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Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI members and non-members, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETSI in
respect of ETSI standards", which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web
server (https://ipr.etsi.org/).

Pursuant to the ETSI IPR Policy, no investigation, 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.

Foreword

This Harmonised European Standard (EN) has been produced by ETSI Technical Committee Electromagnetic
compatibility and Radio spectrum Matters (ERM).

The present document has been prepared under the Commission's standardisation request C(2015) 5376 final [i.15] 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.12].

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.

National transposition dates

Date of adoption of this EN: 5 December 2016
Date of latest announcement of this EN (doa): 31 March 2017
Date of latest publication of new National Standard

or endorsement of this EN (dop/e): 30 September 2017
Date of withdrawal of any conflicting National Standard (dow): 30 September 2018

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

e The present document cancels and replaces previous versions of the whole series.

- There have been no significant technical changes incorporated from the previous version of the present
document.
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Clauses 1 and 3 provide a general description on the types of equipment covered by the present document and the
definitions and abbreviations above.
Clause 2 provides the information on normative and informative reference documentation.

Clause 4 lists all technical requirements specifications. This includes transmitter and receiver conformance
requirements as well as requirements for spectrum access, antennas and mitigation techniques.

Clause 5 addresses the conditions for testing. This includes the environmental conditions and product information of the
equipment to be tested. It also gives advice on the interpretation of the measurement results and gives the maximum
measurement uncertainty values.

Clause 6 provides the information on conformance test suites. This includes test suites for transmitter and receiver
parameters as well as test suites for spectrum access, antenna requirements and others.

Annex A explains the relationship between the present document and the essential requirements of Directive
2014/53/EU [i.12].

Annex B provides an application form for facilitating the test preparation.
Annex C lists general requirements on radiated test setups.
Annex D provides information about the requirements of conducted measurements.

Annex E lists the exact locations of radio astronomy sites. The installation of LPR instruments is restricted in the
vicinity of these sites.

Annex F gives recommendations on measurement antennas and preamplifiers.

Annex G deals with practically useful approximations of the far field conditions for radiated measurements.
Annex H describes the range of modulation parameters for LPR instruments.

Annex | gives information on the atmospheric absorption of electromagnetic waves as a function of frequency.
Annex J gives practical information on RF measurements, especially in higher frequency bands.

Annex K gives information on radar targets for radiated measurements.

Annex L describes the boundary conditions for the Radar equation.

Annex M (bibliography) lists further related documents.

Annex N contains the change history of the present document.
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1 Scope

The present document applies to the following equipment types:

Level Probing Radar (LPR) applications are based on pulse RF, FMCW, or similar wideband techniques. LPR radio
equipment types are capable of operating in all or part of the frequency bands as specified in table 1.

Table 1: Level Probing Radar (LPR) permitted frequency bands [i.13]

LPR assigned frequency bands (GHz)
Transmit and Receive 6to 8,5
Transmit and Receive 24,05 to 26,5
Transmit and Receive 57 to 64
Transmit and Receive 75 to 85

The present document contains requirements to demonstrate that LPR equipment both effectively uses and supports the
efficient use of radio spectrum in order to avoid harmful interference.

Table 1 shows a list of the frequency bands as assigned to Level Probing Radars in the European Commission
Decision 2013/752/EU [i.13] on harmonised deployment conditions for industrial Level Probing Radars (LPR) as
known at the date of publication of the present document.

Technical and regulatory requirements for LPR are provided in ECC Decision (11)02 [i.20], which are based on ECC
Report 139 [i.8].

LPRs are used in many industries concerned with process control to measure the amount of various substances (mostly
liquids or granulates). LPRs are used for a wide range of applications such as process control, custody transfer
measurement (government legal measurements), water and other liquid monitoring, spilling prevention and other
industrial applications. The main purposes of using LPRs are:

. to increase reliability by preventing accidents;
< toincrease industrial efficiency, quality and process control;
. to improve environmental conditions in production processes.

LPRs always consist of a combined transmitter and receiver and are used with an integral or dedicated antenna. The
LPR equipment is for professional applications where installation and maintenance are performed by professionally
trained individuals only.

NOTE: LPR antennas are always specific directive antennas and no LPR omnidirectional antennas are used. This
is also important in order to limit the illuminated surface area as well as to control and limit the scattering
caused by the edges of the surface.

The scope is limited to LPRs operating as Short Range Devices (SRD).

The LPR applications in the present document are not intended for communications purposes.

2 References

2.1 Normative references

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

Referenced documents which are not found to be publicly available in the expected location might be found at
http://docbox.etsi.org/Reference.

NOTE: While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.
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The following referenced documents are necessary for the application of the present document.

[1]

[2]

[3]

[4]
[5]

[6]

2.2

ETSI TR 100 028 (all parts) (V1.4.1) (12-2001): "Electromagnetic compatibility and Radio
spectrum Matters (ERM); Uncertainties in the measurement of mobile radio equipment
characteristics".

CISPR 16 (part 1-1:2015), (part 1-4:2010+AMD1:2012) and (part 1-5: 2014): "Specification for
radio disturbance and immunity measuring apparatus and methods; Part 1: Radio disturbance and
immunity measuring apparatus"”.

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

ANSI C63.5 (2006): "American National Standard for Calibration of Antennas Used for Radiated
Emission Measurements in Electro Magnetic Interference™.

ETSI EN 303 883 (V1.1.1) (09-2016): "Short Range Devices (SRD) using Ultra Wide Band
(UWB); Measurement Techniques".

ETSI TS 103 361 (V1.1.1) (03-2016): "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™.

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.

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1]
[i.2]
[i.3]
[i.4]

[i.5]
[i.6]

[i.7]
[.8]

[i.9]

[i.10]

CEPT/ERC/REC 74-01 (2005): "Unwanted emissions in the spurious domain".

Recommendation ITU-R SM.1754: "Measurement techniques of Ultra-wideband transmissions".

ERA Report 2006-0713: "Conducted and radiated measurements for low level UWB emissions".

FCC: "Revision of part 15 of the Commission's Rules Regarding Ultra- Wideband Transmission
Systems", ET Docket No. 98-153, First Report and Order, April 2002.

Recommendation ITU-R P.526-13 (11/2013): "Propagation by diffraction™.

ETSI TS 103 052: "Electromagnetic compatibility and Radio spectrum Matters (ERM); Radiated
measurement methods and general arrangements for test sites up to 100 GHz".

Recommendation ITU-R P.676-10 (09/2013): "Attenuation by atmospheric gases".

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

ETSI TR 102 601: "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".

European Commission Decision 2009/343/EC amending Decision 2007/131/EC on allowing the
use of the radio spectrum for equipment using ultra-wideband technology in a harmonised manner
in the Community.
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[i.11] ETSI TR 102 215: "Electromagnetic compatibility and Radio spectrum Matters (ERM);
Recommended approach, and possible limits for measurement uncertainty for the measurement of
radiated electromagnetic fields above 1 GHz".

[i.12] 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, (OJ L153, 22.5.2014, p62).

