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Intellectual Property Rights

Essential patents

IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI member s and non-member s, 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 Web
server (https://ipr.etsi.org/).

Pursuant to the ETSI IPR Policy, no investigation, 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 ETSI 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.

Foreword

This draft Harmonised 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 Vote
phase of the ETSI standards EN Approval Procedure.

The present document has been prepared under the Commission's standardisation request C(2015) 5376 final [i.6] to
provide one voluntary means of conforming to the essential requirements of Directive 2014/53/EU 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.3].

Once the present document is cited in the Official Journal of the European Union under that Directive, compliance with
the normative clauses of the present document given in table A.1 confers, within the limits of the scope of the present
document, a presumption of conformity with the corresponding essential requirements of that Directive, and associated
EFTA regulations.

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" areto beinterpreted as described in clause 3.2 of the ETS| Drafting Rules (Verba forms for the expression of
provisions).

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

ETSI
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Introduction

The present document covers Robotic Mowers with Inductive loop systems (RMI) using the frequency range below
148,5 kHz. An RMI system includes:

RMI docking station: charging stations for the robotic mower and the signal generator/antenna connecting
point for the signals on the integral antenna and boundary wire.

Robotic Mower: receiving part inside the RMI.

Boundary Wire: user installed antenna.

The present document is structured as follows:

Clauses 1 through 3 provide a general description on the types of equipment covered by the present document
and the definitions, symbols and abbreviations used.

Clause 4 provides the technical requirements specifications, limits and conformance relative to transmitter and
receiver.

Clause 5 specifies the conditions and information for testing of the equipment and interpretation of the
measurement results.

Clause 6 specifies the required measurement methods.

Annex A (informative) provides the relationship between the present document and the essential requirements
of Directive 2014/53/EU [i.3].

Annex B (normative) provides necessary information on used test sites and procedures.
Annex C (informative) provides the justification for missing RX-requirements from ETSI EG 203 336 [i.5].
Annex D (informative) provides information on TX spurious emission limit assessment below 9 kHz.

Annex E (informative) provides information on Change history.

ETSI
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1 Scope

The present document specifies technical characteristics and methods of measurements for Robotic Mowers with
Inductive loop systems (RM1) below 148,5 kHz.

These radio equipment types are capable of operating in all or part of the frequency bands givenin table 1.

Table 1. Permitted range of operation

Permitted range of operation
Transmit 100 Hz to 148,5 kHz
Receive 100 Hz to 148,5 kHz
NOTE: It should be noted that the frequency range between 9 kHz and
148,5 kHz is EU wide harmonised for inductive Short Range
Devices according to EC Decision 2017/1483/EU [i.2].

NOTE 1: The relationship between the present document and essential requirements of article 3.2 of Directive
2014/53/EU [i.3] isgivenin Annex A.

The present document only covers RMI systems with antenna sizes smaller than 1,67 km, see
CEPT/ERC/REC 70-03 [i.1], Annex 9.

NOTE 2: The antenna size is described by the distance between those two points on the antenna that have the
largest distance between them (e.g. for a rectangle shaped antenna the largest diagonal; for a circular
shaped antenna the diameter).

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 at
https://docbox.etsi.org/Reference/.

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] ETSI EN 300 330 (V2.1.1) (02-2017): " Short Range Devices (SRD); Radio equipment in the
frequency range 9 kHz to 25 MHz and inductive loop systems in the frequency range 9 kHz to
30 MHz; Harmonised Standard covering the essential requirements of article 3.2 of
Directive 2014/53/EU".

2.2 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 are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.
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CEPT/ERC/REC 70-03: "Relating to the use of Short Range Devices (SRD)".

EC Decision 2017/1483/EU: "Commission I mplementing Decision (EU) 2017/1483 of
8 August 2017 amending Decision 2006/771/EC on harmonisation of the radio spectrum for use
by short-range devices and repealing Decision 2006/804/EC".

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.

CEPT/ERC/REC 74-01: "Unwanted emissions in the spurious domain”.

ETSI EG 203 336 (V1.2.1): "Guide for the selection of technical parameters for the production of
Harmonised Standards covering article 3.1(b) and article 3.2 of Directive 2014/53/EU".

Commission Implementing Decision C(2015) 5376 final of 4.8.2015 on a standardisation request
to the European Committee for Electrotechnical Standardisation and to the European
Telecommunications Standards I nstitute as regards radio equipment in support of Directive
2014/53/EU of the European Parliament and of the Council.

EGMF Raobotic Mowers Boundary Wire Standard RLM003-1.1/2016.

EN 50636-2-107:2015: " Safety of household and similar appliances - Part 2-107: Particular
requirements for robotic battery powered electrical lawnmowers", produced by CENELEC.

ETSI EN 303 348: "Induction loop systems intended to assist the hearing impaired in the
frequency range 10 Hz to 9 kHz; Harmonised Standard covering the essentia requirements of
article 3.2 of Directive 2014/53/EU".

ETSI EN 303 454 (V1.1.1): "Short Range Devices (SRD); Metal and object detection sensorsin
the frequency range 1 kHz to 148,5 kHz; Harmonised Standard covering the essential requirements
of article 3.2 of Directive 2014/53/EU".

Directive 2006/42/EC or the European Parliament and of the Council of 17 May 2006 on
machinery, and amending Directive 95/16/EC (recast).

Void.

EN 55016-1-1:2010 + A1:2010 + A2:2014: " 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 TS 103567 (V1.1.1): "Requirements on signal interferer handling".

ETSI TS103 051 (V1.1.1) (08-2011): "Electromagnetic compatibility and Radio spectrum
Matters (ERM); Expanded measurement uncertainty for the measurement of radiated
electromagnetic fields".

3

3.1

Definition of terms, symbols and abbreviations

Terms

For the purposes of the present document, the terms given in ETSI EN 300 330 [1] and the following apply:

99 % OBW function: measurement function of a spectrum analyser to measure the OBW

antenna: integral antenna, boundary loop, and/or guidance loop (both dependent and independent) which are used in

the RMI

NOTE 1: Theinductive wire loops are installed dependent from the shape of the garden.

NOTE 2: To clarify the different loops see figure 2.

ETSI
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boundary loop: inductive wire loop which is defined by manufacturer and prepared by the user

NOTE 1: It can beimplemented as a single or multiple turn coil installed by the user in accordance with instruction
from the manufacturer for the purpose of generating magnetic fields to determine the working area.

