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Intellectual Property Rights

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

server (http://ipr.etsi.org).

Pursuant to the ETSI IPR Palicy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee
can be given asto the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Foreword

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

For non EU countries the present document may be used for regulatory (Type Approval) purposes.

Equipment compliant with the present document is intended for fitment into road vehicles, thereforeit is subject to
automotive EMC type approval and needs to comply with Directive 95/54/EC [i.3]. For use on vehicles outside the
scope of Directive 95/54/EC [i.3] compliance with an EMC directive/standard appropriate for that useis required.

The present document is part 1 of a multi-part deliverable covering Electromagnetic compatibility and Radio spectrum
Matters (ERM); Road Transport and Traffic Telematics (RTTT); Automotive radar equipment operating in the
24,05 GHz up to 24,25 GHz or 24,50 GHz frequency range, as identified below:

Part 1: " Technical characteristics and test methods" ;

Part 2. "Harmonized EN covering the essential requirements of article 3.2 of the R& TTE Directive".

National transposition dates

Date of adoption of this EN: 31 October 2013
Date of latest announcement of this EN (doa): 31 January 2014
Date of latest publication of new National Standard

or endorsement of this EN (dop/e): 31 July 2014
Date of withdrawal of any conflicting National Standard (dow): 31 July 2014
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1 Scope

The present document specifies the technical requirements and methods of measurement for automotive radar
equipment operating in the 24,05 GHz to 24,25 GHz frequency range or in the 24,05 GHz to 24,50 GHz frequency
range intended for Narrow Band Short Range Radar (NB SRR) for Road Transport and Traffic Telematics (RTTT)
applications such as Automotive Cruise Control (ACC), Collision Warning, Anti-Collision (AC) systems, obstacle
detection, Stop and Go, blind spot detection, parking aid, precrash, backup aid and other safety relevant automotive
applications.

The present document contains the technical characteristics and test methods for narrowband short range radar
equipment fitted with integral antennas and applies to transmitters and receivers with integral antennas operating in all
or part of the range from 24,05 GHz to 24,50 GHz.

The present document covers the basic NB SRR as provided by the EN 302 858-1 (V1.2.1) operating in the frequency
range of 24,05 GHz to 24,25 GHz.

Additionally, the present document specifies the WLAM (Wideband Low Activity Mode) mode, operating from
24,05 GHz to 24,50 GHz. The operation of this mode is optional and specified in the normative annex B of the present
document.

The present document does not necessarily include all the characteristics which may be required by a user, nor does it
necessarily represent the optimum performance achievable.

The present document covers only NB SRR equipment for vehicles.

The present document complies with field limits for human exposure to electromagnetic fields as provided by the
EC Recommendation 1999/519/EC [i.4] and the methods for compliance demonstration in EN 62479:2010 [i.5].

Table 1 shows the frequency bands as designated to narrow band short range radar devices.

Table 1: Narrow band short range radar devices frequency of operation

Frequency Bands/frequencies Applications
Transmit and Receive 24,05 GHz to 24,25 GHz Short range radar for vehicle applications
Transmit and Receive 24,05 GHz to 24,50 GHz Short range radar for vehicle applications
(see note)
NOTE: For WLAM operation mode only.

2 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
reference document (including any amendments) applies.

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

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

2.1 Normative references

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

[1] CISPR 16 (2006) (parts 1-1, 1-4 and 1-5): " Specification for radio disturbance and immunity
measuring apparatus and methods; Part 1: Radio disturbance and immunity measuring apparatus’.

[2] ETSI TR 100 028 (V1.4.1) (al parts): "Electromagnetic compatibility and Radio spectrum Matters
(ERM); Uncertainties in the measurement of mobile radio equipment characteristics’.
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(3]

[4]

(5]
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ETSI TR 102 273 (V1.2.1) (al parts): "Electromagnetic compatibility and Radio spectrum
Matters (ERM); Improvement on Radiated Methods of M easurement (using test site) and
evaluation of the corresponding measurement uncertainties".

ETSI TS 103 051 (V1.1.1): "Electromagnetic compatibility and Radio spectrum Matters (ERM);
Expanded measurement uncertainty for the measurement of radiated electromagnetic fields'.

ETSI TS103 052 (V1.1.1): "Electromagnetic compatibility and Radio spectrum Matters (ERM);
Radiated measurement methods and general arrangements for test sites up to 100 GHz".

Informative references

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

[i.1]
[i.2]

[i.3]

[i.4]

[i.5]

[i.6]

[i.7]
[i.8]

[i.9]
[i.10]

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

CEPT/ECC Report #134 on analysis of potential impact of mobile vehicle Radars (VR) on Radar
Speed Meters (RSM) operating at 24 GHz.

Commission Directive 95/54/EC of 31 October 1995 adapting to technical progress Council
Directive 72/245/EEC on the approximation of the laws of the Member States relating to the
suppression of radio interference produced by spark-ignition engines fitted to motor vehicles and
amending Directive 70/156/EEC on the approximation of the laws of the Member States relating
to the type-approval of motor vehicles and their trailers.

Council Recommendation 1999/519/EC of 12 July 1999 on the limitation of exposure of the
general public to electromagnetic fields (0 Hz to 300 GHz).

CENELEC EN 62479:2010: "Assessment of the compliance of low power electronic anelectrical
equipment with the basic restrictions related to human exposure to el ectromagnetic fields
(10 MHz - 300 GHz)".

CEPT/ERC/REC 74-01: "Unwanted emissionsin the spurious domain”.
Recommendation ITU-R SM.328-10: " Spectra and Bandwidth of Emissions”.

Recommendation ITU-R SM.329: "Variation of the boundary between the out-of-band and
spurious domains'.

Void.

CEPT/ECC Report #164. "Compatibility between wide band low activity mode (wlam)
automotive radars in the frequency range 24.25 GHz to 24.5 GHz and other radiocommunication
systems/services'.

3

3.1

Definitions, symbols and abbreviations

Definitions

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

assigned frequency band: frequency band within which the device is authorized to operate

boresight: axis of the main beam in adirectiona antenna

bumper: generally 3D shaped plastic sheet normally mounted in front of the NB SRR

co-located receiver: receiver islocated in the same module box as the transmitter
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duty cycle: ratio of the total Tx on time to the total off-time in any one hour period

NOTE: The device may be triggered either automatically or manually, whether the duty cycleis fixed or random
depends on how the deviceistriggered.

dwell time: in genera, atime interval for which a certain frequency range is occupied

NOTE: "Cumulated dwell time" isthe sum of individual dwell times within a measurement time frame
and in a defined frequency range.
"Absolute dwell time" is the time from first entrance into a defined frequency range until last exit from a
defined frequency range.

Equipment Under Test (EUT): radar sensor including the integrated antenna together with any external antenna
components which affect or influence its performance

equivalent isotropically radiated power (e.i.r.p.): total power or power density transmitted, assuming an isotropic
radiator

NOTE: e.i.r.p. isconventionally the product of "power or power density into the antenna”’ and "antenna gain”.
e.i.r.p. isused for both peak or average power and peak or average power density.

far field measurement: measurement at a distance " X" of at least 2d2/A , where d is the largest dimension of the
antenna aperture of the EUT

operating frequency (operating centre frequency): nominal frequency at which equipment is operated

power envelope: power supplied to the antenna by atransmitter during one radio frequency cycle at the crest of the
modulation envel ope taken under normal operating conditions

precrash: time before the crash occurs when safety mechanism are deployed

radome: externa protective cover which isindependent of the associated antenna, and which may contribute to the
overall performance of the antenna (and hence, the EUT)

3.2 Symbols

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

DT Dwell Time

DTO Average dwell time value

E Field strength

fe Carrier frequency

fy The frequency of the upper marker resulting from the OBW function
fL The frequency of the lower marker resulting from the OBW function
G, Antenna gain

NB Narrow Band

P Radiated power

R Distance

R, Reference distance

Rx Receiver

Tow Dwell time

TX Transmitter

3.3 Abbreviations

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

ac aternating current

AC Anti-Collision systems

ACC Automotive Cruise Control

APPS Automatical Pedestrian Protection System

ETSI



10 ETSI EN 302 858-1 V1.3.1 (2013-11)

CAN Controller Area Network
CISPR Comité International Spécial des Perturbations Radioélectriques
dB decibel
DC Direct Current
DT Dwell Time
ei.r.p. equivalent isotropically radiated power
ECC Electronic Communications Committee
EMC Electro Magnetic Compatibility
ERC European Radiocommunication Committee
EUT Equipment Under Test
FFT Fast Fourier Transform
FH Frequency Hopping
FMCW Frequency Modulation Continuous Wave
IF Intermediate Frequency
LNA Low Noise Amplifier
NB SRR Narrow Band Short Range Radar
OATS Open Area Test Site
oBW Occupied BandWidth
R&TTE Radio and Telecommunications Terminal Equipment
RBW Resolution BandWidth
RF Radio Frequency
RMS Root Mean Square
RSM Radar Speed Meters
RTTT Road Transport and Traffic Telematics
Rx Receiver (Receive)
SM Sub-Mode
SRD Short Range Device
SRR Short Range Radar
VBW Video BandWidth
VSWR Voltage Standing Wave Ratio
WLAM Wideband Low Activity Mode
4 Equipment under test
4.1 Presentation of equipment for testing purposes

Each equipment submitted for testing, where applicable, shall fulfil the requirements of the present document on all
frequencies over which it isintended to operate. EM C type approval testing to Directive 95/54/EC [i.3] shall be done on
the vehicle.

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

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

The performance of the equipment submitted for testing shall be representative of the performance of the corresponding
production model. In order to avoid any ambiguity in that assessment, the present document contains instructions for the
presentation of equipment for testing purposes, conditions of testing (clause 5) and the measurement methods

(clause 7). Instructions for installation of the equipment in a road vehicle are provided in annex B.

Stand alone equipment submitted for testing shall be offered by the provider complete with any ancillary equipment
needed for testing. The provider shall declare the frequency range(s), the range of operation conditions and power
requirements, as applicable, in order to establish the appropriate test conditions.

The EUT will comprise the sensor, antenna and radome if needed and is tested as a stand alone assembly. The EUTs
test fixtures may be supplied by the provider to facilitate the tests (clause 6.2).

These clauses are intended to give confidence that the requirements set out in the present document have been met
without the necessity of performing measurements on all frequencies.

ETSI



11 ETSI EN 302 858-1 V1.3.1 (2013-11)

4.1.1 Choice of model for testing

If an equipment has several optional features, considered not to affect the RF parameters then the tests need only to be
performed on the equipment configured with that combination of features considered to be the most complex, as
proposed by the provider and agreed by the test |aboratory.

If an equipment is designed to operate with different powers, measurements of each transmitter parameter shall be
performed at the highest power level at which the transmitter isintended to operate.

4.2 Mechanical and electrical design

The equipment submitted by the provider shall be designed, constructed and manufactured in accordance with good
engineering practice and with the aim of minimizing harmful interference to other equipment and services.

