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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 | PR 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 Technical Specification (TS) has been produced by ETS| Technical Committee Electromagnetic compatibility and
Radio spectrum Matters (ERM).

Introduction

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

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

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

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

The present document summarize the available information of possible measurement techniques and procedures for the
conformance measurement of various UWB signal formatsin order to comply with the given transmission limits given
in the actual regulation.

The present document will be used as a reference for existing and future ETSI standards covering UWB technologies.

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] 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'.
[2] ANSI C63.5 (2006): "American National Standard for Calibration of Antennas Used for Radiated
Emission Measurements in Electro Magnetic Interference”.
[3] ETSI TS102 321 (V1.1.1): "Electromagnetic compatibility and Radio spectrum Matters (ERM);
Normalized Site Attenuation (NSA) and validation of afully lined anechoic chamber up to
40 GHz".
[4] ETSI TS 102 754 (V1.2.1): "Electromagnetic compatibility and Radio spectrum Matters (ERM);

Short Range Devices (SRD); Technical characteristics of Detect-And-Avoid (DAA) mitigation
techniques for SRD equipment using Ultra Wideband (UWB) technology".

[5] ETSI EN 301 489-33: "Electromagnetic compatibility and Radio spectrum Matters (ERM);
ElectroM agnetic Compatibility (EMC) standard for radio equipment and services; Part 33:
Specific conditions for Ultra Wide Band (UWB) communications devices'.

2.2 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] ETSI TR 103 181-1: "Electromagnetic compatibility and Radio spectrum Matters (ERM); Short
Range Devices (SRD) using UltraWide Band (UWB); Transmission characteristics Part 1: Signal
characteristics”.

[1.2] ETSI EN 302 065 (al parts): "Electromagnetic compatibility and Radio spectrum Matters (ERM);
Ultra WideBand (UWB) technologies for communication purposes; Harmonized EN covering
essential requirements of article 3.2 of the R& TTE Directive".

[1.3] ITU-R Recommendation SM.1754 (2006): "M easurement techniques of ultra-wideband
transmissions’.
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[i.4] ETSI TR 102 070-2: "Electromagnetic compatibility and Radio spectrum Matters (ERM); Guide to
the application of harmonized standards to multi-radio and combined radio and non-radio
equipment;Part 2: Effective use of the radio frequency spectrum”.

[i.5] EU Project WALTER (Project Number 216312): Project Deliverable: WALTER report on
limitations of test methods to include calibration and measurement uncertainties, July 2009.

[i.6] ETSI TR 102 273 (V1.2.1) (al parts): "Electromagnetic compatibility and Radio spectrum Matters
(ERM); Improvement on Radiated M ethods of Measurement (using test site) and evaluation of the
corresponding measurement uncertainties'.

[i.7] ITU-R Recommendation SM 329-10 (2003): "Unwanted emissions in the spurious domain”.

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the following terms and definitions apply:
avoidance level: maximum amplitude to which the UWB transmit power is set for the relevant protection zone

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

cycle time: the length of time between subsequent transmissions of the same system at full l1oad

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

detect and avoid time: time duration between a change of the external RF environmental conditions and adaptation of
the corresponding UWB operational parameters

detection probability: probability that the DAA enabled UWB radio device reacts appropriately to a signal detection
threshold crossing within the detect and avoid time

dedicated antenna: removable antenna supplied and tested with the radio equipment, designed as an indispensable part
of the equipment

dwell time: duration of atransmission on a particular sub-channel

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

Equivalent | sotropically Radiated Power (E.I.R.P.): product of the power supplied to the antenna and the antenna
gainin agiven direction relative to an isotropic antenna (absolute or isotropic gain) (RR 1.161)