NOTE 2: To clarify the different loops see figure 2.

dependent guidance loop: guidance loop which is connected to boundary loop (e.g. viaa T-junction) and the RM|
docking station

NOTE: To clarify the different loops see figure 2.
guidance loop: inductive wire loop which is defined by manufacturer and prepared by the user
NOTE: To clarify the different loops see figure 2.

inductive loop: electrical loop either wire or coil, where current isfed in order to generate a magnetic field intended for
guidance and/or communication with the robotic mower

NOTE: To clarify the different loops see figure 2.

integral antenna: single or multiple turn inductive loop preinstalled inside the RMI docking station
NOTE: Toclarify the different loops see figure 2.

integral receiving antenna: single or multiple turn inductive loop preinstalled inside the robotic mower

Occupied BandWidth (OBW): width of a frequency band such that, below the lower and above the upper frequency
limits, the mean powers emitted are each equal to 0,5 % of the total mean power of a given emission

NOTE: To clarify Occupied BandWidth (OBW), see figure 1.

|

-
\
8

|

Figure 1: Occupied BandWidth (OBW)

RM I docking station: charging station for the robotic mower and the signal generator for the inductive loop(s) and, if
applicable, integral antenna(s)

NOTE: The RMI docking station can be seen as the signal generator/antenna connecting point. In addition, it is
the automatic battery charging facility located on or within the working area.

robotic mower: mobile part of the RMI including cutting means
NOTE: Itisthereceiving part inside the RMI.

Robotic Mower with Inductive loop system (RM1): system that include robotic mower, power supply, docking
station, and inductive loop(s)

working area: areain which the RMI can function

ETSI
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‘ integral antenna ‘

RMI docking station ' boundary loop

|

.| guidance loop

‘ integral receiving antenna

dependent
guidance loop

robotic mower

working area

Figure 2: Overview of an RMI system, including the different possible antenna/loops

3.2 Symbols

For the purposes of the present document, the symbols given in ETSI EN 300 330 [1] and the following apply:

C, filtering capacitors of the artificial antenna

f centre frequency of the OFR

fu highest frequency of the OFR

fu lowest frequency of the OFR

fon higher frequency border between OOB and spurious domain
fy lower frequency border between OOB and spurious domain
lem Common mode current

lom Differential mode current

La inductive part of the artificial antenna

Ra low frequency resistive part of the artificial antenna

Rc common mode resistive part of the artificial antenna

Ro high frequency resistive part of the artificial antenna

towr sweept time for TX measurement

3.3 Abbreviations

For the purposes of the present document, the abbreviations given in ETSI EN 300 330 [1] and the following apply:

CM Common Mode

DM Differential Mode

EGMF European Garden Machinery industry Federation
IHR Interferer Handling Requirements

OoBW Occupied BandWidth

OFR Operating Frequency Range

OOB Out Of Band

RMI Robotic Mower with Inductive loop system

RX Receiver

TX Transmitter

ETSI
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4 Technical requirements specifications

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 its intended use. 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.

4.2 General

4.2.1 Wanted technical performance criteria

In general, the robotic mower shall stay inits current operational mode (see clause 4.2.2.2), thisis the wanted technical
performance criteria of the RMI system.

For the purpose of the receiver performance tests, the RMI shall be able to handle two interference scenarios:

. Scenario 1: under the presence of an interfering signal, the robotic mower shall be able to detect aloss of the
boundary loop signal (see clause 6.3.3.2).

. If the mower detects the loss of boundary signal, it shall react in the same way as required within the "safe
mode" (see clause 4.2.2.3). The loss of the boundary loop signal can be based on, but not limited to, switching
off the boundary loop signal, disconnection of the boundary loop, or blocking of the receiver within the
mower.

. Scenario 2: under the presence of an interfering signal, the robotic mower shall be able to detect the passage of
the boundary wire (see clause 6.3.3.3).

4272 RMI modes

4221 General

Inthis clause al general considerations for the testing of the inductive parts for the RMI in the frequency range from
100 Hz to 148,5 kHz are given.

Modes being part of an RMI are explained in the following clauses.

The manufacturer shall provide information (e.g. installation requirements), number and kind of antennas used by the
RMI (e.g. boundary loop(s), guidance loop(s), integral antenna(s), etc.), see figure 2. A RMI isfabricated by one
manufacturer. There is no option to swap e.g. amower to another boundary installation. Based on the genera nature
(TX and RX) of an RMI, covered by the present document, the RMI shall be tested as a system.

The test set-up of the different modes shall be performed as described in clause 6.1 and Annex B.

4.2.2.2 Operational Modes

Operational modes of an RMI are when the robotic mower is travelling around, mowing grass, returning to the docking
station and charging the battery in the docking station.

During the operational modes different combinations of the RMI antennas are active.

The test shall be performed for each active antennain each operational mode, unless the transmitting signal to the same
antennaisidentical over different modes, the test of the active antenna shall be performed only once.

ETSI



12 Draft ETSI EN 303 447 V1.2.0 (2020-07)

4223 Safe Mode

If the robotic mower does not receive its boundary signal adequately, the robotic mower switches into safe mode. This
loss of signal may either be caused by a stop of the signal generation or by interference.

The safe mode isindicated that after aloss of signal the robotic mower does not travel more than 1 m and the cutting
means stops within 5 seconds, see EN 50636-2-107 [i.8], clause 22.104.2.

4.2.3 Presentation of equipment for testing purposes

Each RMI submitted for testing shall fulfil the requirements of the present document.

Additionally, technical documentation and operating manuals, sufficient to make the test, shall be supplied.

To simplify and harmonise the testing procedures between different testing laboratories, measurements shall be
performed, according to the present document, on samples defined in clause 4.2.2 of ETSI EN 300 330 [1].

4.3 Transmitter conformance requirements

4.3.1 Operating Frequency Range (OFR)

4311 Applicability

This requirement appliesto all RMI.

4.3.1.2 Description

The operating frequency range is the frequency range over which the RMI is transmitting. The operating frequency
range of the RMI is determined by the lowest (f ) and highest frequency (f,):

OFR = fH-fL

An RMI can have more than one operating frequency range (relating to the operational modes and antennas of the RMI
system, see clause 4.2.2).

For asingle frequency system the OFR is equal to the Occupied BandWidth (OBW) of the RMI system as described in
figure 3.

fi

Figure 3: Operating Frequency Range (OFR)
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4.3.1.3 Limits

The operating frequency range for intentional emissions shall be within the following limits:
. Upper edge of the operating frequency range: f, < 148,5 kHz.
. Lower edge of the operating frequency range: f > 100 Hz.

For the spurious and OOB emission measurement procedures in clauses 4.3.3 and 4.3.4 the OFR shall be calculated as:
f_ - f_and the centre frequency as:

fu+f
f‘C=H2L

43.1.4 Conformance
The conformance test suite for operational frequency range shall be as defined in clause 6.1 (table 7).

4.3.2 Transmitter H-field requirements

4321 Applicability

Thisrequirement appliesto all RMI.

4.3.2.2 Description
The radiated H-field is defined in the direction of maximum field strength of the RMI.

4.3.2.3 Limits

The H-field limits for the bands 100 Hz to 148,5 kHz are provided in table 2.

Table 2: H-field limits between 0,1 kHz and 148,5 kHz

Frequency range (kHz) H-field strength limit (Hf) dBUA/m at 10 m
0,1<f<9 82
9<f <60 72 descending 10 dB/dec above 0,03 MHz
60<f <90 42
90<f < 119 42
119<f < 135 42
135<f <140 42
140<f < 148,5 37,7
NOTE: For the range 0,1 kHz to 9 kHz the limit is in line with CEPT/ERC/REC 70-03 [i.1],
Annex 9.
For the range 9 kHz to 148,5 kHz it is in line with EC Decision 2017/1483/EU [i.2].

