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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 membersand non-members, and can be
found in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, | PRs notified to
ETS in respect of ETS standards’, which is available from the ETSI Secretariat. Latest updates are available on the
ETSI IPR online database.

Pursuant to the ETSI Directives including the ETSI IPR Policy, no investigation regarding the essentiality of IPRs,
including IPR 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.

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 ™ logo is a trademark 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 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 Standardisation Request deliverable Approval Procedure (SRAAP).

The present document has been prepared under the Commission's standardisation request C(2015) 5376 final [i.2] 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.1].

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.

The present document is part 2 of a multi-part deliverable covering Short Range Devices (SRD) using Ultra Wide Band
technology (UWB); Harmonised standard for access to radio spectrum, as identified below:

Part 1.  "Level Probing Radar (LPR) equipment operating in the frequency ranges 6 GHz to 8,5 GHz, 24,05 GHz
to 26,5 GHz, 57 GHz to 64 GHz, 75 GHz to 85 GHz for strictly vertical downward installation™;

Part 2. " Level Probing Radar (LPR) equipment operating in the frequency range 75 GHz to 85 GHz for
tilted downward installation” .

NOTE: The list above shows the planned multi-part deliverable, at the time, when the present document was
finalized.

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

ETSI ERM TGUWB decided to develop more specific standards; this means instead of one generic ETSI EN 302 729
for all Level Probing Radar (LPR) devices, this multi-part deliverable was initiated in order to reflect the intended use
in relation to different aspects of the corresponding regulation ECC Decision (11)02 [i.3].

Part 1 covers the original provisions made in ECC Decision (11)02 [i.3] of 11 March 2011 for LPR equipment with
strictly vertical downward installation (see ECC Decision (11)02 [i.3], first four lines of Table 1 for strictly vertical
antenna orientation).

Part 2 covers the amendments made in ECC Decision (11)02 [i.3] on 5 July 2019 for LPR equipment with tilted
downward installation (see ECC Decision (11)02 [i.3], last three lines of Table 1 for tilted antenna orientation).

Due to the amendment of ECC Decision (11)02 [i.3] on 5 July 2019, ETSI ERM TGUWB decided to follow henceforth
a two-part structure and to only reflect the amendments made in 2019 in part 2 of the series.

More information on the conducted changes in previous versions of the present document can be found in the change
history in Annex H.

ETSI
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1 Scope

The present document specifies technical requirements, limits and test methods for Tilted Level Probing Radar (LPR)
equipment using a downward tilted orientation of the LPR antenna in the three tilting ranges £15°, +30° and +45° in
relation to the strictly vertical downward direction and operating in the frequency range 75 GHz to 85 GHz in outdoor
as well as indoor environments.

Tilted LPR equipment in the scope of the present document consist of a combined transmitter and receiver and are
equipped with an integral or dedicated antenna provided also by the equipment manufacturer. Equipment intended to be
equipped with antennas from a third-party are not covered by the scope of the present document.

Equipment exhibiting a receive only mode or a standby mode are also not covered by the scope of the present
document. Furthermore, the present document is limited to tilted LPR equipment with FMCW modulation.

Tilted LPR equipment and the related categorization is further specified in clause 4.2.

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

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] ETSI EN 303 883-1 (\V2.1.1) (2024-08): "Short Range Devices (SRD) and Ultra Wide Band
(UWB); Part 1: Measurement techniques for transmitter requirements".

[2] ETSI EN 303 883-2 (V2.1.1) (2024-08): "Short Range Devices (SRD) and Ultra Wide Band
(UWB); Part 2: Measurement techniques for receiver requirements".

[3] ETSI TS 103 789 (V1.1.1) (2023-05): "Short Range Devices (SRD) and Ultra Wide Band (UWB);
Radar related parameters and physical test setup for object detection, identification and RCS
measurement".

[4] ETSI TS 103941 (V1.1.1) (2024-01): "Short Range Devices (SRD) and Ultra Wide Band (UWB);

Measurement setups and specifications for testing under full environmental profile (normal and
extreme environmental conditions)™.

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

ETSI
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https://www.etsi.org/deliver/etsi_en/303800_303899/30388302/02.01.01_60/en_30388302v020101p.pdf
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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]
[i.6]

[i.7]

[i.8]
[i.9]
[i.10]

[i.11]
[i.12]

[i.13]

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 (RE-Directive).

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 Institute as regards radio equipment in support of Directive
2014/53/EU of the European Parliament and of the Council.

ECC Decision (11)02: "ECC Decision of 11 March 2011 and amended on 5 July 2019 on
industrial Level Probing Radars (LPR) operating in frequency bands 6 - 8.5 GHz,
24.05 - 26.5 GHz, 57 - 64 GHz and 75 - 85 GHz".

ECC Report 139: "Impact of Level Probing Radars Using Ultra-Wideband Technology on
Radiocommunications Services", Rottach-Egern, February 2010.

CEPT ERC Recommendation 74-01 (May 2022): "Unwanted emissions in the spurious domain”.

ETSI TR 102 601 V1.1.1 (12-2007): "Electromagnetic compatibility and Radio spectrum Matters
(ERM); System reference document; Short Range Devices (SRD); Equipment for Detecting
Movement using Ultra Wide Band (UWB) radar sensing technology; Level Probing Radar (LPR)-
sensor equipment operating in the frequency bands 6 GHz to 8,5 GHz; 24,05 GHz to 26,5 GHz;
57 GHz to 64 GHz and 75 GHz to 85 GHz".

Commission Implementing Decision (EU) 2025/105 of 22 January 2025 amending Decision
2006/771/EC updating harmonised technical conditions in the area of radio spectrum use for
short-range devices and repealing Implementing Decision 2014/641/EU on harmonised technical
conditions of radio spectrum use by wireless audio programme making and special events
equipment in the Union.

Committee on Radio Astronomy Frequencies, European Science Foundation.

Void.

ETSI EG 203 336 (V1.2.1) (2020-05): "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".

ETSI TS 103 567 (V1.1.1) (2019-09): "Requirements on signal interferer handling".

ETSI TS 103 361 (V1.1.1) (2016-03): "Short Range Devices (SRD) using Ultra Wide Band
technology (UWB); Receiver technical requirements, parameters and measurement procedures to
fulfil the requirements of the Directive 2014/53/EU".

ETSI TR 102 273-2 (V1.2.1) (2001-12): "Electromagnetic compatibility and Radio spectrum
Matters (ERM); Improvement on Radiated Methods of Measurement (using test site) and
evaluation of the corresponding measurement uncertainties; Part 2: Anechoic chamber".

3

3.1

Definition of terms, symbols and abbreviations

Terms

For the purposes of the present document, the terms given in ETSI EN 303 883-1 [1], ETSI EN 303 883-2 [2] and the

following apply:

Adaptive Power Control (APC): automatic mechanism to reduce interference to other radio services and applications

NOTE:

The Adaptive Power Control (APC) is sometimes also called transmit power control.
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Duty Cycle over measurement period (DC_Ton): ratio of the sum of all the pulse durations tpuse Within the active
measurement period Ton

Duty Cycle over signal repetition period (DC_Trep): ratio of the sum of all active measurement periods Ton (bursts,
sweeps, scans) within the signal repetition period Trep

Equipment Under Test (EUT): Level Probing Radar (LPR) under test

Frequency Modulated Continuous Wave (FM CW) radar: modulation scheme based on a periodically linear
frequency sweep of the transmit signal

NOTE: See Annex F of the present document and ETSI EN 303 883-1 [1], clause C.2.2.
main beam direction: measurement direction of the tilted level probing radar

NOTE: See Annex G of the present document.
radiation: signals emitted intentionally for level measurements

step response time (of an L PR): time span after a sudden distance change until the output value (distance value)
reaches 90 % of the final value for the first time

tilting angle: angle formed between the main beam direction of the device which is installed in the application and the
vertical axis

NOTE: See Annex G of the present document.

3.2 Symbols

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

toulse dwell time or sweep time for FMCW modulation schemes

3.3 Abbreviations

For the purposes of the present document, the abbreviations given in ETSI EN 303 883-1 [1], ETSI EN 303 883-2 [2]
and the following apply:

AUT Antenna Under Test
EFTA European Free Trade Association
HPBW Half Power BeamWidth
IEC International Electrotechnical Commission
ITU-R International Telecommunication Union - Radiocommunication Sector
LPR Level Probing Radar
RB Reference Bandwidth
SFCW Stepped Frequency Continuous Wave
UK United Kingdom
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, 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 its intended use.
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4.2 Equipment categories

421 General

Technical and regulatory requirements for Tilted LPR equipment are provided in general in European

Commission Implementing Decision (EU) 2025/105 [i.7] and ECC Decision (11)02 [i.3], which are based on ECC
Report 139 [i.4]. The present document covers only the essential technical requirements set out in the last three rows in
Table 1 of ECC Decision (11)02 [i.3] for LPR equipment using a tilted vertical downward orientation of the equipment
antenna.

In addition, the manufacturer needs to consider further installation requirements as specified in Annex E and will have
to provide this information to the user/installer. These installation requirements, however, are not subject to Annex A of
the present document.

The following criteria were considered for equipment categorization of the tilted LPR equipment covered by the present
document:

. the tilting angle of the tilted LPR antenna, see clause 4.2.2;
° the used antenna connection, see clause 4.2.3.

An overview of the covered equipment categories is provided in clause 4.2.4, Table 3.

4.2.2 Categorization by tilting angle

The tilting angle is the angle between the vertical direction and the main beam direction of the equipment. It depends on
the mounting orientation of the device in the application, see Annex G. The permitted tilting angle shall be stated in the
technical documentation of the device.

The following equipment categorization by the tilting angle is used:

e  TILZ: Tilting angle downward up to £15°;
e  TIL2: Tilting angle downward up to £30°;
e  TIL3: Tilting angle downward up to £45°.

This equipment categorization has been conducted, covering the permitted tilting angles of tilted LPRs of ECC Decision
(11)02 [i.3].

NOTE: The TIL categorization defines the maximum tilting angle in degree in relation to the transmit power see

clause 4.3.3. In other words if a lager tilting angle is required, the transmit power level of the equipment has
to be reduced.

4.2.3  Categorization by antenna connection
The following equipment categorization by the antenna connection is used:
. ANTL: Tilted LPR features an antenna connector: the tilted LPR is equipped with a dedicated antenna;
e  ANT2: Tilted LPR has no antenna connector: the tilted LPR is equipped with an integral antenna.
4.2.4 Summary equipment categories

An overview of the applicability of transmitter requirements and receiver requirements for the different equipment
categories is shown in Table 1 and Table 2, respectively.
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Table 1: Applicability of transmitter requirements for the different EQuipment categories

Category
TX requirements Clause tilting angle .

antenna connection
Operating frequency range 4.3.2
Mean e.i.r.p. spectral density 4.3.3

Tr:r?sanliitetéllrrﬁﬁ\?vgiiggllzdni?ssslitgns 4.3.4 applicable to all TIL applicable to all ANT

(TXUE) 435 categories categories
Antenna requirements 4.3.6
Mitigation techniques 43.7.1

Table 2: Applicability of receiver requirements for the different EQuipment categories

Category
RX requirements Clause tilting angle .
antenna connection
Receiver Baseline Sensitivity (RBS) 4.4.3 applicable to all TIL applicable to all ANT
Receiver Baseline Resilience (RBR) 4.4.4 categories categories

The categories which are supported by the equipment shall be stated in the technical documentation of the equipment
(TiltLPR1 to TiltLPR6, see Table 3).

Table 3: Equipment categories based on categorization listed in clause 4.2.1 General

Equipment category — Category -
tilting angle antenna connection
TiltLPR1 TIL1 ANT1
TiltLPR2 TIL1 ANT2
TiltLPR3 TIL2 ANT1
TiltLPR4 TIL2 ANT2
TiltLPR5 TIL3 ANT1
TiltLPR6 TIL3 ANT2

4.3 Transmitter requirements

43.1 General

The transmitter requirements for tilted LPR equipment covered by the scope of the present document are justified in
Table B.1.

4.3.2 Operating Frequency Range (OFR)

4321 Applicability

The operating frequency range requirement applies to all equipment categories as specified in clause 4.2.4, Table 3.

4.3.2.2 Description

The operating frequency range is described in ETSI EN 303 883-1 [1], clause 5.2.1. According to this description and
the specification in ECC/DEC/(11)02 [i.3], Note 5, 20 dB is specified for the parameter X. This parameter takes
precedence over any other values mentioned in ETSI EN 303 883-1 [1], clause 5.2.1.

4.3.2.3 Limits

The OFR (all frequencies between f_ and fy) shall be within the permitted frequency range (see Table 4).
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Table 4: Permitted frequency range for tilted LPR devices

Mode of operation Frequency range
Transmit and receive 75 GHz << 85 GHz
NOTE:  The limits are in accordance with ECC/DEC/(11)02 [i.3], Annex 1, Table 1.

4324 Conformance

The conformance test for the OFR is specified in clause 5.4.1.1.
4.3.3 Mean e.i.r.p. spectral density

4331 Applicability

The mean e.i.r.p. spectral density requirement applies to all equipment categories as specified in clause 4.2.4, Table 3.