FSP: spectrum analyser family for R&S

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

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

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

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

impulse: pulse whose width is determined by its dc step risetime and whose maximum amplitude is determined by its
dc step value
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integral antenna: permanent fixed antenna, which may be built-in, designed as an indispensable part of the equipment
maximum avoidance power level: UWB transmit power assuring the equivalent protection of the victim service
minimum avoidance bandwidth: portion of the victim service bandwidth requiring protection

minimum initial channel availability check time: minimum time the UWB radio device spends searching for victim
signals after power on, Parameter: Ty i Time

Non-Interference M ode operation (NIM): operational mode that alows the use of the radio spectrum on a
non-interference basis without active mitigation techniques

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

pulse: short transient signal whose time duration is nominally the reciprocal of its-10 dB bandwidth
rf carrier: fixed radio frequency prior to modulation

signal detection threshold: amplitude of the victim signal which defines the transition between adjacent protection
zones, Parameter: Dy ean

NOTE: Thethreshold level is defined to be the signal level at the receiver front end of the UWB DAA radio
device and assuming a 0 dBi receive antenna.

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

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

sweep time: the time to tune the LO across the selected span

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

victim signal: signal(s) of the service to be detected and protected by the DAA mitigation technique
wideband: emission whose occupied bandwidth is greater than the test equipment measurement bandwidth

zone model: flexible DAA concept based on the definition of different zones as defined in TS 102 754 [4]

3.2 Symbols

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

Q ohm

A wavelength

D detection threshold

dB decibel

dBi gainin decibels relative to an isotropic antenna
dBm gain in decibels relative to one milliwatt

f frequency

fu highest frequency of the power envelope

fL lowest frequency of the power envelope

| isolation in dB

P power in dBm

R distance

Tovail_time_min minimum initial channel availability check time
Tavoid detect and avoid time

NOTE: Actua Detect and Avoid time of aDUT, can be negative.

Tavoid_mex maximum allowed Detect and avoid time
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T time

3.3 Abbreviations

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

AC Alternating Current

ADC Anaogue-to-Digital

ATT Attenuator

BW Band Width

BWA Broadband Wireless Access

CON Connector

DAA Detect and avoid

DC Direct Current

DEC Decision

DUT Device under Test

EC European Commission

ECC European Communication Committee
EIRP Equivalent Isotropically Radiated Power also called e.i.r.p., eirp, E.I.R.P.
EMC Electro Magnetic compatibility

EN European Standard

ERM Electromagnetic compatibility and Radio spectrum Matters
ESA Economy Spectrum Analyzer

ESD Electro Static Discharge

ETS European Telecommunication Standard I nstitute
EUT Equipment under test

FCC Federal Commission for Communications
FH Frequency Hopping

FH-UWB Frequency Hopping-UWB

FMCW Frequency Modulated Continuous Wave
HEN Harmonized European Norm

IF Intermediate Frequency

LDC Low Duty Cycle

LNA Low Noise Amplifier

LO Local Oscillator

OFDM Orthogonal Frequency Division Multiple Access
PEP Peak Envelope Power

PPM Part Per Million

PRF Pulse Repetition Frequency

PSA Power Spectrum Analyser

PSD power spectral density

RBW Resolution Band Width

REC Recommendation

RF Radio Frequency

RMS root mean of squares

RX Receiver

SNR Signal to noiseratio

TPC Transmit power control

TX Transmitter

UE User Equipment

uuT Unit under Test

uwB UltraWide Band

VBW Video BandWidth

VSWR Voltage Standing Wave Ratio
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4 Overview

In this clause a short overview over the existing and known UWB signal formats will be given. Based on the presented
signal format the main issues of the needed measurement techniques will be derived. A more detailed description of the
presented signal formats can be found in the TR 103 181-1 [i.1].

The present document describes measurements for many different types of UWB technologies used for a variety of
different applications. The UWB technologies used for these applications can be broken down into two main groups:

1) Impulse derived (carrier-less) technologies.
2)  Freguency modulated/carrier-based.

In general combinations of these systems are possible.