[i.13] European Commission Decision 2013/752/EU amending Decision 2006/771/EC on harmonisation
of the radio spectrum for use by short-range devices and repealing Decision 2005/928/EC.

[i.14] FCC part 15.256: "Operation of level probing radars within the bands 5.925-7.250 GHz,
24.05-29.00 GHz, and 75-85 GHz".

[i.15] 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.

[i.16] ETSI TS 103 051: "Electromagnetic compatibility and Radio spectrum Matters (ERM); Expanded
measurement uncertainty for the measurement of radiated electromagnetic fields".

[1.17] ETSI TR 103 181-2: "Electromagnetic compatibility and Radio spectrum Matters (ERM); Short
Range Devices (SRD) using Ultra Wide Band (UWB); Transmission characteristics Part 2: UWB
mitigation techniques".

[1.18] Committee on Radio Astronomy Frequencies, European Science Foundation.
NOTE: Available at www.craf.eu.
[1.19] Void.

[i.20] ECC/DEC/(11)02: "ECC Decision of 11 March 2011 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".

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the following terms and definitions apply:

Activity Factor (AF): factor which is used to describe different modulation parameters and activity levels of LPR
devices and defined as the ratio of active measurement periods t,,,., (bursts, sweeps, scans) within the overall repetitive

measurement cycle T et /T

meas_cycler meas’ ' meas_cycle

Adaptive Power Control (APC): automatic function implemented to offer a dynamic power control that delivers
maximum power only during deep fading; in this way for most of the time the interference is reduced

dedicated antenna: antenna that is designed as an indispensable part of the equipment
Duty Cycle (DC): product of the pulse repetition frequency (PRF) and the pulse duration

emissions: signals that leaked or are scattered into the air within the frequency range (that includes harmonics) which
depend on equipment's operating bandwidth

Equipment Under Test (EUT): LPR under test
equivalent isotropically radiated power (e.i.r.p.): total power transmitted, assuming an isotropic radiator

NOTE: e.i.r.p. is conventionally the product of "power into the antenna™ and "antenna gain". e.i.r.p. is used for
both peak and average power.
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Frequency Modulated Continuous Wave (FMCW) radar: radar where the transmitter power is fairly constant but
possibly zero during periods giving a big duty cycle (such as 0,1 to 1)

NOTE: The frequency is modulated in some way giving a very wideband spectrum with a power versus time
variation which is clearly not pulsed.

integral antenna: permanent fixed antenna, which may be built-in, designed as an indispensable part of the equipment
operating frequency (operating centre frequency): nominal frequency at which equipment is operated

power spectral density (psd): amount of the total power inside the measuring receiver bandwidth expressed in
dBm/MHz

pulsed radar (or here simply "pulsed LPR"): radar where the transmitter signal has a microwave power consisting of
short RF pulses

Pulse Repetition Frequency (PRF): inverse of the Pulse Repetition Interval (PRI), averaged over a sufficiently long
time to cover all PRF variations

Pulse Repetition Interval (PRI): time period between two consecutive transmit pulses for example in a pulsed LPR
radiated measurements: measurements that involve the absolute measurement of a radiated field
radiation: signals emitted intentionally for level measurements

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

3.2 Symbols

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

AF Activity factor

f Frequency

fe Frequency at which the peak power of the emission is at maximum
fy Highest frequency of the operating bandwidth

fi Lowest frequency of the operating bandwidth

t Time

t active measurement period

meas

T overall repetitive measurement cycle

meas_cycle

te blanking time

k Boltzmann constant

c speed of light

T Temperature
efficient antenna gain of radiating structure or gain of the TLPR antenna in the
direction of main radiation (main lobe axis)
gain of the TLPR antenna in an angle « off the main lobe axis (see figure 5)
gain of the test antenna in the direction of main radiation (main lobe axis)
declared measurement antenna gain

d Largest dimension of the antenna aperture of the TLPR or extent of the main lobe in
slant distance Ry

dy Largest dimension of the TLPR antenna (m)

ETSI



Af
BW

ref

BW

measured

X

dB
dBi

max

ad

pulse

It #S%)

" (#$&)

14 ETSI EN 302 729 V2.1.1 (2016-12)

Largest dimension of the test antenna (m)
Duty cycle

Output power of the signal generator measured by power meter

Bandwidth

reference bandwidth
measurement bandwidth

Minimum radial distance (m) between the DUT and the test antenna

wavelength in general or wavelength of the TLPR transmit signal at centre
frequency

deciBel
antenna gain in deciBel relative to an isotropic antenna
relative permittivity of the surface material in the real measurement scenario

maximum measurement distance which the individual sensor is still able to reliably
measure under the influence of an interferer

measurement value variation over time during a distance measurement

pulse duration in a pulsed system or the duration of an individual frequency step in
an SFCW modulation scheme
received echo power in the real measurement scenario in Watt (in dBm)

maximum value of peak power of the TLPR in Watt (in dBm) in the real
measurement scenario

maximum measurement distance of the TLPR under interference conditions
slant distance between TLPR and target

distance between TLPR and test antenna

reflection coefficient of the considered surface in the real measurement scenario
radius of the conducting sphere

received echo power in the equivalent measurement scenario in Watt (in dBm)
Radar cross section (RCS) of a target

Radar cross section (RCS) of a conducting sphere
received interferer power at the location of the TLPR in Watt (in dBm)

transmitted interferer power (generated by the signal generator) in Watt (in dBm)
wavelength of the interfering signal

coupling loss of the directional coupler between ports 1 and 2 in dB

coupling loss of the directional coupler between ports 1 and 3 in dB

cable loss of coaxial RF-cable A in dB

cable loss of coaxial RF-cable B in dB

attenuation of the coaxial attenuator A in dB

attenuation of the coaxial attenuator B in dB

Radar cross sections of the square/triangular shaped corner reflector in boresight
direction

edge length of corner reflector (compare figure M.1)
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distance from the TLPR antenna to the inner boundary of the far-field region

half power beamwidth (HPBW) or opening angle of the antenna pattern

Abbreviations

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

AC
AF
APC
BW
CISPR
CW
DAA
DC
DUT
e.i.r.p.
EC
ECC
EFTA
EIA
EIRP
ERA
ERC
EU
EUT
FCC
FH
FM
FMCW
FSK
FSL
HPBW
IEC
IF
ITU-R
LBT
LDC
LNA
LO
LPR
OATS
OE
PC
PRF
PRI
PSD
RBW
RCS
RCSC
RF
RMS
RX
SA
SFCW
SMA
SNR
SRD
TLPR
TR
TX