4.3.3.2 Description

For the description of the mean e.i.r.p. spectral density, see ETSI EN 303 883-1 [1], clause 5.3.2.1.

4.3.3.3 Limits

Within the OFR, the mean e.i.r.p. spectral density shall not exceed the limits in Table 5.

Table 5: Mean e.i.r.p. spectral density limits for tilted LPR equipment

Maximum mean e.i.r.p. spectral density

Equipment category (within the antenna main beam)

TiltLPR1, TiltLPR2 -3 dBm/MHz
TiltLPR3, TiltLPR4 -10 dBm/MHz
TiltLPRS5, TiltLPR6 -20 dBm/MHz

NOTE:  The limits are in accordance with ECC/DEC/(11)02 [i.3], Annex 1, Table 1.

NOTE: The regulated antenna pattern requirement is specified in clause 4.3.6.

4.3.3.4 Conformance

The conformance test for mean e.i.r.p. spectral density is specified in clause 5.4.2.1.
4.3.4 Peak e.i.r.p. spectral density

4341 Applicability

The peak e.i.r.p. spectral density requirement applies to all equipment categories as specified in clause 4.2.4, Table 3.

4.3.4.2 Description

For the description of the peak e.i.r.p. spectral density, see ETSI EN 303 883-1 [1], clause 5.3.4.1.

434.3 Limits

Within the OFR, the peak e.i.r.p. spectral density shall not exceed the limits in Table 5.
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Table 6: Peak e.i.r.p. spectral density limits for tilted LPR equipment

Maximum peak e.i.r.p.

Equipment category (measured in 50 MHz within the antenna main beam)

TiltLPR1, TiltLPR2 34 dBm
TiltLPR3, TiltLPR4 34 dBm
TiltLPRS5, TiltLPR6 20 dBm

NOTE: The limits are in accordance with ECC/DEC/(11)02 [i.3], Annex 1, Table 1.

4344 Conformance

The conformance test for peak e.i.r.p. spectral density is specified in clause 5.4.3.1.
4.3.5  Transmitter unwanted emissions (TXUE)

4351 Applicability

The transmitter unwanted emissions requirement applies to all equipment categories as specified in clause 4.2.4,
Table 3.

4.35.2 Description

The transmitter unwanted emissions are described in ETSI EN 303 883-1 [1], clause 5.5.1. According to this
description, a value of 250 % is used for the parameter Xrxue in order to define the boundaries f.s and fus between the
Out-Of-Band (OOB) domain and the spurious domain.

4353 Limits

Tilted LPR equipment shall not exceed the limits indicated in Table 7 for the out-of-band domain and in Table 8 for the
spurious domain.

Table 7: Transmitter unwanted emissions limits
in the out-of-band (OOB) domain for tilted LPR equipment

Equipment category Maximum mean e.i.r.p. spectral density
TiltLPR1, TiltLPR2 -23 dBm/MHz
TiltLPR3, TiltLPR4 -30 dBm/MHz
TiltLPR5, TiltLPR6 -40 dBm/MHz
NOTE:  The limitis in accordance with ECC/DEC/(11)02 [i.3], Annex 1, Table 1 and Note (5).

Table 8: Transmitter unwanted emissions limits in the spurious domain for tilted LPR equipment

Equipment category Frequency range Limit values for TXUE/RB
87,5 MHz <f<118 MHz -54 dBm/100 kHz
174 MHz < f < 230 MHz -54 dBm/100 kHz
All 470 MHz = f < 694 MHz -54 dBm/100 kHz
otherwise in band 30 MHz < f <1 000 MHz -36 dBm/100 kHz
1 000 MHz < f < Fuprer (See Table 10) -30 dBm/1 MHz

NOTE: The limits are in accordance with ERC/REC 74-01 [i.5], Annex 2, Table 6, Row 2.1.2.
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Table 9: Upper frequency boundary for the spurious domain
based on the equipment operating frequency range (OFR)

Equipment category Frequency range which contains the OFR Upper frequency (Fupper)
of the equipment (defined by f. and fw)
(note 1)
All 13 GHz = f < 150 GHz 2" harmonic (note 1)

NOTE 1: For Fuprer the value of fu shall be used (f1 is the upper edge of the operating frequency range (OFR), which
is assessed in clause 4.3.2).
NOTE 2: The limits are in accordance with ERC/REC 74-01 [i.5], Table 1.

4354 Conformance

The conformance test for Transmitter Unwanted Emissions (TXUE) is specified in clause 5.4.4.1.
4.3.6 Radiation pattern

4.3.6.1 Applicability

The radiation pattern requirement applies to all equipment categories as specified in clause 4.2.4, Table 3.

4.3.6.2 Description

ECC Decision (11)02 [i.3], Table 1 and note (6) include requirements for mean e.i.r.p. spectral density limits and the
corresponding antenna parameters which are listed below:

. limitation of mean e.i.r.p. spectral density in elevation angles below 24° related to the vertical axis for the
tilted equipment;

o limitation of mean e.i.r.p. spectral density in elevation angles between 24° and 60° related to the vertical axis
for the tilted equipment;

o limitation of mean e.i.r.p. spectral density in elevation angles above 60° related to the vertical axis for the tilted
equipment.

NOTE: According to ECC Decision (11)02 [i.3] the equipment in the scope of the present document is limited to
a defined tilted downward orientation of the equipment antenna main beam. This requirement of the use
and installation of the equipment is not in the scope of the present document. However, the manufacturer
should provide a clear guidance in the technical documentation on how the equipment is properly
operated and installed.

4.3.6.3 Limits

The mean e.i.r.p. spectral density in elevation angels of tilted LPR equipment shall not exceed the limits in Table 10,
where a is the direction of radiation and o = 0° means vertically downwards.

Table 10: Limits for mean e.i.r.p. spectral density in elevation angels for tilted LPR equipment

Equipment category Elevation angle Mean e.i.r.p. spectral density
(in dBm/MHz)

TiltLPR1, TiltLPR2 0°< a < 24° -3
TiltLPR3, TiltLPR4 0°< a < 24° -10
TiltLPRS5, TiltLPR6 0°< a < 24° -20

All equipment categories 24°< a < 60° -35

All equipment categories 60°< a =<180° -41,3

NOTE:  The limits are in accordance with ECC/DEC/(11)02 [i.3], Annex 1, Table 1 and Note (6).

Ilustrative graphics for Table 10 are shown below. Devices of category TiltLPR1 and TiltLPR2, which means a device
tilting angle up to £15°, shall comply with the limit mask in Figure 1.
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160 160
0
-41,3 dBm/MHz
-100
-35,0 dBm/MHz
-80
-3,0 dBm/MHz

Figure 1: Mean e.i.r.p. spectral density limit mask
for category TiltLPR1, TiltLPR2 devices in polar coordinate system

Devices of category TiltLPR3 and TiltLPR4, which means a device tilting angle up to £30°, shall comply with the limit
mask in Figure 2.

160 160
0
-41,3 dBm/MHz
-100
-35,0 dBm/MHz
-80
-10,0 dBm/MHz

Figure 2: Mean e.i.r.p. spectral density limit mask
for category TiltLPR3, TiltLPR4 devices in polar coordinate system

Devices of category TiltLPRS5 and TiltLPR6, which means a device tilting angle up to £45°, shall comply with the limit
mask in Figure 3.
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-41,3 dBm/MHz
-100
-35,0 dBm/MHz
-80
20 -20,0 dBm/MHz

Figure 3: Mean e.i.r.p. spectral density limit mask
for category TiltLPRS5, TiltLPR6 devices in polar coordinate system

4.3.6.4 Conformance

The conformance tests for antenna radiation pattern requirements is specified in clause 5.4.5.1.
4.3.7 Mitigation techniques

43.7.1 Combined mitigation factor

4.3.7.1.1 Applicability

The combined mitigation factor requirement applies to all equipment categories as specified in clause 4.2.4, Table 3.

43.7.1.2 Description

In order to reduce the interference potential towards other spectrum users the tilted LPR equipment shall implement at
least one of the mitigation techniques listed below and specified in the following clauses 4.3.7.2 to 4.3.7.4.

The following mitigation techniques are distinguished for tilted LPRs:
. Adaptive Power Control (APC), see clause 4.3.7.2.2;
. Duty Cycle over signal repetition period (DC_Tye), see clause 4.3.7.3.2;
. Frequency Domain Mitigation (FDM), see clause 4.3.7.4.2.

NOTE: The mitigation technique requirement is based on ECC/DEC(11)02 [i.3], Annex 2, which could be an
Adaptive Power Control (APC) implemented with a dynamic range of at least about 20 dB or an
equivalent mitigation.

43.7.1.3 Limits

The combined mitigation factor shall be able to reduce the mean e.i.r.p. spectral density of the level probing radar under
test by 20 dB or larger.
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43.7.1.4 Conformance

For all equipment categories covered by the present document, the combination of the mitigation techniques shall be
calculated as the sum of the individual mitigation factors in positive dB-values and shall be equal or more than 20 dB:

Mitigation®® = APC%® + DC_T,,"® + FDM?® > 20dB 1)

where:
. Mitigation®® is the overall mitigation factor (in dB) of the equipment.

e APC®is the mitigation factor (in dB) provided by the adaptive power control function of the equipment, as
described in conformance clause 4.3.7.2.4.

o DC_Trp® is the mitigation factor (in dB) provided by the duty cycle over signal repetition period (DC_Trep) of
the equipment, as described in conformance clause 4.3.7.3.4.

. FDM® is the mitigation factor (in dB) provided by frequency domain mitigation of the equipment, as
described in conformance clause 4.3.7.4.4.

4.3.7.2 Adaptive Power Control (APC)

43.7.2.1 Applicability

The adaptive power control requirement applies to all equipment categories as specified in clause 4.2.4, Table 3.

4.3.7.2.2 Description

The Adaptive Power Control (APC), sometimes also called transmit power control, is an automatic mechanism to
reduce interference to other radio services and applications. The APC basically regulates the transmitter power to
reduce emissions. It is controlled by the received power within the total equipment receiver bandwidth. If the
signal-to-noise ratio of the currently conducted measurement is sufficiently good, the transmitter power is reduced, and
a reliable measurement can be ensured anyway. If the signal-to-noise ratio drops below a certain value, the transmitter
power is again increased back to the previous value.

4.3.7.2.3 Limits
If APC is the only implemented mitigation technique in the equipment, its dynamic range shall be at least 20 dB.

If there are several mitigation techniques implemented, the combination of mitigation shall be equal or more than 20 dB
(see clause 4.3.7.1.4 equation (1)).

43.7.2.4 Conformance

The conformance test for Adaptive Power Control (APC) is specified in clause 5.4.6.1.
4.3.7.3 Duty cycle over signal repetition period (DC_Trep)

43.7.3.1 Applicability

The duty cycle over signal repetition period requirement applies to all equipment categories as specified in clause 4.2.4,
Table 3.

NOTE 1: This mitigation technique is an equivalent mitigation technique as mentioned in European Commission
Implementing Decision (EU) 2025/105 [i.7], footnote [10] and ECC Decision (11)02 [i.3], Annex 2.

NOTE 2: In an APC mechanism the receiver evaluates the strength of received signal and dependent on this, the
output power is adjusted (e.g. high Rx, low Tx; low Rx, high Tx). This leads to time variant Tx power
levels of LPR and thus the APC mitigation is seen as equivalent to Duty Cycle mitigation. The impact of
APC in ECC Report 139 [i.4] is considered in statistical simulations.
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4.3.7.3.2 Description

Duty cycle over signal repetition period (DC_Tep) is defined as the ratio of the sum of all active measurement periods
Ton (bursts, sweeps, scans) to the signal repetition period Trep, i.€.:

DC_Tyep ™ = 10 X logyg (DCTTEP) = 10 x logy, (zron) 2

Trep

where:

e T, isameasurement period when the transmitter of the equipment is active;

. Trep is the overall measurement cycle of the equipment including any off-times of the transmitter.

Duty cycle over signal repetition period is also sometimes referred to as "duty cycle resulting from user” in some
sources dealing with UWB devices. This duty cycle usually applies FMCW modulation. Further information on FMCW
modulation scheme can be found by following the references given in Annex F. A duty cycle of e.g. 1 % represents an
interference mitigation of 20 dB.

EXAMPLE: A frequency modulated continuous wave Radar (FMCW) transmits two measurement periods
Ton = 20 ms within an overall repetition period of Trp = 100 ms. The equivalent duty cycle over
signal repetition period is 2 x 20 ms/100 ms = 40 %. This is equivalent to a mitigation factor of -
3,98 dB (see also Annex F).

43.7.3.3 Limits

The duty cycle over signal repetition period (DC_Tep) When implemented in the equipment as an exclusive mitigation
technique, shall be equivalent to at least 20 dB.

If there are several mitigation techniques implemented, the combination of mitigation shall be equal or more than 20 dB
(see clause 4.3.7.1.4, equation (1)).

