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Intellectual Property Rights

Essential patents

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

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

Trademarks

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

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

Foreword

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

The present document is part 1 of a multi-part deliverable covering Short Range Devices (SRD) and Ultra Wide Band
(UWB), as identified below:

Part 1: "Measurement techniquesfor transmitter requirements’;

Part 2. "Measurement techniques for receiver requirements’.

National transposition dates

Date of adoption of this EN: 12 August 2024
Date of latest announcement of this EN (doa): 30 November 2024
Date of latest publication of new National Standard

or endorsement of this EN (dop/e): 31 May 2025

Date of withdrawal of any conflicting National Standard (dow): 31 May 2025

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

Introduction

UltraWide Band (UWB) radio technology enables a new generation of high-speed data devices for short-range
communication purposes as well as location tracking and Sensor devices and opens new markets with a variety of
innovative applications.

UWB devices may form an integral part of other portable electronic equipment such as future generation cellular
phones or |aptops equipped with UWB enabled short-range air interfaces.

In addition, UWB devices with an operating frequency range of several hundreds of MHz up to several GHz allow tens
of centimetre-level accuracy real time localization and positioning even in the presence of severe multipath effects
caused by walls, furniture or any other harsh radio propagation environments.

Based on the broad variety of different applications and the broad possible frequency range of operation the number of
possible deployed physical signal formats can be very large. The existing range of physical signal and modulation
formats range from traditional carrier based systems like OFDM over spread spectrum based system to carrier less
systems based on base band pulses. The frequency regulation on the other side only defines a single set of transmission
limits and values, which have to be fulfilled by all systems under the UWB regulation. Furthermore, the very high
channel bandwidth of a UWB signal gives a specific challenge to the needed measurement setup and the procedures.
Existing measurement procedures need to be extended and new possible techniques should be described in the present
document.

The present document is structured as follows:

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

. Clause 4 provides on overview on the technical and technology basics which were considered during the
preparation of the present document.

. Clause 5 specifies EUT TX requirements and the related conformance procedure.

e Annex A providesinformation on test conditions, used test sites and procedures.

e Annex B provides necessary information on radiated test procedures.

. Annex C providesinformation on TX signal types.

e  Annex D providesinformation on the all emission concept.

e  Annex E providesinformation for a pre-scan radiated power measurement test procedure.

e Annex F provides information on differences between the different emission power measurements.

e  Annex G providesinformation on Out-of-band and spurious requirements for EUT covered by
ECC/DEC/(22)03 [i.40].

e  Annex H providesinformation what specifications, parameters, need to be considered in the related standard.

e  Annex | provides a change history table containing the major technical changes.
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1 Scope

The present document summarizes the available information of possible measurement techniques and procedures for the
conformance measurement of various signal formats (e.g. Ultra Wide Band (UWB)) in order to comply with the given
transmission limits given in the current regulation.

2 References

2.1 Normative references

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

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

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

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

[1] ETSI TS102 754 (V1.3.1) (03-2013): "Electromagnetic compatibility and Radio spectrum Matters
(ERM); Short Range Devices (SRD); Technical characteristics of Detect And Avoid (DAA)
mitigation techniques for SRD equipment using Ultra Wideband (UWB) technology".

[2] ETSI TS102 321 (V1.1.1): "Electromagnetic compatibility and Radio spectrum Matters (ERM);
Normalized Site Attenuation (NSA) and validation of afully lined anechoic chamber up to
40 GHZ".

[3] ETSI TS103 941 (V.1.1.1): "UltraWide Band (ERM); Radiated tests for UWB technol ogy-based

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

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

[i.1] ETSI TS103 060 (V1.1.1) (09-2013): "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".

[i.2] ITU Radio Regulations.
[i.3] ECC/DEC/(06)04: "The harmonised conditions for devices using UWB technology in bands bel ow

10.6 GHZ", 24 March 2006, amended 9 December 2011 and amended 8 March 2019.

[i.4] ECC/DEC/(07)01: "The harmonised use, exemption from individual licensing and free circulation
of Material Sensing Devices using Ultra-Wideband (UWB) technology"”, 30 March 2007, amended
on 26 June 2009, corrected on 18 November 2016 and amended on 8 March 2019.
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[i.7]
[i.8]
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[i.10]
[i.11]
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[i.15]

[i.16]

[i.17]

[i.18]

[i.19]

[i.20]

[i.21]

[i.22]
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Decision (EU) 2019/785: "Commission Implementing Decision (EU) 2019/785 of 14 May 2019 on
the harmoni sation of radio spectrum for equipment using ultra-wideband technology in the Union
and repealing Decision 2007/131/EC" (notified under document C(2019) 3461).

ECC/DEC/(11)02: "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", 11 March 2011, updated on
17 November 2017 and amended on 5 July 2019.

ERC/REC 70-03: "Relating to the use of Short Range Devices (SRD)".

Decision (EU) 2022/180: "Commission Implementing Decision (EU) 2022/180 of 8 February
2022 amending Decision 2006/771/EC as regards the update of harmonised technical conditionsin
the area of radio spectrum use for short-range devices'.

ERC/REC 74-01: "Unwanted Emissions in the spurious domain”, latest amendment on 29 May
2019".

Recommendation ITU-R SM.329-12 (09/2012): "Unwanted emissions in the spurious domain®.

ECC/DEC/(06)08: "The conditions for use of the radio spectrum by Ground- and Wall- Probing
Radar (GPR/WPR) imaging systems', December 2016, updated on 26 October 2018.

ETSI EN 302 372 (V2.1.1) (12-2016): " Short Range Devices (SRD); Tank Level Probing Radar
(TLPR) equipment operating in the frequency ranges 4,5 GHz to 7 GHz, 8,5 GHz to 10,6 GHz,
24,05 GHz to 27 GHz, 57 GHz to 64 GHz, 75 GHz to 85 GHz; Harmonised Standard covering the
essential requirements of article 3.2 of the Directive 2014/53/EU".

ECC/DEC/(04)03: "The frequency band 77-81 GHz to be designated for the use of ground based
vehicular radars’ 19 March 2004, corrected 6 March 2015.

ETSI TR 103 181-2 (V1.1.1) (06-2014): "Electromagnetic compatibility and Radio spectrum
Matters (ERM); Short Range Devices (SRD) using Ultra Wide Band (UWB); Transmission
characteristics Part 2: UWB mitigation techniques’.

ETSI TR 103 181-1 (V1.1.1) (07-2015): " Short Range Devices (SRD) using Ultra Wide Band
(UWB); Technical Report Part 1: UWB signal characteristics and overview CEPT/ECC and EC
regulation”.

ECC Report 120 (06/2008): "Technical requirements for UWB DAA (Detect and Avoid) devices
to ensure the protection of radiolocation servicesin the bands 3.1 - 3.4 GHz and 8.5 - 9 GHz and
BWA terminalsin theband 3.4 - 4.2 GHz".

ETSI EG 203 367 (V1.1.1) (06-2016): " Guide to the application of harmonised standards covering
articles 3.1b and 3.2 of the Directive 2014/53/EU (RED) to multi-radio and combined radio and
non-radio equipment".

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”.

Recommendation ITU-R SM.1754-0 (05-2006): "M easurement techniques of ultra-wideband
transmissions’.

ANSI C63.5-2017/Cor 1-2019: "American National Standard for Electromagnetic
Compatibility--Radiated Emission Measurements in Electromagnetic Interference (EMI)
Control - Calibration and Qualification of Antennas (9 kHz to 40 GHz) - Corrigendum 1".

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'.

ETSI TR 102 215 (V1.3.1) (11-2004): "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".
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ECC Report 064: "The protection requirements of radiocommunications systems below 10.6 GHz
from generic UWB applications”.

Recommendation ITU-R SM.1755-0 (05/2006): " Characteristics of ultra-wideband technology”.

ETSI TR 102 347 (V1.1.2) (01-2005): "Electromagnetic compatibility and Radio spectrum Matters
(ERM); Short Range Devices (SRD); Equipment for Detecting M ovement; Radio equipment
operating around e.g. 5,8 GHz, 10 GHz, 25 GHz, 61 GHz, 77 GHz; System Reference Document
for Tank Level Probing Radar (TLPR)".

ECC Report 139: "Impact of Level Probing Radars (LPR), using Ultra-Wideband Technology on
Radiocommunications Services'.

Recommendation ITU-R SM.1541-6 (08/2015): "Unwanted emissions in the out-of-band domain;
SM Series'.

ETSI EN 303 446-1 (V1.2.1) (10-2019): "ElectroMagnetic Compatibility (EMC) standard for
combined and/or integrated radio and non-radio equipment; Part 1: Requirements for equipment
intended to be used in residential, commercial and light industry locations'.

ETSI EN 303 446-2 (V1.2.1) (10-2019): "ElectroM agnetic Compatibility (EMC) standard for
combined and/or integrated radio and non-radio equipment; Part 2: Requirements for equipment
intended to be used in industrial locations'.

RBW influence on peak or mean power measurement of pulsed signals, Application Note
6.2019-1EF106-1E, 06.06.2019.

ETSI EN 302 729-1 (V1.1.2) (05-2011): "Electromagnetic compatibility and Radio spectrum
Matters (ERM); Short Range Devices (SRD); 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; Part 1: Technical characteristics and test methods'.

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 (RED).

CISPR 16-1-6:2014: " Specification for radio disturbance and immunity measuring apparatus and
methods - Part 1-6: Radio disturbance and immunity measuring apparatus - EM C antenna
calibration".

Michael D. Foegelle: "Antenna Pattern Measurement: Concepts and Techniques', Compliance
Engineering, Annual Reference Guide 2002.

"Total Radiated Power Measurement above 1 GHz with Partially-Spherical Scanning of a Probe”,
EMC'09/Kyaoto.

"Sampling points reduction in spherical scanned TRP measurement”, 2014 IEEE™ Conference on
Antenna Measurements & Applications (CAMA), Electronic ISBN:978-1-4799-3678-6.

"A CTIA approved antenna measurement system for over-the-air testing of wireless devices',
published in 2004 IEEE™ Antenna Measurements and SAR, AMS 2004, Print
ISBN:0-86341-415-X.

|EEE 149-2021™: "|EEE Recommended Practice for Antenna Measurements'.

CISPR 16-1-4 (Edition 4; 2019-01): " Specification for radio disturbance and immunity measuring
apparatus and methods -Part 1-4: Radio disturbance and immunity measuring apparatus - Antennas
and test sites for radiated disturbance measurements”.

ECC/DEC/(22)03: "Technical characteristics, exemption from individual licensing and free
circulation and use of specific radiodetermination applications in the frequency range
116-260 GHZ", 18 November 2022.

|EC 60153-2:2016: "Hollow metallic waveguides - Part 2: Relevant specifications for ordinary
rectangular waveguides'.
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[i.42] ECC Report 334: "UWB radiodetermination applications in the frequency range 116-260 GHz",
amended 3 February 2023".

[1.43] ECC Report 351: "UWB radiodetermination applications within the frequency range 116 GHz to
148.5 GHz for vehicular use".

[i.44] EN 55016-2-3:2017 + A1:2019: " Specification for radio disturbance and immunity measuring
apparatus and methods - Part 2-3: Methods of measurement of disturbances and immunity -
Radiated disturbance measurements” (produced by CENELEC).

3 Definition of terms, symbols and abbreviations

3.1 Terms

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

All Emissions (AE): related UWB Emission of the transmitter (RP), Transmitter Unwanted Emissions (TXUE) and
Other Emissions (OE) of the EUT

NOTE: Seeemission concept in clause5.1.2.1.

antenna cycle: one complete sweep of a mechanically or electronically scanned antenna beam along a predefined
spatia path

antenna port (or antenna connector): physical port, for connection of an antenna used for intentional transmission
and/or reception of radiated RF energy

NOTE: The connector istypically a standardized coaxia or a hollow waveguide connector.
antenna positioner: mechanical structure to place and move the measurement/test antennain the test set-up

NOTE: For example a mechanical arm (see figure B.13 and figure B.14) or measurement tower (see figure B.12)
or curved runner to adjust measurement/test antenna along a adjusted azimuth angle @ (at the adjusted
measurement distance) and the possibility to move the test/measurement antenna aong the polar angle 6
from 0 °< 6 < 90°. Positioners are typically consisting on material which create low reflections or are
coated with radio absorbing material (absorbers).

antenna scan duty factor: ratio of the solid angle of the antenna beam (measured at its 3 dB point) to the total solid
angle scanned by the antenna

associated antenna: antenna and all its associated components which are designed as an indispensable part of the
equipment

avoidance level: maximum amplitude to which the UWB transmit power is set for the relevant protection zone
burst: emitted signal whose time duration (T,,) is not related to its bandwidth
co-located receiver: receiver islocated in the same device housing as the transmitter

combined equipment: any combination of non-radio equipment and a plug-in radio device that would not offer full
functionality without the radio device

dedicated antenna: specified antennawhich is part of the EUT

NOTE: For example, aremovable antenna supplied and tested with the radio equipment, designed as an
indispensable part of the equipment. It is a specified external antenna by the manufacturer (within the
EUT manual) to operate as intended with the rest of the EUT.

default avoidance bandwidth: portion of the victim service bandwidth to be protected if no enhanced service
bandwidth identification mechanisms are implemented in the DAA enabled devices

detect and avoid time: time duration between a change of the external RF environmental conditions and adaptation of
the corresponding UWB operational parameters
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duty cycle: ratio, expressed as a percentage, of X(Ton)/(Tas) Where Ton isthe "on" time of a single transmitter device and
T iS the observation period

NOTE: SeeETSI TS103 060 [i.1].

Effective Radiated Power (E.R.P): product of the power supplied to the antenna and its gain relative to a half-wave
dipolein agiven direction (RR 1.162)

equivalent isotopically radiated power (e.i.r.p.): product of the power supplied to the antenna and the antenna gain in
agiven direction relative to an isotropic antenna (absol ute or isotropic gain)

NOTE: SeelTU Radio Regulations[i.2], RR 1.161.

far field measurement: measurement at a distance from an antenna sufficient to ensure that the electro-magnetic field
approximates a plane wave

NOTE: SeeclauseB.2.1.
frequency span: frequency range between the start and stop frequency of the RP measurement set-up

gating: transmission that isintermittent or of alow duty cycle referring to the use of burst transmissions where a
transmitter is switched on and off for selected time intervals

Half Power Beam Width (or Beamwidth): angular separation, in which the magnitude of the radiation pattern
decreases by 50 % (or -3dB) from the peak of the main beam

hopping: spread spectrum technique whereby individual radio links are continually switched from one subchannel to
another

hopping cycle: number of hopping positions for afull frequency hopping sequence

host equipment: any equipment which has complete user functionality when not connected to the radio equipment part
and to which the radio equipment part provides additional functionality and to which connection is necessary for the
radio equipment part to offer functionality

impulse: pulse whose width is determined by its step risetimes and whose maximum amplitude is determined by its
step value

NOTE: Seeclause5.10.
indirect emissions. emissions radiated in al directionsin a specified scenario

NOTE: Seeclause 5.7 including direct emissions from the housing/structure of the equipment and emissions
reflected or passing through a media under inspection or through a scenario.

NOTE: These emissions are sometimes also named an exterior limit or unwanted emissions.
integral antenna: permanent fixed antenna, which may be built-in, designed as an indispensable part of the equipment
main beam direction (or mainbeam): direction of maximum gain of a directional antenna

NOTE: EUT may have different main beam direction for TX and RX antennas.

mean power: power during an interval of time sufficiently long compared with the lowest frequency encountered in the
modulation envelope

measur ement antenna: antennato measure the emission radiated from the EUT
NOTE: SeeclauseB.2.2.5.
measur ement cycle: whole-numbered multiple of signal repetition time
minimum avoidance bandwidth: portion of the victim service bandwidth requiring protection

minimum initial channel availability check time: minimum time the UWB radio device spends searching for victim
signals after power on, Parameter: T, time
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Non-Interference M ode operation (NIM): operational mode that alows the use of the radio spectrum on a
non-interference basis without active mitigation techniques
operating frequency range: frequency range over which the EUT isintentionally transmitting
NOTE 1: The operating frequency range of the EUT is determined by the lowest (f.) and highest frequency (f.).

NOTE 2: For analogue or discrete frequency modulated systems (FSK, FMCW) the operating frequency range
covers the difference between minimum and maximum of all carrier frequencies on which the equipment
can be adjusted.

peak power: power measured with the peak detector using afilter the width and shape of which is sufficient to accept
the signal bandwidth

NOTE: See Recommendation ITU-R SM.1541-6 [i.27].
per mitted frequency range(s): frequency range(s) within which the device is authorized to operate

plug-in radio device: radio equipment module intended to be used with or within host, combined or multi-radio
equipment, using their control functions and power supply

Power Spectral Density (PSD): ratio of the amount of power within a specified bandwidth
pulse: short transient signal whose time duration is nominally the reciprocal of its-10 dB bandwidth

(mean) Pulse Repetition Frequency (PRF): inverse of the Pulse Repetition Interval, averaged over atime sufficiently
long asto cover al PRI variations

Pulse Repetition Interval (PRI): time between the rising edges of the transmitted (pulsed) output power

Radar Cross Section (RCYS): cross-sectional area of a perfectly reflecting sphere that would produce the same strength
reflection as would the object in question

reference plane or reference point: virtual plane or point in a measurement setup which is used to refer a
measurement or calculation to (e.g. end of a cable, antenna connector)

rf carrier: fixed radio frequency prior to modulation
scanning (steerable) antenna: directional antenna which can move its beam along a predefined spatial path

NOTE: Scanning can be realized by mechanical, electronical or combined means. The antenna beamwidth may
stay constant or change with the steering angle, dependent on the steering method.

second (2nd) har monic: twice the frequency of the fundamental (e.g. 48 GHz for a 24 GHz device)

signal detection threshold set: set of amplitudes of the victim signal which defines the transition between adjacent
protection zones

signal off time (T«): one or more time periods within the signal repetition time, where no transmission occurs
signal repetition time: length of the time between subsequent transmission patterns of the system
NOTE: Also known as cycle time, frame repetition time or frame duration.

stand-alone radio equipment: equipment intended primarily as communications equipment and that is normally used
on a stand-alone basis

transmission: sequence of emissions separated by intervals shorter than Ty
NOTE: SeeETSI TS103060][i.1].

transmitter timeout functionality: internal functionality that switches off the system in order to reduce power
consumption or for regulatory reasons

tempor ary antenna connector: EUT hardware design provide connector mounting option

EXAMPLE: Landing pads on PCB.
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The connector is either a standardized coaxia or a hollow waveguide connector, and the technical
documentation of the EUT needs to provide guidance on how to install the connector.

test antenna: antennato radiated a specified test signal toward the EUT

victim signal: signal(s) of the service to be detected and protected by the DAA mitigation technique

wideband: emission whose occupied bandwidth is greater than the test equipment measurement bandwidth

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

Q ohm

A wavelength

c standard deviation

C) elevation angle or polar angle

o azimuth angle

n antenna efficiency

attae attenuation ancillary equipment (cable)

Ar effective area of the receiving antenna/measurement antenna
Bure relation of the bandwidth

bw modulated carrier/bandwidth of a single step/hop

NOTE: SeeclauseC.2.3.

CATT total attenuation from the EUT reference plane to the spectrum anal yser
ca cable loss

Corrgs correction in dB for peak e.i.r.p. spectral density measurement
d measurement distance

Da aperture size

NOTE: The maximum dimension of the antenna orthogonal to the direction of propagation.
Cant antenna directivity

dB decibel

dBc decibel below the maximum

dBi gain in decibels relative to an isotropic antenna

dBm gain in decibels relative to one milliwatt

Ds range length is the minimum measurement distance

DC Duty Cycle

dc duty cyclein[dB]

Erms RMS value electric field strength

|E| amplitude of the electric field

EIRP kind of radiated e.i.r.p. emission measurement considering both "polarisations” (recorded) one

point of the sphere depending on ® and @ and the kind of power, in [W]

erp EIRPin [dB]

Afgep step width (between two steps (hops)

NOTE: Seeannex C.

frequency

fo Start frequency of the Signal (centre of the first step/hop)
NOTE: SeeclauseC.2.3.
fe centre frequency for the filter
fe top frequency of the Signal (centre of the last step/hop)
NOTE: SeeclauseC.2.3.
f lowest frequency of the operating frequency range
fis start spurious domain below fc
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highest frequency of the operating frequency range

start spurious domain above fc

centre frequency of the operating frequency range

frequency for peak power measurement

filter coefficients at timet, centred on fy

lowest frequency for the spurious emission assessment

highest frequency for the spurious emission assessment

free space loss

gan

gain test antenna

gain test antennain [dB]

attenuator loss [dB]

gain low noise amplifier [dB]

gain of the antenna under test in main beam direction in the respective plane
gain of the Standard Reference Antenna (SRA) in main beam direction in the respective
measurement plane

antenna gain in dB of the calibrated test antenna

antenna gain in dB of the test arrangement measurement antenna
isolation in dB

number of Ton and Torr Within Tops

number of steps during one signal repetition time

See clause C.2.3.

number of "hopping sequencesin Tops

See clause C.2.3.

power indBm

absolute power (in e.g. dBm) of the EUT (e.i.r.p.)

power level detected by the spectrum analyser during the radiation pattern measurement of the
AEUT in the respective measurement plane in the second step of the procedure

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

conducted EUT output power at the reference plane of the EUT in [dBm]

measured conducted power at the reference plane of the measurement receiver

input power to the EUT (transmitting) antenna [dB]

peak power in filter bandwidth

maximum peak power in filter bandwidth

peak e.i.r.p. spectral density power

Radiated emission measurement on one points of the sphere depending on the steps of ® and ©
and the kind of power, in[W]

radiated power [W] of the EUT in a certain direction

absolute power level (in e.g. dBm) noted from the power meter/spectrum analyser

power level detected by the spectrum analyser using ideal alignment of measurement antenna and
standard reference antennain the respective measurement plane in the first step of the procedure
threshold level

power level [dB] of the victim source for LBT mitigation test

corrected mean e.i.r.p. spectral density value

measured mean e.i.r.p. spectral density value

distance between victim source test antenna and EUT reference point

radius of the sphere/measurement distance

used RBW during peak e.i.r.p. spectral density measurement

average power flux density

minimum initial channel availability check time

detect and avoid time

Actual Detect and Avoid time of a EUT, can be negative.

maximum allowed Detect and avoid time
time
stop time

See clause C.2.3.
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t discrete time variable
to Start time of the UWB Signals = 0 second
NOTE: SeeclauseC.2.3.
Athopp Time for one step; = Aton step + Atoft_step
NOTE: SeeclauseC.2.3.
Aton_step Time transmission on/one step (hopp)
NOTE: SeeclauseC.2.3.
Atoft_step Time between two step (hopp)
NOTE: SeeclauseC.2.3.
taweeo;off time between two FMCW sweeps
NOTE: SeeclauseC.2.2.

Tas timeinterval below which interruptions within a transmission are considered part of Ton (disregard
time)

NOTE: SeeETSI TS103 060 [i.1].

Terr Pulse Repetition time

NOTE: SeeclauseC.2.1.

TruLse Pulse Length

NOTE: SeeclauseC.2.1.

Tous reference interval of time (observation period)

NOTE: SeeETSI TS103 060) [i.1].

Tor time interval between two consecutive bursts when the UWB emission iskept idle

NOTE: T isdefined as"the time duration between two consecutive transmissions’, ETSI TS 103 060 [i.1].
Ton transmission "on"-time

NOTE: Seeannex C.

Trep repetition time

th threshold level for LBT mitigation [dB]

TXout transmitter output power [dB]

V ek fttare peak voltagein filter bandwidth

X number of different sweeps during one signal repetition time
X parameter to specify the OFR of the emission

XTxue parameter tp specify the spurious domain of the EUT emission
Zro 120 Q2 represents the wave impedance of free space

Zy characteristic impedance

3.3 Abbreviations

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

AC Alternating Current
AE All Emissions

NOTE: AE usedto bereferred to as"Total Emission” (TE) in previous versions of the present document.

AEUT Antenna of Equipment Under Test
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APC
BW
BWA
CDR
CON
COR
CTIA
Cw
DAA
DC
DEC
ei.r.p.

NOTE:

EC
ECC
EIRPxx 6,0

EMC
EN
ERC
ERM
ETSI
EU
EUT
EVR
FAR
FH
FMCW
FSK
FSL
GPR
HPBW
HS

IF

ITU
IVR
LBT
LDC
LNA
LPR
MSS
NIM
OATS
OE
OFDM
OFR
0ooB
PC
PCB
Pout
PPM
PRF
PRI
PRT
PSD
RBW
RCS
RDI-(S)
RDI-S
REC
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Adaptive Power Control

Beam Width

Broadband Wireless Access

Contour Determination and acquisition Radar
Connector

Correction factor

Cellular Telecommunications and |nternet Association
Continuous Wave

Detect And Avoid

Duty Cycle

DECision

equivalent isotropically radiated power

Based on kind of power, e.g. mean power, peak power or mean power spectral density.

European Commission

European Communication Committee

kind of radiated e.i.r.p. emission measurement considering both "polarisations' (recorded) one
point of the sphere depending on ® and @ and the kind of power
Electromagnetic Compatibility

European Norm

European Radiocommunications Committee
Electromagnetic compatibility and Radio spectrum Matters
European Telecommunications Standards I nstitute
European Union

Equipment Under Test

Exterior Vehicular Radar

Full Anechoic Room

Frequency Hopping

Frequency Modulated Continuous Wave

Frequency Shift Keying

Free Space Loss

Ground Probing Radar

Half Power BeamWidth

Harmonised Standard

Intermediate Frequency

International Telecommunications Union

In-cabin Vehicular Radar

Listen Before Talk

Low Duty Cycle

Low Noise Amplifier

Level Probing Radar

Mobile Satellite Service

Non-Interference M ode operation

Open Area Test Site

Other Emissions of the radiated emissions
Orthogonal Frequency Division Multiple

Operating Frequency Range

Out-Of-Band

Personal Computer

Printed Circuit Board

input power to the EUT (transmitting) antenna

Part Per Million

Pulse Repetition Frequency

Pulse Repetition Interval

Pulse Repetition Time

Power Spectral Density

Resolution BandWidth

Radar Cross Section

RadioDetermination systems for Industry automation
RadioDetermination systems for Industry automation in Shieled environment
RECommendation
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RF Radio Frequency

RMS Root Mean of Squares

RP Radiated Power

NOTE: RP refersto the wanted signal emission. Previous versions of the present document used to refer to thisas
UWB Emissions (UE).

rs related Standard

RX Receiver

SAC Semi Anechoic Chamber

SMA SubMiniature version A

SNR Signal to Noise Ratio

SRA Standard Reference Antenna

SRD Short Range Device

SWT Sweep Time

TH Threshold

TLPR Tank Level Probing Radar

TPC Transmit Power Control

TPR Total Radiated Power

TRP Total Radiated Power

TRPwp Total Radiated Mean Power

TRPep Total Radiated Peak Power

TRPsp Total Radiated Power Spectral Density

TRPxx akind of Total Radiated Power, e.g. TRPup, TRPppor TRPs

TX Transmitter

TXour EUT transmitter output power

TXUE Transmitter Unwanted Emissions

UE UWB Emissions

UuT Unit Under Test

uwB UltraWide Band

VBW Video BandWidth

VolP Voice over |P

VSWR Voltage Standing Wave Ratio

WPR Wall Probing Radar

4 Overview
4.1 Information

The present document provides practical information and guidance for the compliance tests of UWB and Short Range
technology and devices. The applicability of the procedures described in the present document is not limited to EUT
covered for example by following regulations:

e  ECC/DEC/(06)04[i.11].

e  ECC/DEC/(07)01[i.4].

e  DEC (EU) 2019/785[i.5).

e  ECC/DEC/(11)02[i.6].

e  DEC (EU) 2022/180[.8].

e  ECC/DEC/(04)03[i.13].

e  ECC/DEC/(22)03 [i.40]

Or radio determination applications realized based on:

e  ERC/REC 70-03[i.7].
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4.2 Basic information about UWB

More information on UWB technology isavailablein ETSI TR 103 181-1 [i.15] (UWB signals) and ETSI
TR 103 181-2 [i.14] (UWB mitigation techniques). The basic regulatory studies for UWB < 10 GHz are available in
ECC Report 064 [i.23] and ITU Recommendation ITU-R SM.1755-0 [i.24].

5 TX requirements

5.1 General

51.1 General Guidance on TX measurements

The test proceduresin clauses 5.2 to 5.11 can directly be used for EUT with a permanent or temporary antenna
connector without additional regquirements on measurement antennas, test sites etc., clause B.3 provides relevant
information for conducted measurements.

More information on how to perform radiated tests, including on EUT without a permanent or temporary antenna
connector, is provided in clause B.2.

Further important information for TX measurementsis provided in annex A, for example:
. Test modulation (see clause A.3).
. Test conditions, power supply and ambient temperatures (see clause A.5).

o Measurement uncertainty and the interpretation of the measurement results (see clause A.8).
5.1.2 Emission Concept

5.1.2.1 General

The measured emissions in transmit mode of the EUT are the combination of:
1) Radiated Power from the transmitter (see clause 5.3).
2)  Other Emissions (OE) from the transmitter, receiver and other analogue or digital circuitry (see clause 5.4).
3) TX Unwanted Emissions (TXUE) from the transmitter (out-of-band and spurious domain, see clause 5.5).
4)  Total radiated power (see clause 5.6).
5)  Indirect emissions (see clause 5.7).

The UWB Radiated Power (RP) are the emissions related to the signal radiated into free space (see clause 5.3) during
the transmit mode(s) of operation or radiated indirectly into the air (see clause 5.7).

For some EUT the UWB Radiated Power (RP) and TX Unwanted Emissions (TXUE) cannot be measured
independently of the Other Emissions (OE) (e.g. narrow-band spurious emissions and the analogue or digital control
circuitry emissions). That is because in some frequency ranges the regulated UWB RP emissions are very low power
radio signals, comparabl e to the power limits of emissions from digital and analogue circuitry. If based on a
measurement as described in annex D it can be assessed that an emission from the EUT is not the UWB RP emission
limited in the relevant harmonised standards or it can clearly be assessed that it isimpossible to differentiate between
other emissions OE and the UWB RP emissions, the emission shall be considered as other emissions OE.

For such cases the RP, TXUE and OE from the EUT together are specified for such purpose of the test: as All
Emissions (AE) see annex D.
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5.1.2.2 UWB - EUT

The test concept is based on operating frequency range including the relevant UWB TX requirements. Figure 1 shows
an overview of the TX emissions and mitigations.

P

Mitigation technique

Other Emissions (OE), clause 5.4

Total Radiated Power™, clause 5.6

Indirect Emissions™, clause 5.7

Radiated Power (RP), clause 5.3 TX unwanted emissions, clause 5.5

Operating frequency range (OFR), clause 5.2

9kHz/ fis fus Fupper f
30 MHz

*: AE; All Emissions, requirement is not mandatory for all EUT, details see annex D or related standard.
o Not mandatory for all EUT, see related standard.

Figure 1: TX emission concept
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5.2 Operating Frequency Range (OFR)

521 Definition

The operating frequency range is the frequency range over which the EUT isintentionally transmitting (see clause 5.3,
radiated power). The operating frequency range of the EUT is determined by the lowest (f.) and highest frequency (f.),
see figure 2a.

-

= o

Figure 2a: Operating Frequency Range (OFR)

Thelowest (f.) and highest frequency (f) shall be measured based on a specified value X (in [dB]) below the max
emission at frequency fu (see figure2a). The value for X isgiven in the related standard. If no value for X isprovided in
the related standard, then the value of 23 dB shall be used.

An EUT can have more than one operating frequency range. In that case each operating frequency range shall be tested
separately.
5.2.2 Conformance Test

A radiated power spectral density measurements should be conducted first. One of the radiated power spectral density
measurements from clause 5.3.2.2 or 5.3.3.3 should be specified, if not otherwise specified in the harmonised standard.

NOTE 1: The OFR assessment is only necessary in the direction of the highest emission (for radiated tests, see
clause B.2 and B.4).