4.1 Impulse derived (carrier-less)

Impulse derived UWB technology consists of a series of impulses created from a dc voltage step whose risetime can be
modified to provide the maximum useful number of spectral emission frequencies. This derived impulse can then be
suitably modified by the use of filtersto locate the resulting waveform within a specific frequency spectrum range. This
filter can be a stand alone filter or incorporated into an antenna design to reduce emissions outside the designated
frequency spectrum.

M odulation techniques include pulse positioning in time, pulse suppression and other techniques to convey information.
The transmitted energy is summed at the receiver to reproduce the transmitted pulse.

Thistechnology is suitable for direct and non-direct line of sight communications, any reflected or time delayed
emissions being suppressed by the receiver input circuits.

Simple short pulses whereby one can modify/modulate by:
. pul seform/pul seshape;
. pulse duration;
. pulse trains (i.e. number of pulses per burst);
. pulse amplitude;
. pul se position/spacing, time/pulse hopping, random pseudo-noise generation, dithering (intentional jitter);

e  direct sequence (generates UWB when performed quickly, typically pre-programmed).
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Or combinations of the above. In Figure 1 some examples of pulse shapes in the time domain and the corresponding

spectrum is depicted.
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Figure 1. Example of Pulse shapes in time domain and the corresponding spectra

Frequency modulated/carrier-based

Under this category the following systems can be covered:

phase shift keying;

frequency hopping/stepping;

FMCW, can aso be intermittent, i.e. pulsed or gated,;

OFDM and similar (i.e. having multiple carriers/sub-carriers);

random pseudo-noise generation, dithering or intentional pre-programmed direct sequencing can apply on all
these carrier-based modulation schemes.

Or combinations of the above, including complex time- and frequency modulated combinations.

Due to the possible combinations, the above categories are not exhaustive.
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5 General Consideration and test requirements

5.1 Overview

In this clause al general considerations for the testing of UWB devices will be given. These considerations and
requirements are related to the presentation of the products to be tested (see clause 5.2); the used test modulation (see
clause 5.3) and the general test conditions (see clause 5.4).

Detailsincluded in following clause:
. Product information (see clause 5.2).
e  Test modulation (see clause 5.3).
. Specific Test setup (see clause 5.4).

An overview over the basic flow from a UWB application or device to the right certification measurement isgivenin
Figure 2. Based on the UWB application the manufacturer will chose a harmonized standard used for the certification of
the devices. In these harmonized standard the regulatory requirements will be covered with alink to the relevant
standardization document describing the used mitigation factor, the UWB signal format used and then the
corresponding measurement setup for the given specific UWB application. The regulatory limits will be included in the
relevant harmonized standard including the requirements for the additional mitigation techniques and factors.

UWB Application Harmonized standard

112

T

TS 102 TS 102
754 883
Mitigation UWB Measurements

Figure 2. Overview flow for general product information and conformance test settings

As an example the harmonized standard for the generic UWB application HEN 302 065-1 [i.2] isgivenin Figure 2. In
the following clause the requirements for the right declaration of the UWB devices for the preparation of the
measurement and the needed measurement setups are presented. The detailed measurements will be included in the
clause 7 of the present document.
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5.2 Product information

The following product information shall be provided by the manufacturer:
) relevant harmonized standard and environmental conditions of use/intended use;

. the type of UWB technology implemented in the equipment (e.g. carrier-based, impulse, modified impul se,
etc.);

e thetype of modulation schemes available (e.g. OFDM modulation, pulsed modulation like PPM or Pulse
Polarity Modulation or any other type of modulation, etc.);

. for all modulation schemes the modulation parameters need to be provided: for example modulation period,
deviation or dwell times within a modulation period (FH systems), rate of modulation (Hz/s), number of
carrier for OFDM, modulation bandwidth;

. the operating frequency range(s) of the equipment (see clause 7.4);

e thetype of the equipment (e.g. stand-alone equipment, plug-in radio device, combined equipment, etc.), (see
also clause 5.6);

. the intended combination(s) of the radio equipment power settings and one or more antenna assemblies and
their corresponding e.i.r.p. levels (see also clause 5.5);

. the nominal power supply voltages of the stand-alone radio equipment or the nominal power supply voltages
of the host equipment or combined equipment in case of plug-in radio devices;

e thetest modulation to be used for testing (see also clause 5.3);
. the inclusion and any necessary implementation details of features such as gating or hopping;
. the inclusion and any necessary implementation details of any mitigation or equivaent mitigation techniques;

. in case of conducted measurements, the antenna impedance as well as maximum antenna gain characteristics
(frequency response) over the relevant frequency range covered in the related harmonized standard.