43.7.3.4 Conformance

The conformance test for duty cycle over signal repetition period (DC_Tyep) is specified in clause 5.4.7.1.
4.3.7.4 Frequency domain mitigation (FDM)

43.74.1 Applicability
The frequency domain mitigation requirement applies to all equipment categories as specified in clause 4.2.4, Table 3.

NOTE: This mitigation technique is an equivalent mitigation technique as mentioned in European Commission
Implementing Decision (EU) 2025/105 [i.7], footnote [10] and ECC Decision (11)02 [i.3], Annex 2.

4.3.7.4.2 Description

For virtually all swept modulation schemes, the instantaneous bandwidth of the radar signal is very small, which results
in an intrinsic mitigation. The swept band is, therefore, not able to generate simultaneous interferences to victim
receivers over the whole OFR over a longer time period.

EXAMPLE: A Frequency Modulated Continuous Wave radar (FMCW) has a sweep time of 5,12 ms and an RF
bandwidth of 1 GHz. For a 10 MHz victim receiver bandwidth, the time the RF signal occupies the
receiver is 10 MHz x 5,12 ms / 1 GHz = 51,2 us. The equivalent frequency domain mitigation is
51,2 us /5,12 ms = 1 %. This is equivalent to a mitigation factor of -20 dB.

The Frequency Domain Mitigation (FDM) is assessed using a 10 MHz bandwidth, which represents the virtual victim
receiver bandwidth.
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The FDM factor is therefore defined as the ratio of the sum of all time periods tiomr, When the Tx signal falls into the
10 MHz bandwidth of the virtual victim receiver to the sum of all dwell times tpuse in the active measurement period
Ton:

FDM = 10 x log,,(FDM) = —10 X logy, (M) ©)

Y tpuise

where:

e tomnz IS the time duration of the instantaneous Tx signal frequency falling into the virtual victim receiver
bandwidth of 10 MHz during the dwell time touise.

PRI=1/PRF
Frequency A < R
>
T N S
OFR = i -
(g % 10 MHz § i Wi
A ATHES (1T
- B
Time
t1omHz \ t1oMHz
10MHz
Ton

Figure 4: Definition of FDM in a typical FMCW modulation scheme

4.3.7.4.3 Limits

If the Frequency Domain Mitigation (FDM) is the only implemented mitigation technique in the equipment, its value
calculated according to equation (3) shall be at least 20 dB.

If there are several mitigation techniques implemented, the combination of mitigation shall be equal or more than 20 dB
(see clause 4.3.7.1.4 equation (1)).

43.74.4 Conformance

The conformance test for frequency domain mitigation is specified in clause 5.4.8.1.

4.3.8  TX-behaviour under the complete environmental profile

4.38.1 Applicability

The TX-behaviour under the complete environmental profile requirement applies to all equipment categories as
specified in clause 4.2.4, Table 3.

For equipment categories TiltLPR2, TiltLPR4, TiltLPR6 (radiated assessment as equipment features no antenna
connector), the limits in clause 4.3.8.3.1 apply.

For equipment categories TiltLPR1, TiltLPR3, TiltLPR5 (conducted assessment as equipment features an antenna
connector), the limits in clause 4.3.8.3.2 apply.
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4.3.8.2 Description

The TX behaviour under the complete environmental profile verifies the conformance of the peak e.i.r.p. spectral
density over the environmental profile as specified in clause 5.1.3.

For more information on the TX behaviour under the complete environmental profile, see ETSI TS 103 941 [4],
clause 4.3.1.

4.38.3 Limits

43.8.3.1 Limits for radiated assessment of the TX-behaviour

The TX behaviour is obtained by measuring the peak e.i.r.p. spectral density (Pswep) across the complete environmental
profile (as specified in clause 5.1.3) and assessing the variation with respect to a peak e.i.r.p. spectral density Adjusted
Reference Limit (Adjusted_RL).

The procedure to Adjusted Reference Limit (Adjusted_RL) is descripted by the procedure in clause 6.2.1.5 of ETSI
TS 103 941 [4].

NOTE: In other words, if for each environmental measurement point (Tsep) Over the complete environmental
profile the measured values for Py are below the adjusted reference value (Adjusted_RL) the TX
behaviour assessment is passed.

4.3.8.3.2 Limits for conducted assessment of the TX-behaviour

The TX behaviour is obtained by measuring the peak e.i.r.p. spectral density (Pswep) across the complete environmental
profile (as specified in clause 5.1.3) and assessing the variation with respect to the peak e.i.r.p. spectral density
Regulated Limit (RL).

The procedure to adjust the Regulated Limit (RL) is described by the procedure CASE 1 in clause 7.2.1 of ETSI
TS 103 941 [4].

NOTE: In other words, if for each environmental measurement point (Tswep) Over the complete environmental
profile the measured values for Pgep are below the Reference Value (RL) the TX behaviour assessment is
passed.

4.38.4 Conformance

The conformance test of the TX-behaviour under the complete environmental profile is specified in clause 5.1.3. The
parameters are measured as described in clause 5.4.9.1 in addition to clause 5.4.9.2 for equipment categories TiltLPR1,
TiltLPR3 and TiltLPR5 and clause 5.4.9.3 for equipment categories TiltLPR2, TiltLPR4 and TiltLPR6.

4.4 Receiver requirements

44.1 General

The following receiver requirements apply for the equipment covered by the present document:

. Receiver Baseline Sensitivity (RBS), see clause 4.4.3;

. Receiver Baseline Resilience (RBR), see clause 4.4.4.

The receiver requirements for equipment covered by the scope of the present document are justified in Table B.1.

4.4.2  Wanted technical performance criteria
The wanted performance criterion for Receiver Baseline Sensitivity (RBS) is defined as the detection probability of a

specified static radar target during a distance measurement over a defined period of time (see clauses 4.4.3.2 and
4.4.3.3).
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The wanted performance criterion for Receiver Baseline Resilience (RBR) is defined as the detection probability of a
specified static radar target during a distance measurement over a defined period of time under the influence of an
interfering signal (see clauses 4.4.4.2 and 4.4.4.3).

4.4.3 Receiver Baseline Sensitivity (RBS)

4431 Applicability

The receiver baseline sensitivity requirement applies to all equipment categories as specified in clause 4.2.4, Table 3.

4.4.3.2 Description

Receiver baseline sensitivity is the capability of the equipment to receive a wanted signal at application related defined
input signal levels while maintaining a minimum level of performance. It is part of the wanted technical performance
criteria, described in clause 4.4.2.

This quality of the equipment enables the reduction of interference as it allows the corresponding transmitter power to
be decreased for a particular link budget and thus demonstrates the efficient use of radio spectrum by way of a reduced
generation of interference against other spectrum users.

The use of a static radar target is adequate as the equipment is used to measure the distance to a liquid or solid material,
in order to determine its filling level. The level changes in these environments occur very slowly by nature, so that
quasi-static conditions can be assumed.

4433 Limits

For the assessment of the RBS requirement, the LPR equipment shall be able to detect a static radar target with at least
99 % detection probability. In this case, a sufficient receiver sensitivity of the equipment can be ensured. The static
radar target shall produce a maximum echo signal power at the equipment receiver of -53,8 dBm (see derivation of the
test scenario in Annex C).

The radar target is deemed to be detected if the equipment measures and displays the correct distance value to the target.
This means, in the present case, that the measured distance value to the Radar target shall stay within the maximum
allowed measurement value variation of Ad = £50 mm for at least 99 % of the conducted measurements in a
measurement period of at least 120 seconds or 40 times the step response time of the equipment, whichever is longer.

EXAMPLE: Equipment operating in the frequency range 78 GHz to 79 GHz with 0 dBm conducted peak
output power and 28 dBi antenna gain requires a radar target with a maximum RCS of -16,4 dBm?
for example in 3 m distance (see clause C.3) in order to evaluate the receiver baseline sensitivity in
the radiated test setup outlined in clause 5.5.1.2. A detection probability of this radar target of
99 % is demanded. The test shall be conducted for at least 120 seconds, provided that the
equipment exhibits a step response time of < 3s.

4434 Conformance

The conformance test for Receiver Baseline Sensitivity (RBS) is specified in clause 5.5.1
4.4.4 Receiver Baseline Resilience (RBR)

4441 Applicability

The receiver baseline resilience requirement applies to all equipment categories as specified in clause 4.2.4, Table 3.

4.4.4.2 Description
Receiver Baseline Resilience (RBR) is the capability of the equipment to maintain a minimum level of performance in

the presence of interfering signals in the Operating Frequency Range (OFR), in adjacent bands and in remote frequency
bands.
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This quality of the equipment ensures a proper operation in an environment where other spectrum users are present and
demonstrates the efficient use of radio spectrum by way of an increased resilience against interference.

The wanted performance criterion for receiver baseline resilience is defined as the detection probability of a specified
static radar target during a distance measurement over a defined period of time under the influence of an interfering
signal. It is part of the wanted technical performance criteria, described in clause 4.4.2.

The use of a static radar target is adequate as the equipment is used to measure the distance to a liquid or solid material
(see Scope), in order to determine its filling level. The level changes in these environments occur very slowly by nature,
so that quasi-static conditions can be assumed.

4443 Limits

For the assessment of the RBR requirement, the LPR equipment shall be able to detect the static radar target with a
defined minimum detection probability (see below) under the influence of an interfering signal. In this case a sufficient
receiver resilience of the equipment against interference from other spectrum users can be ensured. The static radar
target shall produce a maximum echo signal power at the equipment receiver of -53,8 dBm (see derivation of the test
scenario in Annex C).

The radar target is deemed to be detected if the equipment measures and displays the correct distance value to the target.
This means in the present case, that the measured distance value to the radar target shall stay within the maximum
allowed measurement value variation of Ad =50 mm for (see ETSI EN 303 883-2 [2], clause 5.3.2 for
radiodetermination applications):

. at least 50 % of the conducted measurements (detection probability at least 50 %) if the interferer is located
inside the OFR (co-channel interference);

. at least 85 % of the conducted measurements (detection probability at least 85 %) if the interferer is located at
fc £ OFR (adjacent channel interference);

. at least 95 % of the conducted measurements (detection probability at least 95 %) if the interferer is located at
fc 2 x OFR (blocking);

in a measurement period of at least 120 seconds or 40 times the step response time of the equipment, whichever is
longer. This applies to all equipment categories.

EXAMPLE: Equipment operating in the frequency range 75 GHz to 85 GHz with 2 dBm conducted peak
output power and 32 dBi antenna gain requires a radar target with a maximum RCS of -20,4 dBm?
for example in 5 m distance (see clause C.3) in order to evaluate the receiver baseline resilience in
the radiated test setup outlined in clause 5.5.2.2.1. A detection probability of this radar target of
85 % is demanded under interference conditions, when the interferer is located at fc £ OFR. The
test shall be conducted for at least 120 seconds provided that the equipment exhibits a step
response time of 2,5 s.

4444 Conformance

The conformance test for receiver baseline sensitivity is specified in clause 5.5.2.

5 Testing for compliance with technical requirements

5.1 Environmental conditions for testing

51.1 General

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, which, as a minimum, shall be that specified in the test
conditions contained in the present document.
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Where technical performance varies subject to environmental conditions, tests shall be carried out under a sufficient
variety of environmental conditions as specified in the present document to give confidence of compliance for the
affected technical requirements.

5.1.2 Normal test conditions

Normal test conditions are as defined in ETSI TS 103 941 [4], clause 4.5.3.1.

Therefore, the temperature for testing under normal temperature conditions shall be within +15 °C to +35 °C.

5.1.3 Complete environmental profile test conditions

The complete environmental profile test conditions cover both the normal (see clause 5.1.2) and extreme test conditions,
as defined in clause 4.5.3.2 of ETSI TS 103 941 [4].

Therefore, the specified temperature range for the complete environmental profile shall be from -20 °C to +60 °C and
the primary supply voltage shall vary from 90 % to 110 % of its nominal value.

NOTE: The nominal supply voltage is provided in the EUT user manual or technical specification file of the
EUT.

5.2 General conditions for testing

General guidance on testing TX and RX measurements is given respectively in ETSI EN 303 883-1 [1], clause 5.1.1 for
the TX requirements and ETSI EN 303 883-2 [2], clause 5.1 for the RX requirements.

ETSI EN 303 883-1 [1], Annex A provides complementary information on general conditions for testing, e.g. test
environment and test conditions, measurement uncertainty and interpretation of the measurement results. An overview
is provided in ETSI EN 303 883-1 [1], clause A.1.

ETSI EN 303 883-1 [1], Annex B provides complementary information on test setups for testing, e.g. radiated and
conducted measurements. An overview for radiated measurements is provided in ETSI EN 303 883-1 [1], clause B.2.1.

General information on test set-up for measurements under environmental profile is given respectively in ETSI
TS 103 941 [4], clause 5.1. More detailed test solutions are provided in:

. ETSI TS 103 941 [4], clause 5.2 with the usage of a temperature chamber; and

. ETSI TS 103 941 [4], clause 5.3 with the usage of a climate dome and anechoic chamber.