The operating frequency range assessment procedure shall be as follows (based on a power spectral density
measurement):

. find the frequency (fu) at which the highest emission level occurs, this frequency shall be recorded, for
examples see figure 2b;

. find the lowest frequency (f.) below fy at which emission decrease to the level defined in clause 5.2.1,for
examples see figure 2b. This frequency shall be recorded,;

NOTE 2: Therelated standard could specify if the related emission level at f. needs be recorded to derive a Pivesn
for signal timing measurements, see annex C or clause 5.11 (Duty Cycle measurement).
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o find the highest frequency (f.) above fy at which the emission level decreases to the level defined in
clause 5.2.1, for example the figure 2b. This frequency shall be recorded;

. the difference between the lowest frequency (f.) and highest frequency (f) isthe Operating Frequency Range
(OFR) which shall be calculated (see equation (1)) and recorded:

OFR = fH = fL (1)

e theaddition of the lowest frequency and highest frequency divided by two is the centre frequency (fc) which
shall be calculated (see equation (2)) and recorded:

f+fi
fo = (43) @
e thevaluesfor fy, f, and OFR shall be assessed with the OFR requirements specified in the related standard.
................. ®
X[dB] X[dB] X[dB]
X[dB]
X A .\)\
U OFR

i

1 o

J > £,

f, fon £, f fi fm

Figure 2b: Examples for Operating Frequency Range (OFR) assessment

5.3 Radiated Power (RP)

5.3.1 Mean e.i.r.p.

5.3.1.1 Description

Theradiated mean e.i.r.p. of the EUT, at a particular frequency is the product of the mean power supplied to the antenna
and the antenna gain in a given direction relative to an isotropic antenna.

The maximum mean e.i.r.p. is the mean power radiated in the direction of the maximum level (usually the boresight of
the antenna).

Thisradiated power shall be measured in the operating frequency range (see clause 5.2).

5.3.1.2 Conformance
M easurement procedures for mean e.i.r.p. are described in clauses 5.3.1.3, 5.3.1.4 and 5.3.1.5.

The following clause offer different Mean e.i.r.p. tests based on the different regulatory requirements. The related EN
shall specify which conformance test is appropriate for the testing.

In addition the related standard shall specify the test setup (see clause B.1). The conformance test for Mean e.i.r.p.
(clauses 5.3.1.3t0 5.3.1.5) shall be used to measured/assed the emission in each direction around the EUT as specified
in the related standard (see test setupsin clauses B.1 and B.4).

For the Mean e.i.r.p. conformance following options are currently specified, see table 1.
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Table 1: Guidance to choose right mean e.i.r.p. measurement procedure

Measurement averaging time Related regulation Clause Comment
receiver (examples, but not
limited to)
Spectrum signal repetition DEC (EU) 2022/180 [i.8] | 5.3.1.3 | Could be combined with OFR
Analyser time/measurement cycle of the | band 74a, 79a, 80a, 80b measurement
EUT and 81;
ERC/REC 70-03 [i.7]
annex 6
RMS Power signal repetition DEC (EU) 2022/180[i.8] | 5.3.1.4
Meter time/measurement cycle of the | band 74a, 79a, 80a, 80b
EUT and 81;
ERC/REC 70-03 [i.7]
annex 6
Spectrum burst duration/during Ton ERC/REC 70-03 [i.7] 5.3.1.5 | Could be combined with OFR
Analyser annex 6 measurement and for
repeating signals with Toff <
Tdis (see annex C)
(see note)
NOTE: The related standard shall specify how to assess Ton.

5.3.1.3

Method with a Spectrum Analyser

The spectrum analyser shall be connected to the measurement antenna (see clause B.2.2.5).

When measuring mean power from the EUT, the spectrum analyser (or equivalent) shall be configured as follows (an
overview of this procedureis provided in the flowchart in figure 3), unless otherwise stated in the related standard:

e  Start frequency:

e  Stop frequency:

e RBW:

e Video bandwidth:
° Detector mode:
e  Display mode:

e AverageTime:

NOTE:

Lower edge of the permitted range of operation (see related standard). If nothing is

specified in the related standard the pre-scan method (annex E) should be used.

Upper edge of the permitted range of operation (see related standard). If nothing is

specified in the related standard the pre-scan method (annex E) should be used.

1 MHz, if not otherwise specified in the related standard.

RMS.

CLEARWRITE.

related standard.

shortest possible time.

e  Sweeptime

VBW equa or greater than the RBW.

> Average Time x number of measurement points.

> than one EUT signal repetition time (see annex C), if not otherwise specified in the

Aninteger number of signal repetitions, (e.g. 1 or 2) is recommended to provide consistent resultsin the

e Number of measurement points: At least equal to frequency span divided by RBW, see equation (3).

Number of measurement points >

Frequency Span
RBW

3)

The Channel Power function of a spectrum analyser shall be used to calculate the mean power within the specified
boundaries. Boundaries for the calculation shall be defined in the related standard. Thisis typically the operating
frequency range defined by f, and f...
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Average Time

MNote: = EUT =signal repetition time

5.3.1.4

The RMS power meter shall be connected to the measurement antenna (see clause B.2.2.5).

l
r_;r Sweep /

¥ Time
calculation /

Note: channe! power function needs fo be used

to calculate the mean power

>

l

e g
requency Span: |
\ seeHS /."

o

“Detector: RMS
( Average F‘m-er/)'

¥ o T,
——{ RBW =1MHz )

Spectrum N
Analyzer &—— "
) . — VBW=RB ]
configuration e i
( ity Mkl
b4 CLEAR WRITE
MEAN e.i.r.p e it
[dBrr]

Figure 3: Test Procedure for Mean Power

Method with an RMS Power Meter

The measurement time shall be equal or longer than the EUT signal repetition time (see annex C).

5.3.1.5

The spectrum analyser shall be connected to the measurement antenna (see clause B.2.2.5).

Method with a Spectrum Analyser for Mean e.i.r.p. averaged over Ton

When measuring mean power from the EUT, the spectrum analyser (or equivalent) shall be configured as follows (an
overview of this procedureis provided in the flowchart in figure 4), unless otherwise stated in the related standard:

NOT

Start frequency:

Lower edge of the permitted range of operation (see related standard). If nothing is

specified in the related standard the pre-scan method (annex E) should be used.

Stop frequency:

Upper edge of the permitted range of operation (see related standard). If nothing is

specified in the related standard the pre-scan method (annex E) should be used.

RBW: 1 MHz.

Video bandwidth: VBW equal or greater than the RBW.

Detector mode: RMS.

Display mode: Max Hold.

Average Time: Ton (SWeep time per measurement point).

E: "Average Time" may not be an explicit setting. In some cases, it may be determined by setting the
number of measurement points and the time taken for a sweep (see equation (4) below).

Number of measurement points: At least equal to frequency span divided by 1 MHz, see equation (4).

Number of measurement points >

ETSI
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1 MHz
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e SweepTime Time for spectrum analyser sweep (over one span) shall be calculated with the following
equations (4) and (5):

Sweep Time (SWT) < Number of measurement points X T,,[ms] (5)

Theinitial measurement sweep will not give the final result. Therefore, several sweeps with display mode "max hold"
are necessary to get the final, stable result. This can be assumed to be achieved if afurther increase of time for the max
hold measurement will not further change the result anymore. The minimum number of sweeps necessary may be
calculated with the knowledge of the signal repetition time by the following equation (6):

maximum signalrepetion time (6)

Number of sweeps > T
The Channel Power function of a spectrum analyser shall be used to calcul ate the mean power within the specified
boundaries. Boundaries for the calculation shall be defined in the related standard. Thisis typically the operating
frequency range defined by f, and f...

VT Frequency Span™,
l Number of measurement points = REW
\ TR J
¥
\ Average Time
k SWT = Number of meagsurement points * Taa }-4 | T
( Fraq uency Span: “l,
ses HS /
/ Swee
/ P Detector: RMS\
Fi Time ( A'.rerﬂge Power |
/ calculation /
1
Y [ RBW =1 MHz ]
Spectrum
Analyzer — g X
e | VBW=RBW “‘,
configuration N S
e —
| Display Mode
r CLEAR WRITE
MEAN e.ir.p :
[dBm]

Figure 4: Test Procedure for Mean Power

5.3.2 Mean e.i.r.p. Spectral Density

5.3.2.1 Description, Mean e.i.r.p. Spectral Density within 1 MHz

The mean e.i.r.p. spectral density is defined as the emitted power spectral density over a defined bandwidth of the
transmitter including antenna gain radiated in the direction of the maximum level.

5.3.2.2 Guidance for Mean e.i.r.p. Spectral Density Conformance Tests
Guidance to choose the right measurement procedure, seetable 2.

In addition the related standard shall specify the test setup (see clause B.1). The conformance test for Mean e.i.r.p.
Spectral Density (see table 2) shall be used to measured/asses the emission in each direction around the EUT as
specified in the related standard (see test setupsin clause B.1 and clause B.4).
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Table 2: Guidance to choose right mean e.i.r.p. spectral density measurement procedure

Kind of signal characteristic Related regulation Clause Clause | Clause | Clause
(examples, but not limited to) 5.3.2.3 53.24 | 5325 |5326
CASE 1: Any signal which has to EUT based on the ECC and EC UWB
be averaged over 1 ms regulatory framework below 10 GHz
ECC/DEC/(06)04 [i.3]
ECC/DEC/(07)01 [i.4] X
ECC/DEC/(11)02 [i.6]
DEC (EU) 2019/785 [i.5]
ECC/DEC/(11)02 [i.6]
ECC/DEC/(22)03 [i.40] (for generic indoor)
CASE 2: Alternative for type 1 EUT based on the ECC and EC UWB
(1 ms averaging time) for signals regulatory framework below 10 GHz
with signal repetition time (> 1 ms) |ECC/DEC/(06)04 [i.3] X) X
and constant in time ECC/DEC/(07)01 [i.4] See note
DEC (EU) 2019/785 [i.5]
ECC/DEC/(11)02 [i.6]
CASE 3: Without requirement on For all other EUT
measurement time in regulation; ECC/DEC/(22)03 [i.40] ((T)LPR, RDI-(S),
averaged over one or more integer |[CDR. EVR and IVR) X
multiple of the signal repetition time |Generic SRDs based on ERC/REC 70-03 [i.7]
and DEC (EU) 2022/180 [i.8]
CASE 4: Any signal which has to ECC/DEC/(04)03 [i.13] X
be averaged over Ton

NOTE:

The measurement procedure is an alternative to clause 5.3.2.4, but could lead to a very long measurement time.

5.3.2.3

Mean e.i.r.p. Spectral Density, averaged over 1 ms

The following measurements shall be applied to the combination(s) of the radio device and its intended antenna(s). In
the case that the RF power level is user adjustable, all measurements shall be made with the highest power level
available to the user for that combination.

When measuring maximum mean power spectral density from the EUT, the spectrum analyser (or equivalent) shall be
configured as follows (an overview of this procedure is provided in the flowchart in figure 5), unless otherwise stated in

the related standard:

e  Start frequency:

Lower edge of the permitted range of operation (see related standard). If nothing is

specified in the related standard the pre-scan method (annex E) should be used.

e  Stop frequency:

Upper edge of the permitted range of operation (see related standard). If nothing is

specified in the related standard the pre-scan method (annex E) should be used.

e RBW:

1 MHz.

e  Video Bandwidth: VBW equa or greater than the RBW.

e  Detector Mode:
e Display Mode:
e Average Time

NOTE:

RMS.
Max. Hold.

1 ms (sweep time per measurement point).

"Average Time" may not be an explicit setting. In some cases, it may be determined by setting the

number of measurement points and the time taken for a sweep (see equation (8) below).

e  Number of measurement points: At least equal to frequency span divided by RBW, see equation (7).

Number of measurement points >

e SweepTime

RBW

equations (7) and (8):

Sweep Time (SWT) < Number of measurement points X 1 ms

ETSI
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Time for spectrum analyser sweep (over one span) shall be calculated with the following
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Wait for each measurement until the reading in the display is stable.

In case of signals with arepetition time (see annex C) greater than 1 mstheinitial measurement sweep will not give the
final result. Therefore, several sweeps with display mode "max hold" are necessary to get the final, stable result. This
can be assumed to be achieved if afurther increase of time for the max hold measurement will not further change the
result anymore. The minimum number of sweeps necessary shall be calculated with the knowledge of the signal
repetition time by the following equation (9):

maximum signal repetion time
Number of sweeps > P (9)
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Figure 5: Test Procedure for Mean e.i.r.p. spectral density, CASE 1

The measurement results shall be recorded and used to determine the OFR and to assess the Mean e.i.r.p. spectral
density limits within the OFR.

5.3.24 Mean e.i.r.p. Spectral Density, known signal repetition time, averaged over
1ms

The following measurements shall be applied to the combination(s) of the radio device and its intended antenna(s). In
the case that the RF power level is user adjustable, all measurements shall be made with the highest power level
available to the user for that combination.

When measuring maximum mean power spectral density from the EUT, the spectrum analyser (or equivalent) shall be
configured as follows (an overview of this procedure is provided in the flowchart in figure 6), unless otherwise stated in
the related standard:

e Startfrequency: Lower edge of the permitted range of operation (see related standard). If nothing is
specified in the related standard the pre-scan method (annex E) should be used.

e Stopfrequency:  Upper edge of the permitted range of operation (see related standard). If nothing is
specified in the related standard the pre-scan method (annex E) should be used.

e RBW: 1 MHz.
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Video Bandwidth: VBW equal or greater than the RBW.

RMS.
Max. Hold.

Equal or larger than signal repetition time (see annex C).

NOTE: "Average Time" may not be an explicit setting. In some cases, it may be determined by setting the

number of measurement points and the time taken for a sweep.

e Number of measurement points. at least equal to frequency span divided by RBW.

e SweepTime Time for spectrum analyser sweep (over one span) shall be calculated with the following
equation (10):
Sweep Time (SWT) > EUT signal repetition time X Number of measurement points (20

e  Signal repetition time: See annex C.

Based on the longer averaging time than 1 ms, there is a need to correct the measured and recorded values with the
following equations (11) to (12):

. _ Averaging time [ms]
Correction [db] = 101log (—1 ] ) (11
PSDicat || = PSDimeas [5] + Correction[dB] (12)

The radiation measured values (PSDmeas) shall be corrected with the calculated correction factor (Correction[dB]). The
resulting PSDreal has to comply with the related limits in the relevant harmonised standard.
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Figure 6: Test Procedure Mean e.i.r.p. spectral density, CASE 2

The measurement results shall be recorded and used to determine the OFR and to assess the mean power spectral
density limits within the OFR.
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5.3.25 Mean e.i.r.p. Spectral Density, known signal repetition time, averaged over

signal repetition time

The following measurements shall be applied to the combination(s) of the radio device and its intended antenna(s). In
the case that the RF power level is user adjustable, all measurements shall be made with the highest power level
available to the user for that combination.

When measuring maximum mean power spectral density from the EUT, the spectrum analyser (or equivalent) shall be
configured as follows (an overview of this procedure is provided in the flowchart in figure 7), unless otherwise stated in
the related standard:

Start frequency:  Lower edge of the permitted range of operation (see related standard). If nothing is
specified in the related standard the pre-scan method (annex E) should be used.

Stop frequency:  Upper edge of the permitted range of operation (see related standard). If nothing is
specified in the related standard the pre-scan method (annex E) should be used.

RBW: 1 MHz.

Video Bandwidth: VBW equa or greater than the RBW.
Detector Mode: RMS.

Display Mode: Max. Hold.

Average Time: Equal or larger than signal repetition time.

NOTE: "Average Time" may not be an explicit setting. In some cases, it may be determined by setting the

number of measurement points and the time taken for a sweep.
Number of measurement points: At least equal to frequency span divided by RBW.

Sweep Time: Time for spectrum analyser sweep (over one Frequency Span) shall be calculated with the
following equation (13):

Sweep Time (SWT) > signal repetition time X Number of measurement points (13)

Signal repetition time: See annex C.
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Figure 7: Test Procedure Mean e.i.r.p. spectral density, CASE 3

The measurement results shall be recorded and used to determine the OFR and to assess the mean power spectral
density limits within the OFR.

5.3.2.6 Mean e.i.r.p. Spectral Density, known signal on - time (Ton), averaged over
signal on - time

The following measurements shall be applied to the combination(s) of the radio device and its intended antenna(s). In
the case that the RF power level is user adjustable, all measurements shall be made with the highest power level
available to the user for that combination.

When measuring maximum mean power spectral density from the EUT, the spectrum analyser (or equivalent) shall be
configured as follows (an overview of this procedure is provided in the flowchart in figure 8), unless otherwise stated in
the related standard:

e  Startfrequency: Lower edge of the permitted range of operation (see related standard). If nothing is
specified in the related standard the pre-scan method (annex E) should be used.

e Stopfrequency:  Upper edge of the permitted range of operation (see related standard). If nothing is
specified in the related standard the pre-scan method (annex E) should be used.

e RBW: 1 MHz.

e  Video Bandwidth: VBW equa or greater than the RBW.

e  Detector Mode: RMS.

e Display Mode: Max. Hold.

e Average Time: Equal or larger than signal on-time (Ton).

NOTE: "Average Time" may not be an explicit setting. In some cases, it may be determined by setting the
number of measurement points and the time taken for a sweep.

e Number of measurement points. At least equal to frequency span divided by RBW.
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e SweepTime Time for spectrum analyser sweep (over one Frequency Span) shall be calculated with the
following equation (14):

Sweep Time (SWT) > signa on-time X Number of measurement points (14)

e  Signal on-time (Ton): Seeannex C.
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Figure 8: Test Procedure Mean e.i.r.p. spectral density, CASE 4

The measurement results shall be recorded and used to determine the OFR and to assess the mean power spectral
density limits within the OFR.

5.3.3 Peak e.i.r.p.

5.3.3.1 Description

Theradiated peak power (e.i.r.p.) isthe highest instantaneous power radiated by the equipment. It is measured in the
permitted range of operating frequency range.

5.3.3.2 Conformance
Two methods are described for measuring the peak e.i.r.p.:
. In clause 5.3.3.3 with a spectrum analyser

. In clause 5.3.3.4 with peak power meter
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In addition the related standard shall specify the test setup (see clause B.1). The conformance test for Peak e.i.r.p. (see
clauses 5.3.3.3 t0 5.3.3.4) shall be used to measured/asses the emission in each direction around the EUT as specified in
the related standard (see test setupsin clause B.1 and clause B.4).

5.3.3.3 Peak e.i.r.p.: Method with a Spectrum Analyser
The spectrum analyser shall be connected to the measurement antenna (see clause B.2.2.5).
A spectrum analyser with the following settingsis used as measuring receiver:

e Startfrequency: Lower edge of the permitted range of operation (see related standard). If nothing is
specified in the related standard the pre-scan method (annex E) should be used.

o Stopfrequency:  Upper edge of the permitted range of operation (see related standard). If nothing is
specified in the related standard the pre-scan method (annex E) should be used.

e RBW: 1 MHz, if not otherwise specified in the related standard.

NOTE 1: The settling time of the filter should be respected; for an RBW of 1 MHz, the maximum time resolution is
1 MHz/us. For example, agenerally accepted criterion for a pulsed transmitter is RBW > 2/ Ton. For an
FMCW system a maximum frequency ramp of 1 MHz/us can be measured with an RBW of 1 MHz with
corresponding increases in the RBW for faster frequency ramp rates. For more information see "RBW
influence on peak or mean power measurement of pulsed signals' [i.30].

e  Video bandwidth: VBW equal or greater than the RBW.

e Detector mode:  Peak or auto peak detector.

e  Display mode: Max. Hold.

e Measurement Time: Larger than one EUT signal repetition time (see annex C).
e  Sweeptime Measurement Time x number of measurement points.

e  Number of measurement points. At least equal to frequency span divided by RBW, see equation (15).

Frequency Span

Number of measurement points > e

(15
The peak power to be considered is the maximum val ue recorded.
5.3.34 Peak e.i.r.p. method with a Peak Power Meter

The peak power meter shall be connected to the measurement antenna (see clause B.2.2.5).

The measurement time shall be sufficiently long to cover at least the EUT signal repetition time (see annex C).
5.34 Peak e.i.r.p. Spectral Density

5.34.1 Peak e.i.r.p. Spectral Density within 50 MHz

53411 Description

The maximum peak e.i.r.p. spectral density contained within a 50 MHz bandwidth.

5.3.4.1.2 Conformance

For the peak power spectral density measurements there are two different measurement procedures available. While the
method in clause 5.3.4.1.3 applies generaly, the method in clause 5.3.4.1.4 applies only if thereis only one spectral line
in 50 MHz bandwidth at one time and the bandwidth of the spectral lineis smaller than the smallest RBW used for the
measurements.
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In addition the related standard shall specify the test setup (see clause B.1). The conformance test for Peak e.i.r.p.
Spectral density (defined within 50 MHz, see clause 5.3.4.1.3 or 5.3.4.1.4) shall be used to measured/asses the emission
in each direction around the EUT as specified in the related standard (see test setupsin clauses B.1 and B.4).

5.3.4.1.3 Peak e.i.r.p. Spectral Density, General Method

When using resol ution bandwidths below 50 MHz, this method overestimates the peak power result for most UWB
signals due to the worst-case correction factor (see equation (16)). However, it is the ssimplest and most general
measurement procedure.

NOTE 1: If only one spectral line per 50 MHz occurs and those lines are narrower than the available resolution
bandwidth, the method in clause 5.3.4.1.4 is an equivalent measurement procedure that avoids the
correction factor. Manufacturers with EUTs that satisfy these conditions may use the equivalent method
instead of the one outlined in this clause.

The spectrum analyser shall be connected to the measurement antenna (see clause B.2.2.5).

When measuring maximum peak power from the EUT, the spectrum analyser used shall be configured as follows (an
overview of this procedure is provided in the flowchart in figure 9) unless otherwise stated in the related standard:

o  Startfrequency:  Lower edge of the permitted range of operation (see related standard). If nothing is
specified in the related standard the pre-scan method (annex E) should be used.

e Stopfrequency:  Upper edge of the permitted range of operation (see related standard). If nothing is
specified in the related standard the pre-scan method (annex E) should be used.

NOTE 2: For EUT covered by the DEC (EU) 2019/785 [i.5] the measurement is only required to be performed at
the frequency of the maximum mean power spectral density as recorded under clause 5.3.2.2, a specific
flowchart is shown in figure 10.

e RBW: Bandwidth equal or greater than 3 MHz and less or equal than 50 MHz.

NOTE 3: It isrecommended to use the highest available bandwidth for the signal to be measured because choosing
alower bandwidth could lead to an overestimate of the peak power.

° Video Bandwidth: Not less than the resolution bandwidth.
. Detector Mode:  Peak.
e Display Mode: Max. Hold.

Wait for each measurement until the reading in the display is stable (this can be assumed to be achieved if a further
increase of time for the max hold measurement will not further change the result anymore).

When the measurements have been performed using alower bandwidth then 50 MHz, the following correction factor
(see equation (16)) shall be added to the measured val ue before comparison with the peak power limits given in the
related standard:

50 MHz ) (16)

COI‘I‘dB =20X% 10g10 (m

The measurement results shall be recorded and shall be assessed against the peak power spectral density limitsin the
related standard. If the correction based on equation (16) was considered, this shall be recorded in the measurement test
report.
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Figure 9: Test Procedure for Peak Power Measurement; General Method

In some standard and related regulations only the peak power shall be measured at the emissions of the highest mean
power spectral density, the related procedure is shown in figure 10.
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Figure 10: Test Procedure for Peak Power Measurement
at the highest mean power spectral density emission
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5.34.1.4 Peak e.i.r.p. Spectral Density, Sparse Spectral Line Method
Restriction:

This method can only be applied, if thereis only one spectral linein 50 MHz bandwidth at one time and the bandwidth
of the spectral line is smaller than the RBW used for the measurements.

EXAMPLES:
L] Pulse signal with PRF > 50 MHz and bandwidth of spectral lines < RBW used for measurement.

" Stepped-frequency and FMCW signals with bandwidth of spectral lines < RBW used for
measurement. The distance of the spectral lines may be smaller than 50 MHz, if only one spectral
lineis emitted at one time.

The spectrum analyser shall be connected to the measurement antenna (see clause B.2.2.5).

When measuring maximum peak power from the EUT, the spectrum analyser used shall be configured as follows,
unless otherwise stated in the related standard:

e Startfrequency: Lower edge of the permitted range of operation (see related standard). If nothing is
specified in the related standard the pre-scan method (annex E) should be used.

e Stopfrequency:  Upper edge of the permitted range of operation (see related standard). If nothing is
specified in the related standard the pre-scan method (annex E) should be used.

e RBW: Maximum available bandwidth equal or greater than 3 MHz and less or equal 50 MHz.
e  Video Bandwidth: Not lessthan the resolution bandwidth.

e  Detector Mode:  Peak.

e Display Mode: Max. Hold.

To validate if the restriction described is fulfilled the measurement procedure shall be done with two different resolution
bandwidths. The measurement result shall be the same independent of the RBW used.

The measurement results shall be recorded and shall be assessed against the peak power spectral density limitsin the
related standard.

5.3.4.2 Peak e.i.r.p. within 1 GHz for FMCW

5.34.2.1 Description
The maximum peak e.i.r.p. within 1 GHz bandwidth.
NOTE: Thismethod isintended to be used for harmonised standards applying ECC/DEC/(22)03 [i.40].

5.3.4.2.2 Conformance
This method applies for FMCW modulated signals only.

In addition the related standard shall specify the test setup (see clause B.1). The conformance test spectral need to be
used to measured/asses the emission in each direction around the EUT as specified in the related standard (see test
setupsin clauses B.1 and B.4).

If an EUT has a signal modulation other than FM CW the related standard shall specify the conformance test to assess
the peak e.i.r.p. within 1 GHz for this modulations.

This method can only be applied for FMCW signals which have only one spectral linein 1 GHz bandwidth at one time,
and the bandwidth of the spectral lineis smaller than the RBW used for the measurements.
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AsaRBW of 50 MHz is the technical limit of spectral analysers, a direct measurement with aRBW of 1 GHz is not
feasibly. Instead a validation procedure shall be applied here which is possible due to the spectral line nature of FM CW
signals. Hence, to validate if the restriction described is fulfilled the measurement procedure shall be done with two
different resolution bandwidths. The two measurement results shall not differ by more than 2 dB. If the 2 dB condition
is not fulfilled the RBW could be further increased.

When measuring maximum peak power from the EUT, the spectrum analyser used shall be configured as follows,
unless otherwise stated in the related standard:

o  Startfrequency:  Lower edge of the permitted range of operation (see related standard). If nothing is
specified in the related standard the pre-scan method (annex E) should be used.

e  Stopfrequency:  Upper edge of the permitted range of operation (see related standard). If nothing is
specified in the related standard the pre-scan method (annex E) should be used. The stop
frequency shall be at least 1 GHz higher then the start frequency.

e RBW: 3 MHz and 10 MHz, if not otherwise specified the related standard.

NOTE: for the RBW specification in arelated standard: two explicit values, of at least afactor two (x2) between
needs to be considered.

e Video Bandwidth: VBW equa or greater than the RBW.
e  Detector Mode:  Peak.
e Display Mode: Max. Hold.

The measurement results shall be recorded and shall be assessed against the peak power spectral density limitsin the
related standard.

54 Other Emissions (OE)

UWAB transmitters emit very low power radio signals, comparable with the power of spurious emissions from digital
and anal ogue circuitry within the operating frequency range.

If it can be clearly demonstrated based on test procedures specified in the related standard (or based on annex D) that an
emission from the (Ultra Wide Band) radio device is not the (Ultra Wide Band) emission identified in clause 5.3

(e.g. by disabling the radio device's (UWB) transmitter or disconnecting and terminating, internally or externally the
antenna of the device) or it can clearly be demonstrated that it isimpossible to differentiate between Other Emissions
(OE) and the UWB transmitter emissions (see clause 5.3), then that emission or aggregated emissions shall be
considered against the emission limits defined in the harmonised standard that applies to the OE source.
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5.5 TX Unwanted Emissions (TXUE)

55.1 Description

TX Unwanted Emissions (TXUE) are emissions on frequencies outside the Operating Frequency Range (OFR), see
clause 5.2.1. TXUE include harmonic emissions, parasitic emissions, intermodulation products and frequency
conversion products related to the RP emissions. TXUE can be split into out-of-band emissions and spurious emissions
(seefigure 11).

regulated limit

OFR Definition,

seeclause5.2.1 TX unwanted emissions

& max limit for OOB domain based on regulated limit
(O start spurious domain (regulated limit)

@® measured values QOB domain

OFR
definition

OOB domain

spurious domain

spurious domain %

T o 3 |
Flower fis fu fc fu fus Fupper f

with: fig=f¢ - (Xryue X OFR) with: fe= f + (Xeye X OFR)

Figure 11: Overview OOB/spurious, depending on OFR
Based on figure 11 the related frequencies for the different domains are summarized in table 3.

Table 3: Overview of the related conformance tests, requirements for
the TX unwanted domains

Domain Frequencies Conformance test Limits
OFR/in band fL<f<fu based on OFR and power related ECC/EC regulation
measurement requirements (in band) See note 1
specified in harmonized standard
Out-of-band fis<f<fL requirement specified in harmonized either ECC/EC regulation or specified by
(O0B) fu <f<fus standard (see clause 5.5.3.2) related standard
spurious Frower < f<fis requirement specified in harmonized basis ERC/REC 74-01 [i.9] or specific in
fus < f < Fupper standard (see clause 5.5.3.1) related ECC/EC regulation
See note 2

If not otherwise specified in the related standard and regulation:

NOTE 1: The maximum emissions at the border from OFR (f. and fx) to OOB domain will be derived from the regulated
limit (OFR definition), see related standard and reference regulation.

NOTE 2: The requirement at fis and fus are part of the spurious domain.

The relevant parameters to determine the OOB and spurious domain can be cal cul ated based the measured values f,, and
f. from clause 5.2 and on specified values X+xe (in %) from the centre frequency of the OFR:

e  Cadlculation centre frequency of the OFR, see equation (18):

fo = (%) (18)

e  QOperating frequency range (see clause 5.2), calculated with equation (19):
. Calculation f.s (low boundary between spurious and OOB domain), see equation (20):

fLS = fc - (XTLE[D/O] X OFR) (20)

100%
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e  Calculation f.s (high boundary between spurious and OOB domain), see equation (21):

fus = o + (XTXUE e o OFR) (21)

100%

NOTE 1: The dimension for the frequencies and bandwidths in the above equations needs to be equal, e.g. MHz.

For wideband and Ultra Wide Band systems, the boundary value (X+xue (in %)) can vary and will be provided in the
related harmonised standard. Unless otherwise specified in the related standard, Xxue shall be set to 250 % of OFR.

NOTE 2: According to ERC/REC 74-01 [i.9], and Recommendation I TU-R SM.329-12 [i.10], the boundary
between the out-of-band and spurious domains is 250 % of the Operating Frequency Range (OFR) from
the centre frequency of the emission.

55.2 Limits for the TX Unwanted Emission

The limits for the OOB-domain and spurious domain below shall apply unless otherwise specified in the related
standard, seetable 4 and table 5.

For the TX unwanted emission limits for EUT's under ECC/DEC/(22)03 [i.40] see annex G. The unwanted emission
limits are different to the generic limits specified in ERC/REC 74-01 [i.9], see table 4. The specific requirements shall
be considered in the related standard.

Table 4: Spurious emissions limits in line with ERC/REC 74-01 [i.9]

Frequency range Limit values for TXUE (note)

87,5 MHz <f< 118 MHz -54 dBm/100 kHz

174 MHz < f <230 MHz -54 dBm/100 kHz

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 £ Fuyper (€€ table 5) -30 dBm/1 MHz
NOTE:  Not applicable for RP emissions within the OFR. The limits are mean power
averaged over the burst duration

Table 5: Lower and upper frequency for the spurious emissions test
based on the EUT OFR in line with ERC/REC 74-01 [i.9]

Fundamental frequency range Frequency range for measurements
defined by f. and fs (note 2) Lower frequency (Fiower) (Note 3) Upper frequency (Fureer)
300 MHz < f <600 MHz 30 MHz 3 GHz
600 MHz < f< 5,2 GHz 30 MHz 5" harmonic (note 1)
52 <f<13 GHz 30 MHz 26 GHz
13 <f< 150 GHz 30 MHz 2"4 harmonic (note 1)
150 <f< 300 GHz 30 MHz 300 GHz

NOTE 1: Fueeer is the stated harmonic of fx (the upper edge of the OFR, which is measured in clause 5.2).

NOTE 2: Fuower has to be selected based on f. and Fueeer based on fu (fu and fu can be measured according to
clause 5.2); for receive only devices f. and f. of the related EUT/companion device shall be used.

NOTE 3: For EUT operating below 300 MHz the spurious emissions limits below 30 MHz shall be specified in the
related standard.