4.3 Auxiliary test equipment

All necessary test signal sources and set-up information shall accompany the equipment when it is submitted for testing.

5 Test conditions, power sources and ambient
temperatures

5.1 Normal and extreme test conditions
Testing shall be carried out under normal test conditions, and also, where stated, under extreme test conditions.
The test conditions and procedures shall be as specified in clauses 5.2 to 5.4.

All measurements shall be preceded by calibrated measurements according to annex A.

5.2 External test power source

During tests the power source of the equipment shall be an external test power source, capable of producing normal and
extreme test voltages as specified in clauses 5.3.2 and 5.4.2. The internal impedance of the external test power source
shall be low enough for its effect on the test results to be negligible.

The test voltage shall be measured at the point of connection of the power cable to the equipment.

During tests the external test power source voltages shall be within atolerance of +1 % relative to the voltage at the
beginning of each test. The level of this tolerance can be critical for certain measurements. Using a smaller tolerance
provides a reduced uncertainty level for these measurements.

5.3 Normal test conditions

5.3.1 Normal temperature and humidity

The normal temperature and humidity conditions for tests shall be any convenient combination of temperature and
humidity within the following ranges:

. temperature; +15°Cto +35 °C;
. relative humidity: 20 % to 75 %.

When it isimpracticable to carry out tests under these conditions, a note to this effect, stating the ambient temperature
and relative humidity during the tests, shall be added to the test report.
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5.3.2 Normal test power source

The internal impedance of the test power source shall be low enough for its effect on the test results to be negligible.
For the purpose of the tests, the voltage of the external test power source shall be measured at the input terminals of the
equipment.

53.2.1 Test equipment voltage and nominal test voltage

The normal test voltage for equipment shall be the nominal mains voltage. For the purpose of the present document, the
nominal voltage shall be the declared voltage, or any of the declared voltages, for which the equipment was designed.

The frequency of the test power source corresponding to the ac mains shall be between 49 Hz and 51 Hz.

5.3.2.2 Other power sources

For operation from other power sources the normal test voltage shall be that declared by the provider. Such values shall
be stated in the test report.

54 Extreme test conditions

54.1 Extreme temperatures

5411 Procedure for tests at extreme temperatures

Before measurements are made, the equipment shall have reached thermal balance in the test chamber. The equipment
shall not be switched off during the temperature stabilizing period.

If the thermal balance is not checked by measurements, a temperature stabilizing period of at least one hour, or such
period as may be decided by the accredited test Iaboratory, shall be allowed. The sequence of measurements shall be
chosen, and the humidity content in the test chamber shall be controlled so that excessive condensation does not occur.

54.1.2 Extreme temperature ranges

For tests at extreme temperatures, measurements shall be made in accordance with the procedures specified in
clause 5.4.1.1, at the upper and lower temperatures of one of the following ranges as declared by the provider:

. Temperature category |: -10°Cto+55°C.
. Temperature category I: -20 °Cto +55 °C.
. Temperature category I1I:  -40°Cto +70 °C.

The manufacturer can specify awider temperature range than given as a minimum above. The test report shall state
which rangeis used.

5.4.2 Extreme test source voltages

5421 Mains voltage

The extreme test voltages for equipment to be connected to an ac mains source shall be the nominal mains voltage
110 %.

5422 Other power sources

For equipment using other power sources, or capable of being operated from a variety of power sources, the extreme
test voltages shall be that declared by the provider. These shall be recorded in the test report.

ETSI



13 ETSI EN 302 858-1 V1.3.1 (2013-11)

6 Measurement setup

6.1 Test sites and general arrangements for radiated
measurements

Detailed descriptions of the radiated measurement arrangements are included in annex A. In general, measurements
shall be carried out under far field conditions. The far field condition for the EUTs is considered to be fulfilled in a
minimum radial distance"X" that shall be a minimum of 2d2/. , where d is the largest dimension of the antenna
aperture of the EUT, for a single device measurement.

Absolute power measurements shall be made using an appropriate method to ensure that the wave front is properly
formed (i.e. operating in far field conditions).

6.2 Test fixture

The test fixture may be used to facilitate measurements for equipment having an integral antenna, if required even under
extreme conditions. Tests on radiated signals may be carried out using the test fixture. For tests of unwanted emissions
in the spurious domain, the test fixture bandwidth shall be used up to 50 GHz. If thisis not the case, aradiated
measurement according to annex A shall be used.

6.2.1 Characteristics

The fixtureis aradio frequency device for coupling the integral antenna of the NB SRR to a50 Q RF terminal at al
frequencies for which measurements need to be performed.

The test fixture shall be fully described.
In addition, the test fixture shall provide:
a) aconnection to an external power supply;

b) amethod to provide the input to or output from the equipment. This may include coupling to or from the
antenna. The test fixture could also provide the suitable coupling means e.g. for data or video outputs.

The test fixture is normally be supplied by the provider.

The performance characteristics of the test fixture shall be approved by the testing laboratory and shall conform to the
following basic parameters:

a) thecoupling loss shall not be greater than 30 dB;

b) adequate bandwidth properties,

c) acoupling loss variation over the frequency range used for the measurement shall not exceed 2 dB;

d) circuitry associated with the RF coupling shall contain no active or non-linear devices,

e) theVSWR at the 50 Q socket shall not be more than 1,5 over the frequency range of the measurements;

f)  the coupling loss shall be independent of the position of the test fixture and be unaffected by the proximity of
surrounding objects or people. The coupling loss shall be reproducible when the equipment under test is
removed and replaced. Normally, the text fixture isin a fixed position and provides a fixed location for the
EUT,

g) thecoupling loss shall remain substantially constant when the environmental conditions are varied.

The coupler attenuation of the test-fixture may amount to a maximum of the noise level of the measurement instrument
+10 dB. If the attenuation istoo high, alinear LNA can be used outside the test-fixture.

ETSI



14 ETSI EN 302 858-1 V1.3.1 (2013-11)

Placement and

location of the EUT 50 Q
connector

Test-fixture

/ 3
. 50 Q attenuator
Field probe or small antenna

Figure 1: Test fixture

Thefield probe (or small antenna) needs to be properly terminated.

The characteristics and validation shall be included in the test report.

6.2.2  Validation of the test fixture in the temperature chamber

The test fixture is brought into a temperature chamber (only needed if test fixture measurements performed under
extreme temperature conditions).

Step 1

A transmit antenna connected to asignal generator shall be positioned from the test-fixture at afar field distance of not
less than one A at the frequency. The test fixture consists of the mechanical support for the EUT, an antenna or field
probe and a 50 Q attenuator for proper termination of the field probe. The test fixture shall be connected to a spectrum
analyzer viathe 50 Q connector. A signal generator shall be set on the EUT's nominal frequency (see figure 2). The
unmodulated output power of the signal generator shall be set to a value such that a sufficiently high level can be
observed with the spectrum analyzer. This reference value shall be recorded. The signal generator shall then be set to
the upper and the lower band limit of the EUT's assigned frequency band. The measured values shall not deviate more
than 1 dB from the value at the nominal frequency.

Test antenna

4‘

Test-fixture

Temperature

Signal generator
chamber

Spectrum Analyzer

Distance = A

Figure 2: Validation of test fixture without EUT

Step 2

During validation and testing the EUT shall be fitted to the test fixture in a switched-off mode, see figure 3. The
measurements of step 1 shall be repeated, this time with the EUT in place. The measured values shall be compared with
those from step 1 and shall not vary by more than 2 dB. This shows that the EUT does not cause any significant
shadowing of the radiated power.
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Test antenna

4‘

Test-fixture

Temperature

Signal generator
chamber

Spectrum Analvzer

Distance = A

Figure 3: Validation of test fixture with EUT in place

6.2.3 Use of the test fixture for measurement in the temperature chamber

Here, the signal generator and the transmit antenna are removed. The EUT is DC supplied via an external power supply
(seefigure 4). In case of a battery operated EUT that is supplied by atemporary power supply as well as temporary
signal- and control line, adecoupling filter shall be installed directly at the EUT in order to avoid parasitic,
electromagnetic radiation.

At the 50 Q port of the test fixture, a measuring receiver is connected for recording the quantities of interest.

Power
supply

EUT | |

test-fixture

Decoupling fiter
{for battery operated devices)

Temperature
chamber

| Measuring receiver

Figure 4. Measurement of EUT performance in temperature chamber

6.3 RF cables

All RF cablesincluding their connectors at both ends used within the measurement arrangements and set-ups shall be of
coaxial type conforming to the below requirements for the used frequency range:

e anomina characteristic impedance of 50 Q;
e aVSWR of lessthan 1,2 at either end;

e ashieldinglossin excess of 60 dB.
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All RF cables shall be routed suitably in order to reduce impacts on antenna radiation pattern, antenna gain, antenna
impedance.

NOTE: Further details are provided in TR 102 273-2 [3].

6.4 Measuring receiver

M easuring receivers include spectrum analyzers, signal analyzers and comparable instruments.

If no measuring receiver is available for directly processing 24 GHz input signals, then an external down-converter is
used to shift the frequency range 24,0 GHz to 24,3 GHz towards a frequency range covered by the available measuring
receiver (see figure 5). The pre-amplifier has to be chosen such that the amplitude of the measured signalsis well above
the sensitivity level of the measuring receiver.

Fundamental or
Harmonic Mixer

Measuring
Receiver

Input from Test
Fixture

Pre-amplifier
(optional)

Local
Oscillator
Source

Figure 5: Using a down-converter in front of a measuring receiver

6.4.1 Frequency-selective voltmeter or spectrum analyzer

For measuring simple quantities like occupied bandwidth, a frequency-sel ective voltmeter or a spectrum analyzer are
suitable measurement receivers.

The measurement bandwidth of the measuring receiver shall, where possible, be according to CISPR 16 [1]. In order to
obtain the required sensitivity, a narrower measurement bandwidth may be necessary, and in such cases, this shall be
stated in the test report form. The bandwidth of the measuring receiver shall be as given in table 2.

Table 2: Measuring receiver characteristic

Frequency range: (f) Measuring receiver bandwidth
30 MHz <£f<1 000 MHz 100 kHz to 120 kHz
f>1 000 MHz 1 MHz

6.4.2 Signal analyzer

For measuring complex parameters like frequency versustime, asignal analyzer is a suitable measuring receiver.
Alternative approaches giving comparable information may also be used.

Signal analyzers are either available as a stand-alone instrument or as a combination of several components (multi-box,
seetable 3).
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Table 3: Example of a signal analyzer measurement equipment set-up
if composed of several components

A/D Personal
50 Ohm . Data computer with
input port conversion cable spectrogram
and memory
software

The result of measurements using a signal analyzer is the spectrogram, showing time on the x-axis, frequency on the
y-axis and the amplitude as colour-coded dots (see example in figure 6). Using a marker, also quantitative power levels
can be read out for a certain time, frequency-position.

dBm

Freq [MHzZ]

e ik e i i . A i -100.00
; dBm
Time [ms] el

Marker+: 2.74 ms, 24127.04 MHz, -48.3dBm

Figure 6: Example of spectrogram measurement result

6.4.3  Amplitude calibration

To determine e.i.r.p. values, the readings from the measuring receiver (including a possible down-converter) have to be
calibrated to include gains and losses, e.g. antenna gain, free space loss, etc. The amount of required correction is
obtained by the substitution approach (see also annex A).