4324 Conformance

The conformance test suite for transmitter H-field requirements shall be as defined in clause 6.1 (table 7).
4.3.3 Transmitter spurious emissions

4.3.3.1 Applicability

Thisrequirement appliesto all RMI.
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4.3.3.2 Description

The transmitter spurious emissions for a single frequency system are to be considered in frequency ranges defined in
figure3 (f <f_and f >f_).

Out of band, OFR Out of band,
I"see clause 4.3.4

seeclause 4.3.4

— e mm el ——

\l
N
N

|

;

f

Figure 4: Out of band and spurious domain of a single frequency system
The following additional conditions applying for f_:
1) Forsystemswithf <9kHz: f_, shall be set to 27 kHz.
2) Forsystemswithf >9kHz: f_ isthe smallest of:
- f=f +25xO0FR; or

- f = 148,5 kHz.
NOTE 1. f_ under number 1) above was calculated based on an assumed f_ of 4,5 kHz and OBW of 9 kHz.

NOTE 2: Bullet two of number 2) above ensures that the spurious limits of CEPT/ERC/REC 74-01 [i.4] applies
above 148,5 kHz.

The following additional conditions applying for f_:
1)  For systemswith calculated f | <100 Hz: f_ is set to 100 Hz.
2) Thefy andfg, shall be calculated based on the OFR result, see clause 4.3.1 (definition OFR) and figure 4 for

the calculation.

4.3.3.3 Limits

The spurious emissions shall not exceed the limits given in table 3.
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Table 3: TX spurious emissions

State 100 Hz £ f < 10 MHz 10 MHz £ f <30 MHz 30 MHz<£f<1GHz
Operating | 46,5 dBuA/m at 100 Hz descending 3 dB/oct -3,5 dBuA/m -36 dBm
100 Hz <f < 4,78 MHz 4,78 MHz < f < 30 MHz 30 MHz <f<1GHz
Standby 25 dBuA/m at 100 Hz descending 3 dB/oct -22 dBuA/m -57 dBm

NOTE 1: For the frequency range below 9 kHz: the limits are on voluntary basis, based on an EC request. ETSI
proposed the limits to ECC to be implemented in CEPT/ERC/REC 74-01 [i.4], for more details see Annex D
of the present document.

NOTE 2: For the frequency range above 9 kHz: the limits are in line with CEPT/ERC/REC 74-01 [i.4], Annex 2.

4.3.3.4 Conformance

The conformance test suite for transmitter spurious emissions shall be as defined in clause 6.1 (table 7).

4.3.4 Transmitter Out Of Band (OOB) emissions

4341 Applicability

Thisrequirement appliesto all RMI.

4.3.4.2 Description

The transmitter out of band emissions are to be considered in frequency ranges defined in figure 4 (between f_ and f,
and betweenf andf_).

Thefg andf, shall be calculated based on the OFR result, see clause 4.3.1 (definition OFR) and clause 4.3.3.2,
figure 4 for the calculation.

434.3 Limits

The OOB limits are visualized in figure 4 (clause 4.3.3.2); they are descending from the limitsfrom table 2 at f /f with
10 dB/decade.

434.4 Conformance

The conformance test suite for Transmitter out of band emissions is provided in clause 6.1 (table 7).

4.4 Receiver conformance requirements

44.1 Introduction

The justification for the RX-requirements of RMI is provided in Annex C. The receiver concept on signal interferer
handling in ETSI TS 103 567 [i.14] is used. The specific RMI justification for the receiver requirementsis provided:

. For receiver unwanted emissions, see clause C.1.

. For Receiver Baseline Sensitivity and Receiver Baseline Resilience, see clause C.2.
4.4.2 Receiver Baseline Sensitivity

4421 Applicability

Thisrequirement appliesto all RMI.
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The robotic mower is running "trough" the test garden (see clause B.1.5) without switching into a safe mode. The
largest distance to the boundary wire will happen if the mower isin the middle to the test set-up, see clause 6.3.2,
figures 5 and 6 and related parameter for an artificial antennain clause B.1.1.

4423

Limits

The robotic mower has to run longer than 60 seconds without switching into the safe mode, see clause 4.2.2.3.

4.42.4

Conformance

The conformance test suite for Receiver Baseline Sensitivity shall be as defined in clause 6.1 (table 7).

4.4.3

4431

Applicability

This requirement appliesto all RMI.

4.43.2

Description

Receiver Baseline Resilience

Receiver Baseline Resilience is a measure of the capability of the receiver to receive a wanted modulated signal without
exceeding a given degradation due to the presence of an unwanted input signal at any frequencies other than those of
the receiver spurious responses.

The test shall be in the operational mode (real scenario, see clause 4.2.2.2).

The RMI shall achieve the wanted technical performance criteria, see clause 4.2.1, in the presence of the interfering

signal.

4.4.3.3

Limits

The Receiver Baseline Resilience limitsin table 4 shall be fulfilled.

Table 4: Receiver Baseline Resilience requirements

In-band signal

OOB signal

Remote-band signal

Frequency

f=f

f=f.+ OFR

f=f.+10 x OFR

Interferer signal
level

98 dBpA/M - 20l0g10 (/10 kHz)

98 dBpA/M - 20l0g10 (/10 kHz)

98 dBpA/m - 20l0g10 (/10 kHz)

Kind of
interferer signal

Cw

Cw

Ccw

NOTE:

The industry standard for RMI (Source: EGMF [i.7]) proposes that robotic mower installations should never

be closer than 1 meter and the RMS current in the wire should never exceed 500 mA. When an interfering
standard garden is located at a distance of 1 m with long side to long side the H field from a 500 mA current
will be 98 dBuA/m (or 100 nT for B-field). Robotic mowers use coils as antennas and the Electromagnetic
Force (EMF) generated in those antennas are proportional to the derivative of the signals. Therefore, when
doubling the frequency of the interfering signal the voltage generated in the antenna will also double. The
100 nT is therefore normalized to a state of the art value for robotic mower signal centre frequency of 10 kHz.

4434

Conformance

The conformance test suite for Receiver Baseline Resilience shall be as defined in clause 6.1 (table 7).
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5 Testing for compliance with technical requirements

5.1 Environmental conditions for testing

Tests defined in the present document shall be carried out at representative points within the boundary limits of the
operational environmental profile defined by its intended use.

Where technical performance varies subject to environmental conditions, tests shall be carried out under a sufficient
variety of environmental conditions (within the boundary limits of the operational environmental profile defined by its
intended use) to give confidence of compliance for the affected technical requirements.

5.2 General conditions for testing

Clause 5.3 of ETSI EN 300 330 [1] provides information on test conditions, power supply and ambient temperature.
ETSI TS 103 051 [i.15] provides additional information on measurement uncertainty.

53 Artificial antenna

The artificial antennais described in clause B.1.1.

5.4 Measuring receiver

The term "measuring receiver" refers to a selective voltmeter, oscilloscope, a spectrum analyser or a measurement
instrument according to [i.13]. The resolution bandwidth and detector type of the measuring receiver are given in
tables 5 and 6.