Alternate Current
Activity Factor
Adaptive Power Control
BandWidth
Comitélnternational Spezial des Perturbations Radiodectriques
Continuous Wave
Detect And Avoid
Duty Cycle
Device Under Test
equivalent isotropically radiated power
European Commission
Electronic Communication Committee
European Free Trade Union
Electronic Industries Alliance
Equivalent Isotropic Radiated Power
European Radio Organization
European Radiocommunication Committee
European Union
Equipment Under Test
Federal Communication Commission
Frequency Hopping
Frequency Modulated
Frequency Modulated Continuous Wave
Frequency Shift Keying
Free Space Loss
Half Power BeamWidth
International Electrotechnical Commission
Intermediate Frequency
International Telecommunication Union - Radio Sector
Listen Before Talk
Low Duty Cycle
Low Noise Amplifier
Local Oscillator
Level Probing Radar
Open Area Test Site
Other Emission
Precision Contact
Pulse Repetition Frequency
Pulse Repetition Interval
Power Spectral Density
Resolution BandWidth
Radar Cross Section
Radio Components Standardization Committee
Radio Frequency
Root Mean Square
Receiver
Spectrum Analyser
Stepped Frequency Continuous Wave
Sub Miniature type A (connector)
Signal to Noise Ratio
Short Range Device
Tank Level Probing Radar
TRansmit
Transmitter
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UK United Kingdom
UuwB Ultra-WideBand
VBW Video BandWidth
VSWR Voltage Standing Wave Ratio
WG WaveGuide
WR Waveguide Rectangular
4 Technical requirements specification

4.1 Environmental conditions

The technical requirements of the present document apply under the environmental profile for operation of the
equipment, which shall be declared by the manufacturer. The equipment shall comply with all the technical requirements
of the present document at all times when operating within the boundary limits of the declared operational
environmental profile.

The normal test conditions are defined in clause 5.2.4.

4.2 General

Level Probing Radar (LPR) applications are based on pulse RF, FMCW, or similar wideband techniques. LPR radio
equipment types are capable of operating in all or part of the frequency bands as specified in table 1.

4.3 Transmitter conformance requirements

4.3.1 Permitted frequency range of operation

4.3.1.1  Applicability

This requirement shall apply to all DUT.

4.3.1.2  Description

The permitted frequency ranges of operation are the assigned frequency bands for Level Probing Radar (LPR). They are
given in clause 4.3.1.3, table 2.

4.3.1.3 Limits
The permitted frequency range of operation shall be within the limits given in table 2.

Table 2: Permitted frequency ranges of operation [i.13]

6 GHz to 8,5 GHz
24,05 GHz to 26,5 GHz
57 GHz to 64 GHz
75 GHz to 85 GHz

4314 Conformance

The permitted frequency ranges(s) of operation used by the EUT shall be declared by the manufacturer. The operating
bandwidth will be tested in clause 4.3.2.
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4.3.2 Operating bandwidth

4.3.2.1 Applicability
This requirement shall apply to all DUT.

4.3.2.2 Description

The operating bandwidth includes all frequencies on which the equipment is authorized to operate within one or more
of the permitted frequency ranges of operation.

fc is the frequency where the emitted power is at its maximum. The two frequencies below f- and above f- where the
power decreases by 20 dB are designated as f,_and f,, respectively.

The operating bandwidth is defined as the frequency range between f| and f and is illustrated in figure 1.

specirum

mask
A
-20dB /

>

Je ;
i » frequency
« 1

operating bandwidth !
I Ji

A

U, AR B

permitted frequency
range of operation

Figure 1: Definition of the operating bandwidth

4323 Limits

The operating bandwidth shall comply with the limits of the permitted frequency range(s) of operation given in
clause 4.3.1.3, table 2.

4.3.2.4 Conformance
The conformance test suite for the operating bandwidth shall be as defined in clause 6.5.4.
Conformance shall be established under normal test conditions according to clause 5.2.4.

The interpretation of the results for the measurement uncertainty shall be as given in clause 5.3.

4.3.3 Maximum value of mean power spectral density

4.3.3.1  Applicability

This requirement shall apply to all DUT.

4.3.3.2  Description
The maximum mean power spectral density (specified as e.i.r.p.) of the radio device under test, at a particular

frequency, is the average power per unit bandwidth (centred on that frequency) radiated in the direction of the main
beam under the specified conditions of measurement.
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4.3.3.3  Limits
The maximum mean power spectral density shall not exceed the limits stated in table 3.

The tests shall be performed according to the measurement procedure in clause 6.5.5.

Table 3: Limits of LPR emissions in the LPR operating bandwidths [i.13]

Assigned Maximum Mean e.i.r.p. Maximum mean e.i.r.p. Equivalent maximum radiated field
frequency band spectral density spectral density on strength levels (dBuV/m) at 3 m in case
(dBm/MHz) within the half-sphere (dBm/MHz) | of radiated field strength measurement
LPR operating (see note 1) (within main beam)
bandwidths (see note 2)
(within main beam)
6 GHz to 8,5 GHz -33 -55 62,26
24,05 GHz to -14 -41,3 81,26
26,5 GHz
57 GHz to 64 GHz -2 -41,3 93,26
75 GHz to 85 GHz -3 -41,3 92,26

NOTE 1: The maximum mean e.i.r.p. spectral density limits on half sphere around LPR installation accounts for both the
LPR antenna side-lobe emissions and any reflections from the measured material/object. Compliance with
these limits is assumed when LPR devices comply with measured maximum mean e.i.r.p. spectral density
limits within main beam. Direct measurement of the spectral density on half-sphere is not required.

NOTE 2: The limits are stated as e.i.r.p. and are converted to field strength at 3 m distance using the approved
conversion, i.e. E(dBuVv/m) = e.i.r.p. (dBm/MHz) + 95,26 dB. Further information on FCC Digital Device and
UWAB field strength limits at 3 m using an RBW on 1 MHz can be found in the ERA Report [i.3] and the FCC
Revision of part 15 of the Commission Rules Regarding Ultra- Wideband Systems [i.4]. The preferred test
distance for radiated measurements is 3 m provided that far field conditions are achieved, i.e. d > 2 x D/},
where D is the maximum aperture dimension of the measuring antenna and A is the wavelength of the
measurement. Radiated measurements may be made at 1 m or 10 m and the data would need to be adjusted
to the 3 m values using free space propagation conditions.

4334 Conformance

The conformance test suite for maximum value of mean power spectral density shall be as defined in clause 6.5.5.2 for
radiated test setup and in clause 6.5.5.3 for conducted test setup.

The manufacturer shall declare which test setup is used. This shall be stated in the test report.
Conformance shall be established under normal test conditions according to clause 5.2.4.

The interpretation of the results for the measurement uncertainty shall be as given in clause 5.3.
4.3.4 Maximum value of peak power

4.3.4.1  Applicability
This requirement shall apply to all DUT.

4.3.4.2  Description
The maximum peak power specified as e.i.r.p. contained in a 50 MHz bandwidth within the permitted frequency band

of operation (clause 4.3.1), radiated in the direction of the maximum level under the specified conditions of
measurement.