7 Limits for transmitter parameters and methods of
measurements
7.1 Introduction

For NB SRRs, avariety of different signal modulation types and characteristics are feasible. Modulation examples are a
slow linear frequency sweep, a stepped frequency sweep, fast linear frequency sweeps or pulses with a spread frequency
spectrum, multi-tone signals or a general time dependent emission (see figure 7).
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Time

Figure 7. Examples of NB SRR transmit frequency signals versus time

Furthermore, the signal modulations of a NB SRR may change from one time period to another time period (for
example change between measuring and calibration signals).

The complexity and variety of possible signal modulation types and characteristics is handled by categorizing the
permitted frequency ranges, limits and including the spectrum access parameters of table 4 and defined in the
measurement procedure table 5.

7.2

Frequency, power limits and spectrum access conditions

The overview of frequency bands, power limits and spectrum access conditionsis given in table 4.

Table 4: Emission limits for peak e.i.r.p. in the frequency band from 24,05 GHz to 24,25 GHz

Frequency band | Power limit, Spectrum access Comments Test category
GHz e.i.r.p. conditions
mwW
24,050 to 24,075 100 No restrictions A
0,1 No restrictions B
Fast modulation The spectrum access and mitigation [C1 (for a single dwell
condition: requirement for devices mounted time event in 40 kHz
< 4 ps/40 kHz dwell behind a bumper. per 3 ms),
time cumulated over If mounted without a bumper, the C2 (for more than one
every 3 ms requirement should be 3 ps/40 kHz |dwell time event in
24,075 to 24,150 100 (see note) maximum dwell time every 3 ms. 40 kHz per 3 ms)
Slow modulation The spectrum access and mitigation D
condition: requirement for devices mounted
<1 ms/40 kHz dwell either behind a bumper or mounted
time every 40 ms without a bumper.
(see note)
24,150 to 24,250 100 No restrictions E

NOTE:

A requirement for minimum frequency modulation range (applicable to FMCW or stepped frequency signals)

or minimum instantaneous bandwidth (applicable to pulsed signals) of 250 kHz applies in addition to the
requirement on maximum dwell time.

For the fast modulation condition, the expression "cumulated” means that within the same 40 kHz range the sum of
individual dwell timesin a3 msinterval hasto be smaller than 4 ps.

For the slow modulation condition, access to a40 kHz range is allowed during max.1 ms with a minimum repetition
time of 40 ms. Since during the 1 ms duration, the 40 kHz range may be left and re-entered, the respective dwell timeis
considered as an absolute dwell time. Outside of the 1 ms period, access at any other time to the same 40 kHz rangeis
only allowed with less than -10 dBm e.i.r.p. or with fulfilling the fast modulation condition.

For further information and explanation of the parameters and the limits of table 4 please refer to the summary and
conclusions of the ECC report 134 [i.2] and the ERC/Rec 70-03, annex 5[i.1].
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Table 5 defines the required measurements for the different signal conditions.

Table 5: Measurement procedures and signal categories

Clause Measurement procedure Signal category
A B C1 C2 D E

7.3 Permitted range of frequencies X X X X X X

7.4 Maximum radiated peak power (e.i.r.p.) X X X X X X

7.5 |7.5.2.1 Signal analysis measurement - - X X X -

7.5 |7.5.2.2 Measurement of dwell time for a single dwell - - X - - -
time event per 40 kHz in 3 ms

7.5 7.5.2.3 Measurement of cumulated dwell time for more - - - X - -
than one dwell time events per 40 kHz in 3 ms

7.5 |7.5.2.4 Measurement of absolute dwell time per - - - - X -
40 kHz

7.5 |7.5.2.5 Measurement of repetition time for absolute - - - - X -
dwell time per 40 kHz

7.6 Frequency modulation range - - X X X -

Alternative measurement procedures to those described within the present document may be used with the agreement of
the manufacturer and the accredited test |aboratory.

. The EUT shall fulfil the limits of clauses 7.3, 7.4, 7.5 and 7.6 of the stated measurements.

e  Other emissions (see clauses 7.7 and 7.8).

7.3 Permitted range of operating frequencies

7.3.1 Definition

The occupied frequency range of the equipment is determined by the lowest (f, ) and highest frequency (f,,) as occupied
by the power envelope in accordance with table 4.
7.3.2 Method of measurement
The NB SRR is powered on and set up to transmit its normal signal modulation sequence(s).
A spectrum analyzer with the following settings is used as measuring receiver in the test fixture described in clause 6:
e  Start frequency = 24,0 GHz.
. Stop frequency = 24,3 GHz.
. RBW =1 MHz.
. VBW > 3 MHz.
. RMS detector (see Recommendation ITU-R SM.328-10 [i.7]).
. Maxhold function.
. Appropriate sweep time.

. 99 % OBW function (within the Occupied BandWidth the power envelope shall contain 99 % of the
emissions).

The test shall be performed under both normal and extreme test conditions, declared by the manufacturer.

An example of a measurement of the occupied frequency is shown in figure 8.
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a7 6404349438 MHz

O B

Figure 8: Example measurement result for determining the occupied frequency range

. fy is determined. f, isthe frequency of the upper marker resulting from the OBW.

. f, isdetermined f, isthe frequency of the lower marker resulting from the OBW.

7.3.3 Limits

The frequency range requirements shall be fulfilled if al of the following conditions (see aso table 4) are met:

e fi issmaller than or equal to 24,25 GHz.

. f_ islarger than or equal to 24,05 GHz.

7.4 Maximum radiated peak power (e.i.r.p.)

7.4.1 Definition

Thee.i.r.p. is defined as the maximum radiated power of the transmitter and its antenna.

7.4.2 Method of measurement
The NB SRR is powered on and set up to transmit its normal signal modulation sequence(s).
A spectrum analyzer with the following settings is used as measuring receiver in the test fixture described in clause 6:
. Start frequency = 24,0 GHz.
. Stop frequency = 24,3 GHz.
. The RBW =1 MHz
. VBW > RBW.
. Peak or auto peak detector.
J Maxhold function.

. Appropriate sweep time.
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The test shall be performed under both normal and extreme test conditions, declared by the manufacturer.

An example of the maximum radiated peak power (e.i.r.p.) measurement is shown in figure 9.

Figure 9: Example measurement result for determining the e.i.r.p.

7.4.3 Limits

The maximum radiated peak power levels are givenin table 6.

Table 6: Limits for maximum radiated peak power (e.i.r.p.)

Frequency range Maximum radiated peak power Comment
(e.i.r.p.)
24,05 GHz to 24,075 GHz 20 dBm
24,075 GHz to 24,15 GHz -10 dBm
24,075 GHz to 24,15 GHz 20 dBm See note
24,15 GHz to 24,25 GHz 20 dBm

NOTE:  Additional conditions and limits for dwell time and repetition time according to clause 7.5 shall
be met.
7.5 Dwell time and repetition time
7.5.1 Definition
The definition of dwell time and repetition time is different for type C1, C2 and type D signals. For details see
clause 7.2.
7.5.2 Methods of measurement

The NB SRR provider shall supply the type of NB SRR and relevant signal condition information together with the

EUTsfor testing. The signal shall represent the normal operational signal modulation sequence(s).

Asafirst step, signal analysis measurements shall be performed to identify all relevant categories as explained in

table 4.

For each identified category, the quantitative dwell time and repetition time results shall be measured according to

table 5.

ETSI




22 ETSI EN 302 858-1 V1.3.1 (2013-11)

If the signal analysis measurements show a random modulation behaviour, then the respective proceduresin table 5,
following after the signal analysis shall be performed five times. From the obtained individual dwell time values the
maximum value is taken and from the obtained individual repetition time values the minimum value shall be reported.

This test shall be performed under normal test conditions.

7521 Signal analysis measurement
The NB SRR is powered on and set up to transmit its normal signal modulation sequence(s).
A signal analyzer is used as measuring receiver in the test fixture as described in clause 6.
The signal analyzer is operated with the following settings:

. M easurement time (x-axis) = 50 ms.

. Number of time measurement points: 500 (gives atime step size of 100 ps).

. Freguency range (y-axis) = 24,075 GHz to 24,15 GHz or with external down-converter to convert the signal
into the range 75 MHz to 150 MHz. If the bandwidth of the available signal analyzer is smaller than 75 MHz
then several separate measurements have to be done to cover the complete 75 MHz band of interest.

. Frequency step size (y-axis) = 200 kHz.
Thistrandates into the following settings for analog-to-digital conversion and FFT:
. Sampling rate = 500 MHz (to cover 2 x of the maximum occurring | F frequency range of 250 MHZz).

. FFT size = 2 500 consecutive measurement samples (gives a frequency step size of
500 MHz/2 500 = 200 kHz).

. Frequency range (y-axis) = 24,075 GHz to 24,15 GHz or with external down-converter the range 75 MHz to
150 MHz.

e  Time difference between consecutive FFTs (x-axis) = 100 ps. This means that the first FFT is performed on
samples 0 to 2 499, the second FFT on samples 50 000 to 52 499 and so on.

. Number of FFTs = 500 (gives 50 ms measurement time).

In general, the above parameters are considered as a guidance. They may be adjusted to better capture the special EUT
signals. Alternative approaches giving comparable information may also be used. This shall be agreed with the NB SRR
provider and the test laboratory.

Figures 10 and 11 show example spectrograms of a signal analysis measurement.
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Frecquency  GH=z

24 .150

Time

24.075 |
0 50ms

Figure 10: Example of a spectrogram of a signal analysis measurement for a slow modulation signal

Frequency f GH=z

24 150

Time

24 075 L -
0 50ms

Figure 11: Example of a spectrogram of a signal analysis measurement for a fast modulation signal

Using markers, from the result the relevant signal category shall be identified as B, C1, C2 or D and noted in the test
report.

The signal analysis shall be repeated at least nine times until all different relevant signal categories named by the NB
SRR provider areidentified.

75.2.2 Measurement of dwell time for a single dwell time event per 40 kHz in 3 ms
(category C1)

Asaguidance, the signal analyzer shall be operated with the following settings. They may be adjusted to better capture
the special EUT signalsin agreement with the NB SRR provider and the test |aboratory.

. Measurement time (x-axis) = 50 ps.