5.5.3 Conformance Test for TX Unwanted Emission
5531 Conformance Test for the Spurious domain of TX Unwanted Emission

55.3.1.1 General

The spurious emission part of the TX unwanted emission of the EUT, at a particular frequency isin a given for any
direction around the EUT.
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The following conformance test shall be used for spurious emission part of the TX unwanted emissions, if not otherwise
specified in the related standard.

In addition the related standard shall specify the test setup (see clause B.1). The conformance test for TX unwanted
emission shall be used to measured/asses the emission in each direction around the EUT as specified in the related
standard (see test setupsin clause B.1).

The conformance test for the spurious domain shall be performed in two steps:

NOTE 1: The split in two stepsis done because: a complete scan with RM S could take along time. The
measurement with peak detector is an "overestimation” of the emission and is only to find the frequencies
with the highest emissions.

. Step 1. pre-scan with peak detector (see clause 5.5.3.2).
. Step 2: RM S measurement.

Depending on the specified averaging time for the RMS measurement there are two different conformance test
specified. The related standard shall specify which Step 2 (Step 2a or Step 2b) applies for which frequency range.

. Step 2a: for RM S measurement (see clause 5.5.3.1.3) over burst duration of the emission.
. Step 2b: RM S measurement (see clause 5.5.3.1.4) over signal repetition/measurement cycle of the device.

NOTE 2: Difference between Step 2aand Step 2b: Step 2b isfor the measurement of the unwanted emissionsis
only for some EUT covered by ECC/DEC/(22)03 [i.40]. In the related standard it is necessary to specify
which Step 2 is relevant based on the TX-unwanted domain requirement related rules in the decision.
Step 2ais applicable for all other testsif not otherwise specified in the related standard.

5.5.3.1.2 Step 1: Measurement with Peak Detector
The spectrum analyser shall be connected to the measurement antenna (see clause B.2.2.5).
The following spectrum analyser settings shall be used:
e  For TXUE measurement below OFR:
- Start frequency: FLower
- Stop frequency: fis
e  For TXUE measurement above OFR
- Start frequency: fus
- Stop frequency: Fupeer

NOTE 1: There could be aneed to split the measurement into different frequency ranges depending on the
measurement set-up (e.g. external mixers, bandwidth of antennas and waveguides, RBW).

For both measurements:
. Resolution BandWidth (RBW):
- > 100 kHz between 30 MHz and 1 GHz
- >1MHz above 1 GHz
e  Video BandWidth: VBW equal or greater than the RBW
e  Detector mode:  Peak
e  Tracemode: Max.Hold

e Measurement Time: Larger than one EUT signal repetition time (see annex C)
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e  Sweeptime Measurement time x number of measurement points

e  Number of measurement points. At least equal to frequency span divided by RBW, see equation (22)

Frequency Span

Number of measurement points > P

(22)

NOTE 2: The peak detector is sensitive to corruption by events occurring only once or for avery small amount of
time by different devices than the EUT.

Assessment of step 1:

Compare the measurement results with the limit (see related standard and table 4) and record the frequencies where the
limit is exceeded. For these frequencies go to Step 2 (clause 5.5.3.1.3 or clause 5.5.3.1.4, depending specification in
related standard).

5.5.3.1.3 Step 2a: RMS assessment over Burst duration (Ton)
The spectrum analyser shall be connected to the measurement antenna (see clause B.2.2.5).
e  Set the spectrum analyser to zero span mode
e  Resolution Bandwidth (RBW):
- 100 kHz between 30 MHz and 1 GHz
- 1 MHz above 1 GHz
e  Video Bandwidth: VBW equal or greater than the RBW
e  Detector mode:  Peak
e  Tracemode: Clear write
e Averagingtime: Burst duration (if not otherwise specified in the related standard)
NOTE:  Seedefinition of continuous transmissions, burst transmission and burst duration in annex C.
e  Sweeptime Burst duration

° Procedure:

Step 2a-1: Set the spectrum analyser to the first recorded frequency from step 1 (clause 5.5.3.1.2).

Step 2a-2: M easure and record the spurious emission val ue over the sweep time.

Step 2a-3: Cadculate the RM S value over the burst duration, using the post processing capability (e.g. RMS
time domain power) function of the spectrum analyser.

Step 2a-4: Compare the calculated result with the limit (see related standard and table 4).

Step 2a.5: Repeat step 2a-2 to step 2a-4 for all frequencies from step 1 (clause 5.5.3.1.2).

The measurement results shall be recorded and shall be assessed against limitsin table 4 or the limitsin the related
standard.

55.3.1.4 Step 2b: RMS assessment over signal repetition/measurement cycle
The spectrum analyser shall be connected to the measurement antenna (see clause B.2.2.5).
e  Set the spectrum analyser to zero span mode
e  Resolution Bandwidth (RBW):
- 100 kHz between 30 MHz and 1 GHz

- 1 MHz above 1 GHz
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e Video Bandwidth (VBW): VBW equa or greater than the RBW
e  Detector mode:  Peak

e  Tracemode: Clear write

e Averagingtime: Signal repetition time/measurement cycle
NOTE: Seesigna definition in annex C.

e  Sweeptime Signal repetition time/measurement cycle

° Procedure

Step 2b-1: Set the spectrum analyser to the first recorded frequency from step 1 (clause 5.5.3.1.2).

Step 2b-2: Measure and record the spurious emission value over the sweep time.

Step 2b-3: Calculate the RM S value over the signal repetition time/measurement cycle, using the post
processing capability (e.g. RMS time domain power) function of the spectrum analyser.

Step 2b-4: Compare the calculated result with the limit (see related standard and table 4).

Step 2b-5: Repeat step 2b-2 to step 2b-4 for all frequencies from step 1 (clause 5.5.3.1.2).

The measurement results shall be recorded and shall be assessed against limitsin table 4 or the limitsin the related
standard.

553.2 Conformance Test for the OOB domain of TX Unwanted Emission

55.3.2.1 General

The OOB emission part of the TX unwanted emission of the EUT, at a particular frequency isin agiven for any
direction around the EUT.

The following conformance test shall be used for OOB part of TX unwanted emissions, if not otherwise specified in the
related standard.

In addition the related standard shall specify the test setup (see clause B.1). The conformance test for TX unwanted
emission shall be used to measured/asses the emission in each direction around the EUT as specified in the related
standard (seetest setupsin clause B.1).

5.5.3.2.2 Conformance test
The spectrum analyser shall be connected to the measurement antenna (see clause B.2.2.5).
The following spectrum analyser settings shall be used:
e  For the measurement below OFR:
- Start frequency: fis

NOTE 1: The emission directly at fis will be measured during the spurious emission measurement, see
clause 5.5.3.1.

- Stop frequency: f.

NOTE 2: The emission directly at fi will be measured during the OFR measurement, see clause 5.2 and as specified
in the related standard.

° For the measurement above OFR:

- Start frequency: fu
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NOTE 3: The emission directly at f4 will be measured during the OFR measurement, see clause 5.2 as specified in
the related standard.
- Stop frequency: fus

NOTE 4: The emission directly at fus will be measured during the spurious emission measurement, see
clause 5.5.3.1.

) For both measurements:

- For the listed settings parameters below the same setting as for the in band emission test shall be used (if
not otherwise specified in the related standard.

- RBW:  seerelated standard.

- Video bandwidth: equal or greater than the RBW.

- Detector mode: see related standard.

- Display mode: see related standard.

- Average Time: seerelated standard.

- Number of measurement points:  see related standard.

- Sweep Time:  seerelated standard.

- Wait for each measurement until the reading in the display is stable.

The measurement results shall be recorded and shall be assessed against limitsin table 4 (if not otherwise specified in
related standard).

5.6 Total Radiated Power (TRP)

56.1 Introduction

SRD/UWB or mmW technol ogy-based devices are mainly highly integrated and therefore do not provide an antenna
connector and therefore the emissions could only be measured radiated.

The highly integration as has several reasons, e.g.:
. size of the device based on the intended use (handheld/mobile); or
e theintegration into another device (combined device/hitting mounting);
. to reach a good antenna matching over the large OFR.

Therefore, there is a need to specify arequirement to limit the TX-output power on the one side, but this requirement
shall be assessable viaradiated test. Thisreal radiated power is also the power which could cause interference to other
radio devices.

Therefore, the related radio regulation requires alimit for the transmitter output power or specifies directly the Total

For those reasons a limitation of:
e thetotal radiated Mean e.i.r.p. power (TRPvp based on Mean e.i.r.p. power see clause 5.3.1);
o total radiated Peak power (TRPep based on Peak e.i.r.p. power see clause 5.3.3); or
. the Total Radiated Power Spectral Density (TRPsp based on Mean e.i.r.p. spectral density, see clause 5.3.2);

could be used as a the requirement for the EUT.
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5.6.2 Description of Total Radiated Power (TRPxx)

Total Radiated Power (TRPxx) isa Radio Frequency (RF) engineering term used to describe the sum of all power
radiated by an antenna connected to atransmitter. Total Radiated Power is closely related to the efficiency of the
antenna and isin fact tied to the definition of efficiency.

In figure 12 the relation between TX output power (Prx) and TRPxx is shown:

. TRPxx is comparable to the related radiated Output Power (Mean e.i.r.p. (see clause 5.3.1), Peak e.i.r.p. (see
clause 5.3.3) or Mean e.i.r.p. spectral density (see clause 5.3.2)), or named as Pout.

o  TXou isthe transmitter output power.

e Antennaefficiency (n) of the antenna, isthe ratio of output power to input power, see equation (23a) and
figure 12.

1= TRPxx (23a)
Pout

With:

. TRPxx is expressed in terms of power: Watts (W), milliwatts (mW), or the logarithmic terms for W and mW
(dBW, dBm, dBm/MHz).

e Antennaefficiency is expressed either in percentage or dB.
EUT

TRPxx

n =)

antenna

Pout

TXout

Figure 12: Relation TRPxx with Transmitter output power (TXout)

In reality there will be some losses between the transmitter output and the radiated power, and therefore the transmitter
output is higher than the real radiation. These losses are expressed by the antenna efficiency n. For simplification (worst
case) these losses will be set to zero and it is assumed that the antenna has an efficiency of 100 %, n = 1. Thisleadsto
the following ssimplified relation, see equation (23b):

TRPyx = Poyr = TXour (23b)

An additional relation of the TRPxx could a so be given with the antenna directivity/antenna gain. This would also
alow to specify/regulate a minimum antenna gain in the regulation.

In case the directivity D Of the transmit antennaincluding all surrounding parts is known, the TRPxx derives from the
radiation e.i.r.p. (based on kind of power, e.g. Mean e.i.r.p., Peak e.i.r.p. or Mean e.i.r.p. spectral density), the following
way, see equation (24):

elirp

TRPXX = (24)

dant

Where e.i.r.p. means the complete radiated power (based on mean power, peak power or mean power spectral density
measurements) in all directions.

Asan examplein figure 13, the directivity is 9,3 dBi and the 0 dBi circle represents the TRPxx. As an example for an
e.i.r.p. of -55,7 dBm/MHz the TRPs derivesto -65 dBm/MHz. For alossless antenna the gain G equals the directivity
Dan. Thisexample istaken from ETSI TR 103 181-2 [i.14].
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For real antennas the gain equals, see equation (25):
g=1" da (25)

where n is the efficiency of the antenna.

Figure 13: Example radiation pattern of an antenna in free-space with a directivity of dan: = 9,3 dBi

An additional exampleis shown in figure 14 whichisfor an 10 dBi patch antenna.

y TRPy Is integration

Azimuth of the total emission
Plane /7
J X
~___———— Elevation
(a) Patch Antenna Model ~ / (b) Patch Antenna 3D Radiation Pattern ~ Plane (via
polar angle)
(c) Patch Antenna Azimuth Plane Pattern (d) Patch Antenna Elevation Plane Pattern

Blue circle: max regulated limit

Red curve: max real emission of the device

Red dot: point where the device reaches the max regulated limit (worst case assumption)
calculated TRPxx value

Figure 14: Connection between Total Radiated Power (TRPxx)
(example has an antenna gain of 10 dBi)
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5.6.3 General TRPxx assessment based on radiated (e.i.r.p.)
measurement

The Total Radiated Power (TRPxx) of the EUT is the integration of the time-averaged power flux density S of the EUT
emissions across the entire spherical surface enclosing the EUT. The result of this measurement is the effective radiated
TX power taking into account the antenna efficiency.

Measuring the electric field strength, the average power flux density is given by equation (26):

S = |[Erms|? (26)

Zpo

with:
Z., =1207€2 represents the wave impedance of free space.

The RMS value of the field strength can be obtained using equation (27):

Epus = 22 @7)
RMS — NG

with:
|E| isthe amplitude of the electric field.

Using a spectrum analyser, the power flux density is given by equation (28):

§=1 (28)

ar

with:

o P isthe radiated power [W] of the EUT in a certain direction; and

T
. A isthe effective area of the receiving antenna.
The Total Power isthen given by equation (29), see figure 15:
TRPyxy = fo_, for S X 12 X sin(0) dO d (29)
with:
. r isthe radius of the sphere;
. O isthe polar angle;
. ® isthe azimuth angle.

And with the measured radiated emissions (Pg o), See equation (230):

2m Po,p

T
TRPxx = Jo0 ®=0 4,

x r? x sin(@) dO do (30)
with:

. Radiated emission Pg 4, measurement (recorded) one points of the sphere depending on the steps of @ and ©
and the kind of power, in [W].

. r isthe radius of the sphere/measurement distance.
e  Oisthepolar angle.

. @ isthe azimuth angle.
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o A isthe effective area of the receiving antenna (measurement antenna).

When measuring the Total Radiated Power in an anechoic chamber and measuring the EIRP (in [W]) at every angle,
and then averaging it over the sphere (recall that the surface area of a sphere is 4n). TRP can be calculated from EIRP
(in[W]) see equation (31):

TRPyx = —— Jo_o Jano(EIRPxx (€5, @p,) X sin(6) dO dd (31)
with:

. EIRPyxy o,0 * kind of radiated e.i.r.p. emission measurement considering both "polarisations” (recorded) one
point of the sphere depending on ® and ® and the kind of power, in [W].

. O isthe polar angle.

. @ isthe azimuth angle.

measurement

receiver 4@ )

measurement
P

antenna

measurement
direction (diy )

EUT/
scenario’

- ® =90°
' / @=090°
N _ ;

* EUT/scenario: could be a single device or a complex scenario (e.g. indirect emissions, see clause 5.7).

Figure 15: Schematic TRP measurement and angle definition (Azimuth and Polar Angle)

Assuming that the EIRP measurement will be on angular steps (see figure 16) N/M even steps between 0° and 180°,
with 8o =0°, &n = 180°, ¢o=0° and ¢ = 360°, then the total surfaceintegral can be calculated from the following
equation (32):

TRPyx = 53026 SMZ4(EIRPxx (O, Ppn)) X 5in Oy (32)

EIRP is measured at each spherical point (considering both polarizations) for atotal of N*M measurement points.

NOTE: That the 8o, =0°, 8y = 180° points do not actually appear in the sum. That is because the sin(©) term at
each of those pointsis zero.
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EIRPxx @ ¢ (both polarizations)

EIRPyxx o,¢ (both polarizations)

A Q’}j
S NS EIRPyx g,¢ (both polarizations)
QHTTOO
s THERSCgP .
N v
{ T~ r L1/
e - n | .‘ ™
4 :‘t't ; JI 4 ¢

EUT

Figure 16: Example to show a uniform TRP measurement grid (regular angular steps for both angles)

If EIRP is measured in [dB] (eirpxx) and the measurement is based on a uniform grid (see figure 16) on the coordinate,
the equation (33) can be as simple as follows:

TRPyx ~ o= S0_) SM=h eirpyy (On, D) (33)
More detailed (considering both polarizations), see equation (34):
TRPyx ~ = Y-y Szb((€irPoxx (On, Pm)) + (¢irPoxx (On, Pm))) (34)
With atotal number of measurement points (also considering 6o = 0°, 6~ = 180°), see table 4 and equation (35):
TRPyx = 5 Y21 eirpyx (0, ;) (35)
with:

e  z: number of measurement point (/Sampling points on spherical surface), as example see figure 16 and the
total number for Z arelisted in table 6.

Table 6: Number of measurement point Z, based on angular step width

A@ AD Z = measurement points based on
angular steps (N*M)
+2@60=0° @n=180°

90° 90° 442

45° 45° 2442

30° 30° 52+2

15° 15° 264+2 (see note)
10° 10° 612+2

NOTE: The 15 degree steps as specified in clause B.4.2 is sufficient to provide a TRP result with an error less than
0,1 dB (see the literature Sampling points reduction in spherical scanned TRP measurement [i.36]) and
figure 16.

Based on the measurement set-up in figure 15 there are two ways to go along the measurement points on the sphere:

1) First to go aong the polar angle and increase the azimuth angle (step) if one circle around the EUT is
measured, also named as great-circle method, see figure 17.
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z2=1,0,=0°
z=2; ;=15 %=0°

z=3; ©9;=30° 0;=0° _

26

7

:j/ 2=122; ©,=90° &;=0°

Figure 17: Measurement points based on the great-circle method

2)  Second to measure first azimuth turn and afterwards increase the polar angle by one step, also named conical -
section method, see figure 18.

/2=3; @;=15° ;= 15°

122

w» T Z=1225 01 =90° 91 n=0°

Figure 18: Measurement points based on the conical-section method

More details on TRP measurement and background information are provided in the literature Annual Reference Guide
2002 [i.34], EMC'09/Kyoto [i.35] and | EEE 149-2021 [i.38].
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56.4 Conformance Test

5.6.4.1 General

The requirements shall be calculated (see equation (28)) based on the recorded radiated e.i.r.p. measurement from
clause 5.3.1 (Mean e.i.r.p.) or clause 5.3.2 (Mean e.i.r.p. Spectral Density) or clause 5.3.3 (Peak e.i.r.p.) for each point
on the sphere around the EUT. The kind of the power for the TRPxx assessment, theangular steps delta® and delta @
are specified in the related standard.

The radiated power values are required to be recorded for the full half or sphere around the EUT.

NOTE: If the assessment is over the half or full sphere theniit isrelated to the specification of the scenario (see
aso indirect emissions clause 5.7) in the related standard.

5.6.4.2 Total Radiated Mean Power (TRPwvp) Conformance Assessment in steps
The spectrum analyser shall be connected to the measurement antenna (see clause B.2.2.5).

Step 1 Consider the test scenario for Mean e.i.r.p. requirement (see clause 5.3.1) of the EUT in related
standard. If no test scenario is specified in the related standard, a set-up based on figure 15 shall be
realized. If not otherwise specified in the related standard a measurement distance of 3 m shall be
used.

NOTE 1: For afull spherical test the test could be split into two "half" spherical assessment (see figure 15). After
the first half spherical test the EUT device could be turned by 180° in the horizontal plane (see figure 15).
For a TRPvp measurement, based on the "half" spherical assessment, it has to be considered that the
"horizontal plane (® = 90°) needs to be measured only on time. As an equivalent aternative the set-up in
clause B.4.2, figure B.15 could be used. Also, with this set-up the same emissions (at the same points
around the EUT) could be measured. The used set-up depends on the availability in the test house and the
frequency range (chamber size).

Step 2: Start with the first emission measurement at one point of the sphere based on the set-up and
mechanical orientation of the test system. For the emission measurement use the same Mean
e.i.r.p. conformance test (see clause 5.3.1) as specified in the related standard for the RP or indirect
emission test (see clause 5.7).

The measurement result shall be recorded.
NOTE 2: Both polarizations need to be considered/measured.

Step 3: Increase one angle by the X°. The value for X is given in the related standard. If no value for X is
provided in the related standard, then the value of 15° shall be used.

NOTE 3: The order of the measurement points is depending on the used set-up and based on the set-up
manufacturer and the implemented software. It is only important to consider only each measurement point
onetime. The mainly used implementations are shown in figure 17 or figure 18.

Step 4: M easure the emission as per step 2.
Step 5: Step 3 and step 4 shall be repeated until the complete emissions val ues on each measurement point
around the EUT (see step 1) are measured and recorded.
Step 6: Integrate all recorded measurement results, see equation (36):
TRPyp = = Jouo Jaro(EIRPyp (€, @) X 5in(0) d6 da (36)
with:

. EIRPyp(0,, @) measurement Mean e.i.r.p. (recorded) in [W] at one point of the sphere depending on the
steps of @ and @.

e  0Qisthepolar angle.

. @ isthe azimuth angle.

ETSI



52 ETSI EN 303 883-1 V2.1.1 (2024-08)

NOTE 4: That the ® = 0°, ®n = 180° points do not actually appear in the sumin eguation (36). That is because the

sin(®) term at each of those pointsis zero.

In most of the related standards Mean e.i.r.p is specified to be measured in [dBm/MHZz] with angular steps delta ®
and delta @ avalue of X degrees (see step 3), the TRPyp can therefore be calculated based on the Mean e.i.r.p.
measurement (see equation 37):

with:

1 .
TRPyx = EZ§=1 eirpyp (0, @) (37)

. eirpyp(0,, ,,) isthe measured and recorded Mean e.i.r.p. in [dBm/MHZ] (considering both polarizations) at
the sphere around the EUT (at the points based on the specified angular steps for delta ® and delta @).

Step 7:
NOTE 5:

5.6.4.3

Compare the TRPMP result out of equation (37) with the requirement in the related standard.

If during the radiated Mean e.i.r.p. or indirect emission assessment of the EUT all results will be recorded
and the requirement for the angle steps for these test is smaller or similar to the TRPype angle
requirements, the results can be used to the TRPwp assessment based on equations (37) and (35). In this
case the angular steps of the radiated Mean e.i.r.p. or indirect emission assessment is used (see

clause B.4.2.

Total Radiated Peak Power (TRPpp) Conformance Assessment in steps

The spectrum analyser shall be connected to the measurement antenna (see clause B.2.2.5).

Step 1.

NOTE 1.

Step 2:

NOTE 2:
Step 3:

NOTE 3:

Step 4.

Step 5:

Step 6:

Consider the test scenario for Peak e.i.r.p. requirement (see clause 5.3.3) of the EUT in related
standard. If no test scenario is specified in the related standard, a set-up based on figure 15 shall be
realized. If not otherwise specified in the related standard a measurement distance of 3 m shall be
used.

For afull spherical test the test could be split into two"half" spherical assessment (see figure 15). After
the first half spherical test the EUT device could be turned by 180° in the horizontal plane (see figure 15).
For a TRPer measurement, based on the "half" spherical assessment, it has to be considered that the
"horizontal plane (® = 90°) needs to be measured only on time. As equivalent alternative the set-up in
clause B.4.2, figure B.15 could be used. Also, with this set-up the same emissions (at the same points
around the EUT) could be measured. The used set-up depends on the availability in the test house and the
frequency range (chamber size).

Start with the first emission measurement at one point of the sphere based on the set-up and
mechanical orientation of the test system. For the emission measurement use the same Peak e.i.r.p.
conformance test (see clause 5.3.3) as specified in the related standard for the RP or indirect
emission test (see clause 5.7).

The measurement result shall be recorded.
Both polarizations need to be considered/measured.

Increase one angle by the X°. The value for X is given in the related standard. If no value for X is
provided in the related standard, then the value of 15° shall be used.

The order of the measurement points is depending on the used set-up and based on the set-up
manufacturer and the implemented software. It is only important to consider only each measurement point
onetime. The mainly used implementations are shown in figure 17 or figure 18.

Measure the emission as per step 2.

Step 3 and step 4 shall be repeated until the complete emissions val ues on each measurement point
around the EUT (see step 1) are measured and recorded.

Integrate all recorded measurement results, see equation (38):

TRPpp = ﬁ Joo Jor (EIRPpp(©r, ®,)) X sin(®) dO db (38)
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. EIRPpp(0,, ©,,) measurement Peak e.i.r.p. (recorded) in [W] at one point of the sphere depending on the
steps of ® and @.

e  Oisthepolar angle.

. @ isthe azimuth angle.

NOTE 4:

That the ®, = 0°, ®y = 180° points do not actually appear in the sum in equation (38). That is because the
sin(®) term at each of those pointsis zero.

In most of the related standards Peak e.i.r.p is specified to be measured in [dBm/MHZ] with angular steps delta ®
and delta ® avalue of X degrees (see step 3), the TRPpp can therefore be calcul ated based on the Peak e.i.r.p.
measurement (see equation (39)):

with:

1 .
TRPpp = 225:1 eirppp (0, P,) (39)

. eirppp (0, ®,,) isthe measured and recorded Peak e.i.r.p. in [dBm/MHZ] (considering both polarizations) at
the sphere around the EUT (at the points based on the specified angular steps for delta ® and delta @).

Step 7:
NOTE 5:

5.64.4

Compare the TRPep result out of equation (39) with the requirement in the related standard.

If during the radiated Peak e.i.r.p. or indirect emission assessment of the EUT all results will be recorded
and the requirement for the angle steps for these test is smaller or similar to the TRPep angle
requirements, the results can be used to the TRPgr assessment based on equations (39) and (35). In this
case the angular steps of the radiated Peak e.i.r.p. or indirect emission assessment is used (see

clause B.4.2.

Total Radiated Mean e.i.r.p. Spectral Density (TRPsp) Conformance
Assessment in steps

The spectrum analyser shall be connected to the measurement antenna (see clause B.2.2.5).

Step 1.

NOTE 1:

Step 2.

NOTE 2:
Step 3:

NOTE 3:

Consider the test scenario for Mean e.i.r.p. Spectral Density regquirement (see clause 5.3.2) of the
EUT inrelated standard. If no test scenario is specified in the related standard, a set-up based on
figure 15 shall be realized. If not otherwise specified in the related standard a measurement
distance of 3 m shall be used.

For afull spherical test the test could be split into two "half" spherical assessment (see figure 15). After
the first half spherical test the EUT device could be turned by 180° in the horizontal plane (see figure 15).
For a TRPs» measurement, based on the "half" spherical assessment, it has to be considered the
"horizontal plane (® = 90°) needs to be measured only on time. As equivalent alternative the set-up in
clause B.4.2, figure B.15 could be used. Also, with this set-up the same emissions (at the same points
around the EUT) could be measured. The used set-up depends on the availability in the test house and the
frequency range (chamber size).

Start with the first emission measurement at one point of the sphere based on the set-up and
mechanical orientation of the test system. For the emission measurement use the same Mean
e.i.r.p. Spectral Density conformance test (see clause 5.3.2) as specified in the related standard for
the RP or indirect emission test (see clause 5.7).

The measurement result shall be recorded.
Both polarizations need to be considered/measured.

Increase one angle by the X°. The value for X is given in the related standard. If no value for X is
provided in the related standard, then the value of 15° shall be used.

The order of the measurement points is depending on the used set-up and based on the set-up
manufacturer and the implemented software. It is only important to consider only each measurement point
onetime. The mainly used implementations are shown in figure 17 or figure 18.
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Step 4 Measure the emission as per step 2.
Step 5: Step 3 and step 4 shall be repeated until the complete emissions val ues on each measurement point
around the EUT (see step 1) are measured and recorded.
Step 6: Integrate all recorded measurement results, see equation (40):
TRBsp = —— [ o Jor o (EIRPsp (0, @) X 5in(0) d6 dob (40)
with:

e  EIRPs,(0,, ®,,) measurement Mean e.i.r.p. Spectral Density (recorded) in [W] at one point of the sphere
depending on the steps of ® and @.

. O isthe polar angle.
. @ isthe azimuth angle.

NOTE 4: That the ®, = 0°, ®n = 180° points do not actually appear in the sum in equation (40). That is because the
sin(®) term at each of those pointsis zero.

In most of the related standards Mean e.i.r.p. Spectral Density is specified to be measured in [dBm/MHZz] with angular
steps delta ® and delta @ a value of X degrees (see step 3), the TRPyp can therefore be calculated based on the Mean
e.i.r.p. measurement (see equation 41):

1 .
TRPp = 225:1 eirpsp (05, ®,) (41)
with:

. eirpsp (0, ®,,,) isthe measured and recorded Mean e.i.r.p. Spectral Density [dBm/MHZ] (considering both
polarizations) at the sphere around the EUT (at the points based on the specified angular steps for delta® and
delta @).

Step 7: Compare the TRPs result out of equation (41) with the requirement in the related standard.

NOTE 5: If during the radiated Mean e.i.r.p. Spectral Density or indirect emission assessment of the EUT all results
will be recorded and the requirement for the angle steps for these test is smaller or similar to the TRPsp
angle requirements, the results can be used to the TRPsp assessment based on equations (41) and (35). In
this case the angular steps of the radiated Mean e.i.r.p. Spectral Density or indirect emission assessment is
used (see clause B.4.2).

5.7 Indirect Emissions

5.7.1 Description

Indirect emissions are radiated in al directions out of a specified scenario (see figure 19), including direct emissions
from the housing/structure of the equipment and emissions reflected or passing through a media under inspection or
through a scenario. This requirement is also named an exterior limit or undesired emissions.

Theindirect emissions measured outside a specified scenario during the transmit mode of the EUT are the sum of:
. Reflections of the radiated power from the transmitter (see clause 5.3) within the scenario.
. Other Emissions (OE) from the transmitter, receiver and other analogue or digital circuitry (see clause 5.4).
. TX Unwanted Emissions (TXUE) from the transmitter (out-of-band and spurious domain, see clause 5.5).

The related limit of the indirect emission and the related source for the requirement (RP, TXUE; OE) and the related
test scenario shall be specified in the related standard.

Based on the possible different levels of emission limitsit could be necessary that a conformance assessment has to be
performed in two steps, see annex D.
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Figure 19: Indirect emissions

For GPR/WPR case (see ECC/DEC/(06)08 [i.11]): Indirect emissions are all emissionsradiated in all directions above
the ground from the GPR/WPR equipment, see figure 20.

indirect emissions

Ground

Figure 20: Indirect emissions for a GPR scenario

For Tank Level Probing Radar (TLPR, see ETSI EN 302 372 [i.12] or ETSI TR 102 347 [i.25]): Indirect emissions are
all emissionsradiated in all directions outside a given test tank with an installed EUT, see figure 21.
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Figure 21: lllustration of indirect (UWB) emissions for Tank Level Probing Radar (TLPR)

For Level Probing Radar (LPR, see ECC/DEC/(11)02 [i.6] or ECC Report 139 [i.26]): Indirect emissions are all
emissionsradiated in all directions outside the LPR scenario. Conformance of indirect emissions can also be fulfilled by

measuring in boresight direction following the half-sphere-concept according to ETSI EN 302 729-1 [i.31], see
figure 22.
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Figure 22: lllustration of indirect (UWB) emissions for Level Probing Radar (LPR)

For contact based material sensing devices (see ECC/DEC/(07)01 [i.4]): Indirect emissions are all emissions radiated in
al directions outside a given scenario (e.g. sensor on atest wall structure).

One example could be awall scanning device, see figure 23.
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Figure 23: lllustration of indirect emissions for wall scanning scenario

For non-contact based material sensing devices (see ECC/DEC/(07)01 [i.4]): Indirect emissions are al emissions
radiated in all directions outside a given scenario. The UWB transmitter is only switched on when in close proximity
with the investigated material and the UWB transmitter is directed into the direction of the material under investigation
(e.g. manually, by using a proximity sensor or by mechanical design).

One example for such scenario could be a security scanning application, see figure 24.
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Figure 24: lllustration of indirect emissions for a security scanning scenario
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For in-vehicular applications (see ECC/DEC/(06)04 [i.3], annex A.1.2): Indirect emissions are all emissions radiated
outside the vehicle scenario, see figure 25 and related standard:
. Short explanation:
- Above the horizontal plane the indirect emissions limit outside the vehicle: -53,3 dBm/MHz.
- Below the horizontal plane: -41,3 dBm/MHz.

NOTE: A UWB deviceinside avehicleisalowed to transmit up to -41,3 dBm/MHz if the exterior limit/indirect
emission requirement is fulfilled, see the related standard.

a =90 indirect emissions
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Peirp=-53.3dBm/MHz
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Figure 25: lllustration of indirect emissions for a scenario with EUT inside a vehicle

57.2 Guidance for Conformance Test

The conformance test isin close relation with the use-cases scenario and the wanted technical performance criteria.
Therefore, the conformance test shall be specified in the related standard, see overview in clause 4.1.

For the power measurement the related procedure based on the requested parameter (e.g. mean or peak power) shall be
chosen, see clause 5.3.

5.8 Transmit Power Control

5.8.1 Description

Transmit Power Control (TPC) is a mechanism to be used to ensure an interference mitigation on the aggregate power
from alarge number of radio devices. The TPC mechanism shall provide the full range from the highest to the lowest
power level of the radio device ETSI TR 103 181-2 [i.14]. This could be realized within one step or with an adaptive
mechanism. Sometimes this mitigation technique also names as Adaptive Power Control (APC).
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58.2 Guidance for Conformance Test

For TPC mitigation the conformance test is dependent on the wanted technical performance criteria (e.g.
RX-requirements) and the use-case of the EUT. Therefore, the conformance procedure for TPC mitigation shall be
specified in the related standard.