5.3 Requirements for the test modulation

The test modulation used should be representative of normal use of the equipment and which results in the highest mean
transmit power spectral density which would be available in normal operation.

The highest mean transmit power spectral density is also-likely to be affected by frame/packet length, inter-packet gaps,
normal and burst modes. The manufacturer shall declare thisinformation and that the settings were used that are
considered to lead to the highest mean transmit power spectral density which would be available in normal operation.

Preferably, the equipment should be capable of continuous RF transmission, so as to minimise the test time required to
determine the highest levels of emission from the device. Where the equipment is not capable of continuous RF
transmission, the manufacturer shall employ the mode of operation of the equipment which results in the highest
transmitter activity consistent with the requirement to measure the highest mean transmit power spectral density which
would be available in operation, and should ensure that:

. transmissions occur regularly in time;
. sequences of transmissions can be repeated accurately.

For transmitters that have multi-modulation schemes incorporated, the manufacturer shall declare the modulation
scheme to be used for each test.

Implemented transmitter timeout functionality shall be disabled for the sequence of the test suite.

Where radio devices are equipped with LDC, the LDC operation may be disabled for the duration of the test. In any
case the mean power measurement shall be performed so as to guarantee the maximum mean power level over 1ms as
givenin clause 7.2.
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The manufacturer shall provide the means to operate the transmitter during the tests.

54 Test conditions, power supply and ambient temperatures

541 Test conditions

Testing shall be performed under normal test conditions.

The test conditions and procedures shall be performed as specified in the following clauses.
5.4.2 Power sources

5421 Power sources for stand-alone equipment

During testing, the power source of the equipment shall be replaced by atest power source capable of producing normal
test voltages as specified in clause 5.3.3.2. 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 tests, the voltage of the power source shall be measured at
the input terminal s of the equipment.

For battery operated equipment the battery may be removed and the test power source shall be applied as close to the
battery terminals as practicable.

During tests the power source voltages shall be maintained within atolerance of £1 % relative to the voltage at the
beginning of each test. The value of thistoleranceis critical to power measurements; using a smaller tolerance will
provide better measurement uncertainty values.

5.4.2.2 Power sources for plug-in radio devices

The power source for testing plug-in radio devices shall be provided by test fixture or host equipment.

Where the host equipment and/or the plug-in radio device is battery powered, the battery may be removed and the test
power source applied as close to the battery terminal s as practicable.

54.3 Normal test conditions

5431 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 the tests under these conditions, a note to this effect, stating the ambient
temperature and relative humidity during the tests, shall be recorded.

The actual values during the tests shall be recorded.
5.4.3.2 Normal power source

54321 Mains voltage

The normal test voltage for equipment to be connected to the mains shall be the nominal mains voltage. For the purpose
of the present document, the nominal voltage shall be the voltage(s) 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.
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5.4.3.2.2 Lead-acid battery power sources used on vehicles

When radio equipment is intended for operation from the usual, alternator fed lead-acid battery power source used on
vehicles, then the normal test voltage shall be 1,1 times the nominal voltage of the battery (6 V, 12V, etc.).
5.4.3.2.3 Other power sources

For operation from other power sources or types of battery (primary or secondary), the nominal test voltage shall be as
stated by the equipment manufacturer. This shall be recorded.