¢ Number of time measurement points = 500 (gives atime step size of 0,1 ps).
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. Frequency range (y-axis) = 24,075 GHz to 24,090 GHz or with external down-converter to convert the signal
into the range 75 MHz to 90 MHz.
. Frequency step size = 40 kHz.
That trandates to the following settings for analog-to-digital conversion and FFT:
. Sampling rate = 500 MHz (to cover 2 x of the maximum occurring IF frequency range of 250 MHz).

o FFT size = 12 500 consecutive measurement samples (gives a frequency step size of
500 MHz/12 500 = 40 kHz).

o Frequency range (y-axis) = 24,075 GHz to 24,090 GHz or with external down-converter the range
75 MHz to 90 MHz.

e  Time difference between consecutive FFTs (x-axis) = 0,1 ps. This means that the first FFT is performed on
samples 0 to 12 499, the second FFT on samples 50 to 12 549 and so on.

. Number of FFTs = 500 (gives a measurement time of 50 ps).

The measurement procedure shall be repeatedly performed until the obtained result shows arepresentive C1 signa
portion. Figure 12 shows an example spectrogram of a respective measurement.

Alternative approaches giving comparable information may also be used in agreement with the NB SRR provider and
the test laboratory.

Frequency f GH=z
24 .090

Time

24 075 1
0 S50ps

Figure 12: Example spectrogram of dwell time measurement

For determining dwell times, only signal portions with an e.i.r.p. amplitude of larger than -10 dBm shall be considered.
If supported by the used signal analyzer, power level values below -10 dBm shall not be shown in the spectrogram at
all.

The maximum occurring dwell time is directly determined using markers. For alinear modul ated frequency, the dwell
time in a40 kHz range shall be calculated from the slope of the curve.

The obtained maximum dwell time is noted in the test report as DT_fast1.
The measurement is repeated for the frequency ranges:

. 24,090 GHz to 24,105 GHz;

. 24,105 GHz to 24,120 GHz;

. 24,120 GHz to 24,135 GHz;

. 24,135 GHz to 24,150 GHz;
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and the obtained maximum dwell times are noted in the test report asDT_fast2, DT _fast3, DT_fast4, DT_fast5.

7.5.2.3

Measurement of cumulated dwell time for more than one dwell time event per
40 kHz in 3 ms (category C2)

COMMENT: For this condition, a signal analyzer would have to take a measurement of 3 mslength (to

accurately define all occurring individual dwell timesin a40 kHz range) with 0,1 pstime step
sizeswhich is equivalent to 30 000 time points. Since thisis not feasible an alternative (2-step)
measurement shall be applied.

75231 Statistical measurement procedure

First, the following statistical procedureis applied:

1)

2)
3)

4)

5)
6)

The instrument setup asin clause 7.5.2.2 is used to measure a maximum occurring dwell timein each of the
five frequency ranges:

- 24,075 GHz to 24,090 GHz;
- 24,090 GHz to 24,105 GHz;
- 24,105 GHz to 24,120 GHz;
- 24,120 GHz to 24,135 GHz;
- 24,135 GHz to 24,150 GHz.
All measurements of item 1) shall be repeated four times.

The obtained 25 dwell time values are summed up and divided by 25, giving the average dwell time
value DTO.

The measurement setup asin clause 7.5.2.1 shall be used to count the number of dwell times occurring in

3 ms. For ease of testing, the measurement time shall be chosen such that the number of dwell timesin a
defined timeinterval can be easily counted, and after this setting, the number is scaled up or down for atime
interval of 3 ms. Thisyields the parameter N1.

The same measurement asin 4) shall be repeated four times yielding N2, N3, N4, N5.
The cumulated dwell time DT in 3 msis obtained as:

DT =DTO* (N1 + N2 + N3 + N4 + N5)/5.

7.5.2.3.2 verification procedure

The obtained result shall be verified to be representative by an equivalent duty cycle measurement. For this, a spectrum
analyzer is used in the measuring receiver mode and in conjunction with the test fixture. The spectrum analyzer is
operated with the following settings:

Center frequency = 24,1125 GHz.
Span = 75 MHz.

RBW =50 kHz (3 dB Gaussian filter).
VBW > RBW.

Peak detector.

Appropriate sweep time.

Maxhold function.

The EUT is powered on and set up to transmit its normal signal modulation sequence.
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The peak e.i.r.p. at the center frequency is read as Py,

Thevalue of DT as obtained from step 6) above is confirmed to be representive if:

P, < 20dBm + 10 * log (DT/3 ms) + 20 * log (50 kHz/40 kH2).

Figure 13 shows an example measurement result.

mMi[1] -3.76 dBm

24.112%GHz
A0 dBm
20 dBém
10 dBm
O dem

Brart 24.075 GHz BLOp 24.15 GHZz

Figure 13: Spectrum analyzer result

EXAMPLE:
Pvp =-9,76 dBm and assuming a DT of 4 us gives atrue statement:
-9,76 dBm < 20,0 dBm - 28,75 dB + 1,93 dB =-6,82 dBm.

If the verification failed, the procedurein clause 7.5.2.3.1 shall be repeated, until the obtained value of DT is
successfully verified in clause 7.5.2.3.2.

The final obtained value of DT is noted in the test report as DT_fast_rep.

7524 Measurement of absolute dwell time per 40 kHz (category D)

As aguidance, tor measuring slow modulation dwell time, the signal analyzer shall be operated with the following
settings. They may be adjusted to better capture the special EUT signalsin agreement with the NB SRR provider and
the test laboratory.

. Measurement time (x-axis) = 10 ms.
o Number of time measurement points = 500 (gives atime step size of 20 ps).

. Freguency range (y-axis) = 24,075 GHz to 24,090 GHz or with external down-converter to convert the signal
into the range 75 MHz to 90 MHz.

. Frequency step size = 40 kHz.
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That trandates to the following settings for analog-to-digital conversion and FFT:
e  Sampling rate = 500 MHz (to cover 2 x of the maximum occurring I F frequency of 250 MHz).

o FFT size = 12 500 consecutive measurement samples (gives a frequency step size of
500 MHz/12 500 = 40 kHz).

o Frequency range (y-axis) = 24,075 GHz to 24,090 GHz or with external down-converter to convert the signal
into the range 75 MHz to 90 MHz.

e  Time difference between consecutive FFTs (x-axis) = 20 ps. This meansthat the first FFT is performed on
samples 0 to 12 499, the second FFT on samples 10 000 to 22 499 and so on.

. Number of FFTs =500 (gives 10 ms measurement time).

Alternative approaches giving comparable information may also be used in agreement with the NB SRR provider and
the test laboratory.

The measurement shall be performed until the result shows a representive signal portion from the signal analysis
measurements (see clause 7.5.2.1). Figure 14 shows an example spectrogram result of a respective measurement.

Frequency / GHz
24.090

max. occuring
dwell time

0 10ms

Time

24075

Figure 14: Example spectrogram of absolute dwell time measurement

For reading dwell times, only signal portions with an e.i.r.p. amplitude of larger than -10 dBm are relevant. If supported
by the used signal analyzer, power level values below -10 dBm are not shown in the spectrogram at all.

The maximum occurring dwell timeis directly determined using markers. For alinear modulated frequency, the dwell
time in a40 kHz range can be calculated from the slope of the curve.

The obtained maximum dwell time is noted in the test report as DT_slowl.
The dwell time measurements are repeated for the frequency ranges:

. 24,090 GHz to 24,105 GHz;

. 24,105 GHz to 24,120 GHz;

. 24,120 GHz to 24,135 GHz;

. 24,135 GHz to 24,150 GHz.

The obtained maximum dwell times shall be noted in the test report as DT_slow2, DT_slow3, DT_slow4, DT_slows5.
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Measurement of repetition time for absolute dwell times per 40 kHz
(category D)

Asaguidance, for measuring the repetition time, the signal analyzer shall be operated with the following settings. They
may be adjusted to better capture the special EUT signals based on the results from the signal analysis measurement or
in agreement with the NB SRR provider and the test 1aboratory.

Measurement time (x-axis) = 50 ms.
Number of time measurement points = 500 (gives atime step size of 100 us).

Frequency range (y-axis) = 24,075 GHz to 24,090 GHz or with external down-converter to convert the signal
into the range 75 MHz to 90 MHz.

Frequency step size = 40 kHz.

That tranglates to the following settings for analog-to-digital conversion and FFT:

Sampling rate = 500 MHz (to cover 2 x of the maximum occurring IF frequency of 250 MHz).

FFT size = 12 500 consecutive measurement samples (gives a frequency step size of
500 MHz/12 500 = 40 kHz).

Frequency range (y-axis) = 24,075 GHz to 24,090 GHz or with external down-converter to convert the signal
into the range 75 MHz to 90 MHz.

Time difference between consecutive FFTs (x-axis) = 100 ps. This means that the first FFT is performed on
samples 0 to 12 499, the second FFT on samples 50 000 to 62 499 and so on.

Number of FFTs = 500 (gives 50 ms measurement time).

Alternative approaches giving comparable information may also be used in agreement with the NB SRR provider and
the test |aboratory.

The measurement shall be repeatedly performed until the obtained result allows to evaluate the time gap between two
occupancies of the same 40 kHz range. Figure 15 shows an example spectrogram result of a respective measurement.

Frequency / GHz

24.090

Figure 15: Example of a spectrogram for repetition time measurement

For determining of the minimum repetition time, only signal portions with an e.i.r.p. amplitude of larger than -10 dBm
are relevant. If supported by the used signal analyzer, the power level values below -10 dBm are not shown in the
spectrogram..

The minimum occurring repetition time shall be directly determined using markers and noted in the test report as
RT_slowl.
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The repetition time measurements are repeated for the frequency ranges.

° 24,090 GHz to 24,105 GHz;

. 24,105 GHz to 24,120 GHz;

. 24,120 GHz to 24,135 GHz;

. 24,135 GHz to 24,150 GHz.

The obtained minimum repetition times shall be noted in the test report as RT_slow2, RT_slow3, RT_slow4,

RT_sows.

7.5.3

Limits

. Limits for dwell time and repetition time are only relevant to signal categories C1, C2 and D.

e  Thelimitsof dwell time and repetition time according to table 7 shall be met.

Table 7: Limits for dwell time and repetition time

Category Frequency range Dwell time Repetition time Comment
C1 24,075 GHz to NB SRR mounted behind |3 ms Additionally the limits
24,15 GHz a bumper: (is implicitly fulfilled in |for power, operating
Max (DT_fastl, DT_fast2, |meeting the dwell frequency range and
DT _fast3, DT_fast4, time) modulation range shall
DT_fast5) <4 us be met (see table 4).
NB SRR mounted without
a bumper:
Max (DT_fastl, DT_fast2,
DT_fast3, DT_fast4,
DT fast5) <3 us
Cc2 24,075 GHz to NB SRR mounted behind |3 ms Additional limits for
24,15 GHz a bumper: (is implicitly fulfilled in |power, operating
DT_fast_rep <4 ps meeting the dwell frequency range and
time ) modulation range shall
NB SRR mounted without be met (see table 4).
a bumper:
DT fast rep <3 pus
D 24,075 GHz to Max (DT_slow1, Min (RT_slow1, Additional limits for
24,15 GHz DT_slow2, DT_slow3, RT_slow2, RT_slow3, |power, operating
DT_slow4, DT_slow5) < |RT_slow4, frequency range and
1ms RT_slow5) >40 ms  |modulation range shall
be met (see table 4).
7.6 Frequency modulation range

7.6.1

The frequency modulation range denotes the frequency range which is covered during a complete modulation sequence
of aradar transmit cycle.