5.3 Conformance test suites

Unless otherwise noted, the radiated conformance tests described in clause 5.4 for the transmitter and clause 5.5 for the
receiver shall be done in a fully anechoic room according to ETSI EN 303 883-1 [1], clause B.2.2.2. A SAC from ETSI
EN 303 883-1 [1], clause B.2.2.3 with suitable anechoic material on the chamber floor shall not be used.

No test should be carried out on a test site which does not possess a valid certificate of verification. A verification
procedure for the FAR in ETSI EN 303 883-1 [1], clause B.2.2.2 is given in ETSI TR 102 273-2 V1.2.1 [i.13].

Radiated emission measurements, unless otherwise specified, shall in addition use the test method from ETSI
EN 303 883-1 [1], clause B.2.5.

Unless otherwise noted, the conducted conformance tests described in clause 5.4 for the transmitter and clause 5.5 for
the receiver shall be performed according to the provisions in ETSI EN 303 883-1 [1], clause B.3.

ETSI EN 303 883-1 [1], clause B.2 provides additional information on test sites for radiated measurements and
clause B.3 for conducted measurements.
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5.4 Conformance test methods for transmitter

54.1 Operating Frequency Range (OFR)

541.1 General
The conformance test shall be done under normal conditions as defined in clause 5.1.2 of the present document.

For all EUT categories the OFR conformance test shall use the procedure described in ETSI EN 303 883-1 [1],
clause 5.2.2 using the peak e.i.r.p. spectral density measurement as defined in clause 5.4.3 in the present document. The
procedure shall be used with an RBW set to 3 MHz.

For equipment categories TiltLPR1, TiltLPR3 and TiltLPR5 the conformance test is provided in clause 5.4.1.2 and for
equipment categories TiltLPR2, TiltLPR4 and TiltLPR6 the conformance test is provided in clause 5.4.1.3.

5.4.1.2 Conformance test for EUTs with antenna connector

For EUT categories TiltLPR1, TiltLPR3, TiltLPR5 (see clause 4.2.2 and Table 3) the provisions for conducted
measurements in ETSI EN 303 883-1 [1], clause B.3 shall be applied.

5.4.1.3 Conformance test for EUTs with integral antennas

For EUT categories TiltLPR2, TiltLPR4, TiltLPR6 (see clause 4.2.2 and Table 3) the provisions for radiated
measurements in ETSI EN 303 883-1 [1], clause B.2 shall be applied. The measurement shall be conducted in main
beam direction.

For radiated measurements the measurement distance d = 1 m shall be used. If other distances are necessary an
assessment according to ETSI EN 303 883-1[1], clause B.2.3.5 shall be conducted. The used measurement distance
shall be recorded.

5.4.2 Mean e.i.r.p. spectral density

5421 General
The conformance test shall be done under normal conditions as defined in clause 5.1.2 of the present document.

For all EUT categories the mean e.i.r.p. spectral density conformance test shall use the procedure described in ETSI
EN 303 883-1 [1], clause 5.3.2.4.

The needed signal repetition time of the EUT shall be assessed according to ETSI EN 303 883-1 [1], Annex C and
clause 5.4.7 in the present document.

For equipment categories TiltLPR1, TiltLPR3 and TiltLPR5 the conformance test is provided in clause 5.4.2.2 and for
equipment categories TiltLPR2, TiltLPR4 and TiltLPR6 the conformance test is provided in clause 5.4.2.3.

5422 Conformance test for EUTs with antenna connector

For EUT categories TiltLPR1, TiltLPR3, TiltLPRS5 (see clause 4.2.4 and Table 3) the provisions for conducted
measurements in ETSI EN 303 883-1 [1], clause B.3 shall be applied.

The gain of the EUT antenna, which is required to calculate the mean e.i.r.p. spectral density when performing
conducted measurements (without the antenna), shall be determined according to the described procedure in
clause 5.4.5.2.

5.4.2.3 Conformance test for EUTs with integral antennas

For EUT categories TiltLPR2, TiltLPR4, TiltLPR6 (see clause 4.2.4 and Table 3) the provisions for radiated
measurements in ETSI EN 303 883-1 [1], clause B.2 shall be applied. The measurement shall be conducted in main
beam direction.
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For radiated measurements the measurement distance d = 1 m shall be used. If other distances are necessary an
assessment according to ETSI EN 303 883-1[1], clause B.2.3.5 shall be conducted. The used measurement distance
shall be recorded.

5.4.3 Peak e.i.r.p. spectral density

5431 General
The conformance test shall be done under normal conditions as defined in clause 5.1.2 of the present document.

For all EUT categories the peak e.i.r.p. spectral density conformance test shall use the procedure described in ETSI
EN 303 883-1 [1], clause 5.3.4.1.4. Swept frequency signals are instantaneously narrowband signals with full power
within the resolution bandwidth of the spectrum analyser.

For equipment categories TiltLPR1, TiltLPR3 and TiltLPR5 the conformance test is provided in clause 5.4.3.2 and for
equipment categories TiltLPR2, TiltLPR4 and TiltLPR6 the conformance test is provided in clause 5.4.3.3.

5.43.2 Conformance test for EUTSs with antenna connector

For EUT categories TiltLPR1, TiltLPR3, TiltLPR5 (see clause 4.2.4 and Table 3) the provisions for conducted
measurements in ETSI EN 303 883-1 [1], clause B.3 shall be applied.

The gain of the EUT antenna, which is required to calculate the peak e.i.r.p. spectral density when performing
conducted measurements (without the antenna), shall be determined according to the described procedure in
clause 5.4.5.2.

5.4.3.3 Conformance test for EUTs with integral antennas

For EUT categories TiltLPR2, TiltLPR4, TiltLPR®6 (see clause 4.2.4 and Table 3) the provisions for radiated
measurements in ETSI EN 303 883-1 [1], clause B.2 shall be applied. The measurement shall be conducted in main
beam direction.

For radiated measurements the measurement distance d = 1 m shall be used. If other distances are necessary an
assessment according to ETSI EN 303 883-1 [1], clause B.2.3.5 shall be conducted. The used measurement distance
shall be recorded.

544 Transmitter Unwanted Emissions (TXUE)

5441 General
The conformance test shall be done under normal conditions as defined in clause 5.1.2 of the present document.

For the Transmitter Unwanted Emissions (TXUE) (see ETSI EN 303 883-1 [1], clause 5.5) two different test procedures
are used based on the domain where these emissions are located in frequency. For the transmitter unwanted emissions in
the out-of-band domain the procedure in clause 5.4.4.2 shall be used whereas for the transmitter unwanted emissions in
the spurious domain the procedure in clause 5.4.4.3 shall be used.

5.4.4.2 Transmitter Unwanted Emissions in the Out-Of-Band (OOB) domain

The transmitter unwanted emissions in the Out-Of-Band (OOB) shall be determined in a two-step approach according
to the setup described in ETSI EN 303 883-1 [1], Figure B.12 in clause B.4.2.

For radiated measurements the measurement distance d = 1 m shall be used. If other distances are necessary an
assessment according to ETSI EN 303 883-1 [1], clause B.2.3.5 shall be conducted. The used measurement distance
shall be recorded. In the first step a spherical fast scan is conducted in order to determine the spatial direction in which
the EUT produces the highest emissions. This is achieved by applying a fast scan technique in the spectrum analyser.

The test antenna shall initially be oriented for vertical polarization and the EUT shall be rotated horizontally through
360° in 15° angular steps until a maximum signal level is detected in the test receiver (see ETSI EN 303 883-1 [1],
clause B.4.1.4).
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In this position of the EUT the test antenna shall be raised and lowered through the specified height range applicable to
the used test site until the maximum signal level is detected in the test receiver.
The procedure described above shall be repeated with horizontal polarization of the test antenna.

For the fast scan the following spectrum analyser settings shall be used.

For measurement below the OFR:
Start frequency: fis
Stop frequency: fL
For measurement above the OFR:

Start frequency: fu
Stop frequency: fus

NOTE: There could be a need to split the measurement into different frequency ranges depending on the
measurement setup (e.g. due to external mixers, bandwidth of antennas and waveguides, RBW).

Resolution Bandwidth (RBW): > 100 kHz between 30 MHz and 1 GHz

>1 MHz above 1 GHz

Video Bandwidth (VBW): Equal or greater than RBW

Detector mode: Peak

Trace mode: Max hold

Sweep time: AUb':'O; wait for each position of the EUT until the reading in the display is
stable

The orientation and configuration of the EUT and the test antenna determined in step 1, producing the highest emission
towards the test antenna, shall be used to conduct the second step where the TX unwanted emissions are determined
using the procedure described in ETSI EN 303 883-1 [1], clause 5.5.3. The assessment shall be done using the
procedure 2b of ETSI EN 303 883-1 [1], clause 5.5.3.1.4.

For the procedure 2a the EUT burst duration (Ton time), see ETSI EN 303 883-1 [1], clause C.3. needs to be known.

For the assessment of the burst duration of the EUT, the same Tais and Puresn limits as for the duty cycle over signal
repetition period assessment, see clause 5.4.7 shall be used. The Piresh is related to the measured power level at the
frequency fiu (frequency with the max emission within OFR, see ETSI EN 303 883-1 [1], clause 5.2.2).

5443 Transmitter Unwanted Emissions in the spurious domain

The transmitter unwanted emissions in the spurious domain shall be determined in a two-step approach according to the
setup described in ETSI EN 303 883-1 [1], Figure B.12 in clause B.4.2.

For radiated measurements the measurement distance d = 3 m shall be used. If other distances are necessary an
assessment according to ETSI EN 303 883-1 [1], clause B.2.3.5 shall be conducted. The used measurement distance
shall be recorded.

In the first step a spherical fast scan is conducted in order to determine the spatial direction in which the EUT produces
the highest emissions. This is achieved by applying a fast scan technique in the spectrum analyser.

The test antenna shall initially be oriented for vertical polarization and the EUT shall be rotated horizontally through
360° in at least 15° angular steps until a maximum signal level is detected in the test receiver (see ETSI
EN 303 883-1 [1], clause B.4.1.4).

In this position of the EUT the test antenna shall be raised and lowered through the specified height range applicable to
the used test site until the maximum signal level is detected in the test receiver.

The procedure described above shall be repeated with horizontal polarization of the test antenna.
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For the fast scan the following spectrum analyser settings shall be used.

For measurement below the OFR:
Start frequency: FLower
Stop frequency: fis

For measurement above the OFR:

Start frequency: fus
Stop frequency: Fuprer

NOTE: There could be a need to split the measurement into different frequency ranges depending on the
measurement setup (e.g. due to external mixers, bandwidth of antennas and waveguides, RBW).

Resolution Bandwidth (RBW): > 100 kHz between 30 MHz and 1 GHz

>1 MHz above 1 GHz

Video Bandwidth (VBW): Equal or greater than RBW

Detector mode: Peak

Trace mode: Max hold

Sweep time: AUb':'O; wait for each position of the EUT until the reading in the display is
stable

The orientation and configuration of the EUT and the test antenna determined in step 1, producing the highest emissions
towards the test antenna, shall be used to conduct the second step where the TX unwanted emissions are determined
using the procedure described in ETSI EN 303 883-1 [1], clause 5.5.3. The assessment shall be done using the
procedure 2a of ETSI EN 303 883-1 [1], clause 5.5.3.1.3.

For the procedure 2a the EUT burst duration (Ton time), see ETSI EN 303 883-1 [1], clause C.3. needs to be known.

For the assessment of the burst duration of the EUT, the same Tgis and Puresh limits as for the duty cycle over signal
repetition period assessment, see clause 5.4.7 shall be used. The Pinresh is related to the measured power level at the
frequency fu (frequency with the max emission within OFR, see ETSI EN 303 883-1 [1], clause 5.2.2).

545 EUT radiation pattern

5.45.1 General
The conformance test shall be done under normal conditions as defined in clause 5.1.2 of the present document.

Generally, EUTs can be equipped either with integral antennas or dedicated antennas. Integral antennas often do not
exhibit an antenna connector and can, therefore, not be accessed from the outside for measurement purposes. Dedicated
antennas, on the contrary, are always equipped with a connector which can also be used for measurement purposes.
EUTs with an antenna connector (EUT sub-category ANT1) shall use the procedure described in clause 5.4.5.2 For
EUTs with integral antennas (without antenna connector; EUT sub-category ANT2) the procedure described in

clause 5.4.5.3 shall be used.

The measurement of the radiation pattern shall be conducted at the centre frequency f. of the Operating Frequency
Range (OFR) as defined in ETSI EN 303 883-1 [1], clause 5.2.2. For all measurement procedures the recorded radiation
patterns shall have the following characteristics:

e Angular resolution of radiation pattern: 3°;

e Angular measurement range: -180° to +180° (with main lobe at 0°).
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5.45.2 Conformance test for EUTs with antenna connector

For EUTs of categories TiltLPR1, TiltLPR3, TiltLPRS5 (see clause 4.2.4 and Table 3) the radiation pattern of the EUT
shall be measured in a four-step approach. For this purpose, first the mean power spectral density shall be measured in a
conducted way according to clause 5.4.2. The antenna characteristic shall be measured in H- and E-plane following the
procedure described in ETSI EN 303 883-1 [1], clause 5.12.2.2. Examples of typical radiation patterns of high directive
EUT antennas are given in ETSI EN 303 883-1 [1], clause 5.12.1.