4.3.4.3 Limits
The maximum peak power limit shall not exceed the limits given in table 4.

The tests shall be performed according to the measurement procedure in clause 6.5.6.
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Table 4: Maximum peak power limit EIRP [i.13]

Frequency Maximum peak power (dBm, Equivalent maximum radiated field
(GHz) measured in 50 MHz) strength levels (dBuV/m) at 3 m in
(within main beam) case of radiated field strength
measurement (within main beam)
(see note)
6<f<8,5 7 102,26
24,05 < f<26,5 26 121,26
57 <f<64 35 130,26
75<f<=85 34 129,26

NOTE: The limits are stated as e.i.r.p. and are converted to field strength at 3 m distance using the approved
conversion, i.e. E(dBuV/m) = EIRP (dBm/MHz) + 95,26 dB. Further information on FCC Digital Device and
UWSB field strength limits at 3 m can be found in the ERA Report [i.3] and the FCC Revision of part 15 of the
Commission Rules Regarding Ultra- Wideband Systems [i.4]. The preferred test distance for radiated
measurements is 3 m provided that far field conditions are achieved, i.e. d > 2 x D?/\, where D is the
maximum aperture dimension of the measuring antenna and A is the wavelength of the measurement.
Radiated measurements may be made at 1 m or 10 m and the data would need to be adjusted to the 3 m
values using free space propagation conditions.

4344 Conformance

The conformance test suite for the maximum peak power shall be as defined in clause 6.5.6.2 for radiated test setup and
in clause 6.5.6.3 for conducted test setup.

The manufacturer shall declare which test setup is used. This shall be stated in the test report.
Conformance shall be established under normal test conditions according to clause 5.2.4.

The interpretation of the results for the measurement uncertainty shall be as given in clause 5.3.

435 Exterior limits

Not applicable for Level Probing Radar.

4.3.6 Low duty cycle

Not applicable for Level Probing Radar.

4.3.7 Other emissions

4.3.7.1  Applicability

This requirement shall apply to all DUT only if other emissions can be clearly demonstrated.

4.3.7.2  Description

Transmitters emit very low power radio signals, comparable with the power of spurious emissions from digital and
analogue circuitry. If it can be clearly demonstrated that an emission from an LPR device is not a transmitter emission
(e.g. by disabling the device's transmitter) or it can clearly be demonstrated that it is impossible to differentiate between
other emissions and the transmitter emissions, that emission or aggregated emissions shall be considered against the
other emission limits.

Proper pre-select filtering can be incorporated to protect the measurement system low-noise pre-amplifier from overload.
In addition, all ambient signals can be detected prior to the activation of the transmitter in order to remove the ambient
signal contributions present in the measured spectra. This will require post processing of the measurement data utilizing
a computer and data analysis software.
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437.3 Limits

Other narrowband emissions shall not exceed the values in table 5.

Table 5: Other narrowband emission limits [i.1]

Frequency range Limit
below 1 GHz -57 dBm (e.r.p.)
above 1 GHz -47 dBm (e.i.r.p.)

The above limit values apply to narrowband emissions, e.g. as caused by local oscillator leakage. The measurement
bandwidth for such emissions may be as small as necessary to get a reliable measurement result.

Other wideband emissions shall not exceed the values given in table 6.

Table 6: Other wideband emission limits [i.1]

Frequency range Limit
below 1 GHz -61,3 dBm (e.r.p.)
above 1 GHz -51,3 dBm (e.i.r.p.)

4.3.7.4  Conformance
The conformance tests for Other Emissions (OE) shall be as defined in clause 6.5.9 of the present document.
Conformance shall be established under normal test conditions according to clause 5.2.4.

The interpretation of the results for the measurement uncertainty shall be as given in clause 5.3.

4.3.8 Transmitter unwanted emissions

4.3.8.1 Applicability
This requirement shall apply to all DUT.

4.3.8.2  Description

The transmitter unwanted emissions are measured as maximum mean power spectral density (specified as e.i.r.p.) of the
radio device under test at all other frequencies except the operating bandwidth (see clause 4.3.2). It is the average power
per unit bandwidth (centred on that frequency) radiated in the direction of the main antenna beam under the specified
conditions of measurement.

4.3.8.3 Limits
The maximum mean power spectral density shall not exceed the limits stated in tables 7 and 8.

The tests shall be performed according to the measurement procedure in clause 6.5.5.
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Table 7: Limits of transmitter unwanted emissions for LPR
operating in the 6 GHz to 8,5 GHz frequency range [i.13]

Frequency Maximum value of Maximum mean e.i.r.p. Equivalent maximum
(GHz) mean power spectral density limit on radiated field strength
spectral density half-sphere (dBm/MHz) | levels (dBuV/m) at 3 min
(within main beam) (see note 1) case of radiated field
(dBm/MHz) strength measurement
(within main beam)
(see note 2)
f<1,73 -63 -85 32,26
1,73<f=<27 -58 -80 37,26
2,7<f<5 -48 -70 47,26
5<f<6 -43 -65 52,26
8,56<f<10,6 -43 -65 52,26
f>10,6 -63 -85 32,26

NOTE 1: The maximum mean e.i.r.p. spectral density limits on half sphere around LPR installation accounts for
both the LPR antenna side-lobe emissions and any reflections from the measured material/object.
Compliance with these limits is assumed when LPR devices comply with measured maximum mean
e.i.r.p. spectral density limits within main beam. Direct measurement of the spectral density on half-sphere

is not required.

NOTE 2: The limits are stated as e.i.r.p. and are converted to field strength at 3 m distance using the approved
conversion, i.e. E(dBuV/m) = EIRP (dBm/MHz) + 95,26 dB. Further information on FCC Digital Device and
UWAB field strength limits at 3 m using an RBW on 1 MHz can be found in the ERA Report [i.3] and the
FCC Revision of part 15 of the Commission Rules Regarding Ultra-Wideband Systems [i.4]. The preferred
test distance for radiated measurements is 3 m provided that far field conditions are achieved,
i.e. d > 2 x D/}, where D is the maximum aperture dimension of the measuring antenna and X is the
wavelength of the measurement. Radiated measurements may be made at 1 m or 10 m and the data
would need to be adjusted to the 3 m values using free space propagation conditions.

Table 8: Limits of transmitter unwanted emissions for LPR
operating outside of the 6 GHz to 8,5 GHz frequency range [i.13]

Maximum value of mean power
spectral density (within main
beam) (dBm/MHz)

Assigned frequency band Frequency

(GHz)
For LPR operating in the frequency f < 24,05
band 24,05 GHz to 26,5 GHz
For LPR operating in the frequency f>26,5
band 24,05 GHz to 26,5 GHz
For LPR operating in the frequency f<57
band 57 GHz to 64 GHz
For LPR operating in the frequency f>64
band 57 GHz to 64 GHz
For LPR operating in the frequency f<75
band 75 GHz to 85 GHz
For LPR operating in the frequency f>85
band 75 GHz to 85 GHz

table 3.

For LPR operating in one of these
operating bandwidths the
maximum value of mean power
spectral density (dBm/MHz) shall
be 20 dB less than the in-band
density specified in table 3.

For LPR operating within the
24,05 GHz to 26,5 GHz band, the
unwanted emissions in the

23,6 GHz to 24,0 GHz "passive
band" shall be at least 30 dB less
than the in-band limits specified in

4.3.8.4

Conformance

The conformance test suite for maximum value of mean power spectral density shall be as defined in clause 6.5.5.