Definition

7.6.2

The NB SRR is powered up and set up to transmit its normal signal modulation sequence(s).

Method of measurement

The same measurement setup as for the signal analysis measurement (see clause 7.5.2.1) is used.

From the resulting spectrogram, the frequency range covered by the modulation cycle shall be determined with the use
of frequency markers and noted asf_mod_range in the test report.
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Thistest shall be performed under normal test conditions.

7.6.3 Limits

The frequency modulation limits are givenin table 4 as.

f_mod_range shall be larger than or equal to 250 kHz.

7.7 Out of band emissions

Emission on a frequency or frequenciesimmediately outside the necessary bandwidth which results from the
modulation process, but excluding spurious emissions.

According to CEPT/ERC/REC 74-01 [i.6] and Recommendation ITU-R SM.329 [i.8], the boundary between the out-of -
band and spurious domains is £250 % of the necessary bandwidth (OBW) from the centre frequency of the emission.
For the considered frequency band 24,05 GHz to 24,25 GHz, the out-of-band frequency ranges therefore are:

. 23,65 GHz to 24,05 GHz and 24,25 GHz to 24,65 GHz.

Figure 16 shows the out-of-band ranges relative to the OBW.

20d|Bm

23,65GHz
24,05GHz
24 15GHz
24,25 GHz
24,65 GHz

Figure 16: Out-of-band emissions (beta =1, Bn = 200 MHz)

7.8 Radiated spurious emissions

7.8.1 Definition

Emission on a frequency or frequencies which are outside the necessary bandwidth and the level of which may be
reduced without affecting the corresponding transmission of information. Spurious emissions include harmonic
emissions, parasitic emissions, intermodulation products and frequency conversion products, but exclude out-of-band
emissions.

Spurious emissions are measured as spectral power density under normal operating conditions.

According to CEPT/ERC/REC 74-01 [i.6] and Recommendation ITU-R SM.329 [i.g], the boundary between the
out-of-band and spurious domains is 250 % of the necessary bandwidth (OBW) from the centre frequency of the
emission.
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For the considered frequency band 24,05 GHz to 24,25 GHz, the spurious frequency domains are:
Frequencies < 23,65 GHz and frequencies > 24,65 GHz.
To limit unwanted emissions in the spurious domain, CEPT/ERC/REC 74-01 [i.6] applies.

7.8.2 Method of measurement

A test site such as one selected from annex A, which fulfils the requirements of the specified frequency range of this
measurement shall be used. The test method employed should be as described in clause 6.

A spectrum analyzer is used as a measuring receiver. The bandwidth of the measuring receiver shall be set to a suitable
value to correctly measure the spurious or out-of-band emissions. This bandwidth shall be recorded in the test report.
For frequencies above 40 GHz a downconverter may be used. The local oscillator used to downconvert the received
signals shall be stable and with a phase noise of better than -80 dBc/Hz at 100 kHz offset. The local oscillator frequency
shall be selected such that the downconverted signal is within the accepted band of the spectrum analyzer, and

mai ntai ning an adequate I ntermediate Frequency (IF) bandwidth to capture the full spectrum of the signal.

Thee..r.p. of the EUT shall be measured and recorded. For these measurementsit is strongly recommended to use a
LNA (low noise amplifier) before the spectrum analyzer input to achieve the required sensitivity.

7.8.3 Limits

The effective radiated power of any radiated spurious emission shall not exceed the values given in table 8.

Table 8: Limits of radiated spurious emissions

Frequency range (MHz) Limit values for spurious radiation Detector type
(Measuring receiver bandwidths see table 2)
471074 -54 dBm e.r.p. Quasi-Peak
87,5t0 118 -54 dBm e.r.p. Quasi-Peak
174 to 230 -54 dBm e.r.p.. Quasi-Peak
470 to 862 -54 dBm e.r.p.. Quasi-Peak
otherwise in band 30 to 1 000 -36 dBm e.r.p.. Quasi-Peak
f>1 000 to 50 000 -30 dBm e.i.r.p. mean (see note)
NOTE: Parameter for measurement:
- RBW:1 MHz
- VBW: 3 MHz
- Detector: RMS
- Sweep time: minimum 1 radar cycle, maximum 100 ms

According to CEPT/ERC/REC 74-01 [i.6], spurious emission is measured up to the 24 harmonic of the fundamental
frequency (in this case, the upper frequency limit up to which measurements are performed is 50 GHz).

The following reference bandwidths shall be used:
. 100 kHz  between 30 MHz and 1 GHz;

° 1 MHz above 1 GHz.
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8.1

8.1.1

Methods of measurement and limits for receiver
parameters

Receiver spurious emissions

Definition

Separate radiated spurious measurements need not be made on receivers co-located with transmitters. The definitions
from clause 7.8 on transmitter spurious emissions apply.

8.1.2

Method of measurement - radiated spurious emissions

This method of measurement applies to receivers having an integral antenna.

a)

b)

©)

d)
€)

f)

9)

h)

i)
8.1.3

A test site selected from annex A which fulfils the requirements of the specified frequency range of this
measurement shall be used. The test antenna shall be oriented initially for vertical polarization and connected
to ameasuring receiver. The bandwidth of the measuring receiver shall be adjusted until the sensitivity of the
measuring receiver is at least 6 dB below the spurious emission limit given in clause 7.7. This bandwidth shall
be recorded in the test report.

The receiver under test shall be placed on the support in its standard position.

The frequency of the measuring receiver shall be adjusted over the frequency range from 25 MHz to 50 GHz.
The frequency of each spurious component shall be noted. If the test site is disturbed by radiation coming from
outside the site, this qualitative search may be performed in a screened room with reduced distance between
the transmitter and the test antenna.

At each frequency at which a component has been detected, the measuring receiver shall be tuned and the test
antenna shall be raised or lowered through the specified height range until the maximum signal level is
detected on the measuring receiver.

The receiver shall be rotated up to 360° about a vertical axis, to maximize the received signal.

The test antenna shall be raised or lowered again through the specified height range until amaximum is
obtained. Thislevel shall be noted.

The substitution antenna (see clause A.3.2) shall replace the receiver antennain the same position and in
vertical polarization. It shall be connected to the signal generator.

At each frequency at which a component has been detected, the signal generator, substitution antenna and
measuring receiver shall be tuned. The test antenna shall be raised or lowered through the specified height
range until the maximum signal level is detected on the measuring receiver. The level of the signal generator
giving the same signal level on the measuring receiver asin step €) shall be noted. Thislevel, after correction
due to the gain of the substitution antenna and the cable loss, is the radiated spurious component at this
frequency.

The frequency and level of each spurious emission measured and the bandwidth of the measuring receiver
shall be recorded in the test report.

Measurements b) to h) shall be repeated with the test antenna oriented in horizontal polarization.

Limit

The maximum equivalent isotropically radiated power (max. e.i.r.p.) of any spurious emission outside the permitted
range of frequencies, shall not exceed 2 nW (= -57 dBm) in the frequency range 30 MHz < f <1 GHz and shall not
exceed 20 NW (= -47 dBm) for f > 1 GHz.
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9 Interpretation of test results and measurement
uncertainty

9.1 Interpretation of the measurement results

Theinterpretation of the results recorded on the appropriate test report for the measurements described in the present
document shall be asfollows [4]:

. the measured value relating to the corresponding limit shall be used to decide whether an equipment meets the
requirements of the present document;

. the measurement uncertainty value for the measurement of each parameter shall be included in the test report;

e therecorded value of the maximum expanded measurement uncertainty shall, for each measurement, be equal
to, or lower than, the figures in the table of maximum expanded measurement uncertainty (table 9).

Table 9: Maximum expanded measurement uncertainty

Parameters Expanded
measurement
uncertainty
Radio frequency +1x 107
Time interval +1 x 107
Radiated emission, valid to 26,5 GHz +6 dB
Radiated emission, valid between 26,5 GHz and 50 GHz +8 dB
Temperature +1°C
Humidity 5%
Voltage (DC) +1 %
Voltage (AC, <10 kHz) 2 %

For the test methods, according to the present document the uncertainty figures shall be cal culated according to the
methods described in the TR 100 028 [2] and shall correspond to an expansion factor (coverage factor)

k = 1,96 or k = 2 (which provide confidence levels of respectively 95 % and 95,45 % in case where the distributions
characterizing the actual measurement uncertainties are normal (Gaussian)). Table 9 is based on such expansion factors.

The particular expansion factor used for the evaluation of the measurement uncertainty shall be stated.

9.2 Absolute measurement uncertainty

The accumulated expanded measurement uncertainties of the test system in use, for the parameters to be measured, shall
not exceed those given in table 9 to ensure that the measurements remain within an acceptable standard.
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Annex A (normative):
Radiated measurements

This annex introduces three test sites, an anechoic chamber, an anechoic chamber with a ground plane and an Open
AreaTest Site (OATS), which may be used for radiated tests. These test sites are generally referred to as free field test
sites. 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 the relevant parts of

TR 102 273 [3] or equivalent.

A.1  General requirements for measurements involving
the use of radiated fields

Measurements involving radiated fields require a prepared test site, well-characterized antenna egquipment, calibrated
test instrumentation, appropriate ancillary equipment such as cabling and filters, and appropriate test plans and methods.
This annex provides minimum requirements and examples of suitable practice.

Test sites shall be suitable for radiated measurements and shall be designed to eliminate significant effects of objects or
materials capable of influencing the interaction between test sample or substitute antenna and test antenna and
instrumentation [5].

Test sites may consist of:
o outdoor test sites;
. indoor sites;
. anechoic test sites.
The nature of the test site, precautions taken and evidence of suitability shall be recorded with the results of the tests.
Principal items of equipment are:
. Equipment under test with associated cabling.
. Antennas:
- atest antenna with a sufficient aperture angle;
- substitution antenna;
- artificial antenna.
e  Test equipment:

- calibrated measuring receiver (spectrum analyzer, signal analyzer or other appropriate receiving
instrument);

- calibrated filtering equipment;
- calibrated recording equipment.

The provisions bel ow describe minimum acceptable standards for test sites, test methods and equipment and scope of
testing.

The provisions below are appropriate for measurements in the far-field. Test result shall be recorded where the near-
field conditions are entered and the additional measurement uncertainty shall be evaluated, recorded and added to the
test result.
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A.2

Test Sites

A.2.1 Outdoor test site

An outdoor test site, see figure A.1, shall provide:

Key:
1)
2)
3
4)

Measured support positions at least 3 m or A/2 (at the test frequency) apart for the test item or substitution
antenna and the test antenna, and a measured midpoint.

A clear area greater than a circle of diameter twice the separation of the test item or substitution antenna from
the test antenna, centred at the midpoint.