For the EUT radiation pattern assessment procedure the following steps shall be conducted:

Step 1: Measure mean power spectral density and antenna pattern (E-plane and H-plane) at the centre
frequency f..

Step 2: Multiply mean power spectral density with the angle dependent antenna characteristics (E-plane
and H-plane). This result in angle dependent radiation patterns of mean e.i.r.p. spectral density of
the EUT.

Step 3: Shift measured EUT radiation patterns by corresponding tilting angle (15° for TIL1, 30° for TIL2

or 45° for TIL3). An example for TIL1 is provided below.

Step 4: Compare shifted EUT radiation patterns with limit mask (see clause 4.3.6 and Table 10). The test
is passed if the values of the shifted mean e.i.r.p. spectral density radiation pattern is equal or less
than the corresponding value of the limit mask.

EXAMPLE: The antenna radiation pattern of a EUT device category TiltLPR1 is measured and multiplied by
the mean power spectral density. Afterwards the radiation pattern is shifted by 15°, which is the
maximum tilting angle of category TiltLPR1 devices. Figure 5 shows the measured and the shifted
half-side radiation pattern in combination with the limit mask for category TiltLPR1 devices.

power spectral density
A

-3 dBm/MHz

limit mask “mean e.i.r.p. spectral density

-35 dBm/MHz +

/shifted mean e.i.r.p. spectral density

-41,3 dBm/MHz -

I I I »
T T T »

radiation angle

Figure 5: Limit mask for TiltLPR1 devices with exemplary EUT radiation pattern and the shifted curve

5.45.3 Conformance test for EUTs with integral antennas

For EUT categories TiltLPR2, TiltLPR4, TiltLPR6 (see clause 4.2.4 and Table 3) the radiation pattern of the EUT shall
be measured in a five-step approach.

For radiated measurements the measurement distance d = 1 m shall be used. If other distances are necessary an
assessment according to ETSI EN 303 883-1 [1], clause B.2.3.5 shall be conducted. The used measurement distance
shall be recorded.
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Since the mean e.i.r.p. spectral density in a radiated test setup could be very low, the dynamic range of the measurement
receiver could be not sufficient to measure the whole antenna pattern. Therefore, the radiation pattern shall be measured
with a peak power detector as peak e.i.r.p. spectral density in E-plane and H-plane.

To get the mean e.i.r.p. spectral density the difference between peak and mean power shall be measured in main beam
direction at the centre frequency f.. The difference in power shall be subtracted from the peak e.i.r.p. spectral density
radiation pattern to get the mean e.i.r.p. spectral density radiation pattern.

For the EUT radiation pattern assessment procedure the following steps shall be conducted:

Step 1: Measure peak e.i.r.p. spectral density radiation pattern (E-plane and H-plane) at the centre
frequency f; according to the procedure described in ETSI EN 303 883-1 [1], clause 5.12.3. The
angular resolution setting shall be as described in clause 5.4.5.1.

Step 2: Measure difference between peak e.i.r.p. spectral density and mean e.i.r.p. spectral density at
centre frequency fc in main beam direction.

Step 3: Subtract difference between peak and mean e.i.r.p. spectral density from the measured peak e.i.r.p
spectral density radiation pattern.

Step 4: Shift measured EUT radiation pattern by corresponding tilting angle (15° for TIL1, 30° for TIL2
or 45° for TIL3) . An example for TIL1 is provided in clause 5.4.5.2.

Step 5: Compare shifted EUT radiation patterns with limit mask (see clause 4.3.6 and Table 10). The test
is passed if the values of the shifted mean e.i.r.p. spectral density radiation pattern is equal or less
than the corresponding value of the limit mask.

5454 Antenna gain for EUTs with integral antennas

This conformance test is only applicable to EUT categories TiltLPR2, TiltLPR4, TiltLPRG6 only (see clause 4.2.4 and
Table 3).

The method for determining the radiation pattern described above in clause 5.4.5.3 for integral antennas does not
readily provide the possibility to deduce the antenna gain. The antenna gain, however, is needed in order to e.g.
calculate the received echo power P; equivalent in the equivalent measurement scenario for assessing the Receiver Baseline
Resilience (RBR) (see clause 5.5.2 and clause E.3, respectively).

The antenna gain in boresight direction, however, shall be calculated as the difference between the radiated peak power
in the direction of the highest emission and the calculated Total Radiated Power (TRP) of the EUT as described in the
procedure in ETSI EN 303 883-1 [1], clause 5.12.3. For assessing the required Total Radiated Power (TRP) the
procedure in ETSI EN 303 883-1 [1], clause 5.6.4.3 shall be used by conducting a spherical scan with rotating the EUT
according to ETSI EN 303 883-1 [1], clause B.4.2. Additional information on standard test methods can be found in
ETSI EN 303 883-1 [1], clause B.4.

5.4.6 Adaptive Power Control (APC)

546.1 General
The conformance test shall be done under normal conditions as defined in clause 5.1.2 of the present document.

For EUTSs with an antenna connector (EUT sub-category ANT1) the conformance test for APC shall be performed
conducted as described in clause 5.4.6.3. For EUTs without antenna connector (EUT sub-category ANT2) the
conformance test for APC shall be performed radiated as described in clause 5.4.6.2.

The test procedure for APC is targeted on evaluating two extreme scenarios. In the first scenario nearly perfect
reflection conditions are established so that a large echo is produced and received by the EUT which consequently
produces a large Signal-to-Noise Ratio (SNR) in the receiver. In the second scenario poor reflection conditions are
established. The produced received echo is consequently small and this leads also to a small signal-to-noise ratio in the
EUT receiver.

The two extreme scenarios shall activate two APC conditions in which the EUT transmits with full transmit power
(poor reflection conditions with weak echo signal and small SNR) and with reduced transmit power (good reflection
conditions with strong echo signal and large SNR).
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The dynamic range of the APC is the difference between these EUT transmit powers produced in both extreme
scenarios, i.e. with metal plate reflector and with microwave absorbing material reflector (see clause 5.4.6.2) for the
radiated test and with short circuit reflection and termination (see clause 5.4.6.3) connected to the end of a transmission
line for the conducted test. Due to the fact that in both cases only the difference of the EUT transmit powers is relevant,
relative power measurements are sufficient. Therefore, the absolute value of the EUT transmit power needs not to be
known nor to be determined for this test.

In both APC conformance tests, the procedure used for measuring the peak e.i.r.p. spectral density shall be applied,
which is described in ETSI EN 303 883-1 [1], clause 5.3.4.1.4 for EUTs using FMCW or other swept frequency
modulations. See also ETSI EN 303 883-1 [1], clause 5.1.1 for general guidance on measurements with a permanent or
temporary antenna connector.

More information on APC can be found in ECC Report 139 [i.4] and ETSI TR 102 601 [i.6].

5.4.6.2 Conformance test for EUTs with integral antennas

This conformance test is only applicable to EUT categories TiltLPR2, TiltLPR4, TiltLPRG6 only (see clause 4.2 and
Table 3).The reflector in the first extreme scenario shall be a metal plate (e.g. steel, aluminium, copper) with a smooth
and flat surface of 0,6 m x 0,6 m in size. The metal plate shall be placed at 1 m distance from the EUT and shall be
equipped with a horn antenna protruding in the centre for transmit power testing. This scenario represents maximum
reflection conditions and, therefore, requires the lowest transmit power of the EUT.

The second extreme scenario uses a microwave absorbing surface, also 0,6 m x 0,6 m in size, at the same distance of
1 m that incorporates the same horn antenna. This second scenario represents minimum reflection conditions and,
therefore, allows the EUT to switch to the highest transmit power. The microwave absorbers (e.g. pyramidal absorbers
consisting of an absorbing foam) shall feature a reflection loss of at least 20 dB at the OFR centre frequency of the
EUT. This value can be extracted from the absorbers' datasheet.

The dynamic range of the APC is the difference of the measured peak e.i.r.p. levels with metal plate and absorber:

Dynamic Range APC = Peak e.i.7.Dunetai piate— Peak €.1. 7. D.gpsorper (4)

The radiated measurement setup of the APC conformance test is shown in Figure 6. In order to set up the first extreme
scenario, just the microwave-absorbing material in front of the metal plate is removed. Thus, the metal plate acts as a
nearly perfect reflector. Details of the horn antenna protruding the microwave absorbers and the metal plate are shown
in Figure 7.

Metal plate

Radio absorbing \
material \ A
Open ended hollow

4 waveguide or standard
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VIIEI IS T IS

A
\ 4

im

Figure 6: Radiated measurement setup for the APC conformance test
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Figure 7: Left: Horn antenna fitted in pyramidal absorbers;
Right: Horn antenna protruding the centre of the metal plate

NOTE: The radiated test procedure for the APC test will work properly for the required 20 dB APC dynamic
range when the peak e.i.r.p. spectral density is O to 15 dB less than the limits specified in clause 4.3.4.3.

546.3 Conformance test for EUTs with antenna connector

This conformance test is only applicable to EUT categories TiltLPR1, TiltLPR3, TiltLPR5 only (see clause 4.2 and
Table 3). In the conducted test method, the two extreme radiated scenarios described in clause 5.4.6.2 above are
reproduced with the help of a transmission line connected to the antenna connector of the EUT via a directional coupler.
At the other end of the transmission line, a short circuit is used in order to represent the nearly perfect reflection
conditions and a termination is used to simulate the poor reflection conditions. The termination shall feature a reflection
loss of at least 20 dB at the OFR centre frequency of the EUT. This value can be extracted from the termination's
datasheet. A directional coupler is needed to measure the EUT's transmit power.

The dynamic range of the APC is the difference between the measured peak power levels with short circuit and
termination:

Dynamic Range APC = Peak powergy,,,+ — Peak power ermination (5)

Short circuit or

termination ~~_

Transmission
line
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(—
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Figure 8: Measurement setup for the equivalent conducted APC conformance test method
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5.4.7 Duty cycle over signal repetition period

54.7.1 General
The conformance test shall be done under normal conditions as defined in clause 5.1.2 of the present document.

For all EUT categories the duty cycle over measurement period (DC_Tep) conformance test shall use the procedure
described in ETSI EN 303 883-1 [1], clause 5.11.2.3.3.

The required parameters T, Tgis and Py, ¢, are specified as follows:
L4 Tobs > Trep

o Tas=1 us
®  Piresh = 20 dB below the maximum peak e.i.r.p. spectral density.

NOTE: The maximum peak e.i.r.p. spectral density is measured during the evaluation of the Operating Frequency
Range (OFR) of the EUT (see clause 4.3.2).

For equipment categories TiltLPR1, TiltLPR3 and TiltLPR5 the conformance test is provided in clause 5.4.7.2 and for
equipment categories TiltLPR2, TiltLPR4 and TiltLPR6 the conformance test is provided in clause 5.4.7.3.

5.4.7.2 Conformance test for EUTs with antenna connector

For EUT categories TiltLPR1, TiltLPR3, TiltLPR5 (see clause 4.2.4 and Table 3) the provisions for conducted
measurements in ETSI EN 303 883-1 [1], clause 5.1.1 shall be applied.

5.4.7.3 Conformance test for EUTs with integral antennas

For EUT categories TiltLPR2, TiltLPR4, TiltLPR6 (see clause 4.2.4 and Table 3) the provisions for radiated
measurements in ETSI EN 303 883-1 [1], clause B.2 shall be applied. The measurement shall be conducted in main
beam direction.

For radiated measurements the measurement distance d = 1 m shall be used. If other distances are necessary an
assessment according to ETSI EN 303 883-1[1], clause B.2.3.5 shall be conducted. The used measurement distance
shall be recorded.

5.4.8 Frequency domain mitigation

5.48.1 General
The conformance test shall be done under normal conditions as defined in clause 5.1.2 of the present document.

For all EUT categories, the Frequency Domain Mitigation (FDM) conformance test shall use the procedure described in
ETSI EN 303 883-1 [1], clause 5.11.2.3.3 using the time Ton, When the transmitter is switched on, as observation period
and a resolution bandwidth (RBW) of the spectrum analyser of 10 MHz which equals the virtual receiver bandwidth as

specified in clause 4.3.7.3.2.

For equipment categories TiltLPR1, TiltLPR3 and TiltLPRS5 the conformance test is provided in clause 5.4.8.2 and for
equipment categories TiltLPR2, TiltLPR4 and TiltLPR6 the conformance test is provided in clause 5.4.8.3.

5.48.2 Conformance test for EUTs with antenna connector

For EUT categories TiltLPR1, TiltLPR3, TiltLPR5 (see clause 4.2.4 and Table 3) the provisions for conducted
measurements in ETSI EN 303 883-1 [1], clause 5.1.1 shall be applied.
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5.4.8.3 Conformance test for EUTs with integral antennas

For EUT categories TiltLPR2, TiltLPR4, TiltLPR6 (see clause 4.2.4 and Table 3) the provisions for radiated
measurements in ETSI EN 303 883-1 [1], clause B.2 shall be applied. The measurement shall be conducted in main
beam direction.