For the power measurement the related procedure based on the requested parameter (e.g. mean or peak power) shall be
chosen, see clause 5.3.

5.9 Detect and Avoid

5.9.1 Description

The detect and avoid mechanism is an active mitigation technique for the protection of sensitive potential victim
systemsin the vicinity of the UWB device based on a sensing approach including an active reduction of the interference
potential if required (see ETS| TR 103 181-2 [i.14] and ETSI TS 102 754 [1]).

This optiona mitigation technique is applicable for EUTs considered under ECC/DEC/(07)01 [i.4] or
ECC/DEC/(06)04 [i.3].

59.2 Limits

5921 DAA Parameters

Thelimits apply for al EUT which implemented Detect and Avoid Mitigation technique for the part(s) of the operating
frequency range (see clause 5.2) that overlaps with the DAA frequency ranges (seetable 7).

Table 7: Technical parameters UWB DAA mitigation in line with ECC Report 120 [i.16]

DAA frequency ranges [GHz] 3,1-34 34-38 | 38-48 85-9
Minimum initial channel availability check time 14 51 14
(T avail_time_min) [S]
Signal test pattern, clause D.4 clause E.4 clause D.4
see ETSI TS 102 754 [1]
Tavoid_max [S], 150 . VolP: 2 150
see ETSI TS 102 754 [1] e Web surfing: 15
e Sleep mode: 60
e  Multimedia
broadcasting: 15

Zone 1 for Signal (S) detection level S > A
Maximum mean e.i.r.p. spectral density [dbm/MHz] -70 -80 | -70 -65
Default Avoidance bandwidth [MHZ] 300 200 500
Signal Detection threshold A [dBm] -38 -38 -61
Zone 2 for Signal (S) detection level A>S >B
Maximum mean e.i.r.p. spectral density [dbm/MHz] -41,3 -65 -41,3
Default Avoidance bandwidth [MHz] - 200 -
Signal Detection threshold B [dBm] -61
Zone 3 for Signal detection level S < B
Maximum mean e.i.r.p. spectral density [dBm/MHz] | - | -41,3 -
Definitions of the parameters in table 7 can be found in ECC Report 120 [i.16].
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Table 8: Non-Interference Mode (NIM) parameters in the band 3,1 GHz to 9,0 GHz
according to ETSI TS 102 754 [1]

DAA frequency ranges NIM Power levels (e.i.r.p.) NIM Power levels (e.i.r.p.) with LDC implemented
-70 dBm/MHz average -41,3 dBm/MHz average
3,1GHz<f<3,4GHz -36 dBm peak 0 dBm peak
(see note) Standard LDC parameters as in ECC/DEC/(06)04 [i.3]
-80 dBm/MHz average -41,3 dBm/MHz average
3,4GHz<f<3,8GHz - 40 dBm peak 0 dBm peak
(see note) Standard LDC parameters as in ECC/DEC/(06)04 [i.3]
-70 dBm/MHz average -41,3 dBm/MHz average
3,8GHz<f<4,2GHz -30 dBm peak 0 dBm peak
(see note) Standard LDC parameters as in ECC/DEC/(06)04 [i.3]
-70 dBm/MHz average -41,3 dBm/MHz average
42 GHz<f<4,8GHz -30 dBm peak 0 dBm peak
(see note) Standard LDC parameters as in ECC/DEC/(06)04 [i.3]
-65 dBm/MHz average -41,3 dBm/MHz average
8,5 GHz <f<9,0 GHz -25 dBm peak 0 dBm peak
(see note) Standard LDC parameters as in ECC/DEC/(06)04 [i.3]
NOTE: Devices fitted with DAA mitigation may operate to the maximum permissible limit of -41,3 dBm/MHz average
and 0 dBm peak.
59.23 DAA test parameters

If nothing different is specified in the related standard, following values for the test parameters shall be used during the
conformance tests (see clause 5.9.3):

° m=10
. n=5
593 Conformance Test

5931 Introduction

In the present clause the test procedure for the DAA test is depicted. The UWB DAA radio device under test shall be
verified under normal operational conditions.

The DAA test is split into two main test conditions:
. start-up test with and without victim test signal; and
e  in-operation test.

The start-up test verifies the operation of the UWB DAA radio device during the initial start-up when the DAA UWB
radio device intends to operate directly in anon NIM. Thus the UWB DAA radio device need to be set in an operational
condition in which thisis guaranteed. The test verifies that the UWB DAA radio device respects the defined Minimum
Initial Channel availability Check Time.

The in-operation test isintended to verify the dynamic behaviour of the UWB DAA radio device under test. During this
test the UWB DAA radio device under test shall operate in a normal dynamic operational mode.

The radiated test configuration is shown in figure 26 and the conducted test configuration is shown in figure 27.
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Figure 26: Example Setup for radiated DAA measurements
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Figure 27: Example Setup for conducted DAA measurements
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5.9.3.2 Initial Start-Up Test

5.9.3.2.1 Start-up Procedure

The clauses below define the procedure to verify the Minimum Initial Channel Availability Check by ensuring that the
UWB DAA radio device is capable of detecting victim system signals at the beginning and at the end of the Minimum
Channel Availability Check Time. Furthermore, oneinitial test shall guarantee that the UWB radio device does not
switch out of a NIM operation before the end of the Minimum Initial Channel Availability Check time. Tai_time min-

5.9.3.2.2 Test without a victim test signal during the Minimum Initial Channel Availability
Check Time, Tavail_time_min
Summary:

Verify the UWB DAA radio device will not start transmitting in a non NIM operation before the end of the Minimum
Initial Channel Availability Check Time when no victim test signal is present. Thisisillustrated for aradiolocation
signal in figure 28.

Pre-test Condition:
. UWAB radio device supporting DAA.
o UWSB radio device switched off.
Test sequence:

a TheUWB DAA radio device will be switched off. No signal generator is connected to the test setup or the
signal generator is switched off.

b) The UWB DAA radio device is powered on at T,. T, denotes the instant when the UWB DAA radio device has
completed its power-up sequence (Toowe ), €ENtersinto a NIM mode, ready to start the victim signal detection.

CON-1: The UWB DAA radio device shall not switch into a non-NIM mode before the end oOf T time min after
switch on of the radio device, where the NIM operation is either the LDC mode or the power level defined in
relevant harmonised standards for the relevant victim band.

NOTE: Additiona verification may be needed to define T1 in caseit is not exactly known or indicated by the
UWB DAA radio device. For example, T1 could be determined by taking into account T aai_ime mn @nd the
instance the device switchesto anon-NIM mode in clause 5.9.3.2.2 Test without a victim test signal
present.

CON-2: A timing trace or description of the observed timing and behaviour of the UWB DAA radio device
shall be recorded.

c) Repeat @) and b) for ntimesin arow. The values for n shall be defined in the relevant harmonised standard.

CON-3: CON-1 and CON-2 shall befulfilled in all n tests. If one failure occurs go to d). For more than one
failure the test has not been passed.

d) Repeat @) and b) for mtimesin arow. The values for m shall be defined in the relevant harmonised standard.
CON-4: CON-1 and CON-2 shall befulfilled in all mtests.

e) Endof test.
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Figure 28: Example of timing for a radiolocation testing of the Minimum Initial Channel Availability
Check Time Taaiime, UWB DAA devise intent to operate in a non NIM mode

5.9.3.2.3 Test with a victim test signal at the beginning of the Minimum Initial Channel
AVa”abl“ty CheCk T|me, Tavail_time_min

Summary:

Verify the victim signal detection and avoidance capability for the selected UWB operationa frequency when avictim
signal occurs at the beginning of the Minimum Initial Channel Availability Check Time.

Pre-test Condition:
o UWSB radio device supporting DAA.
J UWSB radio device switched off.
Test Sequence:

a) TheUWB DAA radio device will be switched off. The signal generator used to generate the test patterns see
table 4 will be connected to an antenna of suitable characteristics to permit the UWB DAA radio device to be
illuminated with afield equal to the signal detection threshold limit (see table 4) or connected to the
corresponding connectors in the case of a conducted measurement setup.

b) The UWB DAA radio device is powered on at T,. T, denotes the instant when the UWB DAA radio device has
completed its power-up sequence (Tuwe ), €NtersaNIM mode, ready to start the victim signal detection.

c¢) Thevictim system test signal will be switched on at T, + At (with At < 2 s) with the test pattern (see table 4),
timing behaviour and power levelsin accordance with table 4.

CON-1: The Minimuminitial Channel Availability Check is expected to commence at T, and is expected to
end no sooner than Ty + T ime mn UNl€SS @ Victim signal is detected sooner.

NOTE: Additional verification may be needed to define T1 in case it is not exactly known or indicated by the
UWB DAA radio device. For example, T1 could be determined by taking into account T ai ime min @nd the
instance the device switchesto anon-NIM mode in clause 5.9.3.2.2 Test without a victim test signal
present.

CON-2: It shall be recorded if the victim test signal was detected. This can be done by verifying that the UWB
DAA radio device is switched into an avoid operation corresponding to the investigated threshold level in the
relevant operational band or staysin a corresponding NIM operation. The following avoid operation
parameters shall be verified:

- default avoidance bandwidth for the victim system service identified and where relevant, see ETSI
TS102 754 [1];

- optional avoidance mechanisms identified by the manufacturer for the victim system service identified,
see ETSI TS 102 754 [1];
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- LDC operational parameter if applicable.

CON-3: A timing trace or description of the observed timing and behaviour of the UWB DAA radio device
shall be recorded for each avoidance mechanism.

d) Repeat a) to c) for ntimesin arow. The values for n shall be defined in the relevant harmonised standard.

CON-4: CON-1, CON-2 and CON-3 shall befulfilled in al ntests. If CON-3 isfulfilled go to f). If one failure
occurs go to €). For more than one fail ure the test has not been passed.

€) Repeat @) to ¢) for mtimesin arow. The values for m shall be defined in the relevant harmonised standard.
CON-5: CON-1, CON-2 and CON-3 shall be fulfilled in all mtests.

f)  Repeat b) to ) for each of the relevant victim test pattern (see table 4) depending on the UWB operating
frequency range (see clause 5.2) at the threshold levels as defined in table 4.

CON-6: A timing trace or description of the observed timing and behaviour of the UWB DAA radio device
shall be recorded.
5.9.3.24 Test with a victim test signal at the end of the Minimum Initial Channel Availability
Check Time, Tavail_time_min
Summary:

Verify the victim signal detection and avoidance capability for the selected UWB operational frequency when avictim
signal occurs at the end of the Minimum Initial Channel Availability Check Time.

Pre-test Condition:
o UWSB radio device supporting DAA.
J UWSB radio device switched off.
Test Sequence:

a TheUWB DAA radio device will be switched off. The signal generator used to generate the test patterns (see
table 4) and will be connected to an antenna of suitable characteristics to permit the UUT to beilluminated
with afield equal to the threshold detection limit or connected to the corresponding connectorsin the case of a
conducted measurement setup.

b) The UWB DAA radio deviceis powered up at T,. T, denotes the instant when the UWB DAA radio device has
completed its power-up sequence (Towe u), ENtersinto aNIM mode, ready to start the victim signal detection.

CON-1: The Minimum Initial Channel Availability Check Ta.i ime IS €Xpected to commence at instant T, and is
expected to end no sooner than T; + T.ameUnless avictim signal is detected sooner.

NOTE: Additional verification may be needed to define T1 in case it is not exactly known or indicated by the
UWB DAA radio device. For example, T1 could be determined by taking into account T ai ime min @nd the
instance the device switchesto anon-NIM mode in clause 5.9.3.2.2 Test without a victim test signal
present.

¢) Thevictim system test signal will be switched on at T, with the test pattern (see table 4), timing behaviour and
power levelsin accordance with the relevant harmonised standard.

ETSI



65 ETSI EN 303 883-1 V2.1.1 (2024-08)

CON-2: It shall be recorded if the victim test signal was detected. This can be done by verifying that the UWB
DAA radio device is switched into an avoid operation corresponding to the investigated threshold level in the
relevant operational band or staysin a corresponding NIM operation. The following avoid operation parameter
shall be verified:

- default avoidance bandwidth for the victim system service identified and where relevant, see ETSI
TS102 754 [1];

- optional avoidance mechanisms identified by the manufacturer for the victim system service identified,
see ETSI TS 102 754 [1];

- LDC operational parameter if applicable.

CON-3: A timing trace or description of the observed timing and behaviour of the UWB DAA radio device
shall be recorded for each avoidance mechanism.

d) Repeat @) toc) for ntimesin arow. The values for n shall be defined in the relevant harmonised standard.

CON-4: CON-1, CON-2 and CON-3 shall befulfilled in all ntests. If CON-3 isfulfilled go to f). If one failure
occurs go to €). For more than one failure the test has not been passed.

€) Repeat @) to ¢) for mtimesin arow. The values for m shall be defined in the relevant harmonised standard.
CON-5: CON-1, CON-2 and CON-3 shall be fulfilled in all mtests.

f)  Repeat @) to €) for each of the relevant radar test signals for the UWB operational frequency range as defined
in the relevant harmonised standard at alevel of 10 dB above the defined threshold level given in the relevant
harmonised standard and at exactly the threshold levels given in the relevant harmonised standard.

CON-6: A timing trace or description of the observed timing and behaviour of the UWB DAA radio device
shall be recorded.
5.9.3.3 In-Operation Test

5.9.3.3.1 General Points for In-Operation Test

This series of tests evaluates the UWB radio device's response to the presence of different payload types which the
victim service may carry. The relevant services are defined in table 8.

In the in-operation test set up the UWB pair will be actively exchanging data under the presence of avictim signal
pattern as defined table 8. In this test the Detect and Avoid time will be recorded and the corresponding avoidance
operation will be verified.

During the test, the existing data link might be disrupted. This should then not lead to an uncontrolled operation but to
an operation equivalent to the NIM mode.

Depending on the test pattern definition in the relevant harmonised standards a power ramping of the victim signal
might be necessary. An example for that ramping is givenin figure 29.

UWB Device rererer .
TX normal  NIM only operation——>% 1  : ; i ¢
operation ;';';‘;' it —_—

Startup operation —— ———Tv0i0 = Tavoid mar—————————>

Radio location t
Test Burst T R —

Ty threshold
level

reached
T,+ 225sec

Figure 29: Example of timing for victim signal in-operation testing
of the Detect and Avoid Time, here with increasing Radiolocation test signal
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5.9.3.3.2 In-Operation Test Procedure
Summary:

The procedure below verifies the victim signal detection and avoidance capability for the selected UWB operational
frequency in normal UWB operation using an increasing victim test signal level. In thistest the Detect and Avoid time
and the corresponding avoidance operation will be verified.

Pre-test Condition:
. Two UWB radio devices at least one supporting DAA.
o Both UWB radio devices switched on.
J UWSB radio device in norma communication mode.
Test Sequence:

a) Both UWB DAA radio devices shall be switched on and in a stable operational mode as defined in relevant
harmonised standard. The signal generator used to generate the test patterns given in the relevant harmonised
standard will be connected to an antenna of suitable characteristics to permit the UUT to be illuminated with a
field equal to the threshold detection limit or connected to the corresponding connectors in the case of a
conducted measurement setup.

b) Thevictim system test signal will be switched on at T, with the test pattern, timing behaviour and power levels
in accordance with table 8.

CON-1: The measurement of the actual "Detect and Avoid Time" Taqq Of the EUT is expected to commence at
an instant after T, as given in the relevant harmonised standard. The actual detect and avoid time of the radio
device under test shall be smaller or equal to the Maximum Detect and Avoid time Taa me @S defined in the
relevant standard. The actual Detect and Avoid time T.qq Of the radio device under test can be negative. The
following avoid operations shall be verified:

- default avoidance bandwidth for the BWA service identified and where relevant, see ETSI
TS 102 754 [1];

- optional avoidance mechanisms identified by the manufacturer for the BWA service identified, see ETS
TS 102 754 [1];

- LO operational parameter if applicable.

CON-2: It shall be recorded if the victim test signal was detected before the time instance given in the relevant
standard.

¢) Repeat @) and b) for ntimesin arow. The values for n shall be defined in the relevant harmonised standard.

CON-3: CON-1 and CON-2 shall be fulfilled in al n tests, then go to €). If one failure occurs go to d). For
more than one failure the test has not been passed.

d) Repeat @) and b) for mtimesin arow. The values for m shall be defined in the relevant harmonised standard.
CON-4: CON-1 and CON-2 shall befulfilled in all mtests.
€) Repeat b) to d) for each threshold given in the relevant harmonised standard.

NOTE: Instead of repeating the test for each threshold, continuous testing for the different thresholds can also be
performed. Depending on the implemented avoidance strategy, some threshold tests may be redundant,
i.e. one test already covers another case.

f)  Repeat b) to e) for each of the relevant victim test pattern for the UWB operating frequency range and
threshold levels as defined in table 8.
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5.10 Listen Before Talk (LBT)

5.10.1 Description
Listen Before Talk (LBT) is amechanism to protect other operating services from interference in the same band.

LBT under clause 5.10 isonly applicable for EUTs considered under ECC/DEC/(07)01 [i.4] and for the specified
frequency bands (see table 9) if:

. the EUT-OFR is partly or fully overlapping with the frequency ranges listed in table 9.

e theradiated emissions within the specified frequency bands are above the limit as specified in table 9.

Table 9: Frequency ranges for which LBT active mitigation technique apply

Frequency range [GHZ] If emission measurement result is above (see related standard)
Maximum mean e.i.r.p. Maximum peak e.i.r.p.
spectral density [dBm/MHz] (dBm defined in 50 MHz)
1,215<f<1,73 Band 1 -85 -45
25<f<2,69 Band 2 -65 -25
2,7<f<29 Band 3 -70 -30
29<f<34 Band 4 -70 -30

NOTE 1: The OFR and the radiated emission (mean/peak e.i.r.p spectral density or indirect emission) measurement
will provide the necessary information to decide in which bands the LBT mitigation hasto be
implemented.

The LBT function identifies the presence of signals within the band of operation and only allows activation of the UWB
emission when no signals are detected above a defined threshold level.

Figure 30 depicts the basic operation of LBT mitigation function for EUT implementing LBT mitigation for contact
based UWB material sensing devices.

Figure 31 depicts the operation for non-contact based UWB material sensing devices.
The test scenario shall be specified in the related standard.

NOTE 2: The EUT manual has to describe the way the EUT user will be informed about a positive detection result
of the LBT mitigation (e.g. via display and the message "measurement temporarily not possible"
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Figure 30: Flow diagram of LBT mitigation for contact based UWB material sensing devices

ETSI



69 ETSI EN 303 883-1 V2.1.1 (2024-08)

no

EUT
power on

EUT OFR
inBand 2 or 3
(see table 9)

Start complete
LBT function

yes
Processor Unit
1
YeS_~material / object in
close proximity *
& EUT running
no

* The scenario with EUT and object / material
(kind, orientation/distances, ...) for testing is
specified in the related standard

Listen Time
40ms

Detection (see
clause 5.10.3.3

EUT OFR
in Band 1 or 4
(see table 9)

s Userinformation as
specified in EUT manual
e TX off (within 10ms)

yes >l Start LBT function for
Radar

Y

» measurement possible
o« TXan

Listen Time
12s

Detection

e TXon

* measurement possible

radar (see clause
510.3.4)

¢ Userinformation as
specified in EUT manual

« procced

TX off within 10ms and than
off for 12s

measurement -

End measurement

Detection
radar (see clause
5.10.3.4)

’ no
¢ measurement possible

s TXon

e Userinformation as specified in
EUT manual
e TXwill stay off

Figure 31: Flow diagram of LBT mechanism for non-contact based UWB material sensing devices
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5.10.2 Limits

The LBT mechanism of the UWB receiver shall ensure that the UWB transmitter is switched off, if the threshold level
at the EUT as defined in table 10 are exceeded.

In case the UWB equipment covers only part of the frequency range of table 10, the LBT function shall only be
implemented for the OFR of the EUT as specified in the related harmonised standard.

Thelimits given in table 10 shall be measured in the measurement scenarios defined in the related standard. A generic
procedure is described in clause 5.10.3.

Table 10: LBT threshold limits in line with ECC/DEC/(07)01 [i.4]

Peak power
Band Frequency range \t/glrﬁzh(.?.:_?) Reaction time
(dBm/MHz)
1 Radar L-Band +8 Continuous listening of 12 s is required and automatic switch-off
1,215GHz<f=<1,4 GHz feasible each 10 ms if the threshold value is exceeded. In the case
of detecting and switching off the transmitter, a silent time of at least
12 s while listening continuously is necessary.
2 MSS -43 Minimum continuous listening time of 40 ms before initial
1,61 GHz=<f<1,66 GHz transmission of the device.
3 Land mobile service Minimum continuous listening time of 40 ms before initial
25GHz=<f=<2,69 GHz -50 transmission of the device.
4 Radar S-Band -7 Continuous listening of 12 s is required and automatic switch-off
2,7GHz=<f=<3,4GHz feasible each 10 ms if the threshold value is exceeded. In the case
of detecting and switching off the transmitter, a silent time of at least
12 s while listening continuously is hecessary.

NOTE: If the RP in the respective band is lower than the limit as defined in the related standard, the threshold value
can be increased by the difference.

5.10.3 Conformance

5.10.3.1 Measurement Procedure

Within each LBT frequency range, the frequency and direction of the maximum mean power spectral density of the
EUT within the scenario (indirect emission, see clause 5.7 and related standard) shall be recorded.

A test transmitter simulating the victim shall transmit a calibrated signal with the output power Pyicim Which meets the
threshold level (TH) of clause 5.10.2 at the reference point (see figure 32 and equation (45). The EUT shall be operated
within the specified scenario (see related standard) in a continuous mode.

The transmitter simulating the victim shall be set to the recorded frequency and point to the EUT at the recorded
direction of maximum mean power spectral density. The EUT istested for the deactivation threshold to stop UWB
emissions at the defined threshold levels as defined in clause 5.10.2.

5.10.3.2 Test Set-Up

Figure 24 shows the test set-up for the LBT measurements for a generic EUT within a measurement scenario (indirect
emissions see clause 5.7). The "Reference Point" will be specified in the related standard (use-case and wanted
technical performance criteria dependent). The details of the test scenario shall be specified in the related standard.
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Reference Pointfor the

indirectemissions ThresHold value (TH) and the measurement distance

test antenna with known

gain (G,)
RP, clause 5.3
TXUE, clause 5.5
/ OE, clause 5.4
II"I Puictim signal generator/
#l victim source
|I||I .
\ ) transmitter output
scenario power (simulated
victim)
__t__ point on the sphere with the max RP-level forthis frequency
Figure 32: Test set-up for LBT function
Threshold (TH) power level at the reference point of the EUT (dBm/MHz), see equation (42):
— f
TH = pPyictim + 8a — 20 X log (4 X Ipgr X T X ;) (42
with equation (43) for the antenna gain of test antenna (ga)
ga = 10 x log(Gap)) (43)
and equation (44) for the output power of the signal generator (puicim):
Pvictim = 10 X 10g(Pyictim) (44)

and:

o fisthecarrier frequency of the victim source;

. Co the vacuum speed of light; and

. rueT the distance between victim source test antennaand EUT reference point.

Thus, to reach the threshold power at the EUT, the power of the victim signal generator has to be set to the following
power level, see equation (45):

Pvictim = th — ga + 20 X log (4 X Ipgr X T X f) (45)

5.10.3.3 Test Signal Definition for LBT Mechanism in Band 2 and 3

5.10.3.3.1 Band 2: Mobile Satellite Service (MSS) Test Signal
For the Band 2: MSStest signal, see table 11.

e  Victimsigna power: see clause 5.10.3.2.
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Table 11: MSS test signal

f [GHZ] See clause 5.10.3.1

test signal unmodulated carrier (CW)

Peak power threshold value at the EUT [dBm/MHZz] -43
5.10.3.3.2 Band 3: Land Mobile Service Test Signal

For the Band 3: Land mobile service test signal, see table 12.

. Victim signal power: see clause 5.10.3.2.

Table 12: Land mobile service test signal

f [GHZ] See clause 5.10.3.1
unmodulated carrier

test signal (CW)

Peak power threshold value at the EUT [dBm/MHZ] -50

5.10.34 Test Signal Definition for LBT Mechanism in Band 1 and 4

For radar services, the LBT mechanism hasto be as quick as possible to avoid the second suppression of an echo of a
target at the second rotation of the antenna dish (see figure 33). Normally, the air traffic control uses 3 consecutive
echoes each received during the next consecutive rotation to validate "target" as "true" (the response of atransponder by
a secondary radar is not taken into account here). Radar devices emitsits PSD with a certain PRF, for example with a
PRF of 1 100 Hz and arotational speed of 0,25 Hz (1 rotation per 4 seconds). The radar main beam width is typically
1,5°, in this example the EUT beam width may be 20° (with a directivity/gain of 5 dB it is approximately 60°). Every
0,9 ms (= /PRF) the radar device emits 1 impulse. The criteriato switch off the sensor is to receive 5 times the main
beam of the radar (5 x /PRF), inthisexample 5 x 1/1 100 = 4,5 ms. That means after detection of the 5 radar impul ses
plus areaction time, the EUT switches off (display might show a"hit", e.g. "interference signal"). Now alatency time
of 12 seconds has to be introduced during which the EUT only receives (no transmission, i.e. to cover the window for
the slowest rotation rate of radar device). If during this 12 s the main beam is detected again, the display hint will
continue. If not, the measurement procedure can start again, because the interferer does not belong to aradar service.

ReferencePoint EUT main beam

direction (UWB device) angular range of

transmitting impulses
of radar

e

scenario

Figure 33: LBT - radar scenario for Bands 1 and 4

If such aradar signal (impulse train of 5 pulses, see figure 34) is detected, then the EUT transmitter shall be switched
off within maximum 10 ms. After detecting of the radar signal a waiting time of > 12 seconds shall be implemented in
which the EUT isonly receiving. If anext radar signal is detected the timer (12 seconds) shall be triggered again.

Based on the timing of the radar active in the two bands following test signals (with 5 impulses) shall be implemented
within asignal generator to simulate a possible "radar signal” at the UWB device (see figure 34).
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impulse
length step value: power to reach
— /threshold at EUT
impulse
repetition
time
step
risetimes
b ;:'! o
impulse 1 impulse 2 impulse 3 impulse 4 impulse 5

Figure 34: LBT - radar scenario, test pattern

Test pattern 1: seetable 13
Table 13: Test pattern 1

Impulse length 0,4 pys
Impulse repetition time 0,8 ms
Test pattern 2: seetable 14
Table 14: Test pattern 2
Impulse length 90 uys
Impulse repetition time 1,5ms
Radar Test signals:
For the band 1 and band 4 test signals see table 15.
o Impulse power: see clause 5.10.3.2.
Table 15: Radar test sighals
Band 1 Band 4
1 (table 13) and 1 (table 13) and
Test pattern 2 (table 14) 2 (table 14)
f [GHZ] See clause 5.10.3.1 See clause 5.10.3.1
Peak power threshold at the EUT [dBm/MHZ] 8 -7
5.10.3.5 Conformance Test to Measure the Timing for LBT within bands 1 and 4

For the LBT mechanism within Radar bands 1 and 4, the following timings shall be measured:

. EUT switch off time < 10 ms after radar signal detection.

e  Silenttime of 12 sof the EUT after radar signal detection.

The measurement procedure and test setup follow clauses 5.10.3.1 and 5.10.3.2 with the following modifications:. In
addition to the victim source pointing at the EUT, the EUT emissions shall be measured with a measurement antenna.

The setup is shown in figure 35.
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Figure 35: Test-set-up to assess the LBT timing for band 1 and band 4

The planar RF-absorber is optional to reduce the cross talk between victim test antenna and measurement antenna. If
such planar RF-absorber will be used, the victim threshold power level at the EUT shall be checked again, see
clause 5.10.3.2.

Both the victim test antenna and the antenna measuring the EUT emissions shall point to the EUT in the recorded
direction of maximum mean power spectral density within the LBT frequency bands 1 or 4 according to
clauses 5.10.3.1 and 5.10.3.2 (see figure 32).

A spectrum analyser is used to measure the EUT emissions. Because of reflections and cross talk between the victim
source antenna and the antenna measuring the EUT emissions, also the victim signal is measured by the spectrum
analyser in addition to the EUT emissions.

The victim source test signal is set as defined in clause 5.10.3.4.
The following spectrum analyser settings shall be applied:
. Zero span mode/time domain mode.
. Frequency: Freguency of maximum mean power spectral density of the EUT (clause 5.10.3.1).
J Resolution bandwidth: 1 MHz.
. Detector: RMS.

Both EUT emissions and victim source signal need to be simultaneously seen at the spectrum analyser and need to be
distinguishable.

If the dynamic range of the spectrum analyser does not allow to observe both EUT emissions and victim source signal
with the same settings, the victim source signal might be offset in frequency to adapt the received power in the
resol ution bandwidth of the spectrum analyser.

The two timings specified above shall be measured with the spectrum analyser.

Figure 36 shows an example of the measured Spectrum Analyser signals for of the EUT switch off.
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Victim signal peaks

&
o

EUT signal peaks

-100

Power [dBm)]

After the fifth received radar pulse

-110 the EUT has to switch of within
max 10 ms

-120

-130

-1 40 L ' L A ' ' A L A J
0 5 10 15 20 25 30 35 40 45 50

Time [ms]

Figure 36: Example signals for the LBT timing measurements

5.11  Duty Cycle

5.11.1 Description

Duty Cycle (DC) is a passive mitigation technique often used in radio regulation and harmonised standards in order to
enable spectrum sharing between different radio devices and/or radio applications. A duty cycle regulation is normally
stated as alimitation to activity of a transmitter within certain time and power boundaries, e.g. allowing a defined
percentage of transmission activity at some predefined levels of transmitted power during the Ton.(See annex C for
further information on DC and Ton).

5.11.2 Conformance Test

5.11.2.1 Duty Cycle, Spectrum Analyser Method

The method in this clause is intended for duty cycle requirements over short observation periods, as specified in the
relevant standard (usually over 1 second). Conformance for duty cycle requirements over long-term periods (usually
over 1 hour) is addressed in clause 5.11.2.4.

The method is based on ETSI TS 103 060 [i.1].

When measuring the EUT duty cycle, the spectrum analyser or equivalent shall be configured as follows unless
otherwise stated in the relevant harmonised standard:

e RBW: As specified in the related harmonised standard
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e Video Bandwidth: VBW equal or greater than the RBW
e DisplayMode. CLEARWRITE

e  Detector Type: Peak

. Frequency Span: Zero span

e  Centre Freguency: The frequency of the maximum mean e.i.r.p. spectral density as recorded under
clause5.3.2.2

To optimize the signal-to-noise ratio, it is recommended that radiated measurements are taken in the direction of the
maximum level of the mean power spectral density.

The duty cycle timings may vary because of different coding schemes. The first sweep(s) should be an overview of the
duty cycle timings. The manufacturer should also declare these timings.

For further evaluation, choose an observation period with maximum "on" time, Ton, and minimum "off" time, T, taking
into account the disregard time, T4, See annex C.

Calculate the Ton and T times taking into account the T and Pives as defined in ETSI TS 103 060 [i.1] and annex C
and as specified in the relevant standard. From these, the duty cycleis calculated as equation (46):

Y Ton _ Y. Ton
Tobs Y Ton+Y, Toff

Duty Cycle = (46)

The related standard shall specify: T, Tas and Pives

If additional parameter are requested (min Tefr, Max Ton,...) 9. for EUT's under ECC/DEC/(06)04 [i.3] which
implemented the "low duty cycle mitigation". These additional requirement could be read out from the measurement
above.

The oscilloscope method in clause 5.11.2.2 can be used as an aternative, but the EN shall provide a clear guidance
which method shall be used for which EUT category.

5.11.2.2 Duty Cycle, Oscilloscope Method

The method in this clause is intended for duty cycle requirements over short observation periods, as defined in the
relevant harmonised standard (usually over 1 second). Conformance for duty cycle requirements over long-term periods
isaddressed in clause 5.11.2.4.

The method is based on ETS| TS 103 060 [i.1].

Unless otherwise stated in the harmonised standard, the spectrum analyser method in clause 5.11.2.1 is equivalent and
may be used as an alternative.