Substantialy level ground surface treated to render its effect either negligible (treatment to minimize
reflection) or deterministic (treatment with flat reflecting material) and including the whole of the clear area.

Sufficient precautions to ensure that reflections from extraneous objects beyond the clear area and within or
adjacent to the site do not degrade the measurement results in accordance with CISPR 16 [1].

Non-conducting supports for the test item or substitution antenna and the test antenna.

Provision for free-mounting equipment under test to be supported 1,5 m above the ground and rotated through
360° in the horizontal plane.

Provision for floor-standing equipment to be mounted 100 mm above the ground and rotated through 360° in
the horizontal plane.

Provision for the test antenna to be moved between heights of at least 1 m to 4 m above the treated ground
surface and rotated for operation in any plane of polarization.

equipment under test;
test antenng;
high passfilter (if necessary);

measuring receiver (spectrum analyzer, signal analyzer, etc.).

2"}:[-_

-4 m

| Ground plane |

Figure A.1: Outdoor test site
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Indoor test site

An indoor site may be used for test frequencies above 80 MHz. If an indoor siteis used, this shall be recorded in the test

report.

Anindoor test site, see figure A.2, shall provide:

Floor, ceiling above 2,7 m, test sample wall and test antenna wall separated by at least 7 m and side walls
separated by at least 6 m.

A test antenna providing adequate sensitivity over the range of test frequencies and also providing adequate
isolation from the effects of floor, ceiling, test antennawall and side walls.

EXAMPLE: A corner reflector antenna.

A test sample wall treated with anechoic material to render its effect negligible.
Non-conducting supports for the test item or substitution antenna and the test antenna.

M easured support positions on the long axis of the site and at least 3 m apart for the test item or substitution
antenna and the test antenna.

Sufficient precautions to ensure that the presence of objects within the room does not degrade the
measurement results in accordance with CISPR 16 [1].

Provision for free-mounting test samples to be supported 1,5 m above the ground and rotated through 360° in
the horizontal plane.

Provision for floor-standing equipment to be mounted 100 mm above the ground and rotated through 360° in
the horizontal plane.

Provision for the test antenna to be centred at a height more than 1,35 m above the floor and more than 1,35 m
below the ceiling, and to be rotated for operation in any plane of polarization.

Provision for a substitution antenna to replace the equipment under test and to be moved up to £0,1 min any
direction.

Ceiling

=135m Absoriing material -

Reference point

Corner. reflector
of test sample Wal
— W2 Test antenna 9.9
. T
Feeder io tes -~ 43 i
] i I i e |
receiver or gignal <4<
generator w2 i-4m “erem
>1,35m 206m

Floor

Figure A.2: Indoor site arrangement (shown for horizontal polarization)
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A.2.3 Shielded anechoic test site

"Anechoic" meansthat the walls, floor and ceiling of the enclosed test site are treated to substantially reduce radio
reflections.

For radiation measurements under the present document a shielded, calibrated anechoic chamber may be used to
simulate a free space environment. Such use shall be frequencies above 100 MHz unless specific treatment and
calibration evidence at lower frequenciesis provided. Calibration by a competent body shall confirm reflection
attenuation at the walls to meet the limits provided in figure A.3. Shielding better than the limits provided by figure A.3
is desirable. An example of the construction of an anechoic chamber is shown in figure A.4.

The chamber shall provide sufficient space to carry out tests asin the general method. If such a chamber is used, this
shall be recorded in the test report.

The test antenna, measuring receiver, substitution antenna and calibrated signal generator are used in away similar to
that of the general method.

A.2.3.1 Influence of parasitic reflections in anechoic chambers

With an anechoic chamber of the dimensions suggested in clause A.1.3 at low frequencies up to 100 MHz far field
conditions are not met and specific calibration procedures will be required. Careful attention is also required to the
chamber calibration for frequencies above 1 GHz.

A.2.3.2 Calibration of the shielded RF anechoic chamber

The chamber shall be calibrated over the range 30 MHz to 50 GHz.

‘ a (dB)

110——
100——

8 —
70T Minirurmn limit for the shielding loss

80 —-
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£ —

) ——
o0 —— _I_I Maximum limit of the refurn loas
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Figure A.3: Specification for shielding and reflections

ETSI



38 ETSI EN 302 858-1 V1.3.1 (2013-11)
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Figure A.4: Example of construction of an anechoic shielded chamber
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A.3 Antennas

Antennas shall be selected in such way, that their performance allows obtaining sufficiently accurate results and that in
connection with other test equipment the requirements of table 9 are fulfilled.

A.3.1 Test antenna

The test antenna is used to detect the radiation from both the test sasmple and the substitution antenna for emission
measurements. It is used as a transmitting antenna for the measurement of receiver characteristics.

The test antenna support provides for either horizontal or vertical polarization and for the height of its centre above
ground to be varied over the range 1 mto 4 m or to the ceiling of an indoor or anechoic chamber, whichever isless. The
test antenna shall provide boresight directivity equal to at least half the wall reflectivity limit prescribed in figure A.3.
The length of the test antenna along the measurement axis shall not exceed 20 % of the measuring distance.

For emission measurements, the test antenna is connected to a calibrated measuring receiver capable of being tuned to
any frequency under investigation.

For receiver sensitivity measurements, the test antennais connected to a calibrated signal generator capable of being
tuned to any frequency under investigation.

Height variation shall be used to find the point at which the radiation is a maximum near the initial position.

A.3.2 Substitution antenna

A substitution antenna may be used in place of the equipment under test when comparing eguipment emissions with
standard emissions.

When measuring in the frequency range up to 1 GHz the substitution antenna shall be aA/2 dipole, resonant at the
operating frequency, or a shortened dipole, calibrated to the A/2 dipole. When measuring in the frequency range above
4 GHz, ahorn radiator shall be used. For measurements between 1 GHz and 4 GHz either aA/2 or a horn radiator may
be used. The centre of this antenna shall coincide with the reference point of the test sample it has replaced. This
reference point shall be the volume centre of the sample when its antenna is mounted internally, or the phase centre of
an externa antenna.

The distance between the lower extremity of the dipole and the ground shall not be less than 0,3 m.

The substitution antenna shall be connected to a calibrated signal generator when the site is used for spurious radiation
measurements and transmitter effective radiated power measurements. The substitution antenna shall be connected to a
calibrated measuring receiver when the site is used for the measurement of receiver sensitivity.

The signal generator and the receiver shall be connected to the antenna through suitable matching and balancing
networks.

Where a shortened dipole antennaiis used at these frequencies, details of the type of antenna used shall be included with
the results of the tests and correction factors shall be taken into account.

The substitution antenna shall be moved through a distance of £0,1 m in the direction of the test antennaas well asin
the two directions perpendicular to thisfirst direction to find the position of maximum response. If these changes of
position cause a signal change of greater than 2 dB, the test sample should be re-sited and measurements repeated until
achange of lessthan 2 dB with the substitution antenna is obtained.

A.3.3 Artificial antenna

An artificial antenna may be connected to the equipment output port when cabinet or enclosure emissions are being
tested and shall be substantially non-radiating.

Where possible, a direct connection should be used between the artificial antenna and the test sample. In cases where it
is necessary to use a connecting cable, precautions should be taken to reduce the radiation from this cable by, for
example, the use of ferrite cores or double screened cables.

ETSI



40 ETSI EN 302 858-1 V1.3.1 (2013-11)

A.4  Test practice and auxiliary test equipment

Antenna characteristics and positions and test equipment settings shall be recorded with each test result.

Test equipment calibration shall be traceable to appropriate European standards. Test equipment, antenna and cable
types or characteristics shall be recorded with the results of the tests.

Test methods shall comply with operator instructions for each item of equipment, with the measurements and limits
described in the present document, and with the provisions and guidelines given below.

All test equipment shall be calibrated with traceability to European standards. Furthermore the performance of the test
equipment shall be of such quality that sufficiently accurate results are obtained and that the requirements of table 9 are
fulfilled.

A.5 Measuring distance

Under the conditions provided in this annex, measurement frequencies will be above 25 MHz and the measuring
distance should be greater than 2D\ or A/2, whichever is greater, at the frequency of measurement where D isthe
largest transmitting aperture dimension (far-field conditions). Outdoor sites will be required for low frequency
measurements unless special provisions are made at an indoor, anechoic or near field site.

A.5.1 Standard position

The standard position in all test sites, except for equipment which isintended to be worn on a person, shall be as
follows:

e  for equipment with an integral antenna, it shall be placed in the position closest to normal use as declared by
the manufacturer;

. for equipment with arigid external antenna, the antenna shall be vertical;

o  for equipment with non-rigid external antenna, the antenna shall be supported by a non-conducting support at
theinitial height of the test antenna.

A.5.2 Auxiliary cables

The position of auxiliary cables (power supply, microphone cables, etc.) which are not adequately de-coupled, may
cause variations in the measurement results. In order to get reproducible results, cables and wires of auxiliaries should
be arranged vertically downwards (through a hole in the non conducting support), or as specified in the technical
documentation supplied with the equipment.

Care shall be taken to ensure that test cables do not adversely affect the measuring result.
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Annex B (normative):
WLAM Parameters and operation

B.1 Introduction

The WLAM operation mode covers the range of 24,05 GHz to 24,50 GHz.

The WLAM mode can be activated and operated in three different sub-modes (SM) as defined in
ECC Report 164 [i.10]:

e  SM1: Forward facing Radars, Front-permanent Calibration sub-mode.

. SM2: Forward facing Radars, Front Emergency APPS sub-mode, , activated for emergency braking support in
case of acrash event monitored by a camera, for a vehicle speed above 20 knvh.

. SM3: Rear facing Radars, Rear-parking sub-mode, , activated only when the vehicle moves back to better
discriminate pedestrians, v < 30 km/h.
A radar EUT can work in one, two, or three of these sub-modes. The radar sensor supplier hasto declarein
which sub-modes the EUT operates and how to switch between the sub-modes.

The corresponding parameters, measurement conditions and limits are given in clauses B.2 to B.8.

B.2 WLAM frequency, power limits and spectrum access
conditions

Table B.1 defines the frequency, power limits and spectrum access conditions for WLAM.

Table B.1: Emission limits for peak e.i.r.p. in the frequency band from 24,05 GHz to 24,50 GHz

Frequency band |Power limit,| Spectrum access Sub-modes Signal category
(GHz) e.i.r.p. (Peak) conditions
dBm
24,050 to 24,250 See table 4 SM1, SM2, SM3 A-E
24,250 to 24,495 -11 < 0,25 %/1 s/25 MHz SM1 F
duty cycle
24,495 to 24,500 -8 < 1,5 %/1 s/25 MHz SM1 G
duty cycle
24,250 to 24,500 +20 < 5,6 %/1 s/25 MHz SM2 H
duty cycle
16 < 2,3 %/1 s/25 MHz SM3 I
duty cycle

Table B.2 gives the overview of the measurement procedures and signal categories. It is an extension of the table 5 of
the main document.