Conformance shall be established under normal test conditions according to clause 5.2.4.

The interpretation of the results for the measurement uncertainty shall be as given in clause 5.3.
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4.4 Receiver conformance requirements

441 General

The receiver conformance requirements defined below are specified according to the framework as set out in ETSI
TS 103 361 [6].

4.4.2 Receiver spurious emissions

4421  Applicability

Receiver spurious emission testing shall apply only when the equipment can work in a receive-only mode or is a
receive-only device.

For collocated TX/RX equipment that does not have a receive-only mode the receiver spurious are considered within
the scope of Other Emissions in clause 4.3.7.

4.4.2.2 Description

Receiver spurious emissions are emissions at any frequency when the equipment is in receive-only mode. Consequently,
receiver spurious emission testing applies only when the equipment can work in a receive-only mode or is a receive-
only device.

4.4.2.3 Limits
The narrowband spurious emissions of the receiver shall not exceed the values in table 9.

Table 9: Narrowband spurious emission limits for receivers [i.1]

Frequency range Limit
30 MHz to 1 GHz -57 dBm (e.r.p.)
above 1 GHz to 40 GHz -47 dBm (e.i.r.p.)

The above limit values apply to narrowband emissions, e.g. as caused by local oscillator leakage.

Wideband spurious emissions shall not exceed the values given in table 10.

Table 10: Wideband spurious emission limits for receivers [i.1]

Frequency range Limit
30 MHz to 1 GHz -61,3 dBm (e.r.p.)
above 1 GHz to 40 GHz -51,3 dBm (e.i.r.p.)

4.4.2.4  Conformance
The conformance test suite for the receiver spurious emissions shall be as defined in clause 6.5.9.
Conformance shall be established under normal test conditions according to clause 5.2.4.

The interpretation of the results for the measurement uncertainty shall be as given in clause 5.3.
4.4.3 Interferer signal handling

4.4.3.1 Applicability

This requirement shall apply to all DUT.
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4.4.3.2 Description

Interferer signal handling is defined as the capability of the device to properly operate in presence of interferersin a
defined frequency range without exceeding a given degradation due to the presence of an interfering input signal at the
receiver.

This quality of the Radar under test ensures a proper operation in an environment where several users share an assigned
frequency band and demonstrates the efficient use of radio spectrum by way of an increased resilience against harmful
interference in the operating bandwidth of the Radar under test.

The intended use of an LPR device is to measure the distance to a liquid or solid material, for example in a tank, in
order to determine its filling level. The performance criterion for interferer signal handling is the distance value
variation Ad which is observed during the measurement against a fixed Radar target over a defined period of time under
the influe  of an interfering signal.

nce

The measurement target in this real scenario (referring to clause 6.6.3.3) is a smooth flat surface consisting of a material
with relative permittivity  in a defined distance to the LPR antenna. In this scenario a specular reflection at the surface
can be assumed.

The manufacturer states the combination of the minimum relative permittivity  and the maximum approved
measurement distance R,,., which the individual LPR sensor is still able to reliably measure under the influence of an

interferer using a specific antenna with gain

The values for , R,,cand shall be noted in the user manual and in the "application form for testing". The template

of this form can be found in annex B.

The measurement value variation ad observed under interference conditions over at least 120 seconds or 40 times the
step response time of the sensor, ichever is longer, shall not exceed a defined limit.
wh

4.4.3.3 Limits
The maximum allowed measured distance value variation Ad under interference conditions shall not exceed 450 mm.

EXAMPLE: The manufacturer states for example that for a K-band LPR sensor with an antenna gain of 25 dBi
(centre frequency 25 GHz) , the maximum allowed measurement value variation of Ad = 450 mm
is still met under the influence of an interfering signal for a maximum approved m  urement
distance of 25 m against a material with a relative permittivity = 4,5. eas

The performance criterion and the level of performance shall be stated in the user manual and in the "application form
for testing” (an example of such a form is given in annex B).

The following text shall be used in the user manual:

"For the receiver test that covers the influence of an interferer signal to the device, the performance criterion has at least
the following level of performance accordingto ETSI TS 103 361 [6].

= Performance criterion: measurement value variation ad over time during a distance measurement

. Level of performance: Ad< 350 mm".

4434 Conformance

The conformance test suite for interferer signal handling shall be as defined in clause 6.6.3.5 for the radiated equivalent
scenario.

The conformance test suite for interferer signal handling shall be as defined in clause 6.6.3.6 for the conducted
equivalent scenario.

The conformance test suite for interferer signal handling shall be as defined in clause 6.6.3.9 for the radiated alternative
scenario.

The conformance test suite for interferer signal handling shall be as defined in clause 6.6.3.10 for the conducted
alternative scenario.
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Thus there are altogether four possible test setups, which can be equivalently used in order to demonstrate the
conformity of the DUT.

The manufacturer shall declare which test setup is used. This shall be stated in the test report.
Conformance shall be established under normal test conditions according to clause 5.2.4.

The interpretation of the results for the measurement uncertainty shall be as given in clause 5.3.

4.5 Requirements for spectrum access

45.1 Detect and avoid (DAA)

Not applicable to Level Probing Radar.

45.2 Listen-before-talk (LBT)

Not applicable to Level Probing Radar.

45.3 Low duty cycle (LDC)

Not applicable to Level Probing Radar.

4.6 Antenna requirements

46.1 Characteristics and orientation

4.6.1.1  Applicability
This requirement shall apply to all DUT.

4.6.1.2  Description

All LPR installations are with downwards installed directional LPR antennas. The wanted emission limits of LPR are
measured in the present document in the main beam of the LPR antenna in order to simplify the measurements
scenarios. But the following constraints to the LPR antenna are the logical consequence to ensure the protection of other
radio users from sidelobe emissions and reflections.

-  Strict (stable) downward orientation of LPR antennas under any operating conditions shall be ensured.

e The maximum antenna beamwidth according to table 11: it is defined by -3 dB levels relative to the maximum
antenna gain and expressed as HalfPowerBeamWidth (here also referred to as the total opening angle).

NOTE 1: Being the main important source of the scattering of LPR emissions, the edges and interaction with edges
of the surface under surveillance are to be avoided as much as possible. Therefore, the maximum antenna
beamwidth for LPR is limited to ensure limitation of the scattering and consequently the interference
potential of LPR towards other radio services and applications.

NOTE 2: The antenna gain relative to the maximum antenna gain in the main beam and in horizontal direction
(> 60<to the main beam direction) is also limited to ensure compliance with the maximum mean e.i.r.p.
spectral density in horizontal direction as assumed in ECC Report 139 [i.8].
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4.6.1.3 Limits

The maximum antenna total opening angle (half power beamwidth HPBW) is shown in table 11. In the antenna pattern
the side lobe suppression in elevation angles above 60 degrees from the main beam has to fulfil the limits also shown in
table 11.

NOTE: The side lobe suppression limits are equal to what is specified in the FCC standard [i.14].