For radiated measurements the measurement distance d = 1 m shall be used. If other distances are necessary an
assessment according to ETSI EN 303 883-1 [1], clause B.2.3.5 shall be conducted. The used measurement distance
shall be recorded.

5.4.9  TX-behaviour under the complete environmental profile

5409.1 General
The test-setup shall be chosen based on the selection criteria in ETSI TS 103 941 [4], clause 4.3.1.

For EUT categories TiltLPR1, TiltLPR3, TiltLPR5 (conducted assessment as EUT features an antenna connector), the
conformance test procedure in clause 5.4.9.3 shall be used.

For EUT categories TiltLPR2, TiltLPR4, TiltLPR6 (radiated assessment as EUT features no antenna connector), the
conformance test procedure in clause 5.4.9.2 shall be used.

The environmental profile test conditions and the general test procedure are shown in ETSI TS 103 941 [4],
clause 4.5.4. The parameters for the assessment procedure are specified in clause 5.1.3.

5492 Conformance test for EUTs with antenna connector

Conformance shall be assessed based on the test-setup assessment in clause 5.4.9.1. The assessment procedure shall be
conducted according to ETSI TS 103 941 [4], clause 7.

5.4.9.3 Conformance test for EUTs with integral antennas

Conformance shall be assessed based on the test-setup assessment in clause 5.4.9.1. The assessment procedure shall be
conducted according to ETSI TS 103 941 [4], clause 6.2.

5.5 Conformance test methods for receiver

55.1 Receiver Baseline Sensitivity (RBS)

55.1.1 General

The conformance test shall be done under normal conditions as defined in clause 5.1.2 of the present document.

ETSI EN 303 883-2 [2], clause 5.1 gives general guidance on RX measurements applicable to all EUT categories.

For equipment categories TiltLPR2, TiltLPR4 and TiltLPR6 the conformance test is provided in clause 5.5.2.2 and for
equipment categories TiltLPR1, TiltLPR3 and TiltLPR5 the conformance test is provided in clause 5.5.2.3.

5.5.1.2 Conformance test for EUTs with integral antennas

This conformance test is only applicable to EUT categories TiltLPR2, TiltLPR4, TiltLPRG6 only (see clause 4.2 and
Table 3). Figure 10 shows the radiated test setup for the equivalent scenario for the Receiver Baseline Sensitivity (RBS)
test. The test setup described in Figure 10 shall be realized inside a FAR see ETSI EN 303 883-1 [1], clause B 2.2.2.

The test setup for the equivalent scenario includes a specific radar target and features the generation of a defined echo
signal power. The equivalent scenario is derived from the defined real scenario in Annex C.
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The echo signal produced by the reflection at the radar target with specific RCS in a distance Rt shall deliver the power
Py equivatent < Pr req: 10 the EUT receiver (see Annex C and particularly clause C.3). The RCS can be calculated by
following the procedure outlined in clause C.3.

In the radiated test setup according to Figure 5 the EUT antenna and the radar target shall be ideally aligned facing
towards each other. The conditions in ETSI TS 103 789 [3], clause B.2 and clause B.3 shall be applied in order to
ensure far field conditions and to fulfil the point target condition.

The main beam direction of the EUT shall be adjusted to measure the distance to the radar target.

| Distance Ry |

i »
« >

Radar target with defined RCS
(e.g. corner reflector, sphere, etc.)

EUT /
K

Radio absorbing
material

IIIIIIIID IS IISS

Figure 9: Radiated test setup providing a defined echo signal to the EUT

The EUT often can be equipped with antennas of different size and gain. However, the radiated sensitivity test is
independent of the EUT antenna as its gain is compensated in the radar target RCS (see clause C.3 and clause C.4 for
the reference device defined in Table C.1). Thus, all available EUT antennas can be used to conduct the radiated RBS
test.

The attenuation in the signal path from the EUT antenna to the radar target and back again to the EUT receiver can be
influenced by adjusting the RCS of the radar target and/or varying the distance Rt (see clause C.3). Thus, the desired
echo signal power P, cqyivatent < Pr rea: Can be provided to the receiver of the EUT.

551.3 Conformance test for EUTs with antenna connector

This conformance test is only applicable to EUT categories TiltLPR1, TiltLPR3, TiltLPR5 only (see clause 4.2 and
Table 3). Figure 10 shows the conducted test setup for the equivalent scenario for the Receiver Baseline Sensitivity
(RBS) test using coaxial or hollow waveguide components.

The test setup features the generation of a defined echo signal power which is provided to the EUT receiver.

The echo signal produced by the reflection at the short-circuited transmission line shall deliver the power
Py equivatent < Pr rea: 10 the EUT receiver (see Annex C and particularly clause C.3).

The antenna connector of the EUT shall be connected to the transmission line to measure the distance to the short
circuit.
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Figure 10: Conducted test setup providing a defined echo signal to the EUT

The desired attenuation in the signal path from the antenna connector over the transmission line to the short circuit and
back again to the antenna connector can be further adjusted by selecting a suitable attenuation in the employed
attenuator (see Figure 10). Thus, the desired echo signal power P, ¢qyivaient < Pr_rea: Can be provided to the receiver of
the EUT.

5514 Test procedure

The test procedure for receiver baseline sensitivity shall be conducted as follows:

. The measurement setup for the radiated equivalent scenario is arranged according to Figure 9. If the equipment
under test provides an antenna connector (EUT sub-category ANT1) the test shall be carried out in the
conducted equivalent scenario according to Figure 10.

. The corresponding RCS of the radar target with the corresponding distance Ry is determined according to
clause C.3 for the radiated setup in clause 5.5.1.2 delivering the desired echo power to the EUT receiver.

. For the conducted setup in clause 5.5.1.3 the desired echo power delivered to the EUT receiver is adjusted by
selecting a suitable attenuation in the employed attenuator (see Figure 10) such that the resulting received echo
POWEr Py oquivaient Provided to the EUT receiver shall be equal or less than the received echo power P, ,..q; =
-53,8 dBm in the real scenario (see clause C.2).

. The distance measurement is carried out against the radar target in the radiated setup (Figure 9) or against the
short circuit in the conducted setup (Figure 10).

The test is passed if the radar target/short circuit can be detected with the required detection probability as
specified in clause 4.4.3.3. In this case a sufficient receiver sensitivity of the EUT can be ensured.

55.2 Receiver Baseline Resilience (RBR)

55.2.1 General
The conformance test shall be done under normal conditions as defined in clause 5.1.2 of the present document.
ETSI EN 303 883-2 [2], clause 5.1 gives general guidance on RX measurements applicable to all EUT categories.

For equipment categories TiltLPR2, TiltLPR4 and TiltLPR6 with no access to the receiver noise level the conformance
test is provided in clause 5.5.2.2.1 and for equipment categories TiltLPR1, TiltLPR3 and TiltLPR5 with no access to the
receiver noise level the conformance test is provided in clause 5.5.2.2.2. For equipment with access to the receiver noise
level the conformance test is provided in clause 5.5.2.3.
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5.5.2.2 Test setups for EUTs providing no access to the receiver noise level

55.2.2.1 Conformance test for EUTs with integral antennas

This conformance test is only applicable to EUT categories TiltLPR2, TiltLPR4, TiltLPRG6 only (see clause 4.2 and
Table 3). Figure 11 and Figure 12 show the radiated test setup for the equivalent scenario for the Receiver Baseline
Resilience (RBR) test. The test setup described in Figure 12 and Figure 13 shall be realized inside a FAR see ETSI
EN 303 883-1 [1], clause B 2.2.2.

The equivalent scenario is derived from the defined real scenario in Annex C. For the RBR test, there are two signals
which have to be provided to the EUT receiver simultaneously:

1)  The echo signal of the radar target with specific RCS o which produces the power Py quivaient < Pr rea: 10
the EUT receiver (see Annex C and particularly clause C.3).

2)  The interferer signals which shall be determined according to the procedure specified in Annex D.

The interferer signals (see Annex D) are generated by means of a microwave signal generator which is connected to a
test antenna with gain G,. The test antenna is placed in a certain distance R from the EUT device and shall also be
positioned within the EUT antenna main lobe.

| Distance to testantenna R ‘
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\4

Distance to target Ry
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»
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o
Radar target with defined RCS
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3 generator
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Figure 11: Radiated test setup providing a defined echo signal and an interferer signal to the EUT
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Distance to testantenna R

EUT

P

Figure 12: Radiated test setup providing a defined echo signal and an interferer signal to the EUT
(top view of Figure 11 drawn without measurement instrumentation)
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The main beam direction of the EUT shall be adjusted to measure the distance to the radar target.
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The test antenna and the radar target shall not provide exactly the same distances R and Rr to the EUT (R>Rr+1m),
so that the EUT can separate the desired radar target (see Figure 12) from the unwanted echo signal generated by the
test antenna support.

In the radiated test setup, according to Figure 11 and Figure 12, both the test antenna and the radar target shall be placed
within the Half Power BeamWidth (HPBW) of the main lobe of the EUT antenna. In this case, the interferer signal from
the microwave generator and the echo signal from the Radar target reach the EUT receiver over the main lobe of the
EUT antenna. Therefore, it is valid to use the EUT antenna gain G in the direction of main radiation (main lobe axis) for
further evaluation.

The conditions in ETSI TS 103 789 [3], clause B.2 and clause B.3 shall be applied in order to ensure far field conditions
and to fulfil the point target condition for the radar target.

The EUT often can be equipped with antennas of different size and gain. However, the radiated resilience test is
independent of the EUT antenna as its gain is compensated in the radar target RCS (see clause C.3 and clause C.4 for
the reference device defined in Table C.1. In addition, the EUT antenna gain is considered when determining the
interferer power level at the EUT (see equation (C.1) in ETSI TS 103 789 [3], Annex C). A procedure how to measure
the antenna gain for integral antennas is described in clause 5.4.5.4 of the present document. Thus, all available EUT
antennas can be used to conduct the radiated RBR test.

The attenuation in the signal path from the EUT antenna to the radar target and back again to the EUT receiver can be
influenced by adjusting the RCS of the radar target and/or varying the distance Ry (see clause C.3). Thus, the desired
echo signal power P, cqyivaient < Pr reai Can be provided to the receiver of the EUT.

The employed power level at the microwave signal generator (see Figure 11 and Figure 12) shall be aligned with the
EUT antenna gain and the test antenna gain in order to result in the correct interferer power level Py ;e ferer at the
receiver of the EUT.

The interferer power level Py ey rerer Which shall be applied to the receiver of the EUT shall be determined by
following the procedure outlined in Annex D.

The transmitted power level of the interfering signal P, ;¢erferer Which shall be fed into the test antenna in order to
generate the wanted interferer power level Py ey ferer at the EUT receiver shall be determined using the well-known
Friis transmission equation. A description of this equation related to the case under consideration can be found in ETSI
TS 103 789 [3], Annex C. Thus, the correct interferer power of P, jterferer and the desired echo power Py qyivaient
can simultaneously be provided to the receiver of the EUT.

55.2.2.2 Conformance test for EUTs with antenna connector

This conformance test is only applicable to EUT categories TiltLPR1, TiltLPR3, TiltLPR5 only (see clause 4.2 and
Table 3). Figure 13 shows the conducted test setup for the equivalent scenario of the Receiver Baseline Resilience
(RBR) test using coaxial or hollow waveguide components. There are two signals which have to be provided to the
EUT receiver simultaneously:

1)  The echo signal from a short-circuited transmission line which produces the power P, oqyivaient < Pr rea t0
the EUT receiver (see Annex C and particularly clause C.3).

2)  The interferer signals which shall be determined according to the procedure specified in Annex D.

The interferer signals (see Annex D) are generated by means of a microwave signal generator which is connected to the
EUT via the transmission line B and the directional coupler.

Transmission line A and line B (see Figure 13) shall have a difference in cable length of > 1 m, so that the EUT can
separate between the desired echo of the short-circuited line and the unwanted reflection of the RF output stage of the
microwave signal generator. The antenna connector of the EUT shall be connected to the directional coupler to measure
the distance to the short circuit.

NOTE: In general, there are built in functions and techniques which enable EUT to suppress echoes from

unwanted reflections, like the unwanted reflections of the RF output stage of the microwave signal
generator.
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Figure 13: Conducted test setup providing a defined echo signal and an interferer signal to the EUT

The attenuation in the signal path from the EUT antenna connector to the short circuit and back again to the antenna
connector can be adjusted by selecting a suitable attenuation in the employed attenuator. Thus, the desired echo signal
POWEr Py pquivatent < Pr req: Can be provided to the receiver of the EUT.

The exact interferer power level P, ey erer Which shall be applied to the receiver of the EUT shall be determined
according to the procedure outlined in Annex D.