The following tools shall be used to execute the time domain procedure for DC measurement:
. One 50 Q cablein case of conducted testing.
. One Oscilloscope with the following minimum requirements:

- Sampling frequency > 2 B (where B is the pul se bandwidth): this requirement is enough to detect the
envelope of the signal and ensure the correct operation of the measurement procedure.

- Input bandwidth > f, (where f,, is the highest frequency, i.e. the upper boundary to the operating
frequency range).

. One Personal Computer with installed a Post Processing Tool.

Conducted emission

Figure 37 illustrates the general test setup to execute the time domain procedure for DC measurement in the case of
conducted emission.
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50 Ohm PC
DUT cable . (Post
(50 Ohm Oscilloscope Processing
connector) Tool)

Figure 37: General test setup to execute the time domain procedure for DC measurement
in the case of conducted emission

Radiated emission

Figure 38 illustrates the general test setup to execute the time domain procedure for DC measurement in the case of
radiated emission. To optimize the signal-to-noiseratio, it is recommended that radiated measurements are taken in the
direction of the maximum level of the mean power spectral density.

Measurement
antenna

PC
DUT (Post
(integrated Oscilloscope Processing
antenna) Tool)

Figure 38: General test setup to execute the time domain procedure for DC measurement
in the case of radiated emission

For EUT which implement DC mitigation, the manufacturer shall be provide information about the different possible
DC timings (within the different modes).

Configure the oscilloscope as follows:

. Set the signal sampling frequency f. of the oscilloscope such that f. > 2(f.- f.), where f, and f. are the
boundaries to the operating frequency range from clause 5.2.

e  Adjust thetime division such that the entire observation period fits within the memory storage capability of the
oscilloscope. Verify that the sampling period of the scopeis smaller than or equal to T,J/2.

e  Adjust the vertical scale of the oscilloscope to the lowest value that still displays the entire dynamic range of
thesignal.

The duty cycle timings may vary because of different coding schemes. The first sweep(s) should be an overview of the
duty cycle timings. The manufacturer should also declare these timings.

For further evaluation, choose an observation period with maximum "on" time, Ton, and minimum "off" time, T, taking
into account the disregard time, T ..

Calculate the Ton and T« times taking into account the T, and P Specified in the related standard and ETSI
TS 103 060 [i.1]. From these, the duty cycleis calculated as shown in equation (47):

Y Ton _ Y. Ton

DUty CyCle = Tobs Y Ton+Y, Toff

(47)

Therelated standard shall specify: T, Tas and Pives.
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5.11.2.3 Duty Cycle Measurement procedures for FMCW, stepped-frequency and
Pulsed Systems

5.11.2.3.1 General

The methods in this clause are intended for duty cycle requirements for FMCW, stepped-frequency and pulsed systems.
Observation periods are defined in the relevant harmonised standard. These periods are typically in the range of 0,1 to
10 s. But these methods cover also other periods.

There are three methods described which all can be used depending on the system parameters and the available
measurement equipment. The measurement results will be the same within the measurement uncertainty for each
measurement procedure if applied as described bel ow:

. The first method (see clause 5.11.2.3.2) uses a diode power detector and can be used for pulsed, stepped-
frequency and FMCW systems.

. The second method (see clause 5.11.2.3.3) uses a spectrum analyser in zero span mode. This can also be used
for pulsed and FMCW systems.

e  Thelast method (see clause 5.11.2.3.4) uses a spectrum analyser synchronized with another one and is only
suited for FMCW and stepped-frequency systems.

The methods can be used also if there are more than one pulse train or more than one FMCW or stepped-frequency
sweep within the signal repetition time, as long as the bandwidth of each pulse train/FM CW or stepped-frequency
sweep is the same. If the bandwidth differs within the signal repetition time, the pulse trains/FM CW or stepped-
frequency sweeps have to be measured separately.

If the EUT has an integrated RF antenna a further RX measurement antenna is needed for the measurement setup. This
can be a standard gain horn antenna suited for the frequency range to be measured. If the EUT is equipped with a50 Q
connector or a wave guide connector it can be connected directly to the measurement device.

If not otherwise specified in the related standard: For measurements with the spectrum analyser the threshold level Priyesn
asdefined in ETSI TS 103 060 [i.1] shall be set to 10 dB below the max emission limit (see clause 5.3).

5.11.2.3.2 Method 1: Diode Power Detector

This method can be used for pulse, stepped-frequency and FMCW signals. The measured T,, on the Oscilloscope
represents the burst duration of the FMCW burst in FMCW systems, the emission duration in stepped-frequency
systems, or the duration of the pulse train in pulsed systems respectively.

M easurement device:

. RF power detector based on detector diodes (thermal detectors are not appropriate as these are usually too
slow), covering a frequency range which at least include the OFR of the EUT.

e  Oscilloscope.

When measuring the EUT duty cycle, the measurement equipment shall be configured as follows unless otherwise
stated in the relevant harmonised standard:

Step 1. Connect the RX measurement antenna to the RF power detector. Adjust the position of the RX
measurement antenna and the antenna of the EUT to have maximum RF coupling.

Alternatively, if possible, connect the EUT directly to the RF power detector by cable or wave

guide.
Step 2: Connect the oscilloscope to the output of the RF power detector.
Step 3: Switch onthe EUT.
Step 4: Adjust the oscilloscope settings (time base, voltage range, trigger) to see the detected pulse from

the power detector.
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Step 5: Measure Ton. If there is more than one pulse within the signal repetition time (see annex C)
measure Ton for every single pulse.
Step 6: Measure the signal repetition time T e, See annex C.
Step 7: Calculate the Duty Cycle with equation (48):
Duty Cycle[%] = & x 100 (48)
rep

5.11.2.3.3 Method 2: Spectrum Analyser
5.11.2.3.31 General

This method can be used for pulsed systems and FMCW systems.

Method 2a: is for pulsed systems and for FMCW where the operating frequency range is smaller than the resolution
bandwidth of the spectrum analyser, see clause 5.11.2.3.3.2.

Method 2b: isfor FMCW where the operating frequency range is equal to or larger than the resolution bandwidth of the
spectrum analyser, see clause 5.11.2.3.3.3.

5.11.2.3.3.2 Method 2a
Measurement device:
. Spectrum analyser in zero span mode on centre frequency of the OFR.

When measuring the EUT duty cycle, the measurement equipment shall be configured as follows unless otherwise
stated in the relevant harmonised standard:

Step 1: Connect the RX measurement antenna to the spectrum analyser. Adjust the position of the RX
measurement antenna and the antenna of the EUT to have maximum RF coupling.

Alternatively, if possible, connect the EUT directly to the spectrum analyser.

Step 2: Set spectrum analyser frequency to the centre frequency of the OFR.

Step 3: Set spectrum analyser to zero span mode.

Step 4: Set spectrum analyser resolution bandwidth as large as possible, up to a maximum of 50 MHz.

Step 5: Set spectrum analyser detector mode to peak.

Step 6: Switch onthe EUT.

Step 7: Adjust the spectrum analyser settings (sweep time, amplitude range, trigger on RF power) to see
the complete signal repetition time Trep in zero span mode, see annex C.

Step 8: Measure the signal repetition time Tiep, See annex C

Step 9: Set the sweep time of the spectrum analyser to show one pulse in one sweep with high resolution.

Step 10: Measure the pulse length Ton. Thisis the time between the points where rising and falling edge are

crossing the threshold level of X dB the maximum level. The value for X isgiven in the related
standard. If no value for X is provided in the related standard, then the value of 3 dB shall be used.
This 3 dB correspond to the RBW definition of the spectrum analyser. If there is more than one
pulse within the signal repetition time (see annex C,) measure Ton for every pulse (see

equation (49)):

Duty Cycle[%] = ZTL x 100 (49)

rep
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5.11.2.3.3.3 Method 2b

This method can be used for FMCW systems where the operating frequency range is larger than the resolution
bandwidth of the spectrum analyser see equations (50) until (52):

Step 1 Measure the peak e.i.r.p. spectral density power Ppk [dBm] of the FMCW signal according to
clause5.3.4.1.3.

Step 2: Measure the mean e.i.r.p. spectral density Pav [dBm] of the FMCW signal according to clause
5.3.2.5.

Step 3: The difference between mean e.i.r.p. power spectral density and peak e.i.r.p. power spectral

density isthe sum of the duty cycle and the relation of the RBW of the spectrum analyser and the
modulation bandwidth of the FMCW signal which is equal to the OFR according to clause 5.2.

Equation (50) calculates the bandwidth relation in dB (bu.):

Buurer [AB] = 10 x log(* 2 (50)
Equation (51) calculates the duty cyclein dB:
dc [dB] = P,,[dBm] + by, [dB] — Pk [dBm] (51)
Equation (51) calculates the duty cycle in %:
dc[dB]
DC[%] = 100 x 10 10 (52)
5.11.2.3.4 Method 3: Synchronized Spectrum Analysers

This method is only appropriate for FMCW and stepped-frequency systems. Two spectrum analysers are used. The first
oneisused to detect the start of the FMCW or stepped-frequency sweep and to generate a trigger signal for the second
spectrum analyser. The second one is used to measure the timing T,, and T.,. Both spectrum analysers have to be
connected either to two measurement antenna (see figure 39) or to one measurement antenna via a power splitter (see
figure 40), or if possible a connected set-up, via a power splitter and cable or wave guide (see figure 41).

spectrum analyzer #1
Trigger

In

Cut

RF

measurement 3dB pointz
EUT
antenna

antenna #1

EUT

measuremant
spectrum analyzer #2 antenna 2
Trigger
In

Ot

RF

Figure 39: Synchronized Spectrum Analysers set-up with two measurement antennas
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Figure 40: Synchronized Spectrum Analysers set-up
with one measurement antenna and power splitter
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Figure 41: Synchronized Spectrum Analysers connected set-up with power splitter

M easurement device:
. Two spectrum analysersin zero span mode.

When measuring the EUT duty cycle from the radio device, the measurement equipment shall be configured as follows
unless otherwise stated in the relevant harmonised standard:

Step 1: Connect one RX measurement antenna to each of both spectrum analysers. Adjust the positions of
the RX measurement antennas and the antenna of the EUT to have maximum RF coupling for both
measurement antennas.

If the EUT provide a antenna connector, connect the EUT directly to both spectrum analysersviaa
power splitter and cable or wave guide.

Step 2: Set spectrum analyser 1 resolution bandwidth to as large as possible.
Step 3: Set spectrum analyser 1 detector mode to peak.

Step 4: Set spectrum analyser 1 to zero span mode.

Step 5: Set spectrum analyser 1 frequency to fy.

Step 6: Set spectrum analyser 2 resolution bandwidth to 1 MHz.

Step 7: Set spectrum analyser 2 detector mode to pesk.

Step 8: Set spectrum analyser 2 to zero span mode.

Step 9: Set spectrum analyser 2 frequency to fy.

Step 10: Switch on the EUT.
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Step 11: Adjust the spectrum analyser 1 settings (time span, amplitude setting range, trigger on RF power)
to see the detected pulse in zero span mode.

Step 12 Connect the trigger output or video output of the spectrum analyser 1 to the external trigger input
of spectrum analyser 2.

Step 13: Adjust the spectrum analyser 2 settings (time span, amplitude setting range, trigger on external) to
see the detected pulse in zero span mode.

Step 14: Measure the absolute time t; at the rising edge of the pulse related to the trigger signal. (can be
positive or negative but should be close to zero).

Step 15: Set spectrum analyser 2 frequency to fu.

Step 16: Measure the absolute time t; at the falling edge of the pulse related to the trigger signal (see
equation (53)):

Toxn = t2— 1y (53)

. If there are more than one FMCW sweep within the signal repetition time (Tre), there will be more than 1
pulse on frequency f, and f... T, for every sweep has to be measured separately. T,, for every sweep start with
rising edge of the pulse on f, and ends with the first following pulse on f...

Step 17: Enlarge the time span to see the complete signal repetition time (Trep). Measure the signal
repetition time (T ) and the duty cycle could be calculates as (see equation (54)):
Duty Cycle[%] = % x 100 (54)
rep

5.11.2.4 Duty Cycle Measurement Procedures within a frequency band for FMCW and
stepped-frequency systems

5.11.2.4.1 General

The method in this clause isintended for duty cycle requirements within a frequency band for FMCW and stepped-
frequency systems. The requirement to limit the duty cycle in certain sub-frequency bands within the permitted range of
operation is defined in the relevant harmonised standard, as well as the observation periods. These observation periods
aretypicaly in the range of 0,1 to 10 s. But the method covers also other periods.

The measurement procedure (see clause 5.11.2.4.2) uses a spectrum analyser synchronized with another one and is only
suited for FMCW and stepped-frequency systems.

The method can be used aso if there is more than one FMCW or stepped-frequency sweep within the signal repetition
time, aslong as the bandwidth of each sweep isthe same. If the bandwidth differs within the signal repetition time, the
sweeps have to be measured separately.

If the EUT has an integrated RF antenna a further RX measurement antenna is needed for the measurement setup. This
can be a standard gain horn antenna suited for the frequency range to be measured. If the EUT is equipped with a50 Q
connector or a wave guide connector it can be connected directly to the measurement device.

If not otherwise specified in the related standard: For measurements with the spectrum analyser the threshold level Priyesn
asdefined in ETSI TS 103 060 [i.1] shall be set to 10 dB below the max emission limit (see clause 5.3).

5.11.2.4.2 Synchronized Spectrum Analysers

This method is appropriate for FMCW and stepped-frequency systems. Two spectrum analysers are used. The first one
is used to detect the start of the FMCW or stepped-frequency sweep within the sub-frequency band and to generate a
trigger signal for the second spectrum analyser. The second one is used to measure thetiming T,, and T.o. Both
spectrum analysers have to be connected either to two measurement antenna (see clause 5.11.2.3.4 figure 39) or to one
measurement antenna via a power splitter (see clause 5.11.2.3.4 figure 40), or if possible a connected set-up, viaa
power splitter and cable or wave guide (see clause 5.11.2.3.4 figure 41).
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. Two spectrum analysersin zero span mode.

When measuring the EUT duty cycle from the radio device, the measurement equipment shall be configured as follows
unless otherwise stated in the relevant harmonised standard:

Step 1.

Step 2.

Step 3:
Step 4.
Step 5:
Step 6:

Step 7:
Step 8:
Step 9:

Step 10:

Step 11:
Step 12:

Step 13:

Step 14:

Step 15:

Step 16:

Step 17:

Connect one RX measurement antennas to each of both spectrum analysers. Adjust the positions
of the RX measurement antennas and the antenna of the EUT to have maximum RF coupling for
both measurement antennas.

If the EUT provide acoaxia connector or a wave guide connector connect the EUT directly to
both spectrum analysers via a power splitter and cable or wave guide.

Set spectrum analyser 1 resolution bandwidth to as large as possible.
Set spectrum analyser 1 detector mode to peak.
Set spectrum analyser 1 to zero span mode.

Set spectrum analyser 1 frequency to the lowest emission frequency within the sub-frequency
band.

Set spectrum analyser 2 resolution bandwidth to 1 MHz.
Set spectrum analyser 2 detector mode to peak.
Set spectrum analyser 2 to zero span mode.

Set spectrum analyser 2 frequency to the lowest emission frequency within the sub-frequency
band.

Switch on the EUT.

Adjust the spectrum analyser 1 settings (time span, amplitude setting range, trigger on RF power)
to see the detected pulse in zero span mode.

Connect the trigger output or video output of the spectrum analyser 1 to the external trigger input
of spectrum analyser 2.

Adjust the spectrum analyser 2 settings (time span, amplitude setting range, trigger on external) to
see the detected pulse in zero span mode.

M easure the absolute timet1 at the rising edge of the pulse related to the trigger signal. (can be
positive or negative but should be close to zero).

Set spectrum analyser 2 frequency to the highest emission frequency within the sub-frequency
band.

Measure the absolute time t2 at the falling edge of the pulse related to the trigger signal (see
equation (55)):

Ton =t -t (55)

. If there is more than one sweep within the signal repetition time, there will be more than 1 pulse on the lowest
and highest emission frequency within the sub-frequency band. T,, for every sweep has to be measured
separately. T, for every sweep start with rising edge of the pulse on the lowest emission frequency within the
sub-frequency band and ends with the first following pulse on the highest emission frequency within the
sub-frequency band.

Step 18:

Enlarge the time span to see the complete signal repetition time Te,. Measure the signal repetition
time Trep and the duty cycle could be cal culates as (see equation (56)):

Duty Cycle[%] = ZTL x 100 (56)

rep

ETSI



84 ETSI EN 303 883-1 V2.1.1 (2024-08)

The observation period of the individual measurement can be reduced if max hold is used during at least the specified

observation time. The max hold function has the effect to capture the max. T,, and the min. T., and thus leads to the
worst case duty cycle.

Remark: If the frequency sweeps are not increasing in frequency, the temporally first and last emission frequency
within the sub-frequency band have to be set to measure t; and t..

Example measurement for a stepped-frequency system, (see figure 42) evaluated the Duty Cycle requirement for a
material sensing device, covered by the ECC/DEC/(07)01 [i.4] in the 3,4 - 3,8 GHz frequency band.
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Figure 42: Example measurement for a stepped-frequency system,

evaluated in the 3,4 - 3,8 GHz frequency band

The assessment of the measurement in figure 42 provide following results:

NOTE: The max hold was used for at least 1 s.

. T 1,94 ms

. T, within the range 3,4 to 3,8 GHz: 0,18 ms

Result: with equation (56) this would lead to a DC within 3,4 to 3,8 GHz of: 9,3 %.

5.12  Antenna pattern/Antenna gain

5.12.1 Description

In the field of antenna design the term antenna pattern (or radiation pattern or far-field pattern) refersto the directional
(angular) dependence of the strength of the radio waves from the antenna or other source.
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The antenna pattern is defined as the antenna radiating efficiency in all directions relative to the antenna boresight.

The antenna pattern requirement is necessary to get aEUT emissions specified as e.i.r.p. based on the transmitter output
power or vice versa, see clause 5.6.2. Typical the antenna gain/pattern is shown within a polar diagram (for on plane,
see figure 43 and figure 44)

The Half-Power Beam Width (HPBW) is arelevant parameter to describe the directivity of an antenna, see for example
figure 43 and figure 44.

E Beamwidth = 55°

H Plane E Plane
(Azimuth) (Elevation)

Figure 43: Antenna pattern shown in a polar diagram (normalized H- and E-Plane) of an antenna

Figure 44: Typical radiation patterns of a high directive (LPR) antenna
at a centre frequency of 26 GHz (left: E-plane, right: H-plane)

Generally, EUT can be equipped either with integral antennas or dedicated external antennas. Integral antennas often do
not exhibit an antenna connector and can therefore not be accessed from the outside for measurement purposes.

External antennas (partly dedicated for the EUT) on the contrary are always equipped with a connector which can also
be used for measurement purposes. EUTs with antenna connector (50 Q or waveguide) shall use the procedure
described in clause 5.12.2.
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For EUTs without antenna connector (with integral antenna) the procedure described in clause 5.12.3 shall be used.
5.12.2 Conformance tests for external antennas

5.12.2.1 General

For conformance test for external antennas there are two different generic tests specified:
. Clause 5.12.2.2 describes the conformance test based on a determination against a known reference antenna.
e  Clause5.12.2.3 describes the conformance test based on a radiated measurement.

In addition, the related standard shall specify if needed use case specific details of the conformance test.

The measurement shall be at the centre frequency fc (if nothing different is specified in the related standard, e.g. with a
CW signa at different frequencies over the OFR range).

General requirements for all antenna measurement procedures (if nothing else is specified in the related standard):
e  Angular measurement range for vertical and horizontal plane: -180° to +180° (with main lobe at 0°).
e  Angular resolution for both planes:

- Within HPBW an angular resolution of = 1°; for antennas with a HPBW of < 5° at least 5 uniformly
distributed measurement points.

- Outside HPBW an angular resolution of = 5°.
5.12.2.2 Determination against a known reference antenna

5.12.2.2.1 General

The measurements shall be made in an anechoic chamber and the set-up in figure 45 shall be used (different technical
solutions are shown in clause B.4.1).

measurement distance (d)

% Y

test antenna | ‘ /"SRA or AEUT

rotation
direction

b T R R e e e A e R R R R e © —- - o o —

-

fest antenna
retainer

positioner,

flaor {ee, waed) see clause B.4.1.4.1

cable

" measurement receiver
signal generator
e.g. spectrum analyzer

Figure 45: Test set-up for measurement of antenna pattern
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The Standard Reference Antenna (SRA) shall be alinear polarized antenna with a well-known gain and radiation
pattern. The exact antenna parameters of the SRA can be extracted from the manufacturer's datasheet. The antenna shall
be able to be rotated around its radiating axis, see figure 40. The test antenna is connected to asignal generator. The
SRA or AEUT are connected to a measurement receiver (spectrum analyser).

5.12.2.2.2 Measuring distance

The measuring distance (d) (see figure 40) should be greater than 2D4,?/A or A/2, whichever is greater, at the frequency
of measurement where Dy, is the largest transmitting aperture dimension (far-field conditions).

5.12.2.2.3 Measurement equipment requirements

5.12.2.2.3.1 Measurement receiver setting

The following spectrum analyser settings shall be used:

. Centre frequency: fc
. Span: Zero Span
. Detector mode: Peak

o Resolution bandwidth (RBW): <30 kHz

. Video bandwidth (VBW): VBW equal or greater than the RBW
. Sweep time: AUTO
5.12.2.2.3.2 Signal generator

The signal generator shall use a Continuous Wave (CW) test signal tuned to the identified centre frequency f. of the
EUT's Operating Frequency Range (OFR) (if nothing elseis specified in the related standard).

5.12.2.2.3.3 Test antenna

The characteristics of the test antenna need not precisely to be known. However, the test antenna shall be a high
directive antennawith again of at least 15 dBi (if nothing else is specified in the related standard) at the specified test
frequencies.

5.12.2.2.4 Test procedure
The following steps shall be followed:

Step 1: In afirst step the attenuation of the test site shall be determined by conducting a reference
measurement using a known Standard Reference Antenna (SRA), e.g. astandard gain horn. The
SRA will be mounted on the receiver side turntable in vertical polarisation, see figure 40. The
antenna parameters of the SRA can be extracted from the manufacturer's datasheet. The SRA is
connected to a spectrum analyser, see figure 45.

The test antennais mounted on afixed retainer in vertical polarisation in the same height as the
SRA and is connected to the signal generator, asillustrated in figure 45. Now frequency of the
signal generator will be set to fc with CW modulation (or as specified in the related standard)

The power level detected by the spectrum analyser is noted as Psra. It islater used to normalise the
radiation pattern and to determine the gain of the AEUT (see eguation (55)).

Step 2: In asecond step, for the radiation pattern measurement of the AEUT, the SRA on the receiver side
turntable is replaced with the AEUT which is also connected to the spectrum analyser. The signal
generator setting will remain unchanged compared to step 1. The polarisation of the AEUT shall
match the vertical polarisation of the measurement antenna.
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The AUT isrotated horizontally in the defined angular measurement range (see clause 5.12.2.1)
supporting the desired step width of the angular resolution. The signal level detected by the
spectrum analyser shall be recorded for every angular step as Paut(a). The maximum signal level
shall be noted as Pautmax. This procedure results in the H-plane radiation pattern of the AEUT.

The above-described measurement procedure a) and b) shall be repeated with horizontal
polarization of the three involved antennas. This procedure results in the E-plane gain and
radiation pattern of the AEUT (all antennas will be rotated by 90° around the main beam
direction).

The gain of the AEUT in main beam direction in the two measured planes (E-plane and H-plane)
can be determined as follows (see equation (57):

9apur[dBi] = gspa[dBi] — Psga[dBm] + Pypyr[dBm] (57)

gain of the antenna under test in main beam direction in the respective plane [dBi];

gain of the Standard Reference Antenna (SRA) in main beam direction in the respective
measurement plane [dBi];

power level detected by the spectrum analyser using ideal alignment of measurement antenna and
standard reference antennain the respective measurement plane in the first step of the procedure
[dBm];

maximum power level detected by the spectrum analyser during the radiation pattern measurement
of the AUT in the respective measurement plane in the second step of the procedure [dBm].

The measured radiation pattern G, (a) can then be calculated (see equation (58)) asfollows:

5.12.2.3

5.12.2.3.1

Javr (@) [dBi] = gapyr[dBi] — Pypyrmax[dBm] + Pygyr(a)[dBm] (58)

Test based on a radiated measurement

General

The measurements shall be made in an anechoic chamber and the set-up in figure 46 shall be used (different technical
solutions are shown in clause B.4.1).
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measurement distance d

measurement
antenna s

rotation
direction

. .measurement
" antenna
retainer

positioner,

see clause B.4.1.4.1

measurement receiver, )
signal generator
e.g. spectrum analyser

Figure 46: Test set-up for measurement of antenna pattern

The antenna shall be alinear polarized horn with at least 15 dBi gain (if nothing is specified in the related standard).
The measurement antenna shall be able to be rotated around its radiating axis, see figure 46. The AEUT is connected to
asignal generator. The measurement antenna is connected to a measurement receiver (spectrum analyser).

5.12.2.3.2 Measuring distance

Under the conditions provided in this clause, measurement frequencies will be above 25 MHz and the measuring
distance should be greater than 2D4,?/A or A/2, whichever is greater, at the frequency of measurement where Dy, iSthe
largest transmitting aperture dimension (far-field conditions).

5.12.2.3.3 Measurement equipment requirements

5.12.2.3.3.1 Measurement receiver setting

The following spectrum analyser settings shall be used:

. Centre frequency: fc
. Span: Zero Span
. Detector mode: Peak

o Resolution bandwidth (RBW): < 30 kHz
. Video bandwidth (VBW): VBW equa or greater than the RBW

. Sweep time: AUTO

5.12.2.3.3.2 Signal generator

The signal generator shall use a Continuous Wave (CW) modulated test signal tuned to the identified centre frequency
fc of the EUT's Operating Frequency Range (OFR) (if nothing else is specified in the related standard).

Instead, the related standard could specify other signal sources. For thistest the related EUT could be used as signal
source as well. In this case the related standard shall specify the measurement receiver setting.
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5.12.2.3.3.3 Measurement antenna

The characteristics of the measurement antenna need not precisely to be known. However, the measurement antenna
shall be a high directive antennawith again of at least 15 dBi at the specified test frequencies.

5.12.2.3.4 Test procedure
Step 1 The following steps are to be carried out: The signal generator shall be switched-on.
Step 2: The AEUT shall be adjusted in the direction of maximum reading at the measurement antenna (see

clause 5.12.2.3.3.3). The direction on the rotating table is set as the reference direction
(0° (degrees) on the rotating table).

Step 3: The measurement antenna is rotated around its axis for maximum reading at the measurement
receiver. The reading is the reference reading (0 dB).

Step 4 The rotating table is rotated as specified in clause 5.12.2.1 and the corresponding readings on the
measurement receiver shall be recorded. Any peaks reading of sidelobes shall specifically be
recorded.

Step 5: The measurement antenna is rotated 90° around its axis.

Step 6: The measurement point d) shall be repeated.

Step 7: The transmitter is switched-off. In case of EUT implementing more than one transmitter operating
simultaneoudly, all the transmitters shall be switched off.

Step 8: The AUT is mounted sidewards on the rotating table (tilted by 90°) to simulate measurements of
vertical antenna elevation, see figure 46.

Step 9: The transmitter shall be switched-on again.

Step 10: In case of the related EUT will be used as signal source and the EUT has implemented more than
one transmitter operating simultaneoudly, all the transmitters shall be switched on.

Step 11. Check: The measurement antenna shall still be adjusted to same height asthe AEUT. An
adjustment could be necessary based on different mechanical dimension of the AEUT.

Step 12: The equipment antenna shall be adjusted in the direction of maximum reading at the measurement
antenna. The direction on the rotating table is the reference direction (0°(degrees) on the rotating
table).

Step 13: The measurements antenna is rotated around its axis for maximum reading at the measurement
receiver. The reference reading is the same asin step 4 above (0 dB).

Step 14 The rotating table is rotated as specified in clause 5.12.2.1 and the corresponding readings on the
measurement receiver shall be recorded. Any peaks reading of sidelobes shall specifically be
recorded.

Step 15: The measurement antenna is rotated 90° around its axis.

Step 16: The transmitter is switched-off.

The above resultsin total four antenna pattern measurements. The measurements step 1 to step 9 cover the horizontal
antenna pattern measurements. The measurements step 11) to step 15 cover the vertical antenna pattern.

The results shall be noted in the test report.

5.12.3 Conformance tests for integral antennas

For integral antennas afull spherical e.i.r.p. measurement could be used to cal culate/assess the antenna gain and the
antenna pattern information (e.g. beamwidth).

The antenna gain in boresight direction can be calculated as the difference between the radiated power in direction of
the highest emission and the calculated TRP of the EUT (see clause 5.6.2).
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The beamwidth and other pattern information (e.g. max emissions on the back side of the EUT) could be read out form
the e.i.r.p. measurement, for one example see figure 47.

The same angular resolution requirements as for the previous antenna measurements do apply here (see
clause5.12.2.1).

In figure 47 the horizonta planeis X-Y plane (6= 90°) and the vertical planeisY-Z plane (8= 0°) and the direction
with the max emission (value for the gain assessment) is the negative Y -axis.

Z - axis
8=0°

— |

L

measurement
antennas_
-
“a

measurement
direction (d,,) with the
highest emission

X - axis
o

8- 00 measurement
LNA receiver

Figure 47: Example for half spherical scan setup using automatic measurement antenna placement
and a turntable to measure the antenna pattern of an internal antenna

NOTE: Figure 47 shows only one test arrangement with related angle for a half spherical scan. Other
measurement and scanning possibilities are descripted in clause B.4.

5.12.4 Guidance to assess emissions levels above regulated elevations

In some regulations there are installations requirements or emission limits over a specified elevation angle required see
table 16.

Thisrequirement is difficult to measure within arelated standard because each device could have other mounting
specifications provided by the related manufacturer inside the manual. Therefore, the manufacturer needs to provide
clear installation requirements for the user/installer.

This guidance will support the manufacturer in writing the specification for the EUT mounting in such away that such
emission requirement in relation to the EUT orientation in space is fulfilled. This radiation requirement could be
combined with other requirements or measurements of e.g. TRP, antenna gain, other measurable radiation pattern
requirements, shielding effects of the host device or real EUT e.i.r.p emissions.
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Table 16: Some examples to assess emissions levels above regulated elevations

Regulation Application Requirement In figure
ECC/DEC/(22)03 [i.40] |Fixed generic X dBm > Q° elevation
indoor Or Area in which the
X dBm/MHz > 0° elevation f requirement apply
0° elevation
EUT
LPR/CDR peak e.i.r.p. for elevations
above 0° shall be limited to || = 6= sievation < 0dBm peak
0dBm f e.i.rp
. 0° elevation
EUT
(LPR)
ECC/DEC/(06)04 [i.3] Vehicular Antennas are directive, . .
tracking; down tilted ... 0° elevation
A.1.2.3and EUT
A.1.3.1
max emission = elevation<0°
ECC/DEC/(06)04 [i.3] Vehicle Exterior limit See figure 23, clause 5.7
exterior limit | of -53,3 dBm/MHz over 0° |or simplified:
elevation
The exterior limit 7, <-53.3 dBm/MH:
of -53,3 dBm/MHz is part of the vehicle
outside the vehicle body.
Thgmaxemsgonofme 0° elevation
EUT is -41,3 dBm/MHz and EUT
outside the vehicle body - , N
(below 0° elevation) if fixed max emission = elevation = 0°:
at the vehicle - 41.3 dBm/MHz
ECC/DEC/(11)02 [i.6] LPR Strictly downward operation

Sidelobe suppression
above
-30° shall be limited
to -10 dBi

07 elevation

strictly
downwards
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Regulation Application Requirement In figure
ECC/DEC/(11)02 [i.6] Tilted LPR Downward Operation with

tilt angle -90° +45°

Max. Mean e.i.r.p. spectral
density above
-30° shall be limited to
-41,3 dBm/MHz

Max. Mean e.i.r.p. spectral
density between
-30° and -66° shall be
limited to
-35 dBm/MHz

07 elevation

tilt angle

< - 35 dBm/MHz Co
-90° £45°

Based on the e.i.r.p. measurement and antenna pattern information the manufacturer is now able to assess the direction
of the main beam or EUT orientation that these emission reguirements in space are fulfilled. In other words the
emissions of the side lobe emissions (still measured during e.i.r.p. or calculable via the antenna pattern information)
around the EUT shall be below the emission requirement in space (over 0° elevation).
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Annex A (normative):
General Considerations and test conditions

Al

Overview

In thisannex, all general considerations for the testing of UWB devices will be given. These considerations and
requirements are related to:

Product Information (see clause A.2).