Table 11: Maximum antenna beamwidth and side lobe suppression [i.8]

Assigned frequency band Maximum antenna Antenna side lobe suppression
beamwidth, in degree (°) relative to the main beam gain in
elevation angles above 60 degrees
(dB)
6 GHz to 8,5 GHz 12 -22
24,05 GHz to 26,5 GHz 12 -27
57 GHz to 64 GHz 8 -39
75 GHz to 85 GHz 8 -38
NOTE: The side lobe suppression limits are equal to what is specified by FCC [i.14]. Those values are
assumed to be equivalent to a maximum antenna gain of -10 dBi above 60 degrees according to
ECC/DEC/(11)02 [i.20].

The LPR antenna shall be installed at a permanent fixed position pointing in downward direction. In addition the
antenna positioning, or height from the ground, shall observe two restrictions as follows.

. A separation distance of 4 km from Radio Astronomy sites in 6 GHz to 8,5 GHz (A), 24,05 GHz to
26,5 GHz (B) and 75 GHz to 85 GHz (C) frequency bands, unless a special authorization has been provided by
the responsible National regulatory authority (a list of Radio Astronomy sites is provided in annex E).

. Between 4 km to 40 km around any Radio Astronomy site the LPR antenna height shall not exceed 15 m
height above ground.

The provider is required to inform the users and installers of LPR equipment about the two restrictions above and, if
applicable, the related additional special mounting instructions (e.g. by printing them in the product manual).

4.6.1.4 Conformance
The conformance requirement for antenna characteristics and orientation shall be as defined in clause 6.8.

If the antenna characteristics are measured the conformance shall be established under normal test conditions according
to clause 5.2.4 and the interpretation of the results for the measurement uncertainty shall be as given in clause 5.3.

4.7 Other requirements and mitigation techniques

4.7.1 General

The LPR applications covered by the present document shall use one mitigation technique described in this clause in
addition to the antenna requirements of clause 4.6. The mitigation techniques described in the following clauses 4.7.2 to
4.7.6 may affect the measured emission values as described in clauses 4.3.3, 4.3.4 and 4.3.8.

The mitigation factors are classified into following categories:
< adaptive power control (APC);
- activity factor and duty cycle;
-  frequency domain mitigation;
e shielding effects;

e equivalent mitigation techniques.
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Mitigation factors are declared and need sufficiently be demonstrated and documented by the provider.

The range of modulation parameters in clause 4.7.7 cannot be used as a mitigation technique.

4.7.2  Adaptive power control (APC)

4.7.2.1  Applicability

This requirement shall apply to all DUT which implemented this mitigation technique. The usage shall be declared by
the manufacturer.

4.7.2.2 Description and general requirements

The Adaptive Power Control (APC) is an automatic mechanism to avoid interference to other radio services and
applications. The APC basically regulates the transmitter power to control emissions. It is controlled by the received
energy within the total LPR receiver bandwidth. The dynamic range for the APC shall be at least 20 dB nominal, and
shall be controlled with at least 4 steps with nominal 5 dB increments.

NOTE: SEAMCAT simulations in the ECC Report on LPR [i.8] showed that Adaptive Power Control (APC)
with a dynamic range of about 20 dB, as proposed in the ETSI System Reference Document ETSI
TR 102 601 [i.9] is able to reduce the probability of interference and therefore APC should be considered
as an essential technical requirement for license exempt regulation, while for a licensing solution the APC
requirement may be not required.

47.2.3 Limits

The APC functionality, when implemented in the LPR, shall achieve a range of 20 dB.

4.7.2.4  Conformance
The conformance test suite for adaptive power control (APC) shall be as defined in clause 6.9.1.
Conformance shall be established under normal test conditions according to clause 5.2.4.

The interpretation of the results for the measurement uncertainty shall be as given in clause 5.3.
4.7.3  Activity factor and duty cycle

4.7.3.1  Applicability

This requirement shall apply to all DUT which implemented this mitigation technique. The usage shall be declared by
the manufacturer. This mitigation technique is an equivalent mitigation technique as mentioned in European
Commission Decision 2013/752/EU [i.13].

4.7.3.2  Description

The activity factor (AF) of the LPR device can be taken into account for additional mitigation considerations. This
activity factor is also sometimes referred to as "duty cycle resulting from user" in some sources dealing with UWB
devices. The AF as well as spreading of subsequent pulses on different frequencies can be used as an additional
mitigation technique. Further information is given in annex H on LPR modulation schemes. An AF and/or spreading of
subsequent pulses on different frequencies of 10 % represent an interference mitigation of 10 dB. Examples are: power
on-/off-gating, dithering, etc.

The activity factor (AF) is usually applied with both, FMCW modulation as well as pulse modulation. It is defined as
the ratio of active measurement periods t.,... (bursts, sweeps, scans) within the overall repetitive measurement cycle

Tmeas_cycle' 1.e.

= (]_)
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For pulse modulation for example, the transmit signal is periodically switched on for a short time (called pulse duration)
and switched off during the subsequent reception period until the next pulse is transmitted. The duty cycle (DC) is
defined as the product of the pulse repetition frequency (PRF) and the pulse duration.

For FMCW modulation a duty cycle is also applicable if the overall frequency sweep is interrupted for example several
times with the transmit signal switched off during this interruption period. This modulation scheme is sometimes called
stepped frequency continuous wave (SFCW).

In sources dealing with UWB devices this duty cycle is sometimes called "duty cycle resulting from modulation".
Further information about duty cycle can be extracted from annex H.

Duty cycle (DC) is defined as:

S — @

where:

. tpmse is the pulse duration in a pulsed system or the duration of an individual frequency step in an SFCW
modulation scheme;

. PREF is the pulse repetition frequency;
« PRI is the pulse repetition interval or pulse period.

The total effective duty cycle is the product of the activity factor (AF) and the duty cycle (DC).

4.7.3.3 Limits

Activity factor and duty cycle, when implemented, shall achieve a reduction of 20 dB. The formulas to achieve the
reduction are given in clause 4.7.3.2.

4734 Conformance

The activity factor and duty cycle of the LPR are declared by the manufacturer according to clause 6.9.2.
4.7.4 Frequency domain mitigation

4.7.4.1  Applicability

This requirement shall apply to all DUT which implemented this mitigation technique. The usage shall be declared by
the manufacturer. This mitigation technique is an equivalent mitigation technique as mentioned in European
Commission Decision 2013/752/EU [i.13].

4.7.4.2  Description

For SFCW/FMCW modulation, the instantaneous bandwidth of the radar signal is close to zero. The mitigation naturally
offered by SFCW/FMCW radar is the zero instantaneous bandwidth. The swept band over longer time is not able to
generate simultaneous interferences to the victim receivers. For instance, the stepped frequency continuous wave Radar
(SFCW) sweeps ca. 1 000 steps, within a period of approximately 100 ms. At each step the radar transmits a different
frequency with dwell time of 100 ps within 1 MHz. For a 10 MHz victim receiver bandwidth, the equivalent duty cycle
is 10 <100 us / 100 ms = 1 %. This is equivalent to a mitigation factor of 20 dB.