Table 5: Resolution Bandwidth and detector type for magnetic field measurements

Frequency: (f) Detector type Resolution bandwidth
100 Hz < f <500 Hz Peak 10 Hz
500 Hz < f <9 kHz Peak 200 Hz
9 kHz < f < 150 kHz Quasi Peak 200 Hz
150 kHz < f < 30 MHz Quasi Peak 9 kHz
30 MHz <f<1 000 MHz Quasi Peak 120 kHz

Table 6: Resolution Bandwidth and detector type for spurious and OOB measurements [i.4]

Frequency: (f) Detector type Resolution bandwidth
100 Hz < f <500 Hz RMS 10 Hz
500 Hz < f <9 kHz RMS 100 Hz
9 kHz <f < 150 kHz RMS 1 kHz
150 kHz < f <30 MHz RMS 10 kHz
30 MHz < f<1 000 MHz RMS 100 kHz

In tables 5 and 6 aresolution bandwidth of 10 Hz is requested for the measurements up to 500 Hz. If such resolution
bandwidth is not available in the measurement receiver a resolution bandwidth up to 100 Hz shall be used. The

measurement bandwidths and any related calculations shall be stated in the test report.

If adifferent detector type and resolution bandwidth will be used for the conformance test thisis specified in the related

subclauses of clause 6.
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6 Conformance methods of measurement for transmitters
and receivers

6.1 General

Table 7 gives an overview of the relevant conformance tests and test conditions for the essential requirementsin
clause 4.

Table 7: Overview of Conformance tests

_ _ Conformance Test setup and procedure
Essential requirements tests Boundary Iqop and (dependent) Integral antenna
guidance loop
OFR, clause 4.3.1 6.2.1 Clauses B.1.2 and B.1.3 B.2
H-field, clause 4.3.2 6.2.2 Clauses B.1.2 and B.1.3 B.2
Transmitter unwanted 6.2.3 for f < 30 MHz: see clauses B.2
emission (spurious and out B.1.2,B.1.3and B.1.4
of band emissions),
clauses 4.3.3and 4.3.4 for 30 MHz < f < 1 GHz: not applicable
(see note)
Receiver Sensitivity 6.3.2
Receiver Blocking, 6.3.3 Not applicable Not applicable
clause 4.4.3
NOTE: Artificial antenna is only specified for the frequency range below 30 MHz. In a real scenario a large
boundary loop is low pass filter and therefore radiates no TX unwanted emissions above 30 MHz.
In addition the harmonics of the fundamental will not be present above 30 MHz (e.g. at 30 MHz it
would be the 202" harmonic of the highest fundamental frequency).

6.2 Transmitter conformance methods

6.2.1 OFR

Dependent on the used RMI antennas the measurement shall be made with one of the test setups from Annex B. For
boundary and guidance loops the test setup and procedure from clause B.1 (artificial antenna) and for integral antennas
the test setup and procedure from clause B.2 (anechoic chamber) shall be used.

Based on the very low frequencies the test has to be performed within two steps.

Step 1:

The transmission shall be measured using a measuring receiver according to clause 5.4 with the following settings:
Start frequency: 100 Hz
Stop frequency: 148,5 kHz
Resolution Bandwidth: 200 Hz

Video Bandwidth: > 300 Hz

Detector mode: RMS

Display mode: max hold over 10 sweeps (one measurement)

Sweep time: increase the sweep time and reset max hold after each measurement until the difference

between two consecutive measurements of the amplitude of the spectrum islessthan 0,5 dB

ETSI



19 Draft ETSI EN 303 447 V1.2.0 (2020-07)

The following values shall be recorded:

fu_sepr @S the right most frequency above the center frequency fc shall be recorded where the level is 23 dB
lower as the maximum.

fL_sep1 asthe left most frequency below the center frequency shall be recorded where the level is 23 dB lower
as the maximum.

fr_stepr @nd f_sep1 Sh@ll be recorded.

tswr: final sweep time of step 1.

Start frequency: 100 Hz or 0,8 x fi_sep1 Whatever is higher

Stop frequency: 148,5 kHz or 1,5 x fy_gep1 Whatever islower

Resolution Bandwidth: 30 Hz if start frequency is below 500 Hz
200 Hz if start frequency is above 500 Hz

Video Bandwidth: larger than the resol ution bandwidth
Detector mode; RMS

Display mode: max hold over 10 sweeps

Sweep time; tswT

The following values shall be recorded:

fH as the frequency of the upper marker resulting from the "OBW"-function of a spectrum analyser, using
99 % of the power (see figure 3). Alternatively the right most frequency above the center frequency fc shall be
recorded where the level is 23 dB lower as the maximum.

fL asthe frequency of the lower marker resulting from the "OBW"-function of a spectrum analyser, using
99 % of the power (see figure 3). Alternatively, the left most frequency below the center frequency shall be
recorded where the level is 23 dB lower as the maximum.

fc isthe center frequency.

OFR= fH - f|_.

The results out of step 2 are to be compared with the limitsin clause 4.3.1.3.

NOTE 1. Some RMI are sending a DC current or voltage in the loop wire to feed slave devices. This DC signal will

aways have a small bandwidth, but will never create high radiated emission viathe loop and the
interference on radio devices at these frequencies will be low (no radio application known in the range
<100 Hz).

NOTE 2: Addition homologation measurements have shown that a state of the art power supply installation (50 Hz)

6.2.2

and AC/DC converters create high emissions. Based on the technical implementation, it is not always
possible to differentiate the radiated emission of an RMI system from the unwanted emission from the
power supply installation/devices. This also appliesto measurements performed inside an anechoic
chamber.

H-field

Dependent on the used RMI antennas the measurement shall be made with one of the test setups from Annex B
according to table 7.

The transmission shall be measured using a measuring receiver according to clause 5.4 with the following settings:

Start frequency: 0,8 x fi (seeclause 6.2.1)
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e  Stop frequency: 1,2 x fy (see clause 6.2.1)

e Resolution Bandwidth: according to clause 5.4, table 5
e Video Bandwidth: > Resolution Bandwidth

e Detector mode: according to clause 5.4, table 5
e Display mode: max hold over 10 sweeps

e Sweeptime tswr (seeclause 6.2.1)

. The maximum H-Field results are to be compared with the limitsin clause 4.3.2.3.

6.2.3 Transmitter unwanted emissions (spurious and OOB emissions)

Dependent on the used RMI antennas the measurement shall be made with one of the test setups from Annex B
according to table 7.

The transmission shall be measured using a measuring receiver according to clause 5.4 with the following settings:
e  Start frequency: according to clause 5.4, table 6
e Stop frequency: according to clause 5.4, table 6

NOTE: For each frequency range out of table 6 one measurement is to be performed.

e Resolution Bandwidth: according to clause 5.4, table 6

e Video Bandwidth: > Resolution Bandwidth

o Detector mode: according to clause 5.4, table 6

e Display mode: maxhold over > 10 sweeps

e Sweeptime increase the sweep time and reset max hold after each measurement until the

difference between two consecutive measurements of the amplitude of the
spectrumislessthan 0,5 dB

The maximum unwanted emission (spurious and OOB) results are to be compared with the limitsin clause 4.3.3.3.