Test Modulation (see clause A.3).

Guidance on EUT Modulation for Testing (see clause A.4).

Test Conditions (see clause A.5).

Choice of Equipment for Test Suites (see clause A.6).

Testing of Host Connected Equipment and Plug-1n Radio Devices (see clause A.7).
Interpretation of the measurement results (see clause A.8).

Specific test setup and test scenarios, see related standard.

A.2

Product Information

The following product information from the technical documentation file is necessary to perform the test:

The environmental profile as declared by the manufacturer and user/installation information (conformity
documentation, annex V of the RED [i.32]), see related standard.

The type of (UWB) technology implemented in the equipment (e.g. carrier-based, impulse, etc.).
If known the signal repetition time of the used (UWB) modulations.

The type of modulation schemes available (e.g. OFDM modulation, pulsed modulation like PPM or Pulse
Polarity Modulation or any other type of modulation, etc.).

For al modulation schemes the modulation parameters need to be provided.
The intended operating frequency range(s) of the equipment.
If known the duty cycle or the duty cycle range of the EUT.

The type of the equipment (e.g. stand-alone equipment, plug-in radio device, combined equipment, etc.), and if
required the necessary companion devices.

The intended combination(s) of the radio equipment power settings and one or more antenna assemblies and
their corresponding e.i.r.p. levels.

The nominal power supply voltages of the stand-alone radio equipment or the nominal power supply voltages
of the host equipment or combined equipment in case of plug-in radio devices.

The inclusion and any necessary implementation details of features such as gating or hopping.
The inclusion and any necessary implementation details of any mitigation or equivalent mitigation techniques.

In case of conducted measurements, the antenna port characteristics as well as maximum antenna gain
characteristics (frequency response) over the relevant frequency range covered in the related standard.
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e  The manufacturer shall provide the means to operate and monitor the EUT during the tests.

A.3  Guidance on EUT Modulation for Testing

The EUT modulation used should be representative of normal use of the equipment and which resultsin the highest RP
which would be available in normal operation. The manufacturer provides the information of the modulations utilized
within the technical documentation file of the EUT.

The highest mean transmit power spectral density isaso likely to be affected by frame/packet length, inter-packet gaps,
normal and burst modes. The manufacturer shall provide thisinformation and the settings that were used which are
considered to lead to the highest mean transmit power spectral density available in normal operation.

Implemented transmitter timeout functionality should be disabled for the sequence of the test suite.

Where radio devices are equipped with LDC mitigation, the LDC operation may be disabled for the duration of the RP
test.

A.4  Requirements in Case of EUT with Scanning
Antennas

A.4.1 Classification

For the purposes of the present document, EUTs are divided into three types according to the behaviour in time of the
transmit antenna:

o Fixed beam. In thistype of EUT the antenna radiation pattern is constant, and the boresight direction is fixed
relative to the housing of the EUT.

. Constant pattern. In thistype of EUT the radiation pattern of the antenna s constant, and the boresight
direction varies with time. The scanning of the boresight direction is at a constant angular rate of change.

. Variable pattern. Thistype of EUT isall those that are not fixed or constant pattern. Either the antenna
radiation pattern varies with time and/or direction or the scanning is not at a constant rate.

For the purposes of the above classification, fixed and constant mean within 1° or 1 % as appropriate in normal
operation.

NOTE 1. The classification depends only on the transmit antenna behaviour.

NOTE 2: In general, mechanically scanned antennas will be constant pattern and electronically scanned antennas
will be variable pattern.

NOTE 3: Although the terms beam and pattern are used in the singular the same considerations and classifications
apply to EUT with multiple beams.

A.4.2 Measurement of Fixed Beam EUT

No specia considerations apply. Measurements shall be made on the boresight unless otherwise specified.

A.4.3 Measurement of Constant Pattern EUT

The scanning may be inhibited, and measurements made on the boresight unless otherwise specified. The parameters of
the EUT in normal operation may be calculated based on knowledge of the antenna behaviour. The manufacturer shall
declare the relevant antenna parameters.
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A.4.4 Measurement of Variable Pattern EUT

M easurements shall be made with the antenna scanning. It may be necessary to perform a set of measurements over the
full sphere or half sphere. For measurements of radiated energy (e.g. peak power, mean power, duty cycle) the direction
shall be chosen which gives the highest value resullt.

A.5  Test Conditions, Power Supply and Ambient
Temperatures

A.5.1 General

Genera information on Test Conditions, Power Supply and Ambient Temperatures are given respectively in ETS|
TS 103941 [3], clause 4.5.1.

A.5.2 Power Sources

A.5.2.1 Power Sources for Stand-Alone Equipment

General information on Power Sources for Stand-Alone Equipment are given respectively in ETSI TS 103 941 [3],
clause4.5.2.1.

A.5.2.2 Power sources for plug-in radio devices

General information on Power sources for plug-in radio devices are given respectively in ETSI TS 103 941 [3],
clause 4.5.2.2

A.5.3 Normal and Extreme Test Conditions

General information on Normal and Extreme Test Conditionsto test aEUT und the environmental profile are given
respectively in ETSI TS 103 941 [3], clause 4.5.3.

A.5.4 Test set-ups under environmental profile

General information’s on test set-up for measurements under environmental profile are given respectively in ETSI
TS 103941 [3], clause 5.1. More detailed test solutions are provided in:

o ETSI TS 103 941 [3], clause 5.2 with the usage of an temperature chamber; and

o ETSI TS 103 941 [3], clause 5.3 with the usage of an climate dome and anechoic chamber.

A.5.5 Assessment procedures over environmental profile

Assessment procedures for TX-behaviour under environmental profile are given respectively in ETSI TS 103 941 [3],
clause 6.

Currently four assessment procedures depending on the kind of power (mean and peak) are provided:

o ETSI TS 103 941 [3], clause 6.2: Assessment of the radiated power based on a Mean e.i.r.p. or Peak e.i.r.p.
requirement.

. ETSI TS 103 941 [3], clause 6.3: Assessment of the radiated power based on a Mean e.i.r.p. or Peak e.i.r.p.
requirement and frequencies within the permitted range.
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. ETSI TS 103 941 [3], clause 6.4: Full assessment over OFR and Mean e.i.r.p. spectral density.

. ETSI TS 103 941 [3], clause 6.5: Assessment over OFR and based on Mean e.i.r.p. spectral density
requirement (this assessment isfor EUT operating under normal usage conditionsin close proximity to
materials or within a complex scenario, see clause 5.7.

. ETSI TS 103 941 [3], clause 7: Assessment of power (Mean e.i.r.p. or Peak e.i.r.p.) requirement and
frequencies within the permitted range based on a conducted set-up, see clause B.3.

A.6  Choice of Equipment for Test Suites

A.6.1 Choice of Model

The tests shall be carried out on one or more production models or equivalent preliminary models, as appropriate. If
testing is performed on () preliminary model(s), then the corresponding production models shall be identical to the
tested modelsin al respects relevant for the purposes of the present document.

A.6.2 Presentation

Stand-alone equipment shall be tested complete with any ancillary equipment.

Plug-in radio devices may be tested together with a suitable test fixture and/or typical host equipment.

A.7  Testing of Host Connected Equipment and Plug-In
Radio Devices

A.7.1 General

For combined equipment and for radio parts for which connection to or integration with host equipment is required to
offer functionality to theradio, ETSI EG 203 367 [i.17], ETSI EN 303 446-1 [i.28] and ETSI EN 303 446-2 [i.29]
provide necessary guidance for the assessment for such devices.

A.7.2 The Use of a Host or Test Fixture for Testing Plug-In Radio
Devices

Where the radio part is a plug-in radio device which isintended to be used within avariety of combinations, a suitable
test configuration consisting of either atest fixture or typical host equipment shall be used. This shall be representative
for the range of combinations in which the radio device may be used. The test fixture shall alow the radio equipment
part to be powered and stimulated as if connected to or inserted into the host or combined equipment. Measurements
shall be made to all requirements given in the relevant harmonised standards.

NOTE:  For further information on thistopic, see ETSI EG 203 367 [i.17].
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A.8 Interpretation of the measurement results

A.8.1 General points on interpretation of the measurement results

The measurements described in the present document are based on the following assumptions:

. the measured value related to the corresponding limit will be used to decide whether an equipment meets the
requirements of the present document;

e thevalue of the measurement uncertainty for the measurement of each parameter will be included in the test
report; table A.1 below shows the recommended val ues for the maximum measurement uncertainty figures.

For the test methods, according to the present document, the measurement uncertainty figures are assumed to
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)). Principles for the calculation of measurement uncertainty are contained in ETSI TR 100 028 [i.18], in
particular in annex D of the ETSI TR 100 028-2 [i.18].

Table A.1is based on such expansion factors.

Table A.1: Maximum measurement uncertainty

Parameter Maximum expandeql
measurement Uncertainty

Frequency stability +1 x 107

Frequency during RF power measurement +1 x 10

Radiated RF power (up to 40 GHz) 16 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 RF power (up to 18 GHz) +1,5dB

Conducted RF power (up to 40 GHz) +2,5 dB

Conducted RF power (up to 100 GHz) +4 dB

Conducted RF power (above 100 GHz) See note 2

Temperature 11 °C

Temperature drift during environmental profile tests +2 K

Time +2 %

Humidity 5 %

Direct current and low frequency voltages +3 %

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.

A.8.2 Measurement uncertainty is equal to or less than maximum
acceptable uncertainty

The interpretation of the results when comparing measurement values with specification limits shall be as follows:

a)  When the measured value does not exceed the limit val ue the equipment under test meets the requirements of
the present document.
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When the measured val ue exceeds the limit value the equipment under test does not meet the requirements of
the present document.

The measurement uncertainty calculated by the test technician carrying out the measurement shall be recorded
in the test report.

The measurement uncertainty calculated by the test technician may be a maximum value for arange of values
of measurement or may be the measurement uncertainty for the specific measurement untaken. The method
used shall be recorded in the test report.

A.8.3 Measurement uncertainty is greater than maximum

acceptable uncertainty

The interpretation of the results when comparing measurement values with specification limits should be as follows:

a)

b)

©)

d)

When the measured val ue plus the difference between the measurement uncertainty calculated by the test
technician and the maximum acceptable measurement uncertainty does not exceed the limit value, the
equipment under test meets the requirements of the present document.

When the measured value plus the difference between the measurement uncertainty calculated by the test
technician and the maximum acceptable measurement uncertainty exceeds the limit value the equipment under
test does not meet the requirements of the present document.

The measurement uncertainty calculated by the test technician carrying out the measurement shall be recorded
in the test report.

The measurement uncertainty calculated by the test technician may be a maximum value for arange of values
of measurement or may be the measurement uncertainty for the specific measurement untaken. The method
used shall be recorded in the test report.
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Annex B (normative):
Test setups

B.1 Introduction

In this clause the required test setups, test and measurement antennas and test methods for the testing of SRD and UWB
devices are described. Two test setups are provided:

° radiated measurements, see clause B.2; and

. conducted measurements for equipment providing a 50 Q antenna connector, see clause B.3.

B.2 Radiated measurements

B.2.1 General

The following information for radiated measurements is provided in clause B.2:
J Clause B.2.2: Test sites and measurement antennas used for radiated measurements
e  Clause B.2.3: Guidance on the use of aradiation test site
. Clause B.2.4: Information on the coupling of signals
J Clause B.2.5: Standard test methods used for radiated measurements

A more detailed descriptions of radiated measurement arrangements for UWB radio devices can be found in
Recommendation ITU-R SM.1754-0[i.19].

All reasonable efforts should be made to clearly demonstrate that emissions from the UWB and SRD transmitter do not
exceed the specified levels, with the transmitter in the far field. To the extent practicable, the radio device under test
shall be measured at the distance specified in clause B.2.3.5 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 B.2.3.5 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 levelsinvolved necessitated measurement at the distance employed or with the measurement bandwidth used in
order to be accurately detected by the measurement equipment and cal culations 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 limits given in the relevant harmonised standard, and the required measurement distance would be so
short that the radio 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 (see clause B.2.3.5), the
measured radio device emissions, the achievable measurement noise floor and the frequency range(s) involved.
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B.2.2 Test Sites and General Arrangements for Measurements
Involving the Use of Radiated Fields

B.2.2.1 General

This clause introduces the test site which may be used for radiated tests. The test site is generally referred to asafree
field test site. Both absolute and relative measurements can be performed in these sites. Where absol ute measurements
are to be carried out, the chamber should be verified. A detailed verification procedure is described in ETSI

TS 102 321 [2]. Additional information on test sites and measurement antenna arrangement are available in

CISPR 16-1-4[i.39].

B.2.2.2 Fully Anechoic Room (FAR)

An anechoic chamber isthe preferred test site to be used for radiated testing in accordance with the present document
above 1 GHz. However, an anechoic chamber with ground plane as described in clause B.2.2.3 may be used above
1 GHz providing that suitable anechoic material is placed on the chamber floor to suppress any reflected signal.

An anechoic chamber is an enclosure, usually shielded, whose internal walls, floor and ceiling are covered with radio
absorbing material, normally of the pyramidal urethane foam type. The chamber usually contains an antenna support at
one end and aturntable at the other. A typical anechoic chamber is shown infigure B.1.
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Figure B.1: A typical anechoic chamber

The chamber shielding and radio absorbing material work together to provide a controlled environment for testing
purposes. Thistype of test chamber attempts to simulate free space conditions.

The shielding provides a test space, with reduced levels of interference from ambient signals and other outside effects,
whilst the radio absorbing material minimizes unwanted reflections from the walls and ceiling which can influence the
measurements. In practice it is relatively easy for shielding to provide high levels (80 dB to 140 dB) of ambient
interference rejection, normally making ambient interference negligible.
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A turntable is capable of rotation through 360° in the horizontal plane and it is used to support the test sample (EUT) at
asuitable height (e.g. 1 m) above the ground plane. The range length shall be in accordance with clause B.2.3.5.

The anechoic chamber generally has severa advantages over other test facilities. There is minimal ambient interference,
minimal floor, ceiling and wall reflections, and it isindependent of the weather. It does however have some
disadvantages which include limited measuring distance and limited lower frequency usage due to the size of the
pyramidal absorbers. To improve low frequency performance, a combination structure of ferrite tiles and urethane foam
absorbersis commonly used.

All types of emission testing can be carried out within an anechoic chamber without limitation.

B.2.2.3 Semi Anechoic Chamber (SAC)

An anechoic chamber with a conductive ground plane shall be used for radiated testing in accordance with the present
document below 1 GHz.

An anechoic chamber with a conductive ground plane is an enclosure, usually shielded, whose internal walls and ceiling
are covered with radio absorbing material, normally of the pyramidal urethane foam type. The floor, which is metallic,
is not covered and forms the ground plane. The chamber usually contains an antenna mast at one end and a turntable at
the other. A typical anechoic chamber with a conductive ground plane is shown in figure B.2.

This type of test chamber attemptsto simulate an ideal Open Area Test Site whose primary characteristic is a perfectly
conducting ground plane of infinite extent.
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Figure B.2: A typical anechoic chamber with a conductive ground plane

In thisfacility the ground plane creates the wanted reflection path, such that the signal received by the receiving antenna
isthe sum of the signals from both the direct and reflected transmission paths. This creates a unique received signal
level for each height of the transmitting antenna (or EUT) and the receiving antenna above the ground plane.

The antenna mast provides a variable height facility (from 1 m to 4 m) so that the position of the test/measurement
antenna can be optimized for maximum coupled signal between antennas or between a EUT and the measurement
antenna.

A turntable is capable of rotation through 360° in the horizontal plane and it is used to support the test sample (EUT) at
a specified height, usually 1,5 m above the ground plane. The chamber shall be large enough to allow the measuring
distance of at least 3 m or 2(d,+ d,)2 /A (m), whichever is greater (see clause B.2.3.5). However, it shall be noted that
due to the low radiated power density for some equipment (e.g. UWB) its transmit spectrum can only be measured at
approximately 1 m. The distance used in actual measurements shall be recorded with the test results.
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Emission testing involves firstly searching for the maximum field strength from the EUT by raising and lowering the
receiving antenna on the mast (to obtain the maximum constructive interference of the direct and reflected signals from
the EUT) at every azimuth position by using aturntable. At the position of maximum field strength, the amplitude of
the received signal at the measuring receiver is noted. Secondly the EUT is replaced by a substitution antenna
(positioned at the EUT's phase or volume centre), which is connected to a signal generator. The signal generator output
will be adjusted until the level at the measuring receiver is at the same level as noted in stage one.

B.2.2.4 Open Area Test Site (OATS)

An Open Area Test Site comprises aturntable at one end and an antenna mast of variable height at the other end above
aground plane, which in theideal case, is perfectly conducting and of infinite extent. In practice, whilst good
conductivity can be achieved, the ground plane size has to be limited. A typical OATSis shown infigure B.3.

Dipole antennas

Antenna mast

/

Turntable

Ground plane

Figure B.3: A typical Open Area Test Site

The ground plane creates a wanted reflection path, such that the signal received by the receiving antennais the sum of
the signals received from the direct and reflected transmission paths. The phasing of these two signals creates a unique
received level for each height of the transmitting antenna (or EUT) and the receiving antenna above the ground plane.

Site qualification concerning antenna positions, turntable, measurement distance and other arrangements are same as for
anechoic chamber with a ground plane. In radiated measurements an OATS isalso used by the same way as anechoic
chamber with aground plane.

NOTE: Annex A of EN 55016-2-3 [i.44] provides information on how to perform measurements in presence of
interfering signals (ambient signals) from the environment.

Typical measuring arrangement common for ground plane test sitesis presented in figure B.4.
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Figure B.4: Measuring arrangement on ground plane test site
(OATS set-up for spurious emission testing)

B.2.2.5 Measurement Antenna

A measurement antennais always used in radiated test methods. In emission tests (i.e. effective radiated power,
spurious emissions) the measurement antennais used to detect the field from the EUT in one stage of the measurement
and from the substitution antennain the other stage. When the test siteis used for the measurement of receiver
characteristics (i.e. sensitivity and various immunity parameters) the antenna is used as the transmitting radio device.

The measurement antenna should be mounted on a support capable of allowing the antenna to be used in either
horizontal or vertical polarization which, on ground plane sites (i.e. anechoic chambers with ground plane) should
additionally alow the height of its centre above the ground to be varied over the specified range (usually 1 mto 4 m).

In the frequency band 30 MHz to 1 000 MHz, dipole antennas (constructed in accordance with ANSI C63.5 [i.20]) are
generally recommended. For frequencies of 80 MHz and above, the dipoles should have their arm lengths set for
resonance at the frequency of test. Below 80 MHz, shortened arm lengths are recommended. For spurious emission
testing, however, a combination of bicones and log periodic dipole array antennas (commonly termed "log periodic")
could be used to cover the entire 30 MHz to 1 000 MHz band. Above 1 000 MHz, waveguide horns are recommended
although, again, log periodic could be used.

NOTE: Thegain of ahorn antennais generally expressed relative to an isotropic radiator.

B.2.2.6 Substitution Antenna

The substitution antenna is used to replace the EUT for tests in which a transmitting parameter (i.e. frequency error,
effective radiated power, spurious emissions and adjacent channel power) is being measured. For measurementsin the
frequency band 30 MHz to 1 000 MHz, the substitution antenna should be a dipole antenna (constructed in accordance
with ANSI C63.5[i.20]). For frequencies of 80 MHz and above, (resonant) dipoles should have their arm lengths set for
resonance at the frequency of test. Below 80 MHz, shortened arm lengths are recommended (when resonant dipoles are
used). For measurements above 1 000 MHz, a waveguide horn is recommended. For broadband dipoles, such as

ANSI C63.5-compliant [i.20] or CISPR 16-1-6 [i.33] biconical antennas, such adjustment is unnecessary.
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B.2.2.7 Test Antenna

Thetest antennais used in testson a EUT in which areceiving parameter (i.e. sensitivity and various immunity tests) is
being measured. Its purpose is to enable a measurement of the electric field strength in the vicinity of the EUT. For
measurementsin the frequency band 30 MHz to 1 000 MHz, the test antenna should be a dipole antenna (constructed in
accordance with ANSI C63.5 [i.20]). For frequencies of 80 MHz and above, the dipoles should have their arm lengths
set for resonance at the frequency of test. Below 80 MHz, shortened arm lengths are recommended. The centre of this
antenna should coincide with either the phase centre or volume centre (as specified in the test method) of the EUT.

B.2.2.8 Minimum Requirements for Test Sites for Measurements above
18 GHz

Generally, the test site shall be adequate to allow for testing in the far field of the EUT. The test site should therefore
consist of an electromagnetic anechoic room where either at |east the ground surface is covered with radio absorbing
material or up to six surrounding surfaces are covered with radio absorbing material. The absorbing material shall have
aminimum attenuation of 30 dB. It shall be verified that reflections are sufficiently reduced. The test site shall have the
following dimensions:

. Width of 2 m.
. Length of 3 m.
. Height of 2 m (only applicable for a room with more than one reflecting surface).

Highly directional receiving antennas help in reducing reflections. The use of standard gain horn antennasis
recommended. It shall be noted that if the antenna aperture is smaller than the EUT, sufficient measurements in both
azimuth and elevation shall be conducted in order to ensure that the maximum radiation is determined.

The measuring distance shall be selected in such way that antenna coupling effects are avoided. A distance of at least
0,5 mistherefore recommended. The EUT may be positioned at any height that minimizes reflections from the floor.

Due to high loss of coaxia cables at higher frequencies, the connection from the receiving antenna to the measuring
receiver should not exceed 1 m, thus making it necessary to place the measuring receiver very close. Thisis especialy
the case when using external harmonic mixers with very short connections to the measuring receiver. Therefore, the
measuring receiver should somehow be covered with radio absorbing material in direction to the measuring field in
order to reduce reflections. Figure B.5 shows an example of atest site above 18 GHz with one reflecting surface.

coaxial cable

test antenna or
harmonic mixer I
with antenna

measurement

receiver < -
NA - - — - — - —————— . — = non conductive
B material

site attenuation

radio absorbing
material

Figure B.5: Example of a test site above 18 GHz with one reflecting surface

The site attenuation of the test site can be determined. Should the test site in its characteristics be nearly ideal, it may be
possible to use the theoretical Free Space Loss (FSL, see equation (B.1)) as site attenuation as shown in the examplesin
table B.1, table B.2 and table B.3.
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Measuring distance/m F [GHZ] A[m] FSL [dB]
24,2 0,012397 60,12
1 48,4 0,006198 66,14
72,6 0,004132 69,66
96,8 0,003099 72,16

Table B.2: Example of Free Space Loss at 0,5 m distance

Measuring distance/m F [GHZ] A[m] FSL [dB]
24,2 0,012397 54,1
05 48,4 0,006198 60,12
’ 72,6 0,004132 63,64
96,8 0,003099 66,14

Table B.3: Example of Free Space Loss at 0,25 m distance

Measuring distance/m F [GHZ] A[m] FSL [dB]
025 72,6 0,004132 57,62
' 96,8 0,003099 60,12

4nr
FSL =20 log (*3") (B.1)
Whereas wavelength:
c
A= ; (B.2)

B.2.3 Guidance on the Use of a Radiation Test Site

B.2.3.1 General on Guidance on the Use of a Radiation Test Site

This clause detail s procedures, test equipment arrangements and verification that should be carried out before any of the
radiated tests are undertaken.

B.2.3.2 Verification of the Test Site

No test should be carried out on atest site which does not possess avalid certificate of verification. The verification
procedures for the different types of test sites described in clause B.2.2 (i.e. FAR in clause B.2.2.2 and SAC in clause
B.2.2.3) are given in the relevant parts of ETS|I TR 102 273 [i.21] or equivalent.

B.2.3.3 Preparation of the EUT

The manufacturer should supply information about the EUT covering the operating frequency, polarization, supply
voltage(s) and the reference face. Additional information, specific to the type of EUT should include, where relevant,
carrier power, channel separation, whether different operating modes are available (e.g. high and low power modes) and
if operation is continuous or is subject to a maximum test duty cycle (e.g. 1 minute on, 4 minutes off).

Where necessary, a mounting bracket of minimal size should be available for mounting the EUT on the turntable. This
bracket should be made from low conductivity, low relative dielectric constant (i.e. less than 1,5) material(s) such as
expanded polystyrene, balsawood, etc.

ETSI



107 ETSI EN 303 883-1 V2.1.1 (2024-08)

B.2.3.4 Power Supplies to the EUT

Where possible, all tests should be performed using power supplies, including tests on EUT designed to include battery-
only use. However, devices may be tested with internal batteriesin that casing materials, components, and sealants used
for assembly, can affect test results.

If abattery supply is used, fully-charged batteries shall be used. The batteries used shall be as supplied or recommended
by the manufacturer. If internal batteries are used, at the end of each test the voltage shall be within atolerance of +5 %
relative to the voltage at the beginning of each test. If the battery is not accessible (for example, it isinternal to aseaed
unit), then it is acceptable to determine the battery voltage at the start and end of the test by indirect means (e.g. battery
health messages sent from the unit itself). In all cases, in which power leads are used, they should be connected to the
EUT's supply terminals (and monitored with a digital voltmeter) but the battery should remain present, electrically
isolated from the rest of the equipment, possibly by putting tape over its contacts.

The presence of these power cables can, however, affect the measured performance of the EUT. For this reason, they
should be made to be "transparent” as far as the testing is concerned. This can be achieved by routing them away from
the EUT and down to either the screen, ground plane or facility wall (as appropriate) by the shortest possible paths.
Precautions should be taken to minimize pick-up on these leads (e.g. the leads could be twisted together, loaded with
ferrite beads at 0,15 m spacing or otherwise |oaded).

B.2.3.5 Range Length and measurement distance

B.2.35.1 General

The range length (Ds) is the minimum measurement distance which allows testing in the far field of the EUT. The
measurement distance shall be equal or larger (see equation (B.3):

_ 2(dg+dp)?

D¢ a

(B.3)
Where:

. D: therange length is the minimum measurement distance

. d, isthelargest dimension of the EUT/dipole after substitution (m);

NOTE 1: Dimension of the EUT antenna or EUT (for e.g. hand held device).

. d, isthelargest dimension of the measurement antenna (m);

o  Jisthetest frequency wavelength (m).

It should be noted that in the substitution part of this measurement, where both test and substitution antennas are half
wavel ength dipoles, this minimum range length for far-field testing would be:

Dy =22 (B.4)

It should be noted in test reports when either of these conditionsis not met so that the additional measurement
uncertainty can be incorporated into the results.

NOTE 2: For the fully anechoic chamber, no part of the volume of the EUT should, at any angle of rotation of the
turntable, fall outside the "quiet zone" of the chamber at the nominal frequency of the test.

NOTE 3: The"quiet zone" is avolume within the anechoic chamber (without a ground plane) in which a specified
performance has either been proven by test or is guaranteed by the designer/manufacturer. The specified
performance is usually the reflectivity of the absorbing panels or a directly related parameter (e.g. signal
uniformity in amplitude and phase). It should be noted however that the defining levels of the quiet zone
tend to vary.
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B.2.3.5.2 Practical Test Distances for Accurate Measurements

It may not be possible to measure at the power limits without low-noise amplification to reduce the overall noise figure
of the overall measurement system at a separation of approximately 3 min an RF quiet environment. A move to lower
separation distance or reduced measurement bandwidth may be required since the instrumentation noise floor should be
below the limit within the instrument bandwidth.

The far field condition may imply impossible distances for accurate measurement of power limits or conventional
antenna-pattern. For this purpose, alower range length is applicable if the additional measurement uncertainty
contributionsin Table B.4 are considered for the related range length.

Table B.4: Uncertainty contribution: range length (test methods)
according to ETSI TR 102 215 [i.22]

Range length (i.e. the horizontal distance Standard measurement
between phase centres) uncertainty of the
contribution
D#8 < range length < Di/4 1,26 dB
D+/4 < range length < Di/2 0,30 dB
D#2 < range length < D¢ 0,10dB
range length > Ds (far field conditions) 0,00 dB

Further information can be found in ETSI TR 102 215 [i.22].

B.2.3.6 Site Preparation

The cables for both ends of the test site should be routed horizontally away from the testing area for a minimum of 2 m
and then allowed to drop vertically and out through either the ground plane or screen (as appropriate) to the test
equipment. Precautions should be taken to minimize pick up on these leads (e.g. dressing with ferrite beads, or other
loading). The cables, their routing and dressing should be identical to the verification set-up.

Calibration data for all items of test equipment should be available and valid. For test, substitution and measuring
antennas, the data should include gain relative to an isotropic radiator (or antenna factor) for the frequency of test. Also,
the VSWR of the substitution and measuring antennas should be known.

The calibration data on all cables and attenuators should include insertion loss and VSWR throughout the entire
frequency range of the tests. All VSWR and insertion loss figures should be recorded in the logbook results sheet for the
specific test.

Where correction factors/tables are required, these should be immediately available.

For al items of test equipment, the maximum measurement uncertainty they exhibit should be known along with the
distribution of the uncertainty.

At the start of measurements, system checks should be made on the items of test equipment used on the test site.

B.2.4 Coupling of Signals

B.2.4.1 General

The presence of leads in the radiated field may cause a disturbance of that field and lead to additional measurement
uncertainty. These disturbances can be minimized by using suitable coupling methods, offering signal isolation and
minimum field disturbance (e.g. optical and acoustic coupling).

B.2.4.2 Data Signals

Isolation can be provided by the use of optical, ultrasonic or infrared means. Field disturbance can be minimized by
using a suitable fibre optic connection. Ultrasonic or infrared radiated connections require suitable measures for the
minimization of ambient noise.
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B.2.5 Standard Radiated Test Methods

B.2.5.0 Initial Measurement Steps

In afirst step the relevant frequency band for the measurement of the System under test has to be identified by using the
product information from clause A.2 and a coarse peak power measurement using a spectrum analyser. After the
identification of the relevant band of the EUT the further measurement steps can be performed. The identification step
isindependent of the system to be measured and the measurement to be performed (mean power or peak power,
radiated or conducted).

The settings of the instrument have to be chosen based on the description of the signal provided, so asto ensure that the
highest values of peak power and mean PSD are captured. Thisis particularly important for a scanning instrument
(spectrum analyser) and asignal that has complex variation in time or over frequency. It is suggested that the signal
should initially be observed with both peak and mean measuring modes, over its full bandwidth, to confirm the
description and to establish where the highest values can and cannot be in RF. Thiswill permit subsequent
measurements to be made with a narrower RF span. Where there is any doubt about the effect of frequency scanning, a
measurement at a single RF (zero spans) will provide confirmation.

B.2.5.1 General Information on Test Methods

Two methods of determining the radiated power of aradio device are described in clause B.2.5.2 (pre-substitution /
calibrated method) and clause B.2.5.3 (substitution method).

B.2.5.2 Pre-substitution / calibrated method

The measurement receiver, measurement antenna and all associated equipment (e.g. cables, filters, amplifiers, etc.) shall
have been recently calibrated against known standards at all the frequencies on which measurements of the equipment
are to be made.

Step 1: A test site according to clause B.2.2 shall be selected based on the guidance in clause B.2.3. The
equipment shall be placed at the specified height on a support, and in the position closest to normal
use of the EUT.

Step 2: The measurement antenna shall be at the same height as the EUT and oriented initially for vertical
polarization.

Step 3: The output of the measurement antenna shall be connected to the spectrum analyser.

Step 4: The EUT shall be switched on (in the mode as specified in the related standard).

Step 5:

o For SAC (clause B.2.2.3) or OATS (clause B.2.2.4), the measurement antenna shall be raised
and lowered through the specified range of height until a maximum signal level is detected by
the spectrum analyser. When atest site according clause B.2.2.2 is used, the height of the
measurement antenna shall not be varied.

e The EUT shall then be rotated through 360° in the horizontal plane, until the maximum signal
level is detected by the spectrum analyser.

e For SAC (clause B.2.2.3) or OATS (clause B.2.2.4), the measurement t antenna shall be raised
and lowered again at the place of maximum emission in the horizontal plane from previous
measurement through the specified range of height until a maximum signal level is detected by
the spectrum analyser.

Step 6: Step 5 shall be repeated for horizontal polarized measurement antenna orientation.

Step 7: The maximum signal level from step 5 and 6 shall be noted and converted into the radiated power
by applying the method in clause B.2.6.