The columns F,G, H. and | are addressing the WLAM signal categories.
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Table B.2: Measurement procedures and signal categories for WLAM signals
in the frequency range 24,05 GHz to 24,50 GHz

Clause Measurement procedure Signal category
AB C1 C2 D E F,G,H,l
B.3 Permitted range of frequencies X X X X X X
B.4 Maximum radiated peak power X X X X X X
7.5 7.5.2.1 Signal analysis measurement X X X
7.5 7.5.2.2 Measurement of dwell time for a single dwell time X
event per 40 kHz in 3 ms
7.5 7.5.2.3 Measurement of cumulated dwell time for more than X
one dwell time events per 40 kHz in 3 ms
7.5 7.5.2.4 Measurement of absolute dwell time per 40 kHz X
7.5 7.5.2.5 Measurement of repetition time for absolute dwell X
time per 40 kHz
7.6 Frequency modulation range X X X
B.5 WLAM Duty cycle X
B.6 Unwanted vertical plan transmitter emissions 23,6 GHz to X
24,0 GHz

Alternative measurement procedures to those described within the present document may be used with the agreement of
the manufacturer and the accredited test |aboratory.

. The EUT shall fulfil the limits of tables B.3, B.4, B.5, B.6, 7.5, 7.6, and the other emissions of clauses B.7 and
B.8).

B.3  Permitted range of operating frequencies

B.3.1 Definition

The occupied frequency range of the equipment is determined by the lowest (f, ) and highest frequency (f,,) as occupied
by the power envelope in accordance with table B.1.

B.3.2 Method of measurement

The NB SRR is powered on and set up to transmit its normal signal modulation sequence(s).

A spectrum analyzer with the following settings is used as measuring receiver in the test fixture described in clause 6:
. Start frequency = 24,0 GHz.

e  Stop frequency = 24,55 GHz or 24,60 GHz (depending on the spectrum analyzer model).
. RBW =1 MHz.

. VBW > 3 MHz.

. RMS detector (see Recommendation ITU-R SM.328-10 [i.7]).
J Maxhold function.

. Appropriate sweep time.

. 99 % OBW function (within the Occupied BandWidth the power envelope shall contain 99 % of the
emissions).

The test shall be performed under both normal and extreme test conditions, declared by the manufacturer.

This measurement has to be performed for sub-modes SM1 and SM2 for front radar, and SM3 for rear facing radar
separately.
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An example of a measurement of the occupied frequency band is shown in figure B.1.

cc Bw 441.231 MHz

o
) o T — : .

Figure B.1: Schematic example of WLAM spectrum measurement result
for determining the occupied frequency range for sub-modes SM1

The spectrum for SM2, SM3 issimilar:

. fy isdetermined. f, isthe frequency of the upper marker resulting from the OBW.

o f| isdetermined f|_isthe frequency of the lower marker resulting from the OBW.

B.3.3 Limits

For sub-modes SM1 and SM2 for front facing radar, and SM3 for rear facing radar: the frequency range requirements
shall be fulfilled:

o  fissmaller than or equal to 24,50 GHz.

e f| islarger than or equal to 24,05 GHz.

B.4  Maximum radiated peak power (e.i.r.p.)

B.4.1 Definition

Thee.i.r.p. is defined as the maximum radiated power of the transmitter and its antenna.

B.4.2 Method of measurement

The NB SRR is powered on and set up to transmit its normal signal modulation sequence(s).

A spectrum analyzer with the following settings is used as measuring receiver in the test fixture described in clause 6:
. Start frequency = 24,000 GHz.
. Stop frequency = 24,550 GHz.
. The RBW =1 MHz.

. VBW > RBW.
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. Peak or auto peak detector.
. Maxhold function.
. Appropriate sweep time.
The test shall be performed under both normal and extreme test conditions, declared by the manufacturer.

This measurement has to be performed for sub-modes SM1 and SM2 for front radar, and SM3 for rear facing radar

separately.

An example of the maximum radiated peak power (e.i.r.p.) measurement is shown in figure B.2.

Figure B.2: Schematic example measurement of WLAM spectrum
for determining the e.i.r.p. for sub-modes SM1, SM2 and SM3

B.4.3 Limits

For sub-modes SM1 and SM2 for front facing radar, and SM 3 for rear facing radar the limitsin table B.3 apply.

Thetable is an extension of the table 6 of the main document with regard to the WLAM parameter limits.

Table B.3: Limits for maximum radiated peak power (e.i.r.p.)

Signal Category Frequency range Maximum radiated peak Sub-mode, Notes
power (e.i.r.p.)
A 24,05 GHz to 24,075 GHz 20 dBm SM1, SM2, SM3
B 24,075 GHz to 24,15 GHz -10 dBm SM1, SM2, SM3
C1,C2,D 24,075 GHz to 24,15 GHz 20 dBm See also the note below
E 24,15 GHz to 24,25 GHz 20 dBm SM1, SM2, SM3
F 24,25 GHz to 24,495 GHz -11 dBm SM1
G 24,495 to 24,500 GHz -8 dBm SM1
H 24,250 to 24,500 GHz +20 dBm SM2
I 24,250 to 24,500 GHz +16 dBm SM3
NOTE:  Additional conditions and limits for dwell time and repetition time according to clause 7.5 shall be met.
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B.5 WLAM Duty cycle

B.5.1 Definition

The duty cycleis defined as theratio of the total Tx on time to the total off-timein any one hour period.

The duty cycle measurements in this clause apply only to signal categories F, G, H and type | signals (for details see
tables B.1 and B.2). Here, the duty cycle limits are defined for 25 MHz sub-bands, see table B.1.

B.5.2 Method of measurement

The WLAM SRR provider shall supply the automotive radar and relevant signal category [C1, C2, D] condition and
sub-mode information [SM1, SM2, SM3] for testing.

Thistest shall be performed under normal test conditions.
The EUT is activated and set up to transmit in the relevant sub-mode SM1, SM2, or SM3.
A signal analyzer is used as measuring receiver in the test fixture as described in clause 6.

The WLAM frequency range 24,250 GHz to 24,500 GHz is divided into 10 non-overlapping sub-bands WLAM _SB(n))
of 25 MHz each.

Figure B.3 shows a graphical representation of the 25 MHz sub-bands.

ChirpAnalysis: Frequency vs. Time:

24,50 A A 74 ]
g f.z |‘ SBn w /I |‘ SBn_ﬁ_._jl 25 Mhz
T \,«...H..‘ ............. ;...H..\ ............. TR e,
g T || Y \ LoaoTied
5 o/ (WLAM) /S (WLAM) / |
£ i R i -f
¢ _r_|

l T cycle (NB+WLAM) . !

ElapsedTime[us]

Figure B.3: Frequency versus Time of the WLAM Signal
The signal analyzer is operated with the following settings:

. Measurement time (x-axis) : typical values are between 50 us and 50 ms, the result graph shall cover at least
10 FMCW ramps.

. Number of time measurement points: min. 500.

. For each of the 10 sub-bands:
The frequency range (y-axis) = 40 MHz to cover a sub-band of 25 MHz. Start frequency is > =24,250 GHz
according to the sub-band which is currently under investigation. The measurement has to be done for al
10 sub-bands separately. An external down-converter can be used.
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In general, the above parameters are considered as a guidance. They may be adjusted to better capture the special EUT
signals. Alternative approaches giving comparable information may also be used. This shall be agreed with the EUT
provider and the test |aboratory.

The values T; shall be taken from the graphical results of the signal analyzer. For alarger set of T, an automated
handling is recommended.

The duty cycle shall be measured over a complete cycle of the radar signal as a minimum and shall not exceed a
duration of 1 sin any case.

Figure B.4 gives a schematic overview, frequency vs. time, of possible separate duration times T, inside a 25 MHz
WLAM sub-band SB(n). The values T; are needed to calculate the duty cycle viaEq.(1). Theindex i in T, givesa
running index and does not represent the type or structure of the ramp of the RF signal.
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Figure B.4: Schematic overview of frequency vs. time,
of possible separate duration times T; inside a 25 MHz WLAM sub-band SB(n)

. The duty cycle for each of the 10 WLAM sub-bandsn (n=1 ... 10) is calculated by the following formula:

¥ Tr(WLAM _SB(nY)
. mEswia 100 Eq. (1
Teyets (NE-+WLAB) % a. (1)

DutyCyele SB(n) =

T Amount of time for each separate duration of the FMCW signal with frequenciesinside a
specified WLAM sub-band WLAM_SB(n).
i Summation operator with index i ranging from minimum to maximum value of i.
Teyde Time of afull radar cycleincluding narrow band (NB) and WLAM RF transmission. Ty e

shall be 1sor shorter.
WLAM_SB(n) WLAM sub-band of 25 MHz band width with indexn=1 ... 10.

i Index for all enumerated durations of the FM CW signal with frequencies inside a specified
WLAM sub-band WLAM_SB(n).

The duty cycle restriction, e.g. "< 0,25 %/1 /25 MHZ", seetable B.4. In clause B.2.1 trandlates into a duty cycle of
0,25 % while T, shall be smaller or in maximum equal to 1 second and the duty cycle shall be calculated for a

25 MHz sub-band WLAM_SB(n).

A duty cycle conversion from shorter measurement time to a 1-second measurement time is not necessary, because the
1-second reference in "0,25 %/1 §/25 MHZz" isjust the maximum allowed value for the radar cycletime Ty .

ETSI



a7 ETSI EN 302 858-1 V1.3.1 (2013-11)

B.5.3 Limits

o For sub-modes SM1 and SM2 for front facing radar, and SM3 for rear facing radar.

. The limits of duty cycle are shown in table B.4.

Table B.4: Limits for duty cycle

Signal Frequency range Duty Cycle
Category
F 24,25 GHz to 24,495 GHz 0,25 %/1 s/25 MHz
G 24,495 GHz to 24,50 GHz 1,5 %/1 s /25 MHz
H 24,25 GHz to 24,50 GHz 5,6 %/1 s/25 MHz during activation
| 24,25 GHz to 24,50 GHz 2,3 %/1 s/25 MHz during activation

B.6  Unwanted vertical plane transmitter emissions in the
23,6 GHz to 24,0 GHz band

WLAM SRR radars operating in the 24,05 GHz to 24,50 GHz shall apply directional antennas.

B.6.1 Definition

The vertical plane transmitter emissions are defined as emissions of the antenna as a function of the elevation angle,
normalized to the maximum emission at boresight.

B.6.2 Method of measurement

a) TheEUT shall be operated inthe WLAM Mode.
b)  The measurement of the EUT shall be done at 23,6 GHz, 23,8 GHz and 24 GHz.
c) Only therelative attenuation to the maximum bore sight direction shall be measured.

d) Measurement is done with a spectrum analyser with peak detector in maxhold with largest RBW and VBW
possible.