6.3 Receiver conformance methods

6.3.1 Receiver spurious emissions

Not applicable, see clause C.1.
6.3.2 Receiver Baseline Sensitivity

6.3.2.1 General
The test setup is visualized in figures 5 and 6.

The RMI docking station shall be operated with a boundary loop according to figures 5 and 6 with an artificial antenna
(or artificial load with 2 Ohm and 200 uH, see clause B.1.1) asload in series.

The test shall be carried out according atest sitein clause C.1 of ETSI EN 300 330 [1].

The boundary wire shall lie on a non-metallic ground and the minimum distance to a metallic ground plane shall be
0,75m.
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The geometrical centre of the receiver(s) in the robotic mower shall be placed to the centre of the test-loop (e.g. X=0
(seefigure 6)) and shall stay there during the test (e.g. the robotic mower wheels may be deactivated or lifted from the
ground). Any possible switch off mechanism (e.g. if the robotic mower detects no movement) shall not affect the test.

artificial
antenna \'\\
. boundary loop
RMI A
docking -
station \“ Robotic

Mower

Figure 5: Schematic test set-up for RX-Sensitivity test
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Figure 6: Schematic test set-up for RX-Sensitivity test (view from top)
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6.3.2.2 Receiver-Baseline Sensitivity Test

Step 1 Place the robotic mower in the middle of the test set-up.

Step 2: Activate the RMI system.

Step 3: Start the robotic mower with the operation mode. The robotic mower shall be adjusted in such a way that
the robotic mower will keep the position in the middle of the test set-up (e.g. by deactivation of the wheel,
lifting up).

Step 4: If the RMI meets the wanted technical performance criteria (see clause 4.2.1) at al times, this means

working longer than 60 seconds as intended, then the test shall be considered as passed.

Otherwise, the test is considered as failed.
6.3.3 Receiver Baseline Resilience

6.3.3.1 General

The fulfilment of the RMI performance criteriain the operational mode (see clause 4.2.1) shall be tested in presence of
an inference signal according to clause 4.4.3.3, table 4 (frequencies, magnetic field).

The test setup is visualized in figures 7 and 8.

The RMI docking station shall be operated with a boundary wire arrangement according to figures7 and 8 in
combination with an artificial antenna (or artificial load with 2 Ohm and 200 pH, see clause B.1.1) asload in series.

The test shall be carried out according atest sitein clause C.1 of ETSI EN 300 330 [1].

A test loop with aradius R shall be used to create an interfering magnetic field. The test loop shall lie on a non-metallic
ground and the minimum distance to metallic ground plane shall be 0,75 m. The test loop and the boundary wire shall
be on the same horizontal level.

The geometrical centre of the receiver(s) in the robotic mower shall be placed to the centre of the test-loop (e.g. X=0
(see figure 8)) and shall stay there during the test (e.g. the robotic mower wheels may be deactivated or lifted from the
ground). Any possible switch off mechanism (e.g. if the robotic mower detects no movement) shall not affect the test.

The radius R of the test-loop shall be in minimum 4 times the maximum dimension r of the robotic mower (see
figure 6).

The maximum interfering H-Field at X = 0 can be calculated from the loop current | (into the test-loop) with the
following formula:

H= (1)

The required output current to achieve the magnetic field from clause 4.4.3.3, table 4 at the robotic mower shall be
generated with atest signal generator at the test frequencies from table 4.

For each test frequency the "reaction” of the RMI shall be recorded and checked against the wanted technical
performance criteriafrom clause 4.2.1.

The RX test includes two separate test scenarios:
. Test 1: see clause 6.3.3.2, if the robotic mower can handle alost signal.

e  Test 2: seeclause 6.3.3.3. if the robotic mower can handle a passage of the boundary wire.

6.3.3.2 Test 1: if robotic mower can handle a lost signal
Step 1.1: Initialy, the test signal generator shall be switched off.

Step 1.2: The RMI system shall be configured so that the wanted technical performance criteria are met: the wanted
criteria are considered to be met as long as the receiver always works as intended. Calculate the limit of
the interferer current according to clause 4.4.3.3, table 4 and equation (1).
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Step 1.3: The test signal generator isthen switched on at f.

Step 1.4: Thetest signal generator shall then be adjusted in carrier current from zero up to the limit givenin
clause 4.4.3.3, table 4.

Step 1.5: If the robotic mower goes into safe mode or into a state which is not declared then this magnetic field
shall be noted.

Step 1.6: With the interferer limit according to clause 4.4.3.3, table 4, turn off the RMI transmitter, so thereisonly
the signal from the interferer. The robotic mower has to detect the loss of its signal and go into safe mode
(seeclause 4.2.1).

Step 1.7: The measurements steps 1.1 to 1.6 shall be repeated at the frequency for OOB and remote-signal as
requested in clause 4.4.3.3, table 4.

If the RMI meets the wanted technical performance criteria (see clause 4.2.1) at al times, then the test shall be
considered as passed.

Otherwise, the test is considered as failed.

artificial
antenna
boundary loop
RMI "
docking
station i Robotic
mower

/

test cable-loop

current clamp

Figure 7: Schematic test set-up for the RX-blocking test 1
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6.3.3.3
Step 2.1:
Step 2.2:

Step 2.3:
Step 2.4:

Step 2.5:

Step 2.6:
Step 2.7:
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-‘

RMI docking
station

Robotic
mower

2m

boundaryloop

Figure 8: Schematic test set-up for the RX-blocking test 1

Test 2: if robotic mower can handle a passage of the boundary wire
Initialy, the test signal generator shall be switched off.

The RMI system shall be configured so that the wanted technical performance criteria are met: the wanted
criteria are considered to be met as long as the RMI system works as intended. Calculate the limit of the
interferer current according to clause 4.4.3.3, table 4 and equation (1).

The test signal generator isthen switched on at f.

The test signal generator should then be adjusted in carrier current from zero up to the limit given in
clause 4.4.3.3, table 4.

The boundary wire should then be moved under or over the robotic mower so that the robotic mower is
outside the boundary wire (leaving the working area). The boundary wire should never be moved faster
than the speed of the robotic mower so that a hormal mode boundary wire passage can be observed, see
figure 9.

The robotic mower should indicate to fulfil the wanted technical performance criteria from clause 4.2.1.

The measurements steps 2.3 to 2.6 shall be repeated at the frequency for OOB and remote-signal as
requested in clause 4.4.3.3, table 4.

If the robotic mower operates in normal mode or in safe mode at al times, then the test shall be considered as passed.

If the robotic mower does not react asintended, then the test is considered as failed.

The results are to be compared with the limitsin clause 4.4.3.3.
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Figure 9: Schematic test set-up for the RX-blocking test 2
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Annex A (informative):
Relationship between the present document and the
essential requirements of Directive 2014/53/EU

The present document has been prepared under the Commission's standardi sation request C(2015) 5376 final [i.6] to
provide one voluntary means of conforming to the essential requirements of Directive 2014/53/EU 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.3].

