.1).
The provisions of the performance check for transmitters and/or receivers shall apply during and after the test.

Responses on receivers occurring at discrete frequencies which are narrow band responses, shall be disregarded from
the test (see clause 4.4).

9.6 Power supply variations

9.6.0  Applicability
These tests shall be applicable to mobile marine radio equipment and associated ancillary equipment using AC power.
These tests shall be performed on the AC power port of radio equipment and associated ancillary equipment.

These tests shall be performed on the radio equipment, the associated ancillary equipment, in the worst case
combination.
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9.6.1 Power supply short term variations

9.6.1.1 Test description

These tests assess the ability of the EUT to operate as intended when being subjected to power supply short term
variations present on the AC power input ports.

9.6.1.2 Test method

The test set-up shall be in accordance with EN IEC 61000-4-11 [8], clause 7 using the configuration givenin
Figure C.1 b) of annex C and with the modifications specified in this clause below. The test procedure shall bein
accordance with EN 1EC 61000-4-11 [8], clause 8 for single phase equipment.

The EUT shall be subject to the following power supply variations relative to the nominal value once per minute for the
duration of 10 minutes each:

a) testvoltage between 1,19 and 1,21 times nominal voltage for a duration between 1,3 sand 1,7 s;
test frequency between 1,05 and 1,15 times nominal frequency for a duration between 4,5sand 5,5 s;
the test voltage and the test frequency variations shall be started simultaneously;

b) test voltage between 0,792 and 0,808 times nominal voltage for a duration between 1,3sand 1,7 s;
test frequency between 0,855 and 0,945 times nominal frequency for aduration between 4,5sand 5,5 s,
the test voltage and the test frequency variations shall be started simultaneously.

The voltage and frequency variation rise (10 % to 90 %) and decay (90 % to 10 %) times shall be between 0,1 sand
03s

9.6.1.3 Performance criteria
The performance criteria B for transient phenomena shall apply (see clause 6.2).

The provisions of the performance check for transmitters and/or receivers shall apply after the test.
9.6.2 Power supply failure

9.6.2.1 Test description

This test assesses the ability of the EUT to operate as intended after recovery from being subjected to short breaksin the
power supply due to power supply change over and breaker dropout. It covers the break allowed by the IMO
Convention [i.7] for changeover between ships main and emergency power supplies.

9.6.2.2 Test method

The EUT shall be subjected to three breaks in the power supply of aduration of 60 s each.

9.6.2.3 Performance criteria
Performance criterion C, clause 6.3 shall apply.

The provisions of the performance check for transmitters and/or receivers shall apply after the test.
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9.7 Surges

9.7.0  Applicability

Thistest shall be applicable to mobile marine radio equipment and associated ancillary equipment.

These tests shall be performed on the AC power input port of radio equipment and associated ancillary equipment.
These tests shall be performed on the radio equipment, the associated ancillary equipment in the worst case
combination.

9.7.1  Test description

This test assesses the ahility of the EUT to operate as intended in the event of surges present on the AC power input
ports.

9.7.2 Test method

The test method shall be in accordance with EN 61000-4-5 [6] clauses 7 and 8 with the modifications specified in this
clause below.

A combination wave (hybrid) generator complying with clause 6.2 of EN 61000-4-5 [6] in combination with the
coupling networks shown in Figures 5 and 6 of EN 61000-4-5 [6] shall be used. For equipment using a protective earth
connection, the coupling network of Figure 6 shall be used. For al other equipment the coupling network of Figure 5
shall be used.

The following requirements and evaluation of test results shall apply:

. The test voltage shall be applied with a repetition rate of 6 pulses/min for a duration of 5 minutes for each of
the positive and negative polarity of the test voltages applied line-to-earth and line-to-line. Pulses with the
following characteristics shall be applied:

- risetime: 1,2 us (value between 10 % and 90 %)
- width: 50 ps (50 % value)

- amplitude: 1 kV line/earth, 0,5 kV line/line

- repetition rate; 1 pulse/min

- application: continuous

9.7.3 Performance criteria
The performance criteria B for transient phenomena shall apply (see clause 6.2).

The provisions of the performance check for transmitters and/or receivers shall apply after the test.
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Annex A (informative):
Guidance on setting the dwell time for radiated immunity
testing

A.l Overview

In order to allow the detection of any malfunction of the EUT during radiated immunity testing the sweep rate
employed should be slow enough to avoid missing a potential failure. Slowing the sweep rate is achieved by increasing
the dwell time whilst keeping the sweep step size constant. For equipment that relies on a continuous link, atest house
will typically exercise the EUT to determine how long it takes to report link loss and use this as the dwell time.
Applying this rule however often leads to excessive testing time and cost. This annex describes a method for setting the
dwell time based on the Q factor of the spurious LRC circuits within the EUT that resonate and generally cause failures
during radiated immunity testing.

A.2  Example of EUT containing a GNSS receiver

GNSS receivers are getting more complex as they have to operate with increasingly more constellations. Modern
receivers will operate with GPS, GLONASS, Galileo and Beidou simultaneously. As aresult the time commercially
available modules take to report loss of lock when a GNSS signal isinhibited has become significant. This'loss of lock'
reporting time isthe time it takes for a GNSS module to determine that it can not see sufficient satellitesin any
constellation to maintain a position fix.

Definitions:
e Ty =thelost-lock reporting time of a GNSS module
. Fs = frequency step used in continuous immunity testing (1% or 0,01)
. Td = dwell time used in continuous immunity testing
. Qmax = maximum Q factor able to be detected by agiven Td
Setting Td = T will allow resonances with a Q factor up to Q = 1/ Fsto be detected.

Where the Fs = 1 % then detection of resonances up to Q = 100 is possible. However Q factors of 100 are not typical of
LRC circuits, parasitic or intended. Q factors of 100 are characteristic of engineered crystal or ceramic filters.

Setting the dwell time to a fraction of the lost-lock reporting time will allow the detection of resonances up to agiven Q
factor set out in equation A.1:

Td =T x Fsx Qmax (A.1)

It can be argued that a reasonable upper limit (Qmax) for LRC circuitsis 30, in which case the dwell time Td should be
set to 30 % of the lock time Ty..
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Annex B (informative):
Bibliography
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Annex C (informative):
Change history

Version Information about changes
2.1.1 [First version under the Radio Equipment Directive
2.2.1 [Minor revisions in 2017
Extended the EMC testing reuirement up to 6 GHz.
Updated all references to latest CENELEC and CISPR standards and revised the text in
clauses 8 and 9 accordingly.
Moved the emissions and immunity tables from section 7 into the revised product
2.3.1 |specific subparts.
Moved annex A "Relationship between the present document and the
essential requirements of Directive 2014/53/EU" to the revised product specific subparts.
Added new annex A for guidance on setting the dwell time for radiated immunity testing
with an example.
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