The above procedure is to be performed with both polarizations: vertical and horizontal.
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B.2.5.3 Substitution Method

Step 1:
Step 2:

Step 3:

Step 4.
Step 5:

Step 6:
Step 7.
Step 8:

Step 9:

Step 10:

Step 11:

Step 12:
Step 13:
Step 14:

Step 15:

A test site according to clause B.2.2 shall be selected based on the guidancein clause B.2.3.

The EUT shall be placed at the specified height on aradio transparent support, and in the position
closest to normal use of the EUT. The measurement antenna shall be oriented initially for vertical
polarization.

The output of the measurement antenna shall be connected to the spectrum analyser. The
measurement antenna shall be at the same height asthe EUT (for FAR according to clause B.2.2.2
this height remains for the full test, while this changes for SAC (clause B.2.2.3) and OATS (clause
B.2.2.4) due to their height scan).

The EUT shall be switched on (in the mode as specified in the related standard).

e For SAC (clause B.2.2.3) or OATS (clause B.2.2.4), the measurement antenna shall be raised
and lowered through the specified range of height until a maximum signal level is detected by
the spectrum analyser. When a FAR (clause B.2.2.2) is used, the height of the measurement
antenna shall not be varied.

e The EUT shall then be rotated through 360° in the horizontal plane, until the maximum signal
level is detected by the spectrum analyser.

e For SAC (clause B.2.2.3) or OATS (clause B.2.2.4), the measurement t antenna shall be raised
and lowered again at the place of maximum emission in the horizontal plane from previous
measurement through the specified range of height until a maximum signal level is detected by
the spectrum analyser.

Step 5 shall be repeated for horizontal polarized measurement antenna orientation.
The maximum signal level from step 5 and 6 shall be noted.

The EUT shall be replaced by a substitution antenna as defined in clause B.2.2.6. The mainbeam
of the substitution antenna shall point to the measurement antenna.

The substitution antenna shall be orientated for vertical polarization.

The substitution antenna shall be connected to a calibrated signal generator and the signal
generator shall be switched on.

For SAC (clause B.2.2.3) or OATS (clause B.2.2.4), the measurement antenna shall be raised and
lowered through the specified range of height to ensure that the maximum signal is received.
When atest site according clause B.2.2.2 is used, the height of the measurement antenna shall not
be varied.

The output power and frequency of the signal generator shall be adjusted to the level from step 7.
The output power of the signal generator shall be recorded.

The measurement from step 4 to step 14 shall be repeated with the measurement antenna and the
substitution antenna orientated for horizontal polarization.

The radiated power of the EUT isthe larger of the two levels recorded at step 14, corrected by the
gain of the substitution antenna and the cables losses between signal generator and substitution
antenna (radiated power = output power of the signal generator - gain of substitution antenna +
substitution antenna cable [0ss).

B.2.6 Method for determination of the correction factor

The method below aims to derive a data base of correction factors (COR) for each possible combination of substitution
antenna and measurement antenna position. It can be used to derive the radiated power Paps for the measurementsin
clause B.2.5.2 and B.4.3.

The setup is shown in figure B.6.
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cable e e . ca2 e.g. spectrum analyzer
with cat measurement distance 4
substitution .
antenna Pabs SRx I::'reading

Figure B.6: Calibration set-up configuration

the absolute power level (in e.g. dBm) noted from the measurement receiver.

U= antennagainin dB of the substitution antenna.

Orx
P

antenna gain in dB of the measurement antenna.

the radiated power (in e.g. [dBm]) of the EUT (e.i.r.p.).

ca, = cableattenuation [dB].

Pss =
Step 1.

Step 2:

Step 3:
Step 4:

the power (in e.g. [dBm] of the signal generator.

The maximum signal levels (Preading) Of the EUT including the related frequency, antenna
polarisation and measurement antenna heights (for SAC and OATS) from a pre-substitution
radiated power measurement method as specified in a harmonised standard are needed for this
procedure (e.g. asin step 7 of clause B.2.5.2 or B.4.3).

Based a pre-substitution radiated power measurement method as specified in a harmonised
standard (e.g. asin clause B.2.5.2 or B.4.3), replace the EUT by a substitution antenna at the same
position of the EUT in the test set-up (phase centre of substitution antenna at the centre of the
EUT). Orientate the substitution antenna in the test set-up towards the measurement antenna. The
reference plane of the substitution antenna shall coincide with the EUT reference plane. The
distance between the substitution antenna and the measurement antenna, the measurement antenna
and the measurement receiver shall be as specified in the measurement procedure from step 1.

Connect asignal generator to the substitution antennain the test set-up and switch it on.
Calculate and record the correction factor COR based on equation (B.5).

COR = Preading — P (B-S)

as afunction of:

- the frequency range of the substitution antenna;

- the chosen test distance;

horizontal /vertical polarisation of substitution and measurement antenna;

- test sites (different antenna heights of measurement antenna at SAC/OATS).

The result is a multi-dimensional matrix of COR.

Step 5:

The radiated power can be calculated with equation (B.6) as:

Pabs = COR + Preajing - C& + ng (B6)
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B.3 Conducted Measurements

B.3.1 General

Conducted measurements are permitted when specific requirements are fulfilled:

. The EUT is equipped with a permanent antenna connector or the EUT could be equipped with a temporary
antenna connector (EUT design provide connector mounting). In both cases the connector shall be a
standardized coaxial or a hollow waveguide connector.

NOTE: For EUTswithintegral antennas and no intended interface to attach a standardised temporary antenna
connector, it is not possible to perform a conducted TX power measurement in a reproduceable way. The
power can only be assessed viaa TRP measurement, see clause 5.6.

e  The measurement receiver should be set according to the specified power requirement in the related standard
(mean or peak). The kind of power shall be measured as described in the related clause 5.3 and specified in the
related standard.

Set up of the measurement receiver for:
- Mean power see clause 5.3.1.
- Mean spectral density power see clause 5.3.2.
- Peak power see clause 5.3.3.
- Peak power defined in 50 MHz, see clause 5.3.4.
. There are two different possibilities for the conducted measurement:
- With cable (coaxial), see clause B.3.2.

- With a waveguide connection, see clause B.3.3.

B.3.2 Conducted measurement via cable connection

In the case of acoaxial connector, this shall be designed as a standardised connector (e.g. SMA, MCX, etc.) with a
defined impedance (e.g. 50 Q) for the frequency range under consideration (as specified in the related standard). The
connector, the used cables and the measurement receiver shall have the same impedance.

The principle of the setup is shown in figure B.7. The attenuation of all ancillary equipment (e.g. cables, etc.) used in
the measurement shall be known.

The attenuation of all parts can be measured with a network analyser or can be taken from the corresponding data sheet.
The sum of the attenuation of all ancillary equipment shall be summarised and noted as attze.

The relation between the EUT output power [dBm] at the EUT reference plane and the reference plane of the
measurement receiver is given by (see equation (B.7)):

Bneas con = Prur con — allge (B.7)
with:
. Pmess con: Measured conducted power at the reference plane of the measurement receiver in [dBm].
. attee: attenuation ancillary equipment (cable) in [dB].

e  Peutcn:  conducted EUT output power at the reference plane of the EUT in [dBm].
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Figure B.7: Principle for a conducted measurements set-up
with a cable connection and a spectrum analyser

B.3.3 Conducted measurement via waveguide connection

In the case of a hollow waveguide connector, it shall be designed as a rectangular or circular waveguide. In the case of a
rectangular waveguide, the ratio of the edge length of the rectangular cross-section shall be in accordance with

IEC 60153-2 [i.41], table 3. The measurement receiver shall be equipped with a standardised rectangular hollow
waveguide and shall be able to cover the whole waveguide band provided by the cross section of the EUT's waveguide.

For circular waveguides an adaption from circular to rectangular waveguide shall be applied to connect to the
measurement receiver. The measurement receiver can be equipped with an external mixer to extend the frequency range
of the spectrum analyser. The external mixer can have either a coaxial connector or a hollow waveguide connector.

The principle of the setup with a pure interconnection based on waveguidesis shown in figure B.8. An alternative setup

with a waveguide adapter and an interconnection with a cable is shown in figure B.9.
The attenuation of al ancillary equipment (e.g. waveguides, cables, adapters, etc.) used in the measurement shall be

known.
The attenuation of all parts can be measured with a network analyser or can be taken from the corresponding data sheet.
The sum of the attenuation of al ancillary equipment (cable, waveguide adapter, etc.) shall be summarized and be noted

as attee.
The relation between the EUT output power [dBm] at the EUT reference plane and the reference plane of the
(B.6)

measurement receiver is given by (see equation (B.6)):

Preas_con = Prut_con — @llge

with
measured conducted power at the reference plane of the measurement receiver in [dBm].

L Preas con:
o alty attenuation ancillary equipment (cable) in [dB].
conducted EUT output power at the reference plane of the EUT in [dBm].

° Peut _con:
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Figure B.8: Principle for measurement setup of conducted measurements with
a waveguide interconnection and a measurement receiver (including mixer)
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Figure B.9: Principle for measurement setup of conducted measurements with
a waveguide adapter and interconnection with cable and a spectrum analyser

B.3.4 Determination of a radiated power e.i.r.p. based on a
conducted measurement

To calculate the mean/peak e.i.r.p. from a conducted measurement, proceed as follows:
Step 1: Check if the general points for such an assessment are fulfilled as specified in clause B.3.1.

Step 2: The conducted mean/peak power shall be measured at the reference plane (coaxial- or waveguide
port) of the EUT. For this measurement the EUT shall be connected to the measurement receiver
via dedicated cables (see clause B.3.2) or waveguides (see clause B.3.3). The basis requirements
for a conducted measurement is given in clause B.3.1.

Step 3: The attenuation of all ancillary equipment (e.g. cables, waveguides, waveguide transitions from
circular to rectangular waveguide, etc.) used in the measurement shall be known.

Step 4: The attenuation of all parts can be measured with a network analyser or can be taken from the
corresponding data sheet. The sum of the attenuation of all ancillary equipment shall be noted as
attae.

Step 5: The antenna gain/antenna pattern in [dBi] of the dedicated antennas of the EUT is known.

Conformance tests to measure antenna gain/antenna pattern are specified in clause 5.12. The gain
characteristics (antenna pattern) of the related dedicated antenna shall be provided as specified in
the related standard.
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Step 6: The emission of the kind of power (mean/peak) e.i.r.p. in agiven direction versus frequency is
calculated as follows (in dB values), see equation (B.7):
Peirp. = Bneas.con + Gane + attqe (B.7)
with:
e Peirp:  kind of power (peak/mean) e.i.r.p. in [dBm] in assessed direction.

® Pmes conn  Measured conducted power at the reference plane of the measurement receiver in
[dBm].

o Gant antenna gain/antenna pattern in [dBi] for assessed direction (see clause 5.12).
o altee: attenuation ancillary equipment (cable/waveguide) in [dB].

And simplified based on the relationship between the measured power (Pmess) and EUT output
power (Peut) (see equation (B.6)) would lead to: (see equation (B.8)):

Peirp. = Peur con + Gane (B.8)
with:
o Peirp: kind of power (peak/mean) e.i.r.p. in [dBm] in assessed direction.
e Peut con:  conducted EUT output power at the reference plane of the EUT in [dBm].

o Gan antenna gain/antenna pattern in [dBi] for assessed direction (see clause 5.12).

B.4  Spherical Scan

B.4.1 General

Examples of possible measurement systems for fully spherical measurements are summarised in clause B.4.2.

Two different radiated power measurement procedures are provided in clause B.4.3 (field strength method) and clause
B.4.4 (substitution method).

B.4.2 Different measurement systems

Figure B.10 shows the spherical measurement procedure using automatic measurement antenna placement. The RX
antennais moveable and it is mounted for example on an automatic arm, which moves the antenna stepwise on a sphere
around the EUT.
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Figure B.10: Spherical scan setup using automatic measurement antenna placement

The maximum measurement step size for the azimuth angle ® and for the elevation angle ® is smaller or equal to 15°.

In most of the available test sites (test chambers) a complete full spherical scan isnot possible. Therefore, the EUT
could be mounted according to the related standard and (on aturn table) and the half sphere above the EUT could be
mesasured, see figure B.11.

In such ahalf full sphere scan ® (azimuth angle) is varied from 0° to 360° and ® (polar angle) is varied from 0° to 180°.
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Figure B.11: Half spherical scan setup using automatic measurement
antenna placement and a turntable

For afull spherical scan (second half sphere) the EUT hasto be tilted by 180°. For the tilting the orientation and
direction of the EUT emission shall considered that at the end the both measurement results could be added together

(either tilting around X- or Y -axes).

In ahalf spherical scan @ isvaried from 0° to 360° and @ is changed from 0° to 90°. But the X-Y plane; ® = 90° (polar
angle) needs to be measured one time.

NOTE: Another relation of the anglesis possible, but the coverage of the whole spheres should be ensured.
Today three solutions are available at test chambers to make such spherical measurements:

e  With amovable/steerable antenna on an antenna positioner, see figure B.12.

. With an automatic arm, see figure B.13.

e With asystem rotating the EUT in two dimensions, see figures B.14 to B.17.
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Figure B.12: Half spherical scan setup using movable/steerable antenna
on an antenna positioner
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Figure B.13: Half spherical scan setup using automatic arm

Instead of using an antenna positioner, it is aso possible to rotate the EUT viatwo axis, see figures B.14 and B.15.
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Figure B.14: General spherical scan setup with the rotation of the EUT over two axes
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Figure B.15: Spherical scan setup with the rotation of the EUT over two axes,
typical realization inside a full anechoic chamber

For such a measurement set-up a so called "Two/Multi-Axis Positioners" (see figure B.16) will be used, for more

information see the literature Annual Reference Guide 2002 [i.34], A CTIA approved antenna measurement system for
over-the-air testing of wireless devices[i.37] and |EEE 149-2021 [i.38].

axis / rotation to adjust 6
7 {azimuth angle)

axis / rotation to adjust @
{(polar angle)

Figure B.16: Example of a two-axis positioner setup for radiated measurement
within the polar coordination system

Thus, the same sphere can be measured as with the automatic arm. In contrast to the previous method both angles could

be changed from 0° to 360°. Depending on the order to angular steps there are two ways to measure al points on the
sphere around the EUT.

Way 1: By rotating (in steps) the table (polar/elevation) by 360° and stepping the horizontal axis (azimuth) of the set-up

between each turntable rotation, the great-circle method (see figure B.17) the emissions on the spherical grid around the
EUT could be measured.
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Figure B.17: Great-circle method measurement points on spherical surface
for equal-angle method with angular steps

Way 2: By rotating (in steps) the horizontal axis (azimuth) by 360° and stepping the turntable (polar/elevation) of the
EUT, named as the conical-section method (see figure B.18) the emissions on the spherical grid around the EUT could
be measured.

Figure B.18: Conical-section method with sampling/measurement points spherical surface
for equal-angle method with angular steps

The measurement distance d is given by clause B.2.3.5.

For measurements (e.g. TRP, see clause 5.6 or indirect emissions, see clause 5.7) angular steps for ® and @ shall be
specified in the related standard. If no value for angular steps for the increase of ® and @ is provided in the related
standard, then the value of 15° shall be used.

NOTE 1: Inthis setup (seefigure B.12), other relationships of the anglesto the EUT is possible (depending
manufacturer of the test equipment and the arrangement in the test software). For example: The ¢ axis
may be a vertical axisfixed to the turntable, yet passing through the EUT, while the angle 6 is about an
axis fixed to the EUT. This configuration is also valid to ensures afull spherical measurement.
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NOTE 2: Inaddition, it needs to be considered/assessed if based on the mechanical set-up there will limitations
(e.g. shielding effects, measurement point cannot be adjusted, etc.) one or the other measurement point
could be not measured. In such cases could be necessary to turn the EUT in the set-up to measure these
points as well.

B.4.3 Pre-substitution / calibrated method

The measurement receiver, measurement antenna and all associated equipment (e.g. cables, filters, amplifiers, etc.) shall
have been recently calibrated against known standards at all the frequencies on which measurements of the equipment
are to be made.

Step 1: the related standard shall specify the test site, see clause B.2.2. For SAC (clause B.2.2.3) and
OATS (clause B.2.2.4) the ground shall be covered by absorbing material in the area of the direct
ground reflection from the EUT to the measurement antenna. The eguipment shall be placed at the
specified height on a support, and in the position closest to normal use of the EUT.

Step 2: The measurement antenna shall be oriented initially for vertical polarization.

Step 3: The output of the measurement antenna shall be connected to the spectrum analyser.

Step 4. The EUT shall be switched on.

Step 5: The measurement antenna shall be moved stepwise on the sphere and in each location the signal

level and its coordinates shall be noted.
Step 6: Step 5 shall be repeated for horizontal polarized measurement antenna orientation.

Step 7: The maximum signal level from step 5 and 6 shall be noted and converted into the radiated power
by applying the method in clause B.2.6

NOTE: "horizontal" and "vertical" polarization here refer to theinitial polarizations of the antennas when they are
situated at 6 = 0 (i.e. with boresight parallel to the ground plane).

B.4.4 Substitution Method

Step 1: the related standard shall specify the test site, see clause B.2.2. For SAC (clause B.2.2.3) and
OATS (clause B.2.2.4) the ground shall be covered by absorbing material in the area of the direct
ground reflection from the EUT to the measurement antenna. The equipment shall be placed at the
specified height on a support, and in the position closest to normal use of the EUT.

Step 2: The measurement antenna shall be oriented initially for vertical polarization

Step 3: The output of the measurement antenna shall be connected to the spectrum analyser.

Step 4: The EUT shall be switched on.

Step 5: The measurement antenna shall be moved stepwise on the sphere and in each location the signal
level and its coordinates shall be noted.

Step 6: Step 5 shall be repeated for horizontal polarized measurement antenna orientation.

Step 7: The maximum signal level from step 5 and 6 and its coordinate shall be noted.

Step 8: The EUT shall be replaced by a substitution antenna as defined in clause B.2.2.6. The mainbeam
of the substitution antenna shall point to the measurement antenna, which islocated at the position
from step 7.

Step 9: The substitution antenna shall be orientated for vertical polarization.

Step 10: The substitution antenna shall be connected to a calibrated signal generator and the signal

generator shall be switched on.

Step 11: The measurement antenna shall be moved around this position of the substitution antenna within at
least five times the wavelength of the centre frequency on the sphere to find the local maximum.
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Step 12 The output power and frequency of the signal generator shall be adjusted to the level from step 7
Step 13: The output power of the signal generator shall be recorded
Step 14: The measurement from step 4 to step 13 shall be repeated with the measurement antenna and the

substitution antenna orientated for horizontal polarization.

Step 15: The radiated power of the EUT isthe larger of the two levels recorded at step 14, corrected by the
gain of the substitution antenna and the cables losses between signal generator and substitution
antenna (radiated power = output power of the signal generator - gain of substitution antenna +
substitution antenna cable [0ss).

NOTE: "horizontal" and "vertical" polarization here refer to theinitial polarizations of the antennas when they are
situated at 6 = 0 (i.e. with boresight parallel to the ground plane).
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Annex C (normative):
Signal Timing parameters

C.1

Descriptions

The following descriptions are relevant for the definition of signal timing parameters:

Burst duration or "Signal on Time" (Ton): the time duration of a continuous radio emission, or sequence of
emissions separated by intervals shorter than a specified disregard time (T gis).

Disregard time (Tqis): time interval below which interruptions within atransmission are considered part of Ton,
see ETSI TS 103 060 [i.1]. Thisis mainly important for pulsed based signals or modulations with several Ton -
times. This value shall be specified in the related standard.

Observation time (Tows): reference interval of time (observation period, see ETSI TS 103 060) [i.1]. In
regul ations there are specification of 1 second, 1 minute or 1 hour (depends on regulation) or based on the
"signal repletion time" (Tep) Or during Ton.

Signal OFF-time (To): time in between emissions with a duration longer than T gis.
Threshold- level Piesh: power level above which the measurement equipment will "detect” the signal ason".

Duty Cycle (DC): the ratio, expressed as a percentage, of Z(Ton)/(Tows) Where Ton isthe "on™ time of asingle
transmitter device and Tops iS the observation period, see ETSI TS 103 060 [i.1].

For radiodetermination/radar devices the two additional parameters are relevant in addition:

Signal repetition time (Trep): Specified as: Trep= Y, Ton + Y. Tait; OF in words: length of the time between
subsequent transmission patterns of the system.

NOTE: Also known as cycle time, frame repetition time or frame duration.

Measurement cycle time: whole-numbered multiple of signal repetition time.

C.2

Signal Types

C.2.1 Pulsed signals

C.2.1.1 General

For pulsed based signals therefore, two different considerations based on the specified Tis are possible.

For pulsed based signals there are additional parameter necessary to consider:

- Pulse Repetition time (Terr): time between the beginning of one pulse and the start of the next pulse.
- Pulse Length (TruLse): time for one pulse of the signal.

Thisleads to two different considerations for pulsed based signals:

- Seeclause C.2.1.2 if Tgis > Terr.

- Seeclause C.2.1.3if Tgis < Trrr.

ETSI



126 ETSI EN 303 883-1 V2.1.1 (2024-08)

C.2.1.2 Consideration for pulsed based signals if Tgis > TerT
In figure C.1 the case for Tqis > Terr and with asignal repetition timeis shown.

NOTE: For the case where the signal consists of a single, continuously repeated pulse, the transmitter is regarded
as continuously repeating. As such, Ton= 1, Tt = 0 during the continuously operation.

For the Duty Cycle measurement for such cases (see figure C.1) the following equation (C.1) applies:

n
DC = ZTon _ 21 Ton (C.1)

Tobs 21 Ton+XTToff
with:
e n=number of Tonand Torr Within Tops

And the Duty Cycle measurement/assessment in case Tons= Trep CanN be calculated with equation (C.2) if thissignal is
continuously repeated:

pc=—Ton (C.2)
Ton+Toff
'y
power
| T'3|'| 1 TCff
1"
Tpp_— time i
I
T}EF

Figure C.1: Pulsed based signal if Tgis > Trep

C.2.1.3 Consideration for pulsed based signals if Tais < TerT

For the DC measurement for such cases (see figure C.2) the following equation (C.3) applies:

T, TT, T
DC = XTon _ _ X1 orr: =— 21 PULSr}l”;‘ (C.3)
Tobs X1Ton+tX1Tofr XITPULSE+X1Toff

with:
. n = number of Ton (NUMber of pulses with Teyse) and Tos Within Tops
. and:
- TerT = Trep
- Trutse = Ton

- Toft = TerT - Ton
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Terr off

I TI T I

fime
T}&p

Figure C.2: Pulsed based signal if Tgis < Trep

C.2.2 FMCW signals

C.2.2.1 General

Clause C.2.2.2 appliesif there is only one frequency modulated sweep within the signal repetition time.

Clause C.2.2.3 appliesif there are more than one frequency modulated sweep within the signal repetition time
and Tgsis larger than the time between the different sweeps (tsweep:of)-

Clause C.2.2.4 appliesif there are more than one frequency modulated sweep within the signal repetition time
and Tgisis smaller than the time between the different sweeps (tsweep;off)-

C.2.2.2 Single FMCW sweep within signal repetition time

Figure C.3 and figure C.4 are showing the timing parameters for a single frequency sweep FMCW signa within signal
repetition time (Trep).
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Figure C.3: FMCW signal, one single frequency sweep

Figure C.4 is more simplified for two modulation sweeps (one during Ton) and it is assumed that Tis < Toft.

Figure C.4: FMCW signal, one single frequency sweep (simplified)

For the DC measurement for such cases (see figure C.4) the following equation (C.4) applies:

n
X1 Ton

X1 To

n
X1 Ton _

(C.4)

n+X1 Tors

Tobs
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with:
e n=number of Tonand Tor Within Tops
o Tops> Trep

and for the case Tons= Trep, the Duty Cycle measurement/assessment over signal repetition time in equation (C.5)
applies:

T, T,
pC = o= _Ton (C5)
Trep  Ton+Toff

C.2.2.3 Multiple FMCW sweeps within Trep and Tais > tsweep:off

Figure C.5 shows the case if Tqisis larger than the time between the sweeps (tsweep;off)-

frequency
3

OFR

puwer_@-’ >

time

Figure C.5: FMCW with three sweeps during signal repetition time (Tdis> tsweep;oft/ Tdis < Toff)

For the DC measurement for such cases (see figure C.5) the following equation (C.6) applies:

X1 Ton YT Ton
DC = = C.6
Tobs I Ton+Xt Tofr ( )

with:
e n=number of Ton and Tofr Within Tons

and for the case Tobs= Trep,, the Duty Cycle measurement/assessment over signal repetition time in equation (C.7)
applies:

DC =tom=_Ton (C.7)

Trep  Ton*Toff
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C.2.2.4 Multiple FMCW sweeps within Trep and Tais < tsweep;off

Figure C.6 shows the case if Tqisis smaller than the time between the sweeps (tsweep;ofr)-

frequency
3
e
OFR
~® .
ower - > - » < — ol - ;
P Ton_ Ton2 Tors time
- Trep

Figure C.6: FMCW with three sweeps during signal repetition time (Tqis< tsweep:off/ Tdis < Tofr)

For the DC measurement for such cases (see figure C.6) the following equation (C.8) applies:

DC = Y Ton_x - Y Ton x (C8)
Tobs  XTonx+Ltsweepioff xtLToff

with:
e x =number of different sweeps during one signal repetition time
o X T,n: Sumof al Ton during observation time
o X T,rr Sumof all Tt during observation time
* Y lsweepsoffx- SUM OF al tsweeporr during observation time

NOTE: Thetotal number of tsveep.ort Will be x-1; together with T this will lead to the same number of " OFF-
times' than sweeps ("On-times"), see figure C.6

For the case Tobs= Trep, the Duty Cycle definition in equation (C.9) applies:

T Ton_1+Ton_ 2+ +T,
DC = onx _ on_1*tTon_2 on_x (Cg)
Trep (Ton_1+Ton 2+ +Ton x)*+(tsweep;of £+ Fsweep;of f—(x-1))FTof f

with:

e x=number of different sweeps during one signal repetition time

C.2.3 Stepped/Hopping Frequency Signals

This clause explains the signal timing based on alinear hopping/stepping modulation. For the understanding of the
modulation the following parameters need to be considered:

. bw: modulated carrier/bandwidth of a single step/hop
. Ngep: NUMber of steps during one signal repetition time

o fo: Start frequency of the Signal (centre of the first step/hop)
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fe: Stop frequency of the Signal (centre of the last step/hop)

OFR: Frequency Range of the signal (frequency range over which the step/hop go)

Afgep: step width (between two steps (hops)

to: Start time of the UWB Signals=0s

Te: Stop Time/Time the signal needs to with: Te = (Nsteps X Aton step) + ((Nstep-1) X Attt _step)
Athopp: Time for one step; = Aton + Atgst

Aton sep: Time transmission on/one step

Atoit_step: Time between two step

Mseps : Number of "hopping sequencesin Tops

All these parameters are shown in figure C.7.

S ’

>S5

ST

e %
5% %%
S0 % %%
LS PSS
LSS
SOW<S
o %6
SIS
SRS

Figure C.7: Linear step/hop modulation

Figure C.8 and figure C.9 are showing the timing parametersin relation to the Tdis:

Figure C.8 shows asimplified figure in the case Tqisis larger than the time between two hops; Tais> Aterr. AlSO
named as fast hopping.

Figure C.9 shows the simplified figure in case Tqisis smaller than the time between two hops; Tais> Atost . AlSO
named as slow hopping.
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Figure C.8: hopping modulation with Tgis > Atos
For the DC measurement for such cases (see figure C.8) the following eguation (C.10) applies:
pc=2TE=_ 2Ton (C.10)

" Tobs  LTontE Tofs

and for the case Tops= Trep, the Duty Cycle measurement/assessment over signal repetition time in equation (C.11)
applies:

DC =Jon—_Ton (C.11)
Trep Ton+Togr
frequency
-~
e — ]
— mfnpp_mp
OFR
ﬂt:.r_stap ﬂtn-':_sep
—"lfstap
5 ]
N i
@ >
power T 4 Te 1. | time
Figure C.9: Hopping modulation with Tgis < Atos
For the DC measurement for such cases (see figure C.9) the following equation (C.12) applies:
DC — EAton_step _ E(nsterAton_step) (C12)

Tobs Y(nstep*Aton step )+E((Mstep—1XAtoff step)+ LToff

and for the case Tobs= Trep, the Duty Cycle measurement/assessment over signal repetition time in equation (C.13)
applies:

DC = ZAtan_step _ (Nstep*Aton_step) _ (Mstep*Dton_step ) (C 13)
Tobs (nstep*Dton step )+((nstep—l)XAtoff,step)"'Toff Trep '
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with:

®  nNge = NUMber of hops during one signal repetition time (hopping sequence)

C.3 Measurement procedure for time parameters

The Duty cycle measurement proceduresin clause 5.11.2 can be used to assess the signal parameters (signal repetition
tl me, T()n, T()ff, etC)

The related standard shall specify the Tgis and Pyesh fOr the measurement of the signal timing.
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Annex D (normative):
All Emission Measurement

D.1 General

This specific assessment procedure is for the (indirect) UWB emissions conformity assessment for EU. The regulated
UWB emission level islower than the power level of spurious emissionsyEMC emissions from digital and analogue
circuitry within the operating frequency range.

For such EUT, the UWB Radiated Power (RP) and TX Unwanted Emissions (TXUE) cannot be measured
independently of the Other Emissions (OE) (e.g. narrow-band spurious emissions and the analogue or digital control
circuitry emissions). That is because in some frequency ranges the regulated UWB RP emissions are very low power
radio signals, comparabl e to the power limits of emissions from digital and analogue circuitry. If based on a
measurement as described in this annex it can be assessed that an emission from the EUT is not the UWB RP emission
limited in the relevant harmonised standards or it can clearly be assessed that it isimpossible to differentiate between
other emissions OE and the UWB RP emissions, the emission shall be considered as other emissions OE.

For such cases the RP, TXUE and OE from the EUT together are specified for such purpose of the test:
. as All Emissions (AE).

The limits for the OE emissions within the OFR (see table D.1 below) shall apply unless otherwise specified in the
related standard.

Table D.1: OE emissions limits within the OFR in line with ERC/REC 74-01 [i.9]

Frequency range Limit values for OE within the OFR
100 Hz (note 1) <f <10 MHz 46,5 dBuA/m at 100 Hz descending 3 dB/oct at 10 m
10 MHz < f < 30 MHz -3,5 dBuA/mat 10 m
87,5 MHz <f<118 MHz -54 dBm/100 kHz
174 MHz << 230 MHz -54 dBm/100 kHz
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 < fu (note 2) -30 dBm/1 MHz
NOTE 1: For the frequency range below 9 kHz: the limits are on voluntary basis, based on an EC
request. ETSI proposed the limits to ECC to be implemented in ERC/REC 74-01 [i.9]. For the
frequency range above 9 kHz: the limits are in line with ERC/REC 74-01 [i.9], annex 2.
NOTE 2: For the OFR assessment, see clause 5.2 and related standard.

NOTE: Thelimitsfor the OE are similar to the TXUE requirement outside the OFR (spurious emissions
requirement for SRD which are comparable to EMC requirements for SRDs as well).

D.2  First step

Asafirst step All Emissions (AE) of the EUT shall be measured as specified in the related standard (direct or indirect
scenario). This measurement will include the related UWB Emission (within the OFR), the Transmitter Unwanted
Emissions (TXUE) outside the OFR and Other Emissions (OE) (within and outside the OFR) of the EUT. These
measurements shall be performed as specified in the related standard. The results shall be recorded.

Assessment of the emissions within the OFR:

. Case 1: AE measurement fulfils the limits of mean e.i.r.p. spectral density and peak e.i.r.p. spectral density
requirement for the UWB emission within the OFR, specified in the relevant standard. For this case no further
assessment for the emission is necessary, seefigure D.1.
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Figure D.1: Example for an AE measurement in the frequency range 1,8 GHz to 2,6 GHz
for an EUT covered by ECC/DEC/(07)01 [i.4]

. Case 2: If the recorded AE emission of the UWB device exceeds the corresponding UWB emission
requirement (see related standard) within the OFR an additional assessment would be necessary (see
figure D.2), second step, see clause D.3.
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Figure D.2: Example for an AE measurement in the frequency range 1,8 GHz to 2,6 GHz
for an EUT covered by ECC/DEC/(07)01 [i.4]
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Assessment of the emissions outside OFR:
. AE measurement shall fulfil the limits of the TXUE requirement within the related standard.
e  Casel: Measurement result below the related TXUE limits (see in addition clause 5.5): test passed.

. Case 2: Measurement results above the related TXUE limits (see in addition clause 5.5): test failed.