Once the present document is cited in the Official Journal of the European Union under that Directive, compliance with
the normative clauses of the present document given in table A.1 confers, within the limits of the scope of the present
document, a presumption of conformity with the corresponding essential requirements of that Directive and associated
EFTA regulations.

Table A.1l: Relationship between the present document and
the essential requirements of Directive 2014/53/EU

Harmonised Standard ETSI EN 303 447
Requirement Requirement Conditionality
No Description Essential requirements Clause(s) of the u/C Condition
of Directive present document
1 |Operating Frequency Range Article 3.2 431 U
(OFR)
2 [Transmitter H-field Article 3.2 432 U
requirements
3 |Transmitter spurious Article 3.2 4.3.3 U
emissions
4 |Transmitter Out Of Band Article 3.2 4.3.4 U
(OOB) emissions
5 |Receiver Baseline Sensitivity Article 3.2 4.4.2 U
6 |Receiver Baseline Resilience Article 3.2 4.4.3 U
Key to columns;
Requirement:
No A unique identifier for one row of the table which may be used to identify a requirement.

Description A textual reference to the requirement.
Essential requirements of Directive

Identification of article(s) defining the requirement in the Directive.
Clause(s) of the present document

Identification of clause(s) defining the requirement in the present document unless another
document is referenced explicitly.

Requirement Conditionality:

u/C Indicates whether the requirement is unconditionally applicable (U) or is conditional upon the
manufacturer's claimed functionality of the equipment (C).

Condition Explains the conditions when the requirement is or is not applicable for arequirement which is
classified "conditional".

Presumption of conformity stays valid only aslong as a reference to the present document is maintained in the list
published in the Official Journal of the European Union. Users of the present document should consult frequently the
latest list published in the Official Journal of the European Union.

Other Union legislation may be applicable to the product(s) falling within the scope of the present document.
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Annex B (normative):
Test sites and procedures

B.1 Boundary and dependent guidance loops

B.1.1 Artificial antenna for conducted measurements below
30 MHz

The artificial antenna (see figure B.1) is used for equipment with an antenna connector and submitted for testing
without an antenna. The radiated fields are a function of the RF energy radiated by the currents. Therefore,
measurements are made to determine those currentsin the artificial antenna.

DM current measurement; I,

artificialantenna

Ca J_ CM current
measurement; |y,
RMI transmitter I_iRzl- :

il
i

Connection closed for
Common mode (CM)
P I I measurement

Ca

Figure B.1: Schematic of artificial antenna

The artificial antenna consists of one resistor (R.) and one inductor (L) in series connected to the boundary wire
connector of the RMI docking station. The total impedance shall be R, =2 Q in serieswith L, = 200 uH to simulate a
garden with the dimension if 10 m x 20 m (see clause B.1.5).

The nominal value for capacitors C, = 40 nF
The nominal value for resistors R, = 75 Q
The nominal value for resistor R. = 110 Q

NOTE 1. Thevauesfor C,, Ry, and R have been chosen so, that the high frequency current path does not affect the
impedance of the artificial antennain the operating frequency range. The high frequency differential
mode impedance of 150 Q2 has been identified as worst case real part of the standard test garden loop in
the frequency range between 150 kHz and 30 MHz.

The artificial antenna shall be put in a shielded box. It shall be taken care when choosing the layout and components to
avoid resonances within the measurement frequency range. Between 150 kHz to 30 MHz both the differential mode
impedance and the common mode impedance shall always be within a magnitude of 150 Q + 40 Q.

To verify the common mode impedance of the artificial antenna both inputs shall be shorten and used as one terminal
(Point A) and the related second terminal is Point B, see figure B.2.
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All impedances for both modes (Differential Mode (DM) and Common Mode (CM)) shall be verified based on the
tolerances given for DM in table B.1 and figure B.4 and for the CM in table B.2.

NOTE 2: For the verification of the artificial antenna common mode impedance, the antenna needs to be
disconnected from the RMI transmitter.

artificialantenna

II
short for common mode I l
) e C,
impedance verification
La Rp
I_E* Point B
Re
Point A Ra Rp
I
1]
Ca

Figure B.2: Schematic for the verification of the artificial antenna common mode impedance

The inductance at 10 kHz shall be verified that it is within £20 % of 200 uH.

For the mechanical/electrical realization of the artificial antennait shall be taken into account that the current into the
antenna can be larger than 1 A. This current into 2 Ohm would create aloss of power of min. 2 W in thisresistor. This
power needs to be taken into account when choosing the electronic parts for the artificial antenna.

The saturation current of the inductor shall be at least 2 A or 1,5 x peak current of the RMI docking station.

Table B.1: Differential Mode Impedance for the RMI artificial antenna

Differential Mode Impedance [Ohm]
Frequency [Hz] Calculated : Tolerance

High Low

500 2,12 2,65 1,59

1000 2,43 3,04 1,82
10 000 14,20 17,75 10,65
25000 37,84 47,30 28,38
50 000 85,60 106,99 64,20
75 000 125,32 156,65 93,99
95 000 141,67 177,09 106,26
100 000 144,08 180,10 108,06
110 000 147,55 184,44 110,66
125 000 150,48 188,10 112,86
135 000 151,52 189,40 113,64
140 000 151,87 189,84 113,90
145 000 152,13 190,16 114,10
150 000 152,32 190,40 114,24
175 000 152,66 190,83 114,50
1 000 000 150,17 187,71 112,62
10 000 000 150,00 187,50 112,50
30 000 000 150,00 187,50 112,50
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Figure B.3: Differential Mode Impedance for the RMI artificial antenna

Table B.2: Common Mode Impedance for the RMI artificial antenna

Common Mode Impedance [Ohm]
Frequency [Hz] Calculated . Tolerance

High Low
150 000 148,10 185,12 111,07
175 000 147,94 184,92 110,95
1 000 000 147,51 184,39 110,64
10 000 000 147,50 184,38 110,63
30 000 000 147,50 184,38 110,63

B.1.2 General setup and measurement procedure for the current

measurement with artificial antenna

Mechanical setup, seefigure B.4:

The equipment shall be placed on a horizontal metal ground plane (reference ground plane), but isolated from
it by a non-metallic support of 0,1 m + 25 % in height.

The reference ground plane can either be separated in two directly connected parts as displayed in figure B.4
or shall extend at least 0,5 m beyond the boundaries of the RMI docking station and shall have minimum
dimensions of 2 mby 2 m.

The artificial antenna shall be bonded to the reference ground plane as short as possible. The reference ground
plane shall extend at least 0,5 m beyond the boundaries of the RMI docking station and shall have minimum
dimensionsof 2 mby 2 m.

The RMI docking station is connected as short as possible to the artificial antenna by atwisted 2 lead wire
except where the current clamp is. The distance from the outer boundary of the RMI docking station to the
artificial antenna shall not exceed 1 m.
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e  Thedifferential mode current clamp shall be placed at one of the two lead wires a maximum of 5 cm away
from the artificial antennainput port, see figure B.4.