€) Theprovider shall indicate the normal mounting orientation of the EUT.

f) A test fixture similar to figure 1 can be used. The EUT is fixed on a mechanism that allows pivoting of the
device either in avertical or horizontal plane in both directions up to minimum of 90°. The EUT isfixed in a
way that its elevation plane coincides with the pivoting plane. The maximum bore sight direction is adjusted
and referred to as the 0° origin.

g) TheEUT isturned 90° to the left and right from the bore sight direction in steps of <2° and the respective
emission values are noted.

h)  Determine the relative emission attenuation from the bore sight maximum value to both sides (e.g. ina
polar-log antenna diagram).

i)  Veifyif thevertical emission limits of clause B.6.3 are fulfilled.

This measurement has to be performed for sub-modes SM1 and SM2 for front radar, and SM3 for rear facing radar
separately.

The results shall be documented in the test report.
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B.6.3 Limits

For sub-modes SM1 and SM2 for front facing radar, and SM3 for rear facing radar:
The effective radiated power of any radiated spurious emission shall not exceed the values given in table 8.

The limits of unwanted vertical radiated emissions between 23,6 GHz and 24,0 GHz are: -71,0 dBm/MHz RMS.

For equipment authorized, manufactured or imported, the average level of attenuation shall be at least 20 dB for any
emissions within the 23,6 GHz to 24,0 GHz band that appear 30° or greater above the horizontal plane. Thislevel of
attenuation can be achieved through the antenna directivity, through a reduction in output power or any other means.

e  The average antenna attenuation shall achieve at least 20 dB above a 30° elevation.

B.7 Out of band emissions

Emission on a frequency or frequencies immediately outside the necessary bandwidth which results from the
modulation process, but excluding spurious emissions.

According to CEPT/ERC/REC 74-01 [i.6] and Recommendation ITU-R SM.329 [i.8], the boundary between
the-out-of-band and spurious domainsis £250 % of the necessary bandwidth (OBW) from the centre frequency of the
emission.

For the considered frequency band 24,05 GHz to 24,50 GHz, the out-of-bands frequency domains therefore are
23,65 GHz to 24,05 GHz and 24,50 GHz to 24,90 GHz.

Figure B.5 shows the out-of-band ranges relative to the OBW.

20d|Bm

10dBm=>»

-30dBm
B,

€10dBm

-30dBm
B,

g T g

23,65 GHz
24,05 GHz
24,275 GHz
24,50 GHz
24 90 GHz

Figure B.5: Out-of-band emissions (beta =1, Bn = 200 MHz)
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B.8 Radiated spurious emissions

B.8.1 Definition

Emission on a frequency or frequencies which are outside the necessary bandwidth and the level of which may be
reduced without affecting the corresponding transmission of information. Spurious emissions include harmonic
emissions, parasitic emissions, intermodulation products and frequency conversion products, but exclude out-of-band
emissions.

Spurious emissions are measured as spectral power density under normal operating conditions.

According to CEPT/ERC/REC 74-01 [i.6] and Recommendation ITU-R SM.329 [i.g], the boundary between the
out-of-band and spurious domainsis +250 % of the necessary bandwidth (OBW) from the centre frequency of the
emission. To limit unwanted emissions in the spurious domain at frequencies beyond the limit of 250 % of the
necessary bandwidth (OBW) above and below the centre frequency of the emission, CEPT/ERC/REC 74-01 [i.6]

applies.

For the considered frequency band 24,05 GHz to 24,50 GHz, the spurious frequency domains are outside of 23,65 GHz
to 24,90 GHz.

B.8.2 Method of measurement

A test site such as one selected from annex A, which fulfils the requirements of the specified frequency range of this
measurement shall be used. The test method employed should be as described in clause 6.

A spectrum analyzer is used as a measuring receiver. The bandwidth of the measuring receiver shall be set to a suitable
value to correctly measure the spurious or out-of-band emissions. This bandwidth shall be recorded in the test report.
For frequencies above 40 GHz a downconverter may be used. The local oscillator used to downconvert the received
signals shall be stable and with a phase noise of better than -80 dBc/Hz at 100 kHz offset. The local oscillator frequency
shall be selected such that the downconverted signal is within the accepted band of the spectrum analyzer, and

mai ntai ning an adequate I ntermediate Frequency (IF) bandwidth to capture the full spectrum of the signal.

Thee..r.p. of the EUT shall be measured and recorded. For these measurementsit is strongly recommended to use a
LNA (low noise amplifier) before the spectrum analyzer input to achieve the required sensitivity.

e  Thismeasurement hasto be performed for sub-modes SM1 and SM2 for front radar, and SM3 for rear facing
radar separately.

B.8.3 Limits

For sub-modes SM1 and SM2 for front facing radar, and SM3 for rear facing radar:

The effective radiated power of any radiated spurious emission shall not exceed the values given in table B.5.

Table B.5: Limits of radiated spurious emissions

Frequency range (MHz) Limit values for spurious radiation Detector type
(Measuring receiver bandwidths see table 2)
471074 -54 dBm e.r.p. Quasi-Peak
87,510 118 -54 dBm e.r.p.. Quasi-Peak
174 to 230 -54 dBm e.r.p. Quasi-Peak
470 to 862 -54 dBm e.r.p.. Quasi-Peak
otherwise in band 30 to 1 000 -36 dBm e.r.p.. Quasi-Peak
f>1 000 to 50 000 -30 dBm e.i.r.p. Mean (see note)
NOTE:  Parameter for measurement:
- RBW: 1 MHz
- VBW: 3 MHz
- Detector: RMS
- Sweep time: minimum 1 radar cycle, maximum 100 ms
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According to CEPT/ERC/REC 74-01 [i.6], spurious emission is measured up to the 2"d harmonic of the fundamental
frequency (in this case, the upper frequency limit up to which measurements are performed is 50 GHz).
The following reference bandwidths shall be used:
. 100 kHz  between 30 MHz and 1 GHz;

. 1 MHz above 1 GHz.

B.9 Methods of measurement and limits for receiver
parameters

B.9.1 Receiver spurious emissions

B.9.1.1 Definition

Separate radiated spurious measurements need not be made on receivers co-located with transmitters. The definitions
from clause 7.8 on transmitter spurious emissions apply.

B.9.1.2 Method of measurement - radiated spurious emissions
This method of measurement applies to receivers having an integral antenna.

a) A test site selected from annex A which fulfils the requirements of the specified frequency range of this
measurement shall be used. The test antenna shall be oriented initially for vertical polarization and connected
to ameasuring receiver. The bandwidth of the measuring receiver shall be adjusted until the sensitivity of the
measuring receiver is at least 6 dB below the spurious emission limit given in clause 7.7. This bandwidth shall
be recorded in the test report.

The receiver under test shall be placed on the support inits standard position.

b)  Thefrequency of the measuring receiver shall be adjusted over the frequency range from 25 MHz to 50 GHz.
The frequency of each spurious component shall be noted. If the test site is disturbed by radiation coming from
outside the site, this qualitative search may be performed in a screened room with reduced distance between
the transmitter and the test antenna.

c) Ateachfrequency at which a component has been detected, the measuring receiver shall be tuned and the test
antenna shall be raised or lowered through the specified height range until the maximum signal level is
detected on the measuring receiver.

d) Thereceiver shal be rotated up to 360° about a vertical axis, to maximize the received signal.

€) Thetest antennashall be raised or lowered again through the specified height range until a maximum is
obtained. Thislevel shall be noted.

f)  The substitution antenna (see clause A.3.2) shall replace the receiver antennain the same position and in
vertical polarization. It shall be connected to the signal generator.

g) Ateach frequency at which a component has been detected, the signal generator, substitution antenna and
measuring receiver shall be tuned. The test antenna shall be raised or lowered through the specified height
range until the maximum signal level is detected on the measuring receiver. The level of the signal generator
giving the same signal level on the measuring receiver asin step €) shall be noted. Thislevel, after correction
due to the gain of the substitution antenna and the cable loss, is the radiated spurious component at this
frequency.

h)  Thefrequency and level of each spurious emission measured and the bandwidth of the measuring receiver
shall be recorded in the test report.

i)  Measurements b) to h) shall be repeated with the test antenna oriented in horizontal polarization.
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B.9.1.3 Limit

The maximum equivalent isotropically radiated power (max. e.i.r.p.) of any spurious emission outside the permitted
range of frequencies, shall not exceed 2 nW (= -57 dBm) in the frequency range 30 MHz < f <1 GHz and shall not
exceed 20 nW (= -47 dBm) for f > 1 GHz.

B.10 Typical antenna elevation pattern in the passive
band and the elevation pattern above 30°

The annex offers atypical antenna elevation pattern the frequency band from 23,6 GHz to 24 GHz which provides some
indication about the additional attenuation for elevation above 30°.

23.50GHz = 23,5 GHz Avg >30°
23,75 GHz === 23,75 GHz Avg >30°
— 28 GHz: e 24 GHz Avg =30°
24.25 GHz
Figure B.6
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Annex C (normative):
Installation requirements

C.1 Installation requirements of 24 GHz Narrow Band
Short Range Radar (NB SRR) systems

This annex provides the installation requirements for 24 GHz NB SRR equipment manufacturers and installers to install
the equipment as follows.

a) 24 GHz NB SRRtobeinstalled at a permanent fixed position on avehicle.

b) Inthefrequency range 24,075 GHz to 24,150 GHz and if mounted without a bumper or in front of the bumper,
the 4 us/40 kHz dwell time every 3 ms condition shall be reduced to 3 ps/40 kHz dwell time every 3 ms.
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Annex D (informative):
Conversion of power density to e.i.r.p.

This annex offers an example of the conversion from "power/unit area’ (power density) to e.i.r.p.

D.1  Assumptions
e.i.r.p. isthe product of "power into the antenna" multiplied by the "antenna gain”.
e.i.r.p. isthe total power transmitted, assuming an isotropic radiator.

Areaof asphere = nd2.

D.2 Example

For a power density of 200 n\W/cm? (measured at 3 m):

200 nW/cm2 (at 3m) = power measured in a1 cm? areaat 3 m distance.

ei.r.p. = total radiated power over the whole area of a sphere.

ei.r.p. = [power measured in a 1cm? area at 3 m distance (W)] x [area of sphere at 3 m (in cm?)].
ei.r.p. =[(200 x 10°9) x (7x36 x 10%)] W.

ei.r.p. = 226,19 mW.

Hence: 200 n\W/cm?2 (at 3m) = 23,54 dBm.
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Annex E (informative):
Bibliography

. ETSI EN 301 489-3 (V1.2.1): "Electromagnetic compatibility and Radio spectrum Matters (ERM);
ElectroMagnetic Compatibility (EMC) standard for radio equipment and services; Part 3: Specific conditions
for Short-Range Devices (SRD) operating on frequencies between 9 kHz and 40 GHZz".

. ETSI EN 300 440 (Parts 1 and 2): "Electromagnetic compatibility and Radio spectrum Matters (ERM); Short
range devices; Radio equipment to be used in the 1 GHz to 40 GHz frequency range”.
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