The transmitted power level of the interfering signal P, j¢erserer Which shall be fed into coaxial cable B at the
RF-connector of the signal generator in order to generate the wanted interferer power level Py ey ferer at the EUT
shall be calculated by considering the attenuation of transmission line B and the coupling factor of the used directional
coupler. Thus, the correct interferer power of Py ey erer and the desired echo power of Py ¢y ivarent Will
simultaneously be provided to the EUT.

5.5.2.2.3 Test procedure

The test procedure for receiver baseline resilience shall be conducted as follows:

e  The measurement setup for the radiated approach is arranged according to Figure 11 and Figure 12. If the
equipment under test provides an antenna connector (EUT sub-category ANT1) the test shall be carried out in
a conducted arrangement according to Figure 13.

e The interferer frequencies finierferer aNd POWEr 1€VEIS Py i terferer Shall be determined by following the
procedure outlined in Annex D. The respective test shall be repeated for all applicable interferer signals.

e The transmitted interferer power levels (microwave signal generator output pOWer) Py iy ierferer Shall be
determined by means of the approaches outlined in clause 5.5.2.2.1 for the radiated test setup or
clause 5.5.2.2.2 for the conducted test setup.

e  The corresponding Radar Cross Section (RCS) o of the radar target with the corresponding distance R shall

be determined according to clause E.3 for the radiated setup in clause 5.5.2.2.1 delivering the desired echo
power to the EUT receiver.

e  For the conducted setup in clause 5.5.2.2.2 the desired echo power delivered to the EUT receiver is adjusted by
selecting a suitable attenuation in the employed attenuator (see Figure 13) such that the resulting received echo
POWEr Py pquivaient Provided to the EUT receiver shall be equal or less than the received echo power P, ,..q; =
-53,8 dBm in the real scenario (see clause C.2).

. The distance measurement is carried out against the radar target in the radiated setup (Figure 11 and Figure 12)
or against the short circuit in the conducted setup (Figure 13) with the interferer signal turned on.
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The test is passed if the radar target/short circuit can be detected with the required detection probability as
specified in clause 4.4.4.3. In this case a sufficient resilience of the EUT receiver against interferer signals can
be ensured.

5.5.2.3 Test setups for EUTs providing access to the receiver noise level

55.23.1 General

If the EUT provides information about the noise level of the implemented receiver and the possibility to monitor
changes in the noise level over time, for example, in an echo curve graph, the test for RBR shall be carried out without a
simultaneous distance measurement against a radar target. I1f the EUT does not provide this feature, the procedure in
clause 5.5.2.2 shall be applied for testing.

The interfering signal is directly coupled into the receiver of the EUT and the response of the noise floor is being
monitored. An interfering signal will cause a rise of the noise floor in the receiver of the EUT, no matter what frequency
or type of modulation is used.

The EUT signal processing algorithms, however, need a stable echo, and a minimum echo signal-to-noise ratio SNRmin
shall be maintained in order to ensure a measurement value variation Ad < +50 mm over time during a distance
measurement. Echoes with smaller signal to noise ratios than SNRmin cannot be processed by the EUT with the
predefined accuracy. This correlation is used to define the following test procedure.

The received echo power P, ,..,; = -53,8 dBm is determined according to clause C.2 assuming a reference device in a
real environment measuring against an oil surface. The maximum allowed noise level, which still ensures a
measurement value variation Ad <+50 mm of the device, is then determined by subtracting the minimum allowed echo
signal-to-noise ratio SNRmin from the echo power Py ,..,; =-53,8 dBm.

max. allowed noise level (in dBm) = Py yoq; — SNRyy, (in dB). (6)

The relation between the measurement value variation Ad and the signal-to-noise-ratio SNR of the corresponding echo
signal, and thus the minimum signal-to-noise-ratio SNRmin, shall be determined by providing different echo signal
power levels to the EUT and recording the measured distance value over a period of 120 seconds or 40 times the step
response time of the EUT, whichever is longer. If the step response time of the EUT is not known, it can be determined
according to the procedure described in clause 5.5.2.2.3.

The measurement for SNRmin shall be carried out in a radiated setup according to Figure 9 if the EUT provides no
antenna connector (EUT sub-category ANT2). The different echo power levels used to determine SNRmin can be
realized by varying the RCS of the used radar target and/or the distance Rr to this artificial target. If the EUT provides
an antenna connector (EUT sub-category ANT1) this measurement shall be carried out in a conducted setup according
to Figure 10. The different echo power levels used to determine SNRmin can be realized by varying the attenuation in the
attenuator employed in the signal path from the EUT to the short circuit and back into the receiver of the EUT.

The minimum required signal-to-noise-ratio SNR;;, and the maximum allowed noise level shall be noted in the test
report.

The RBR test is passed if the noise floor of the EUT stays below the maximum allowed noise level under interference
conditions while the test is running.

5.5.2.3.2 Test procedure

The test procedure for receiver baseline resilience shall be conducted as follows:

e  The measurement setup for the radiated approach is arranged according to Figure 11 and Figure 12 but without
the radar target. The test antenna and EUT antenna shall be placed in the distance R and shall be ideally
aligned for main beam direction and polarization.

If the equipment under test provides an antenna connector (EUT sub-category ANT1) the test shall be carried
out in a conducted arrangement according to Figure 13 where the signal generator is directly connected to the
antenna connector of the EUT by means of the transmission line B, i.e. the directional coupler, the attenuator
and the transmission line A are not used in this test setup.
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The interferer frequencies finterferer AN POWEr leVEIS Py jnierrerer Shall be determined by following the

procedure outlined in Annex D. The respective test shall be repeated for all applicable interferer signals (see
Annex F).

The transmitted interferer power levels (microwave signal generator output POWer) P, jn¢erferer Shall be
determined by means of the approaches outlined in clause 5.5.2.2.1 for the radiated test setup or
clause 5.5.2.2.2 for the conducted test setup.

The minimum echo signal-to-noise ratio SNR;, which ensures a measurement value variation Ad <50 mm
shall be determined according to the procedure described in clause 5.5.2.3.1 and recorded in the test report.

The maximum allowed noise level is calculated by means of equation (6) in clause 5.5.2.3.1.

The interfering signal is activated and the noise level of the EUT is continuously monitored for example in an
echo curve graph.

The test is passed if the noise floor of the EUT stays below the maximum allowed noise level for a fraction of:
- 50 % of the measurement period if the interferer is located inside the OFR (co-channel interference);

- 85 % of the measurement period if the interferer is located at f. £ OFR (adjacent channel interference);

- 95 % of the measurement period if the interferer is located at f; £ 2 x OFR (blocking);

as specified in clause 4.4.4.3. In this case a sufficient resilience of the EUT receiver against interferer signals
can be ensured.

During the test, the EUT shall be configured for the fastest possible step response time. The configuration of
the device under test in this regard shall be noted in the test report.

The step response time of an EUT is defined according to IEC 61298-2 [i.9], clause 5.4 and can often be
extracted from the manufacturer's technical documentation. However, if the step response of the EUT is not
known, it shall be determined by introducing a sudden change of the measurement distance of maximum 2 m.
This shall be achieved by changing the distance to the radar target in the radiated equivalent scenario or
changing the length of the transmission line to the short circuit in the conducted equivalent scenario. The step
response time is the time span until the new distance value reaches 90 % of the final value for the first time.
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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 standardisation request C(2015) 5376 final [i.2] 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.1].

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 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 [i.1]

Harmonised Standard ETSI EN 302 729-2

Requirement Requirement Conditionality
No Description Essential _requ?rements of Clause(s) of the u/C Condition
Directive present document
1 Operating Frequency 3.2 4.3.2 U
Range (OFR)

2 Mean e.i.r.p. spectral 3.2 4.3.3 U

density
3 Peak e.i.r.p. spectral 3.2 4.3.4 U

density
4 TX Unwanted Emissions 3.2 4.3.5 U

(TXUE)
5 Radiation pattern 3.2 4.3.6 U
6 Mitigation techniques 3.2 4.3.7 U
7 TX-behaviour under the 3.2 4.3.8 U

complete environmental

profile

8 Receiver Baseline 3.2 4.4.3 u
Sensitivity (RBS)
9 Receiver Baseline 3.2 444 u
Resilience (RBR)
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).
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Condition Explains the conditions when the requirement is or is not applicable for a requirement which is
classified "conditional".

Presumption of conformity stays valid only as long 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 (informative):
Selection of technical parameters

ETSI EG 203 336 [i.10], clause 5 lists the technical parameters applicable to transmitters and receivers that should be
considered when producing Harmonised Standards and that are intended to cover the essential requirements in

article 3.2 of Directive 2014/53/EU [i.1]. Essential requirements are high level objectives described in European
Directives. The purpose of the Harmonised Standard is to translate those high-level objectives into detailed technical
specifications. Table B.1 contains the parameters listed in ETSI EG 203 336 [i.10], clause 5 for transmitter and receiver,
and cross references these to the clauses within the present document in which the requirements for measurement of
such parameters are satisfied or justified.

Table B.1: Cross reference of clauses in the present document to technical parameters for
transmitter and receiver listed in ETSI EG 203 336 [i.10]

ETSI EG 203 336 [i.10]

Present document

Justification

Clause Parameter Clause Parameter
5.2.2  [Transmitter power limits 4.3.3 |Mean e.i.r.p. spectral density As specified in European
4.3.4 |Peak e.i.r.p. spectral density Commission Implementing Decision
(EV) 2025/105 [i.7] and ECC
Decision(11)02 [i.3].
4.3.6 |Antenna requirements, i.e.
HPBW and sidelobe suppression
5.2.3 [Transmitter power - - From the latest version of ETSI
accuracy EG 203 336 [i.10]
"When regulatory limits imply only a
maximum emission limit (e.g.
products that operate under a
general licence regime), this
parameter need not to be considered
for inclusion in an HS."
5.2.4 [Transmitter spectrum 4.3.2 |Operating Frequency Range
mask (OFR)
5.2.5 [Transmitter frequency - - See note
stability
5.2.6 |Transmitter - - From latest version of ETSI
intermodulation EG 203 336 [i.10].
attenuation This parameter is only applicable
"where high levels of quality services
are required". This is not the case for
generic short-range devices which
are operating on the "no interference,
no protection" principle under a
licence exempt regime without any
kind of regulatory protection. SRDs
have to accept interferences.
5.2.7.2 |Transmitter unwanted 435 |TX Unwanted emissions
emissions in the out of
band domain
5.2.7.3 [Transmitter unwanted 4.3.5 |TX Unwanted emissions
emissions in the
spurious domain
5.2.8 [Transmitter time domain | 4.3.7.3 [Duty cycle over signal repetition
characteristics period (DC_Trep)
5.2.9 [Transmitter transients 4.3.5 |TX Unwanted emissions
Other mitigation, 4.3.7.2 |Adaptive power control
spectrum access 4.3.7.4 |Frequency domain mitigation
requirements not (FDM)
specified in the ETSI
Guide but specified in
related ECC/EC
framework
5.3.2 |Receiver sensitivity - -
5.3.2.3 |Desensitization - -
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ETSI EG 203 336 [i.10]

Present document

Justification

Clause Parameter Clause Parameter
5.3.3 |Receiver co-channel - - Covered by RBS
rejection See justification in ETSI
5.3.4.2.1 |Receiver adjacent - - EN 303 883-2 [2], Annex C
channel selectivity
5.3.4.2.2 |Receiver adjacent band - -
selectivity
5.3.4.3 [Receiver blocking - -
5.3.4.4 [Receiver spurious - -
response rejection
5.3.4.5 |Receiver radio- - -
frequency
intermodulation
5.3.5 [Receiver unwanted - - Not applicable as the present
emissions in the document does not cover receive-
spurious domain only devices or transceivers with
receive-only mode (see
clause 4.2.1).
5.3.6.1 [Receiver dynamic range 4.4.3 |partly by Receiver Baseline See ETSI EN 303 883-2 [2],
Resilience (RBS) Table C.1 for more information.
5.3.6.2 [Reciprocal mixing - - Covered by RBR
See justification in ETSI
EN 303 883-2 [2], Annex C.
5.3.1 |[Signal interferer 4.4.3 |Receiver Baseline Sensitivity Signal interferer handling (ETSI
handling 444 |(RBS) EG 203 336 [i.10], clause 5.3.1) is an

Receiver Baseline Resilience
(RBR)

alternative method for specifying
receiver parameters intended for
receivers such as UWB and certain
types of radar equipment. The
present document is following this
concept, see ETSI TS 103 567 [i.11]
and ETSI EN 303 883-2 [2].

NOTE:  Not applicable for UWB/wideband devices based on the nature of the used modulation.
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Annex C (normative):
Test scenarios for receiver parameters measurements

C.1 Introduction

An equivalent test scenario (see Figure C.1) is applied, which accurately reflects the conditions set out in the typical real
scenario (see clause C.2) for the EUT setup at much shorter measurement distances. The radiated test can then
conveniently be conducted in the limited space provided in an anechoic chamber described, for example, in ETSI

EN 303 883-1 [1], clause B.2.2.2 under the boundary conditions specified in ETSI TS 103 789 [3], Annex B.