. The common mode current clamp shall be placed on the ground wire above the non-metallic support, see
figure B.4.

NOTE: If no switchisavailablein the artificial antenna, the common mode conductor to the ground plane can
aternatively be removed during the differential mode measurement.

<1m

max

non-metallic support

Figure B.4: Mechanical setup for measurement

The ground connection between the two ground planesin figure B.4 shall be made with a copper braiding presenting
low impedance, not exceeding 10 Ohm on all test frequencies.

The test shall be performed for each boundary and (dependent) guidance |oop separately. Boundary loops are
electrically connected only inside the RMI docking station while (dependent) guidance loops are electrically connected
outside the RMI docking station.

. For each boundary loop:

- The test shall be performed for each boundary loop separately while al other loops are connected to
artificial loads in order to keep the RMI system in normal operation.

- The transmitter of the RMI shall be connected to an artificial antenna according to clause B.1.1.
. For (dependent) guidance loops:
- The test shall be performed for each (dependent) guidance loop separately.

- The transmitter of the RMI shall be connected to an artificial antenna according to clause B.1.1 so every
combination of possible single loopsis measured once. If needed for function of the RMI an artificial
load shall be connected to ports that enables function of the RMI, e.g. one resistor of 2 Ohm and one
inductor of 200 puH in seriesif not otherwise specified by the manufacturer.

The measuring receiver shall be connected to the current clamps of the measurement setup.

Tests shall be performed for Differential Mode (DM, see clause B.1.3) and Common Mode (CM, see clause B.1.4)
separately.

B.1.3 Differential mode measurement

The differential mode current Iow delivered to the artificial antenna during a transmission duty cycle shall be measured
up to 30 MHz. The maximum H-field shall be calculated from the current I,y using formula (B.1):

H/dBPA/m at 10 m = ,,/dBpA - CF (B.1)
for f <1 MHz: CF =46
for 1 MHz < f < 30 MHz: CF = 39
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NOTE: The conversion factor CF has been derived by a full Maxwell solution for the standard test garden with
defined reference measurement point (see clause B.1.5) with a simulation software.

B.1.4 Common mode measurement

The common mode current |y delivered to the artificial antenna during atransmission duty cycle shall be measured
between 1 MHz and 30 MHz. The maximum H-field shall be calculated from the current Iv using formula (B.2):

H/dBpA/m at 10 m = | w/dBpA — CF (B.2)
CF =39,5+ 54 x log, (fIMHZ])

NOTE: The conversion factor CF has been derived by a full Maxwell solution for the standard test garden with
defined reference measurement point (see clause B.1.5) with a simulation software.

B.1.5 The reference test garden

A reference test garden has been used as a theoretical reference to dimension the artificial antenna with the related
limits. This size represents the average of garden sizesin the EU.

The measurement point A islocated at a distance of 10 m from the middle of the long side (see figure B.5). The
measurement antenna shall be there at aheight of 1 m.

20m

RMI docking station

Ay

-

10m

Figure B.5: The test garden

B.2 Radiated measurements using anechoic chamber or
open area test site

The measurements shall be made according to clause 6.2 of ETSI EN 300 330 [1].
The following guidance should be taken from ETSI EN 300 330 [1]:

e Atest site according to clauses C.1.1, C.1.2 and C.1.3
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e A test antennaaccording to clausesC.1.4, C.1.5and C.1.6
e Additional guidance according to clauses C.2, C.3 and C.4 as appropriate

For the spurious emission test > 30 MHz in an anechoic test chamber the artificial antenna according to clause 5.4 or an
equivalent load shall be used as load for user defined antennas.

ETSI



33

Draft ETSI EN 303 447 V1.2.0 (2020-07)

Annex C (informative):
Justification for missing RX-requirements from ETSI

EG 203 336

C.1

The robotic mower isthe only part of the RMI which is receiving.

Justification Receiver unwanted emissions

But the robotic mower cannot be used without a signal from an RMI antenna. If the robotic mower lose the boundary
signal it hasto go to safe mode (see clause 4.2.2.3) and in addition the mower will switch into sleep mode (RX off), see
listed harmonised standard EN 50636-2-107 [i.8] under the European Machinery Directive 2006/42/EC [i.11] and the
wanted technical performance criteriain clause 4.2.1 scenario 1.

From the operational point of view: during operational mode the robotic mower is co-located within the boundary
wire/loop and therefore it is not possible to differentiate between the unwanted emissions from the transmitter and from
the RX part of the robotic mower. Therefore, a specific receiver unwanted emission test is not possible.

From the technical point of view: for the receiver within "sleep mode" of the robotic mower inductors, low frequency
amplifiersand ADC or comparators are used to receive the signal. Under normal circumstances those components do
not emit any measurable fields at those low frequencies.

Based on the operational and technical point of view the unwanted emissions of an RMI system during the operational
mode (see clause 4.2.2) are dominated by the TX unwanted emissions, see clauses 4.3.3 and 4.3.4. Thereisno receive
only mode within aRMI system.

C.2

Justification for other RX-requirements

A RMI isfabricated by one manufacturer. There is no option to use a mower at another boundary installation from
another manufacturer. Based on the general functionality (TX and RX) of an RMI covered by the present document it is
necessary to test the RX-requirements in combination with the specific TX-hardware (loops). The TX/RX combinations
and the related signals between TX and RX, are limited by the RMI itself. Based on this system peculiarities only
interferences from other systems/EUT could have impact to the RX.

In addition following documents were considered for the justification of the RX parameters. RX parametersin ETS

EG 203 336 [i.5] and ETSI TS 103 567 [i.14] on Signal interferer handling.

Based on the technical nature of an RMI system and the assessment of the RX parameters the signal interferer handling
concept [i.14] is used for the RX-tests. A RX-requirement mapping is provided in table C.1.

Table C.1: RX-requirement mapping

Interferer Handling

Receiver Baseline

Receiver Baseline Resilience

Interferer in the

Interferer in the

Requirements Sensivity In-band Interferer OOB Remote range
Based on the RMI nature  |Sensitivity Co-channel rejection Adjacent channel Blocking
the IHR has the same Indirectly cover: selectivity Indirectly cover:

influence to RX than
RX-requirement given in
ETSI EG 203 336 [i.5]

Intermodulation
Reciprocal Mixing

Spurious response
rejection

Indirectly covered

Dynamic range

Dynamic range passing
the boundary wire,
clause 6.3.3.3

Dynamic range
passing the
boundary wire,
clause 6.3.3.3

Dynamic range
passing the
boundary wire,
clause 6.3.3.3

Desensitization

Desensitization in the
middle of the test set-up,
clause 6.3.3.2

A detailed justification for RMI systems is provided in table C.2.
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Table C.2: RX-requirement justification

Requirement from
ETSI EG 203 336 [i.5]

Applicable/tested

Comment

Sensitivity

Yes

See clause 4.4.2.

Blocking

Yes, interferer on the
Remote-band of the RX,
see clause 4.4.3

See clause 4.4.3 with the requirements in table 4; column named
"remote band signal" [i.10].