4.7.4.3  Limits

Frequency domain mitigation, when implemented, shall achieve a reduction of 20 dB. An example how to achieve the
reduction is given in clause 4.7.4.2.
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47.4.4 Conformance

The frequency domain mitigation of the LPR is declared by the manufacturer according to clause 6.9.3.

4.7.5 Shielding effects

4.75.1  Applicability

This requirement shall apply to all DUT which implemented this mitigation technique. The usage shall be declared by
the manufacturer. This mitigation technique is an equivalent mitigation technique as mentioned in European
Commission Decision 2013/752/EU [i.13].

4.7.5.2 Description and general requirement

Emissions caused by LPR can be reduced by shielding effects due to a special installation environment.

An external floating roof is made of metallic material such as aluminium. The roof acts as a shielding to prevent the
scattering energy from the LPR. Furthermore, walls may make the emissions in the direction around the horizontal line
quite small according to the calculations from Recommendation ITU-R P.526-13 [i.5]. No openings above the floating
roof exist in practice. The reduction factor of the basin and floating roof shielding applicable for LPR applications is
30 dB according to Recommendation ITU-R P.526-13 [i.5]. This mitigation applies to all emissions above 3 GHz. LPR
equipment installed in such a shielded environment may therefore use higher emission levels. The manufacturer shall
provide sufficient information in the possible combination of emission levels and shielded installation environment.

47.5.3 Limits

Shielding effects, when implemented, shall achieve a reduction of 20 dB.

475.4 Conformance

The mitigation due to shielding effects of the LPR is declared by the manufacturer. No test needs to be conducted.
4.7.6 Equivalent mitigation techniques

4.7.6.1  Applicability

This requirement shall apply to all DUT which implemented this mitigation technique. The usage shall be declared by
the manufacturer.

4.7.6.2 Description and general requirement

Other mitigation techniques and mitigation factors can be taken into account for the calculation of the maximum
allowed TX power of an LPR radio device as long as reached mitigation factors are equivalent or higher than the
mitigation factors reached using the presented techniques which have been accepted by the CEPT/ECC and are
documented in the ECC report 139 [i.8]. Examples for additional mitigation factors could be the deployment of the
radio device in a restricted indoor area with higher wall attenuation or shielding. The additional mitigation factors need
to be weighed against the specific services to be protected.

The manufacturer shall provide sufficient information for determining compliance with the LPR emission limits in
clauses 4.3.3.3, 4.3.4.3 and 4.3.8.3 when using equivalent mitigation techniques.

NOTE: Regulations in the EC Decision 2009/343/EC [i.10] and its amendment allow for other equivalent
mitigation techniques to be used across all frequency bands, where these offer at least equivalent
protection to that provided by the limits in the decision.

4.7.6.3 Limits

Equivalent mitigation techniques, when implemented, shall achieve a reduction of 20 dB.
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476.4 Conformance

The equivalent mitigation techniques of the LPR is declared by the manufacturer. No test needs to be conducted.

4.7.7 Range of modulation parameters

4.7.7.1  Applicability
This requirement shall apply to all DUT.

4.7.7.2  Description

The description of the modulation parameters can be found in annex H.

4.7.7.3 Limits

There are no limitations for modulation parameters.

47.7.4 Conformance

The modulation parameters of the LPR shall be declared by the manufacturer. No test needs to be conducted.

5 Testing for compliance with technical requirements

5.1 Environmental conditions for testing

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

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

5.2 General conditions for testing

5.2.1 Product information

The product information required for testing can be found in the "application form for testing" in annex B.

522 Product information useful to facilitate testing

Equipment submitted for testing, where applicable, shall fulfil the requirements of the present document on all
frequencies over which it is intended to operate.

The provider shall submit one or more samples of the equipment as appropriate for testing.

Additionally, technical documentation and operating manuals, sufficient to allow testing to be performed, shall be
supplied.

The performance of the equipment submitted for testing shall be representative of the performance of the corresponding
production model. In order to avoid any ambiguity in that assessment, the present document contains instructions for the
test conditions and for the choice of equipment for testing purposes (clause 5), technical requirements specifications
(clause 4) and the conformance test suits (clause 6).

The manufacturer shall offer complete equipment with any auxiliary equipment needed for testing. All necessary set-up
information shall accompany the LPR equipment when it is submitted for testing.

ETSI



30 ETSI EN 302 729 V2.1.1 (2016-12)
The equipment submitted by the manufacturer shall be designed, constructed and manufactured in accordance with
good engineering practice and with the aim of minimizing harmful interference to other equipment and services.
In order to facilitate testing, the provider should give the following information:
. technical data in the form in annex B;

< all necessary set-up information shall accompany the LPR equipment when it is submitted for testing.

5.2.3 Requirements for the test modulation

Requirements for the test modulation are specified in ETSI EN 303 883 [5], clause 5.3.

5.2.4  Test conditions, power supply and ambient temperatures

Test conditions, power supply- and ambient temperature requirements are specified ETSI EN 303 883 [5], clause 5.4.

5.2.5 Choice of equipment for test suites
The equipment for the test suites shall be chosen according to ETSI EN 303 883 [5], clause 5.5.

If the submitted equipment has several optional features, considered not to affect the RF parameters then the tests need
only to be performed on one sample of the equipment configured with that combination of features considered to create
the highest unintentional emissions.

In addition, when a device has the capability of using different dedicated antennas or other features that affect the RF
parameters, at least the worst combination of features from an emission point of view as agreed between the provider
and the test laboratory shall be tested.

Where the transmitter is designed with adjustable output power, then all transmitter parameters shall be measured using
the highest maximum mean power spectral density level, as declared by the provider. The duty cycle and activity factor
of the transmitter as declared by the provider shall not be exceeded. The actual duty cycle and activity factor used during
the measurements shall be recorded in the test report.

The choice of model(s) for testing shall be recorded in the test report.

5.2.6 Multiple operating bandwidths and multiband equipment

Where equipment has more than one operating bandwidth (e.g. 500 MHz and 1 300 MHz), a minimum of two operating
bandwidths shall be chosen such that the lower and higher limits of the operating range(s) of the equipment are covered
(see clause 4.3.2). All operating bandwidths of the equipment shall be declared by the equipment manufacturer.

In case of multiband equipment (i.e. equipment that can operate with an operating bandwidth below 4,8 GHz and above
6,0 GHz), the lowest and highest channel in operation of each band shall be tested.

5.2.7 Testing of host connected equipment and plug-in radio devices

Testing of host connected equipment and plug-in radio devices measurements shall be according to ETSI
EN 303 883 [5], clause 5.6.
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5.2.8 Radiated measurement arrangements

All reasonable efforts should be made to clearly demonstrate that emissions from the UWB transmitter do not exceed
the specified levels, with the transmitter in the far field. To the extent practicable, the device under test shall be
measured at the distance specified in clause C.2.4 and with the specified measurement bandwidths. However, in order to
obtain an adequate signal-to-noise ratio in the measurement system, radiated measurements may have to be made at
distances less than those specified in clause C.2.4 and/or with reduced measurement bandwidths. The revised
measurement configuration should be stated on the test report, together with an explanation of why the signal levels
involved necessitated measurement at the distance employed or with the measurement bandwidth used in order to be
accurately detected by the measurement equipment and calculations demonstrating compliance.