A detailed description of how to transfer a real measurement scenario against a material surface in distance Dmess into a
radiated equivalent scenario using an artificial radar target (e.g. sphere, corner reflector, etc.) located in an arbitrary
distance Dt which produces exactly the same Rx power at the EUT's receiver can be found in ETSI TS 103 789 [3],
clause A.2.4.

C.2 Definition of the real scenario

In the typical real scenario, the received echo power is derived from the reflection of the transmit signal generated by a
reference LPR equipment operating at a centre frequency f. = 80,0 GHz at a reference material surface with permittivity
& = 2,0 (e.g. oil) in a distance of Rmeas = 28 m.

Table C.1 lists the technical parameters of the reference LPR equipment in detail.

Table C.1: Technical parameters of the reference LPR equipment

Frequency range which Centre Peak power Antenna gain |Peak e.i.r.p.
contains the OFR of the EUT | frequency fc (conducted)
+1 dBm .
75 to 85 GHz 80 GHz (1,259 mW) 33 dBi (1 995) +34 dBm

NOTE: The conducted peak power and the antenna gain of the reference device are defined in a way, that, in this
example, the resulting peak e.i.r.p. value hits the regulated limit of +34 dBm.

The received power P, ,..,; fed back into the EUT receiver can be calculated according to the following equation (see
ETSI TS 103 789 [3], clause A.2.4), assuming a specular reflection at the above defined flat oil surface.

_ Pt_refG12~efAZ|T|z

Prrear = =g ——3 (C.1)
Py rear received echo power in the real measurement scenario (in Watt)
P ref - maximum conducted peak power of the reference LPR equipment (1,259 mW)
Gref: antenna gain of the reference LPR equipment in main lobe direction (1 995)
A wavelength of the transmit signal at centre frequency f.
Reas: measurement distance in the real scenario (Rmeas = 28 m)
T reflection coefficient of the reference surface (r = —0,172 with g = 2,0).

The reflection coefficient of the transition from air to the surface material with relative permittivity &, can be
approximated by:

(C2)
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& relative permittivity of the considered surface material

Consequently, for the typical real scenario the power P, ,.,; = —53,8 dBm is returned back into the receiver of the EUT.

C.3  Derivation of the radiated equivalent scenario

The real scenario, outlined in clause C.2, can be translated into a radiated equivalent scenario using an artificial radar
target (e.g. sphere, corner reflector, etc.) located in an arbitrary distance Rt which produces the same Rx power at the
EUT's receiver as the above defined reference surface obtained with the respective reference device.

The aim of the equivalent scenario is to enable the possibility to carry out the radiated measurements in the limited
space provided in an anechoic chamber (described for example in ETSI EN 303 883-1 [1], clause B.2.2.2) at a much
shorter measurement distance Ry (Rt < Ry¢55) @nd thus to facilitate testing.

In order to ensure the same echo signal power at the LPR receiver as in the defined real scenario

(i.e. Py yeq = —53,8 dBm), a radar target with a certain Radar Cross Section (RCS) o is used (see clause C.4) which is
placed at a convenient distance Ry (often at standard distances of 3 m, 5 m or 10 m depending on the used anechoic
chamber) from the EUT (Figure C.1).

Radar target with specified RCS
(e.g. corner reflector, sphere, etc.)

N\
<

-« .

Distance to target Rt

Figure C.1: Radiated measurement setup of the equivalent scenario

The measurement at this shorter distance R is valid as the variation of the measured distance value and thus also the
detection probability (performance criterion) of the LPR sensor solely depends on the signal-to-noise ratio of the echo
signal and not on the distance to the radar target itself.

The power level of the echo signal in the equivalent scenario P, oqyivaent at the receiver during the measurement
against the radar target with RCS o shall be determined by following the provisions in ETSI TS 103 789 [3],
clause A.2.4.

The shape and size of a radar target depends on the desired Radar Cross Section (RCS) ¢. The equations for the radar
cross sections of different reflectors in boresight direction can be found in ETSI TS 103 789 [3], clause A.1.

C.4  Evaluation of the Radar Cross Section (RCS) of
standard radar targets

In order to evaluate the Radar Cross Section (RCS) of standard radar targets the approach described in ETSI
TS 103 789 [3], clause 7 shall be followed.
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Annex D (normative):
Interferer signals for receiver baseline resilience

D.1 General

The approach defined in ETSI EN 303 883-2 [2], clause A.2.1.0 option 2 shall be used.

D.2 Interferer within the OFR

To determine the interferer test signals within the OFR, the provisions in ETSI EN 303 883-2 [2], clause A.2.1 shall be
followed. For the purpose of the present document, option 2 shall be used (see ETSI EN 303 883-2 [2], clause A.2.1.2)
using the following parameters in order to determine the interferer power level at the EUT receiver:

. 100 mW e.i.r.p. interferer power;
. 10 m distance under line-of-sight conditions;

. 10 dB additional loss.

NOTE: The deviation from the distance value of 2 m in ETSI EN 303 883-2 [2], clause A.2.1.2 is sensible as
level probing radar equipment is usually operated in remote industrial areas. The 10 m minimum distance
is thus also reflected in ETSI TS 103 361 [i.12], clause 7.7.

D.3 Interferer outside of the OFR

To determine the interferer test signals outside of the OFR, the provisions in ETSI EN 303 883-2 [2], clause A.2.2 shall
be followed. For the purpose of the present document, the power level of the interfering signals shall be determined
following also the procedure in ETSI EN 303 883-2 [2], clause A.2.1.2 using the same parameters listed in clause D.2.
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Annex E (informative):
Installation requirements

The following installation requirements apply to LPR equipment and are direct citations from ECC Decision
(11)02 [i.3]. These installation requirements, however, are not subject to Annex A of the present document.

. "LPR devices shall always beinstalled at permanent fixed positions.

. A strict (stable) orientation of LPR antennas under any operating conditions shall be ensured by appropriate
installation.

. LPR devices are intended to be installed in industrial environments by professionally trained personnel.
In addition, radio astronomy stations shall be protected as follows:

. From O kmup to 4 kmradius around any radio astronomy station, installation of LPR devices operating in
6 GHzto 8,5 GHz, 24,05 GHzto 26,5 GHz and 75 GHz to 85 GHz bands shall be prohibited unless a special
authorization has been provided by the responsible national administration.

. From 4 to 40 km around any radio astronomy station, the antenna height of an LPR installation of devices
operating in 6 GHzto 8,5 GHz, 24,05 GHzto 26,5 GHz and 75 GHz to 85 GHz bands shall not exceed 15 m."

A list of presently known radio astronomy sites is provided in Table E.1 and in ECC Decision (11)02 [i.3]. The
manufacturer is required to inform the users and installers of LPR equipment about the restrictions listed above.
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Table E.1: List of radio astronomy sites exclusion zones

e Band A: 6 GHz to 8,5 GHz

e Band B: 24,05 GHz to 26,5 GHz

e Band C: 75 GHz to 85 GHz
NOTE 2: The listis in accordance with ECC/DEC/(11)02 [i.3], Annex 3.

Country Name of station Geographic Geographic Frequency Band
Latitude Longitude (see note below)
Finland Metséhovi 60°13'04" N 24°23'37" E A, BandC
Tuorla 60°24'56" N 22°26'31"E Aand B
France Plateau de Bure 44°38'01" N 05°54'26" E Band C
Germany Effelsberg 50°31'32" N 06°53'00" E A, Band C
Hungary Penc 47°47'22" N 19°16'53" E B
Italy Medicina 44°31'14" N 11°38'49" E B
Noto 36°52'34" N 14°59'21" E B
Sardinia 39°29'50" N 09°14'40"E A,Band C
Latvia Ventspils 57°33'12" N 21°51'17" E A and B
Poland Krakéw — Fort Skala  [50°03'18" N 19°49'36" E B
Torun - Piwnice 52°54'48" N 18°33'30" E A
Russia Badari 51°45'27" N 102°13'16"E A
Dmitrov 56°26'00" N 37°27'00" E B
Kalyazin 57°13'22" N 37°54'01" E B
Pushchino 54°49'00" N 37°40'00" E B
Svetloe 61°05'N 29°46'54" E A
Zelenchukskaya 43°49'53" N 41°35'32" E A and B
Spain Yebes 40°31'27" N 03°05'22" W A, Band C
Robledo 40°25'38" N 04°14'57" W B
Pico Veleta 37°03'58" N 03°23'34" W C
Switzerland Bleien 47°20'26" N 08°06'44" E B
Sweden Onsala 57°23'45" N 11°55'35" E A,BandC
The Netherlands Westerbork 52°55'01" N 06°36'15" E A
Turkey Kayseri 38°59'45" N 36°17'58" E A
UK Cambridge 52°09'59" N 00°02'20" E B
Darnhall 53°09'22" N 02°32'03" W B
Jodrell Bank 53°14'10" N 02°18'26" W A and B
Knockin 52°47'24" N 02°59'45" W B
Pickmere 53°17'18" N 02°26'38" W B
NOTE 1:

Table E.1 is based on available information at the time of creation of the present document. The possible omission of
stations for certain frequency ranges does not mean that future use of these frequency ranges is excluded. Additional
information on the list of radio astronomy stations may be available under www.craf.eu [i.8].
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Annex F (informative):
FMCW modulation schemes

In FMCW modulation schemes, the transmitter periodically transmits a pulse train containing of frequency modulated

sweeps or ramps with individual sweep durations. Typical examples of FMCW modulation schemes are shown in
ETSI EN 303 883-1 [1], clause C.2.2.
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Annex G (informative):

Main beam direction of tilted LPR equipment

The main beam direction is the measurement direction of the tilted LPR. It is the direction where the highest RF power
is emitted from the device itself. The main beam direction depends on the antenna of the EUT and is independent from
the mounting orientation of the LPR. If the EUT is mounted on a fixed position the main beam direction in relation to
the vertical direction will result in the tilting angle of the device. The main beam direction is also referred to as

boresight direction.

The main beam direction is stated in the technical documentation of the tilted LPR equipment. It is as well the main

beam direction of the measurement antenna of the device.

EUT

f 4
Tilting
angle/—7\‘

Main beam
direction /

/

7 /

Vertical
Direction

7

s

Figure G.1: lllustrative figure for explanation of main beam direction and tilting angle
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Annex H (informative):
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Recommendation ITU-R SM.329-12 (2012): "Unwanted emissions in the spurious domain™.

ETSI TS 103 060 (\V1.1.1): "Electromagnetic compatibility and Radio spectrum Matters (ERM); Short Range
Devices (SRD); Method for a harmonized definition of Duty Cycle Template (DCT) transmission as a passive
mitigation technique used by short range devices and related conformance test methods".
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Annex | (informative):
Change history

Date Version Information about changes
Last publication of ETSI EN 302 729 -1 and -2 as a two-part HS under

May 2011 112 R&TTE-Directive.
Revision of ETSI EN 302 729 for Level Probing Radar (LPR) equipment for
compliance under the Radio Equipment Directive 2014/53/EU; cited in OJEU
at 10 March 2017.
Main changes to previous version:
e Merge of ETSI EN 302 729-1/-2 into a single EN covering the essential
requirement of the Directive 2014/53/EU
December 2016 211 e  OQut-sourcing of some standard measurement procedures into a

separate ETSI EN 303 883 (V1.1.1)
e New requirement on receiver interferer signal handling
e New Annex B "Application form for testing"
e Annex | "Atmospheric absorptions and material dependent
attenuations" deleted
e New Annex K "Radar targets for radiated measurements”
e New Annex L "Boundary conditions for the radar equation"
Revision of ETSI EN 302 729 on request of the EC to improve the standard,
especially regarding receiver requirements (more information is given in the
introduction of this document).
In order to achieve soundness and clarity, TGUWB decided to develop more
specific standards. For the present document this means that it is a subpart 2
of a series of standards.
Subpart 2 is dedicated to "Level Probing Radar (LPR) equipment operating in
the frequency range 75 GHz to 85 GHz for tilted downward installation". Other
sub-parts may follow.

The main changes compared to the previous version are:

e Clear categorization of EUTs covered by the present document
based on regulation, technical implementations and intended use-
case requirements.

e Change in the EN structure to allow other use-cases with different

3.1.1 ; h
requirements related to the intended use.

e Receive-only devices, EUTs exhibiting a receive only mode or a
standby mode have been removed from the scope of the present
document.

e Addition of a TX-requirement over the complete environmental
profile.

e Introduction of the new UWB emission concept as described in
ETSI EN 303 883-1 V2.1.1 (2024-06) clause 5.1.2.

e All manufacturer declarations have been removed.

e Clarification to assess the mean e.i.r.p. spectral density according to
ETSI EN 303 883-1 [1], clause 5.3.2.4 over 1 ms.

e The scope of the present document is limited to FMCW modulation
devices.

e The scope of the present document is limited to the frequency range
between 75 and 85 GHz.
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History
Document history
V1.1.2 May 2011 Publication as ETSI EN 302 729-1 and -2
V2.1.1 December 2016 | Publication as ETSI EN 302 729
V3.0.0 September 2025 | SRAAP process EV 20251130: 2025-09-01 to 2025-12-01
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