Co-channel rejection

Yes, interferer in the
in-band of the RX, see
clause 4.4.3

See clause 4.4.3 with the requirements in table 4; column named
"in-band signal".

Based on that there are lot of different TX signals (and related
RX-concepts) used for RMI systems it is not possible to specify a
generic test signal which is representative for all RMI systems. But
for RMI and the used technologies it is sufficient to check the effect
inside the receiver if a CW signal is used with the same energy than
another RMI and/or other inductive system nearby.

Adjacent channel
selectivity

Yes, interferer in the
OOB of the RX, see
clause 4.4.3

Is covered in the blocking RX test (see clause 4.4.3) if the interfering
signals will be @ fc-/+OBW. In the Blocking test it is named as OOB
test.

Based on that there are lot of different TX signals (and related
RX-concepts) used for RMI systems it is not possible to specify a
generic test signal which is representative for all RMI systems. But
for RMI and the used technologies it is sufficient to check the effect
inside the receiver if a CW signal is used with the same energy than
another RMI and/or other inductive system nearby.

Intermodulation

Indirectly covered by
in-band test, see
clause 4.4.3.3, table 4

RMI are single carrier transmitters and receivers. Channel separation
is done using different period times (not same as frequency) or
CDMA. Therefore no intermodulation can happen.

But it can be noted that if an interference, based on the current radio
services and applications in the range below 30 MHz, an
Intermodulation effect in the OBW will take place it is not possible
that such "intermodulation” result will create more energy than a
direct interference by a "direct" signal from e.g. another RMI system
or other SRD.

Therefore an additional intermodulation requirement is not applicable,
the effect is covered by the in-band test, see table 4, clause 4.4.3.3.

Spurious response
rejection

Indirectly covered by
Remote-band test, see
clause 4.4.3.3, table 4

According to ETSI TS 103 567 [i.14]:

The spurious response rejection is a measure of the capability of the
receiver to receive a wanted signal without exceeding a given
degradation in to the presence of an unwanted signal at any
frequency at which a response is obtained. The frequencies of the
adjacent signals (channels) are excluded.

Based on the definition of this RX-requirement, the effect inside the
receiver is covered by the "interference test" at frequencies in the
Remote-Band (see clause 4.4.3.3, table 4) and the case that the test
will be performed in the scenario that the receiver with the largest
distance to the boundary, see clause 6.3.3.2.

Dynamic range

Indirectly

This requirement is indirectly covered by the two tests:

1) sensitivity in clause 6.3.2 (lowest signal present at the RX);

2) in clause 6.3.3.3, mower passing the boundary wire. At this
situation the highest receiving signal will be present at the RX.

Desensitization (In-band
signals)

Indirectly covered by
Sensitivity test (see
clause 4.4.2) and
Interfering test in the in-
band (see clause 4.4.3)

This receiver effect is tested based on the Sensitivity (clause 4.4.2)
and see Co-channel rejection requirement, similar to in-band
interferer test (clause 4.4.3).

Both tests (Sensitivity and Co-channel) require that the receiver
inside the mower is working at "min" sensitivity level (middle of the
test garden).

Reciprocal Mixing

Indirectly covered by
in-band test, see
clause 4.4.3.3, table 4

Reciprocal mixing is an phenomena that depends on the mixer and
LO. Robotics mower work on baseband frequency without any
mixers, so Reciprocal Mixing could never happen inside RMI RX.
In addition it can be noted that if an reciprocal mixing effect will
happen, based on the effect of an noise increase in the OBW wiill
take place, it is not possible that such "noise increase" result will
create more energy than a direct interference by a "direct" signal
from e.g. another RMI system or other SRD.

Therefore an additional Reciprocal Mixing requirement is not
applicable, the effect is covered by the in-band test, see table 4,
clause 4.4.3.3.

ETSI




35 Draft ETSI EN 303 447 V1.2.0 (2020-07)

Annex D (informative):
TX spurious emission limit assessment below 9 kHz

TX spurious emissions below 9 kHz were discussed and evaluated during the revision work of ETSI EN 303 447 V1.1.1
toVv1iz21.

A proposal for spurious emission limit for < 9 kHz has been prepared based on the current knowledge of:
. the robotic mowers systems (ETSI EN 303 447 V1.1.1) and their known emissions; and
e theemission of the metal sensors below 9 kHz (ETSI EN 303 454 [i.10]).
The proposal/devel opment of the proposal took in addition into account:
. Spurious requirement above 9 kHz.
. Possible sensitivity of measurement equipment.
. Human exposure limit.
. Discussionsin ECC (WG FM and PT SRD-MG) on possible generic SRD regulation < 9 kHz.

The proposal is based on the extrapolation of the existing spurious limits for SRDs below 10 MHz to the band below
9 kHz (27 dBPA/m @ 10 m at 9 kHz descending 3 dB/oct). The proposal is summarized intablesD.1 and D.2 and it
considers a reference bandwidth of 200 Hz.

ETSI TC ERM informend ECC with an Liasion Statement in June 2018 about this assessment/proposal. ECC answered
in a positive way and the ETSI proposal will be considered during a future revision of CEPT/ERC/REC 74-01 [i.4].

Table D.1: Proposal TX spurious emissions for operating mode

Frequency Existing TX spurious limits New proposal starting at 100 Hz
in dBUA/m @ 10 m TX spurious limits
in dBUA/m @ 10 m
100 Hz 46,57214152
500 Hz 39,57270535
1 kHz 36,55821227
5 kHz 29,55877611
9 kHz 27 27,0024953
10 kHz 26,54178773
19 kHz 23,75036889
50 kHz 19,54235156
10 000 kHz -3,5

Table D.2: Possible change in ERC REC 74-01 [i.4], Annex 2 for inductive SRDs

Magnetic field limits of CEPT/ERC/REC 74-01 at 10 m distance
State Frequency 100 Hz < f <10 MHz Frequency 10 MHz <f < 30 MHz
Operating 46,5 dBuA/m at 100 Hz descending 3 dB/oct -3,5 dBUA/m
Standby 25 dBuA/m at 100 Hz descending 3 dB/oct -3,5 dBUA/m
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Annex E (informative):
Change history

Version Information about changes

First version of the present document to cover the essential requirements for RMI systems in the
frequency range below 148,5 kHz on article 3.2 of Directive 2014/53/EU [i.3].

Focus to solve points raised in EC assessment; Ares(2017)5304326 - ETSI EN 303 447 (V1.1.1)
Main changes:

Clarification TX emissions < 9 kHz

Clarification start frequency of 100 Hz

Spurious emission requirement < 9 kHz

Clarification wanted performance requirement

Antenna dimension restriction

Conformance measurement procedures, clarification artificial antenna

Clarification RX-requirements and related test

New RX-test for sensitivity

Alignment of reference measurement BW for spurious emissions with

CEPT/ERC/REC 74-01

111

121
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History
Document history
V111 September 2017 | Publication
V1.2.0 July 2020 EN Approval Procedure AP 20201004: 2020-07-06 to 2020-10-05
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