Where it is not practical to further reduce the measurement bandwidth either because of limitations of commonly
available test equipment or difficulties in converting readings taken using one measurement bandwidth to those used by
the emission limits in clause 4.3, and the required measurement distance would be so short that the device would not
clearly be within the far field, the test report shall state this fact, the measurement distance and bandwidth used, the near
field/far field distance for the measurement setup (refer to clause C.2.4), the measured device emissions, the achievable
measurement noise floor and the frequency range(s) involved.

NOTE: This is called "best measurement practice".

5.3 Interpretation of the measurement results

531 General

The interpretation of the results for the measurements described in the present document shall be as follows:

1) the measured value related to the corresponding limit shall be used to decide whether an equipment meets the
requirements of the present document;

2) the measurement uncertainty value for the measurement of each parameter shall be recorded;

3) the recorded value of the measurement uncertainty shall be wherever possible, for each measurement, equal to
or lower than the figures in table 12, and the interpretation procedure specified in clause 5.3.1 shall be used.

For the test methods, according to the present document, the measurement uncertainty figures shall be calculated in
accordance with the guidance provided in ETSI TR 100 028 [1] and shall correspond to an expansion factor (coverage
factor) k = 1,96 or k = 2 (which provide confidence levels of respectively 95 % and 95,45 % in the case where the
distributions characterizing the actual measurement uncertainties are normal (Gaussian)).

Table 12 is based on such expansion factors.

Table 12: Maximum measurement uncertainties [i.11]

P Maximum expanded

arameter -
measurement Uncertainty

Radio frequency #1 x 107

Radiated RF power (up to 40 GHz) 165 dB

Radiated RF power (above 40 GHz up to 66 GHz) 18 dB

Radiated RF power (above 66 GHz up to 100 GHz) +10 dB (see note 1)

Radiated RF power (above 100 GHz) See note 2

Conducted Measurements (up to 18 GHz) +1,5dB

Conducted Measurements (up to 40 GHz) +.5dB

Conducted Measurements (up to 100 GHz) + dB

Conducted measurements (above 100 GHz) See note 2

Temperature + °C

Humidity 5 %

DC and low frequency voltages +3 %
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Maximum expanded
measurement Uncertainty
NOTE 1: Achieved sensitivity and measurement uncertainty are a direct result of the chosen test

suites. The values mentioned together with the concerns should therefore be considered
illustrational rather than absolute for radiated measurements above 66 GHz, given the
absence of some relevant information. For radiated emissions above 66 GHz the given
measurement uncertainties are based on the assumption of the deployment of a cable
based measurement set-up.

NOTE 2: For measurements above 100 GHz, the expanded measurement uncertainty shall also be
recorded in the test report and a detailed calculation shall be added. A future revision of the
present document may include a value for frequencies above 100 GHz for expanded
measurement uncertainty that is still under development.

Parameter

"Standard" measurement equipment is only available up to a frequency range of around 66 GHz with a sensitivity
of -72 dBm at 18 GHz down to around -64 dBm at 40 GHz (1 MHz RBW, 3 MHz VBW, 100 MHz span). For higher
frequencies the sensitivity will further decrease.

The commercially available calibration capability (only equipment specific calibration, no closed loop to an
international norm) is currently limited to around 66 GHz. Thus no such possibility is freely available on the market
above that limit. As a consequence measurement results above 66 GHz of different laboratories are not fully
comparable since the equipment will not be calibrated for the needed operational range.

The measurement uncertainty of measurements in the range above 40 GHz (millimetre domain) will be clearly above
the initially assumed 6 dB for radiated measurements below 40 GHz. A value of 8 dB seems to be more adequate.
Precise values of measurement uncertainty require calibration, and there are limitations as mentioned on above.

This maximum uncertainty value above 40 GHz is also dependent upon the maximum dimensions of the antenna of the
equipment under test and is also dependent upon gain specifications of antennae.

5.3.2 Conversion loss data and measurement uncertainty

Calibrated conversion loss data for harmonic mixers are given for a dedicated number of harmonic, IF frequency and
LO power. They cannot be used for a different number of harmonics. It is equally essential that the LO level at the
harmonic mixer matches the LO level for which the conversion loss data have been derived.

The above conditions adhered to a measurement uncertainty including the measuring receiver of < 3 dB to 5 dB at the
frequency of the calibration points can be expected, depending on the waveguide band.

Harmonic mixers frequently have a low return loss (typically 6 dB to 7 dB), which increases the measurement
uncertainty. It is therefore expedient to insert an attenuator or isolator between the mixer and the antenna in order to
improve measurement uncertainty. However, the insertion loss caused by such a component will reduce the sensitivity
of the spectrum analyser and mixer setup. This insertion loss has also to be taken into account for level measurements.

Mixers with integrated isolator are preferable, as they are already calibrated with the isolator included.

As frequency ranges increase it may be difficult to conclude a maximum allowable value for the expanded measurement
uncertainty due to lack of knowledge of the new methods of test and determining the uncertainty components:

e The commercially available calibration capability is limited to around 66 GHz. Thus no such possibility is
freely available on the market above that limit. As a consequence measurement results above 66 GHz of
different labs are not fully comparable since the equipment will not be calibrated for the needed operational
range and also for radiated unwanted emission measurements above the operational range.

e The expanded measurement uncertainty of measurements in the range between 66 GHz and 100 GHz will be
clearly above the values valid for below 66 GHz. Precise values of expanded measurement uncertainty require
calibration, and there are limitations as mentioned above.

. In general it has to be mentioned that these values become the higher the frequency will become the more a
guideline.

- Starting from around 65 GHz the limits of coaxial systems are reached and the frontend has to switch to wave
guide based technologies adding an additional attenuation and also decreasing the sensitivity. Commercially
available analysers can only measure up to around 67 GHz, thus making the use of external mixers
unavoidable.
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Guidance is provided in ETSI TS 103 051 [i.16] that presents an evaluation of maximum acceptable measurement
uncertainty for Radio Frequency (RF) electromagnetic field (emf) measurements for the frequency range from 30 MHz
to 100 GHz for inclusion within ETSI documents on radio products used for compliance testing.

5.3.3 Measurement uncertainty is equal to or less than maximum
acceptable uncertainty

If measurement uncertainty is equal to or less than maximum acceptable uncertainty the interpretation shall be as given
in clause 5.7.2 of ETSI EN 303 883 [5].

5.34 Measurement uncertainty is greater than maximum acceptable
uncertainty

If measurement uncertainty is greater than maximum acceptable uncertainty the interpretation shall be as given in
clause 5.7.3 of ETSI EN 303 883 [5].

5.35 Emissions

Some of the measured radiated transmitter transmissions can be very low power radio signals, comparable with the power
of spurious emissions from digital and analogue circuitry. If it can be clearly demonstrated that an emission from the

LPR device is not associated to the transmitter 