D.3  Second step

The second step is mandatory if the recorded AE emission of the UWB device exceeds the corresponding UWB
emission requirement within the Operating Frequency Range (OFR, see clause 5.2), given in the relevant standard.

For the frequencies, where the All Emissions (AE) exceed the limits of the RP, the Other Emissions (OE) shall be
measured by disabling the UWB transmitter or removing the antenna and terminating the transmitter. The rest of the
UWB device shall be kept into the transmit mode.

Emissions that are present in OE as well asin AE with the similar amplitude within the measurement uncertainty are
considered to be OE. This OE measurement shall be performed using the same measurement procedure than for step 1.

The principle of such caseisillustrated in figure D.3.

Other Emissions (OE)

-40 : :
O o OE emission requirement
fi | @ this frequencies:
< -50} : m_ ~—— | requirement:-30dBm/MHz for
IIE - i i i TXUE and OF
E former OFR :
--E.. 1
1
% -60+ : y
b regulated limit based on ECC/DEC/{04)01 :
L I
o I
w -70+ : 1
I
1
[
_8 L : 1 L
9.8 2 2.2 2.4 2.6
Frequency [GHZz]

Figure D.3: Example for an AE measurement (only OE components) in the frequency range
1,8 GHz to 2,6 GHz for an EUT covered by ECC/DEC/(07)01 [i.4]
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Annex E (normative):
Guidance for a pre-scan of EUT operating frequency
range(s)

To verify the start and stop frequencies for the OFR measurements in clause 5.3.2, apre-scan shall be performed as
follows:

The spectrum analyser shall be connected to the measurement antenna (see clause B.2.2.5).
Spectrum analyser settings:
. Any RBW deemed suitable.
. VBW equa to or greater than the RBW.
. Start/stop frequency:
- Around the start/stop frequencies of the specified operating frequency range(s) if known.
- Otherwise, sweep over intended frequency range of the related harmonised standard.
J Detector mode: Peak.
o Display mode: max hold.
e Any suitable sweep time and number of points are accepted.
A first measurement without the EUT transmissions present is performed as a reference measurement.

A second measurement is then performed with the EUT transmission present. A comparison between both will show the
EUT operating frequency range.

The start and stop frequencies for the actual compliance measurements shall be at least as wide as the 10 dBc points
found during this pre-scan.
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Annex F (informative):
Measurement of peak e.i.r.p. and mean (average) e.i.r.p. of
constant duty cycle wideband pulsed signals

F.1 General

For the sake of simplicity, the following descriptions concern "classical" pulsed signals with arectangular shape, a
constant duty cycle and an unmodulated carrier signal.

With respect to these restrictions, the rel ationships between the key pul se parameters are well known:

The pulse peak e.i.r.p. is given by the power of the carrier during the on period.
e  Thepulse peak e.i.r.p. and the pulse mean e.i.r.p. are connected viathe duty cycle.

. The pulse spectrum is connected to the pulse peak e.i.r.p. viathe "pulse desensitization factor” as described in
the literature Application Note 6.2019-1EF106-1E [i.30].

. For RBW << PRF, the mean and max PSD are identical.

F.2  Exemplary measurement of pulse signals

In this example, it is shown how to measure a pulse train signal with constant duty cycle with different measurement
procedures and which results to expect. Therefore, a signal generator (pulse train signal source) and a spectrum analyser
are connected, seefigure F.1.

Signal Generator Spectrum Analyser

® ®

Figure F.1: Measurement setup for method I/method Il in clauses F.3.2 and F.3.3

In a second setup, the Signal Generator is connected to a power meter, see figure F.2.

Signal Generator Average Power Meter

® ®

Figure F.2: Measurement setup for method lll in clause F.3.4

The mean e.i.r.p. and peak e.i.r.p. are measured with three different methods and the results are shown.

Unless specified otherwise, the spectrum analyser RBW is chosen as RBW << PRF. This ensures that only one line of
the pulse train's spectrum falls into the RBW at atime. The cable attenuation was measured as 1 dB and is compensated
accordingly.

The signal generator is configured with the following pulse modulation settings, see table F.1.
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Table F.1: Pulse modulation settings

Parameter Value
Centre frequency, f¢ 5,5 GHz
Power P -20 dBm
Pulse width, Ton 250 ns
Operating frequency range, OFR 4 MHz
Pulse repetition interval, PRI 2,5 s
Pulse repetition frequency, PRF 400 kHz
Duty cycle [%] 10 %
Duty cycle [dB] 10 dB
Duty cycle? [dB] 20 dB

The expected measurement results based on figure F.1 are shown in table F.2.

Table F.2: Expected measurement values

Parameter Reference Value
Peak e.i.r.p. = Signal generator level -20 dBm
Mean e.i.r.p. = Peake.i.r.p.x Duty cycle -30 dBm
Mean PSD at fc = Peak e.i.r. p.* Duty cycle? -40 dBm
Max PSD at fc = |Mean PSD at f.|? -40 dBm
NOTE: Max PSD: Mean e.i.r.p. Spectral Density, see clause 5.3.2.

F.3

Mean e.i.r.p. measurements

F.3.1 General

This clause explains and describes three methods to measure mean e.i.r.p. of a pulse signal with constant duty cycle.
Two of these methods use a spectrum analyser (clauses F.3.2 und F.3.3), one uses a power meter (see clause F.3.4).

F.3.2

Method I: Zero span mode

The following settings for the spectrum analyser in figure F.1 were used:

RBW =10 MHz

VBW =10 MHz

RMSS detector

Zero span mode

Number of points =1 001

Sweep time (SWT) = PRI x Number of points > SWT =25usx 1001~ 25ms

The measurement result is shown in figure F.3. The measured mean e.i.r.p. is-30,39 dBm.

NOTE: The SWT hasto be set to PRI x number of pointsin order to measure the mean e.i.r.p. correctly.

Choosing the SWT in this manner ensures that the RM S detector averages the video signal over exactly one PRI.
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Figure F.3: Measurement result, Mean e.i.r.p.

This method requires the RBW to be wider than the pul se bandwidth. Consequently, for UWB pulses this method isin
general not suitable.

F.3.3 Method Il: Channel power measurement
Settings for measurement setup of figure F.1:

. Channel power function

e RMSdetector

e  Channel bandwidth = 40 MHz

As shown in figure F.4 the channel power measurement estimates the mean e.i.r.p. to be -29,93 dBm.
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Figure F.4: Measurement results, channel power
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F.3.4 Method lll: Average power meters

Table F.3 compares the results of Method | (clause F.3.2) and Method 11 (clause F.3.3) with two types of average power
meters (measurement setup according to figure F.2). There are diode based and thermal based average power meters
available.

Table F.3: Comparison of mean e.i.r.p. measurement procedures

Approach Mean e.i.r.p. Main drawback
Theory -30 dBm
Average power meter - diode based -30,9 dBm Depends on modulation, not frequency
selective
Average power meter - thermal -29,79 dBm (note) Low dynamic range, not frequency selective
Spectrum analyser - zero span -30,39 dBm Narrow band, accuracy
Spectrum analyser - channel power -29,93 dBm Accuracy

NOTE: Close to the sensor's dynamic range limit.

F.4  Peak e.i.r.p. measurements

F.4.1 General

This clause describes and shows an example how to measure the Peak e.i.r.p. of the signal generator in setup shown in
figure F.1. Obtaining the peak e.i.r.p. can be achieved in two different ways. One approach using a direct measurement
and secondly by applying correction factors to other pulse parameters.

F.4.2 Method I: Zero span mode - direct measurement

The direct measurement with a spectrum analyser (see figure F.1) is only possible where pulse signals have small
bandwidths that fit into the RBW of the spectrum analyser. Consequently, thisis not possible for most UWB devices.

RBW and VBW have to be wide enough to be able to capture the envelope of the pulse (operating frequency range).
Requirement: RBW > OFR
Settings:
. RBW =10 MHz
. VBW =10 MHz
o Peak detector
. Zero span mode

Figure F.5 shows the result of the peak e.i.r.p. measurement. The peak e.i.r.p. is measured as -19,92 dBm. Since the
operating frequency range is 4 MHz and the RBW is 10 MHz, the pulse can be measured without additional corrections.
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Figure F.5: Peak e.i.r.p. measurement with direct measurement where RBW > OFR

F.4.3 Method Il: Peak e.i.r.p. calculation

There are two ways to calculate the peak e.i.r.p. One way isto use the duty cycle and the mean e.i.r.p. according to
equation (F.1).

Mean e.i.r.p

Peak e.i.r.p = Dty cycle (F.D
In this example the Duty cycle is10 % (= 0,1 - - 10 dB) which yields to (equation (F.2):
Peak e.i.r.p [dBm] = —30dBm — (—10dB) = —20 dBm (F.2)

For the different measurement approaches of the mean e.i.r.p., the following results for the peak e.i.r.p. are obtained.

Table F.4: Comparison of peak e.i.r.p. for different measurement approaches

Approach Mean e.i.r.p. Peak e.i.r.p.
Theory -30 dBm -20 dBm
Average power meter - diode based -30,9 dBm -20,9 dBm
Average power meter - thermal -29,79 dBm (see note) -19,7 dBm
Spectrum analyser - zero span -30,38 dBm -20,38 dBm
Spectrum analyser - channel power -29,93 dBm -19,93 dBm
NOTE: Close to the sensor's dynamic range limit.

Alternatively, the peak e. i.r. p. can be calculated from the Max or Mean PSD via the pulse desensitization factor. This
isonly possibleif the Fourier transform of the pulsed signal is known analytically. The pulse shape has to be known as
a consequence (see equation (F.3)).

Mean PSD at f_ (Carrier Power)

Peak e.i.r.p = Dty cycle? (F.3)
In the exemplary case, this gives (see equation (F.4)):
Peak e.i.r.p [dBm] = —40dBm + 20dB = —20 dBm (F.9)
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Table F 5: Comparison of peak e.i.r.p. for different measurement approaches

Approach Mean PSD at f. Peak e.i.r.p.
Theory -40 dBm -20 dBm
Spectrum analyser - Max PSD -40,10 dBm -20,10 dBm

Based on this example, if the pulse bandwidth is small, a peak power meter could also be used to measure the peak
e.i.r.p. For UWB pulsesthisistypically not possible as peak power meters usually have a video bandwidth of less than
200 MHz. Pulse bandwidths greater than 1 GHz, however, are not uncommon in UWB applications.

Even if the peak power meter could rectify the UWB pulse correctly (and thus track the pulse's power envelope) the
following video filter would average out the majority of the pulse envelope. The resulting power reading would most
likely be far off from the true peak e.i.r.p. value and much closer to the mean e.i.r.p.

F.5 Max and mean PSD

Figure F.6 shows the (positive) peak detector (trace 1) and RM S detector (trace 2) traces of the generated pulse signal.
As can be seen, the max and mean PSD give almost identical results.
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Figure F.6: Max and mean PSD of a pulse train line spectrum
The reason for this behaviour isthat in case of the RBW << PRF, only one line of the pulse spectrum fitsin the

spectrum analyser's RBW at atime. Consequently, the output of the envelop detector is constant asindicatesin
figure F.7.
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Figure F.7: Pulse spectrum as seen by a spectrum analyser with an RBW << PRF

A (positive) peak detector calculates the displayed pixel value from the highest available sample. An RM S detector
calculates the displayed pixel value from the RM S of all available samples.

For a constant video signal, the peak and the RM S detector yield the same results.
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Annex G (normative):
TX Unwanted Emissions (TXUE) for EUT under
ECC/DEC/(22)03

For EUT under ECC/DEC/(22)03 [i.40] the OFR was specified by X =20 dB (see clause 5.2.1) below the regulated in
band limit. This specific limit applies for the frequency range 116 to 260 GHz, see ECC report 334 [i.42] and ECC
report 351 [i.43]. Based on ECC/DEC/(22)03 the spurious and OOB domain limits within the ranges"116GHz < f < f."
and "fy < f <260 GHZz" would be different to the generic spurious limits under ERC/REC 74-01 [i.9].

NOTE: For unwanted emission specification for RDI-S (table 10 of ECC/DEC/(22)03 [i.40]) see related standard.

For the frequency ranges "Frower < f <116 GHZz" and "260 GHz < f < Fupeer" the limitsin clause 5.5.2; table 4 and the
conformance test in clause 5.5.3 apply.

The following tables providing the limits for the unwanted emissions within the range 116 GHz to 260 GHz.
. Table G.1: for generic indoor surveillance radar
e  Table G.2: for radiodetermination systems for industry automation (RDI)
. Table G.3: for Level Probing Radar (LPR)
. Table G.4: for Contour Determination and acquisition Radar (CDR)
e  TableG.5: for Tank Level Probing Radar (TLPR)
. Table G.6: for exterior Vehicular Radar (EVR)

e  TableG.7: for In-cabin Vehicular Radar (IVR)

Table G.1: Summary for the unwanted emissions for generic indoor radiodetermination devices
within 116 GHz - 260 GHz covered by ECC/DEC/(22)03 [i.40]; studied in ECC report 334 [i.42]

Regulation for Permitted Limit for wanted Unwanted emission limit within
range [GHz] | emission within 116 GHz <f <fL
OFR (e.i.r.p.) and
fn <f <260 GHz
Limit for conformance test
Generic Indoor, 122,25<f< -20 dBm/MHz -40 dBm/MHz RMS with 1 MHz RBW, averaged
see table 3 of [i.40] 130 over 1 ms
134 <f< -20 dBm/MHz -40 dBm/MHz
148,5
Fixed generic indoor, | 122,25 <f< -10 dBm/MHz -30 dBm/MHz
see table 4 of [i.40] 130
134 <f< -10 dBm/MHz -30 dBm/MHz
148,5
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Table G.2: Summary for the unwanted emissions for RDI devices within 116 GHz - 260 GHz covered
by ECC/DEC/(22)03 [i.40]; studied in ECC report 334 [i.42]

Regulation for Permitted Limit for wanted Unwanted emission limit within
range [GHz] emission within 116 GHz <f <fL
OFR (e.i.r.p.) and
fu <f <260 GHz
See note Limit for conformance test
RDI, 1748 <f -13,8 dBm/MHz -33,8 dBm/MHz  |RMS with 1 MHz RBW, averaged over Trep
see table 5 of <182 31 dBm peak 11 dBm peak Peak measured with 1 MHz
[i.40] 185 <f -13,8 dBm/MHz -33,8 dBm/MHz |RMS with 1 MHz RBW, averaged over Trep
<190 31 dBm peak 11 dBm peak Peak measured with 1 MHz
2315<f -25,6 dBm/MHz -45,6 dBm/MHz  |RMS with 1 MHz RBW, averaged over Trep
<250 31 dBm peak 11 dBm peak Peak measured with 1 MHz
NOTE: Peak e.i.r.p. for the wanted emission within OFR shall be measured/evaluated in 1 GHz bandwidth.

Table G.3: Summary for the unwanted emissions for LPR devices within 116 GHz - 260 GHz covered
by ECC/DEC/(22)03 [i.40]; studied in ECC report 334 [i.42]

Regulation for | Permitted Limit for wanted Unwanted emission limit within
range emission within OFR 116 GHz <f <fL
[GHZ] (e.i.r.p) and
fn <f <260 GHz
See note Limit for conformance test
LPR, 116 <f< -8 dBm/MHz -28 dBm/MHz RMS with 1 MHz RBW, averaged over Trep
see table 6 of 148,5 37 dBm peak 17 dBm peak Peak measured with 1 MHz
[i.40] 167 <f< -6 dBm/MHz -26 dBm/MHz  |RMS with 1 MHz RBW, averaged over Trep
182 37 dBm peak 17 dBm peak Peak measured with 1 MHz
2315<f< -6 dBm/MHz -26 dBm/MHz RMS with 1 MHz RBW, averaged over Trep
250 37 dBm peak 17 dBm peak Peak measured with 1 MHz

NOTE:

Peak e.i.r.p. for the wanted emission within OFR shall be measured/evaluated in 1 GHz bandwidth.

Table G.4: Summary for the unwanted emissions for CDR devices within 116 GHz - 260 GHz covered
by ECC/DEC/(22)03 [i.40]; studied in ECC report 334 [i.42]

Regulation for |Permitted Limit for wanted Unwanted emission limit within
range emission within OFR 116 GHz <f<fL
[GHZ] (e.i.r.p) and
fu <f <260 GHz
See note Limit for conformance test
CDR with digital | 116 <f< -32,6 dBm/MHz -52,6 dBm/MHz  |RMS with 1 MHz RBW, averaged over Trep
beamforming, 148,5 15 dBm peak -5 dBm peak Peak measured with 1 MHz
seetable 7of | 167 <f< -29 dBm/MHz -49 dBm/MHz _ [RMS with 1 MHz RBW, averaged over Trep
[i.40] 182 15 dBm peak -5 dBm peak Peak measured with 1 MHz
231,5<f< -23,0 dBm/MHz -43,0 dBm/MHz  |RMS with 1 MHz RBW, averaged over Trep
250 15 dBm peak -5 dBm peak Peak measured with 1 MHz
CDR operating 116 <f< -12 dBm/MHz --32 dBm/MHz _ |RMS with 1 MHz RBW, averaged over Trep
with multiple 148,5 28,6 dBm peak 8,6 dBm peak Peak measured with 1 MHz
antenna 167 <f< -9 dBm/MHz -29 dBm/MHz  |RMS with 1 MHz RBW, averaged over Trep
elements, 182 34,6 dBm peak 14,6 dBm peak Peak measured with 1 MHz
seetable 8of 537 5<f< -6,0 dBm/MHz 26,0 dBm/MHz _|RMS with 1 MHz RBW, averaged over Trep
[i.40] 250 37 dBm peak 17 dBm peak Peak measured with 1 MHz
NOTE: Peak e.i.r.p. for the wanted emission within OFR shall be measured/evaluated in 1 GHz bandwidth.
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Table G.5: Summary for the unwanted emissions for TLPR devices within 116 GHz - 260 GHz covered
by ECC/DEC/(22)03 [i.40]; studied in ECC report 334 [i.42]

Regulation for | Permitted Limit for wanted Unwanted emission limit within
range emission within OFR 116 GHz <f<fL
[GHZ] (e.i.r.p) and
fn < f <260GHz
See note Limit Measured
TLPR, 116 <f< 12 dBm/MHz -8 dBm/MHz RMS with 1 MHz RBW, averaged over Trep
See table 9 of 148,5 42 dBm peak 22 dBm peak Peak measured with 1 MHz
[i.40] 167 <f< 12 dBm/MHz -8 dBm/MHz _ |RMS with 1 MHz RBW, averaged over Trep
182 42 dBm peak 22 dBm peak Peak measured with 1 MHz
2315< f< 12 dBm/MHz -8 dBm/MHz RMS with 1 MHz RBW, averaged over Trep
250 42 dBm peak 22 dBm peak Peak measured with 1 MHz
NOTE: Peak e.i.r.p. for the wanted emission within OFR shall be measured/evaluated in 1 GHz bandwidth.

Table G.6: Summary overview of the unwanted/wanted emissions and frequency ranges for EVR
devices within 116 GHz - 260 GHz covered by ECC/DEC/(22)03 [i.40]; studied in ECC report 351 [i.43]

Regulation for

Frequency range
[GHZ]

Unwanted emissions limits

Additional requirements

EVR operating
within
122,25 GHz -
130 GHz

See table 11 of
[i.40]

116 <f< 122,25

> 35 deg elevation

-50 dBm/MHz for all kind of EUT with
< 35 deg elevation DC = 50 %; Tobs = Trep
-76 dBm/MHz for all kind of EUT with
> 35 deg elevation DC = 50 %; Tobs = Trep
-53 dBm/MHz for all kind of EUT with
< 35 deg elevation DC > 50 %; Tobs = Trep
-79 dBm/MHz for all kind of EUT with

DC > 50 %; Tobs = Trep

122,25 <f<fL

see related standard

unwanted domain could be specified in relation
to EUT category and OFR/BW specification,
see clause 5.5.1

fL<f<fu In band see table 1 of ECC/DEC/(22)03 [i.40] and
related standard
fu < f<130 see related standard unwanted domain could be specified in relation
to EUT category and OFR/BW specification,
see clause 5.5.1
130<f<134 -33 dBm/MHz for front radar; RMS with 1 MHz RBW,
averaged over Trep
2dBm peak for front radar; Peak evaluated within 1 GHz
-36 dBm/MHz corner and short/ultra-short range radars; RMS
with 1 MHz RBW, averaged over Trep
-1 dBm peak corner & short/ultra-short range radars;
Peak evaluated within 1 GHz
134 < <1485 -30 dBm/MHz see clause 5.5.2; table 4
148,5 <f< 151 -44 dBm/MHz for all kind of EUT with
< 35 deg elevation DC = 50 %; Tobs = Trep
-70 dBm/MHz for all kind of EUT with
> 35 deg elevation DC =50 %; Tobs = Trep
-47 dBm/MHz for all kind of EUT with
< 35 deg elevation DC > 50 %; Tobs = Trep
-73 dBm/MHz for all kind of EUT with
> 35 deg elevation DC > 50 %; Tobs = Trep
151 <f <260 -30 dBm/MHz see clause 5.5.2; table 4
EVR operating 116 << 122,25 -50 dBm/MHz for all kind of EUT with
within 134 GHz < 35 deg elevation DC = 50 %; Tobs = Trep
- 141 GHz or -76 dBm/MHz for all kind of EUT with
141 GHz - > 35 deg elevation DC < 50 %; Tobs = Trep
148,5 GHz -53 dBm/MHz for all kind of EUT with
< 35 deg elevation DC > 50 %; Tobs = Trep
See table 11 of -79 dBm/MHz for all kind of EUT with
[i.40] > 35 deg elevation DC > 50 %; Tobs = Trep
122,25 <f<130 -30 dBm/MHz see clause 5.5.2; table 4
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Regulation for

Frequency range

Unwanted emissions limits

Additional requirements

[GHZ]
130<f< 134 -33 dBm/MHz for front radar; RMS with 1 MHz RBW,
averaged over Trep
2dBm peak for front radar; Peak evaluated within 1 GHz
-36 dBm/MHz corner and short/ultra-short range radars; RMS
with 1 MHz RBW, averaged over Trep
-1 dBm peak corner and short/ultra-short range radars;
Peak evaluated within 1 GHz
134 <f<fL see related standard unwanted domain could be specified in relation
to EUT category and OFR/BW specification,
see clause 5.5.1
fu<f<fu inband see table 11 of ECC/DEC/(22)03 [i.40] and
related standard
fn<f<148,5 see related standard unwanted domain could be specified in relation

to EUT category and OFR/BW specification,
see clause 5.5.1

148,5<f<151 -44 dBm/MHz for all kind of EUT with
< 35 deg elevation DC < 50 %; Tobs = Trep

-70 dBm/MHz for all kind of EUT with

> 35 deg elevation DC = 50 %; Tobs = Trep

-47 dBm/MHz for all kind of EUT with

< 35 deg elevation DC > 50 %; Tobs = Trep

-73 dBm/MHz for all kind of EUT with

> 35 deg elevation DC > 50 %; Tobs = Trep

151 <f< 260 -30 dBm/MHz see clause 5.5.2; table 4

Table G.7: Summary overview of the unwanted/wanted emissions and frequency ranges for IVR
devices within 116 GHz - 260 GHz covered by ECC/DEC/(22)03 [i.40]; studied in ECC report 351 [i.43]

Regulation for

Frequency range
[GHZz]

Unwanted emissions

limits

Additional requirements

IVR operating
within
122,25 GHz -
130 GHz

116 <f<122,25

-45 dBm/MHz

RMS with 1 MHz RBW, averaged over Trep

122,25 <f<fL

see related standard

Unwanted domain could be specified in relation
to EUT category and OFR/BW specification,
see clause 5.5.1

fL<f<fu In band See table 11 of ECC/DEC/(22)03 [i.40] and
See table 12 of related standard
[i.40] fu<f<130 see related standard Unwanted domain could be specified in relation
to EUT category and OFR/BW specification,
see clause 5.5.1
130<f<134 -17 dBm/MHz RMS with 1 MHz RBW averaged over Trep
-4dBm peak Peak evaluated within 1 GHz
134<f<148,5 -30 dBm/MHz See clause 5.5.2; table 4
148,5<f< 151 -39 dBm/MHz RMS with 1 MHz RBW. averaged over Trep
151 < f < 260 -30 dBm/MHz See clause 5.5.2; table 4
IVR operating 116 <f< 122,25 -45 dBm/MHz RMS with 1 MHz RBW, averaged over Trep
within 134 GHz
- 141 GHz or 122,25 <1< 130 -30 dBm/MHz See clause 5.5.2; table 4
141 GHz - 130 <f< 134 -17 dBm/MHz RMS with 1 MHz RBW averaged over Trep
148,5 GHz -4 dBm peak Peak evaluated within 1 GHz
134 <f<fL see related standard Unwanted domain could be specified in relation
See table 12 of to EUT category and OFR/BW specification,
[i.40] see clause 5.5.1
fu<f<fu inband See table 11 of ECC/DEC/(22)03 [i.40] and
related standard
fa<f<148,5 see related standard Unwanted domain could be specified in relation

to EUT category and OFR/BW specification,
see clause 5.5.1

148,5<f<151

-39 dBm/MHz

RMS with 1 MHz RBW. averaged over Trep

151 <f< 260

-30 dBm/MHz

See clause 5.5.2; table 4
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Annex H (informative):

Parameter and Specification in related Standards

This clause provides a short overview on parameter or other relevant points for TX conformance testing (e.g. test set-up,
test site) which need to considered by the related standard. A kind of checklist isprovided in table H.1 (general issues)

and table H.2.

Table H.1: Checklist on general issues to be considered in related standard

General issues for all TX requirements

issue the related standard (rS) need to consider and See clause
specify
Test site For each requirement one test site. clause B.2.2

See note 1.

Kind of conformance test (radiated or
conducted)

measurement procedure

If the TX requirement of the EUT needs be tested
radiated or conducted.

And if there are different option necessary (depending
on e.g. EUT categories) the rS need to specify the

clause B.3 for
conducted

clause B.4 for

circumstances under which situation which test site radiated
and measurement procedure apply.
For radiated tests the rS specifies: clause B.4
e angular steps
e measurement distance
and if there is a need to specify a test scenario clause 5.7
(additional parts) e.g. indirect emissions testing.
Environmental conditions a environmental profile (based on the indented use of |ETSI

the EUT) and the related test site.

TS 103 941 [3]

EUT categories

EUT categories based on the intended use (if there are
different requirements depending EUT categories
(intended use) which are leading to different
requirements, test sites, measurement procedures,
etc.).

General issues for measurement

Disregard time Important for timing measurements (Duty Cycle, signal |clause C.1
Tais repetition time, Ton) and has an impact on the

averaging time of e.g. over burst duration/Ton.
Threshold Level Important for timing measurements (Duty Cycle, signal |clause C.1

Pthresh

repetition time, Ton).

See note 2.

NOTE 1: This could be different for EUT categories (intended use).
NOTE 2: If nothing is specified the noise floor level (sensitivity level) of the measurement equipment is used.
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Table H.2: Checklist on technical issues to be considered in related standard

Requirements specific issues for emission (radiated/conducted) measurements

Requirement The related standard (rS) need to See
consider and specify clause

OFR X (if other limit than 23 dB) for the OFR. 521

In addition clarifies:

e If the measured emission level at
fL or fu are used to derive Pthresh
and the way to come to the
related limit.

e  Which power (emission)
measurement is used for the
OFR assessment.

Mean e.i.r.p. e  Specify kind of measurement 5.3.1 and
procedure based on required C3
averaging time.

e Provide measurement solutions
to assess signal repetition and/or
Ton time.

e Start and stop frequency.

RBW.

Mean e.i.r.p. Spectral Density e  Specify kind of measurement 5.3.2
procedure based on required and
averaging time. C3

e Provide measurement solutions
to assess signal repetition and/or
Ton time.

Start and stop frequency.
RBW.

Peak e.i.r.p. e  Specify kind of measurement 5.3.3
procedure.

e  Start and stop frequency.

Peak e.i.r.p. Spectral Density kind of measurement procedure: 5.34

e  Start and stop frequency.

e RBW for the peak requirement
assessment.

Other Emissions For UWB EUT (< 10 GHz) based on 5.4 and

ECC/DEC/(06)04 [i.3] and annex D
ECC/DEC/(07)01 [i.4] other emissions

could be an issue.

The rS need to consider if there is an issue

based on intended use of the EUT (e.g.

indirect emission, OFR, etc.).

TX unwanted emissions Spurious emissions: 55.1

e Xrxue to specify spurious domain
and OOB (fs and fus).

e The averaging time for the 55.3.1.1
spurious domain measurement
e.g. Burst/Ton or signal repetition
time.

Out-of-Band Domain: 55.1

e Limits for the OOB domain.
See notel.

e The rS need to specify necessary
parameter for the measurement
procedure (averaging time,
detector, etc.).

See note 2.
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Requirements specific issues for emission (radiated/conducted) measurements
Requirement The related standard (rS) need to See
consider and specify clause
Indirect emissions the test set-up and all necessary part 5.7

of material.

See note 3.

e What are the different parts
including size, thickness and kind

e Distances/Spaces between the
different parts of the scenario.

Antenna Pattern

conformance tests.
e Angular steps.
See note 4.
e measurement distance.

antenna.

reference antenna).

e Frequencies at which the antenna
pattern needs to be assessed.
e For external antennas which

e  Minimum requirement for
gain/pattern of the measurement

¢  Minimum requirement for
gain/pattern of the SRA (standard

e Signal source (CW at which
frequencies) and measurement
receiver (clause 5.12.2.3) if EUT
will be not used as signal source.

5.12

NOTE 1:
NOTE 2:

NOTE 3:

NOTE 4:

The OOB domain is dependent, and limits are linked with the EUT OFR requirements and spurious domain.
For EUT based on ECC/DEC/(22)03 [i.40], the TX unwanted domain requirement is different specified than in
clause 5.5.1, the related limits and requirements (measurement methods) are defined in annex G.

Based on that the scenario reflects the environment for intended use of the EUT the rS need to consider if the
test-set-up can be used for RX test as well of if based on the wanted technical performances and the intended
use another (similar) RX test set-up is necessary.
For internal antennas it would be "clever" to use the same steps than for the e.i.r.p. measurement and allow a
simple gain calculation via TRP assessment, see clause 5.6.

Table H.3

Mitigation techniques

Total Radiated
Power

The rS need to specify the necessary e.i.r.p. emissions measurement (mean,
mean power density, peak or peak power density) for the assessment of the
TPR requirement

See clause 5.6

Transmit Power
Control

See clause 5.8

Detect and Avoid

Depending EUT OFR and EUT categories (intended -use) the rS need to
specify if DAA tests are necessary. The rS needs to consider and could specify
this in differentiations in the EUT categories

See clause 5.9

Listen Before Talk

Depending EUT OFR and EUT categories (intended use) the rS need to specify
if LBT tests are necessary. The rS need to consider and could specify this in
differentiations in the EUT categories

See clause 5.10

Duty Cycle

In addition to Tdis and Ptnresh the rS need to consider and specify the
Observation time for the DC assessment and if the regulation requires a DC
template assessment or a duty cycle assessment within a sub-range of the
OFR.

In addition the rS need to specify the RBW of the measurement procedure and
the measurement procedure itself (e.g. conducted, with spectrum analyser, etc.)

See clause 5.11

ETSI




152 ETSI EN 303 883-1 V2.1.1 (2024-08)

Annex | (informative):
Change history

Version Information about changes

e The previous version of the present document was ETSI EN 303 883 (V1.1.1). For
the revision of ETSI EN 303 883 it was decided to split the transmitter and receiver
parts into two different documents: ETSI EN 303 883-1 (V1.2.1) (the present

121 document) for transmitter, and ETSI EN 303 883-2 (V1.2.1) for receiver.
e Addition of "mean power" measurement procedure.
e Changes.
e Revision power measurement to reflect changes in informative referenced
ECC/DEC/'s
e Updating Total radiated power measurement to reflect changes in informative
referenced ECC/DEC/'s
e Adding new chapter for antenna measurement
e Transfer environmental profile information to ETSI TS 103 941
21.1 e Update annex B to reflect state of the art measurement test set-ups (radiated and
conducted)
e New annex G on specific unwanted emission requirements for EUT under
ECC/DEC/(22)03

e Update annex C
¢ New annex H to provide guidance on necessary specifications (to be considered)
during preparation of related standards
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Viz21 February 2021 Publication
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V211 June 2024 Vote V 20240810: 2024-06-11 to 2024-08-12
V211 August 2024 Publication
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