5.5 Choice of equipment for test suites

55.1 Choice of model

The tests shall be carried out on one or more production models or equivalent preliminary models, as appropriate. If
testing is performed on (@) preliminary model(s), then the corresponding production models shall be identical to the
tested modelsin al respects relevant for the purposes of the present document.

If an equipment has several optional features that are considered to affect directly the RF parameters then tests need
only be performed on the equipment configured with the considered worst case combination of features as declared by
the manufacturer.

55.2 Presentation
Stand-alone equipment shall be tested complete with any ancillary equipment.

Plug-in radio devices may be tested together with a suitable test fixture and/or typical host equipment (see clause 5.6).

5.5.3 Multiple operating bandwidths

Where equipment has more than one operating bandwidth (e.g. 500 MHz and 1 300 Mhz), a minimum of two operating
bandwidths shall be chosen such that the lower and higher limits of the operating range(s) of the equipment are covered
(see clause 4.1.2.3). All operating bandwidths of the equipment shall be declared by the equipment manufacturer.

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

For combined equipment and for radio parts for which connection to or integration with host equipment is required to
offer functionality to the radio, different alternative test approaches are permitted. Where more than one such
combination isintended, testing shall not be repeated for combinations of the radio part and various host equipment
where the latter are substantially similar.

Where more than one such combination is intended and the combinations are substantially dissimilar, one combination
shall be tested against all requirements of the present document and all other combinations shall be tested separately for
radiated spurious emissions only (see clause 7.5).

5.6.1 The use of a host or test fixture for testing plug-In radio devices

Where the radio part is a plug-in radio device which isintended to be used within avariety of combinations, a suitable
test configuration consisting of either atest fixture or typical host equipment shall be used. This shall be representative
for the range of combinations in which the radio device may be used. The test fixture shall allow the radio equipment
part to be powered and stimulated as if connected to or inserted into the host or combined equipment. Measurements
shall be made to all requirements given in the relevant harmonized standards.

NOTE: For further information on this topic, see TR 102 070-2 [i.4].

ETSI



17 ETSI TS 102 883 V1.1.1 (2012-08)

5.7 Interpretation of the measurement results

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

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

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

3) therecorded value of the measurement uncertainty shall be wherever possible, for each measurement, equal to
or lower than the figuresin Table 1, and the interpretation procedure specified in clause 5.7.1 shall be used.

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

Table 1 isbased on such expansion factors.

Table 1: Maximum measurement uncertainty

Parameter Uncertainty
Radio Frequency +1 x 1075
all emissions, radiated 16 dB (see note)
conducted +3 dB
temperature +1°C
humidity 5%
DC and low frequency voltages +3 %

NOTE: For radiated emissions measurements below 2,7 GHz and above
10,6 GHz it may not be possible to reduce measurement uncertainty to the
levels specified in table 1 (due to the very low signal level limits and the
consequent requirement for high levels of amplification across wide
bandwidths). In these cases alone it is acceptable to employ the alternative
interpretation procedure specified in clause 5.7.2.

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

The interpretation of the results when comparing measurement val ues with specification limits shall be as follows:

a  When the measured value does not exceed the limit val ue the equipment under test meets the requirements of
the present document.

b)  When the measured val ue exceeds the limit value the equipment under test does not meet the requirements of
the present document.

¢) Themeasurement uncertainty calculated by the test technician carrying out the measurement shall be recorded
in the test report.

d) The measurement uncertainty calculated by the test technician may be a maximum value for arange of values
of measurement, or may be the measurement uncertainty for the specific measurement untaken. The method
used shall be recorded in the test report.

5.7.2 Measurement uncertainty is greater than maximum acceptable
uncertainty

The interpretation of the results when comparing measurement val ues with specification limits should be as follows:

a)  When the measured value plus the difference between the maximum acceptable measurement uncertainty and
the measurement uncertainty calculated by the test technician does not exceed the limit val ue the equipment
under test meets the requirements of the present document.
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b)  When the measured value plus the difference between the maximum acceptable measurement uncertainty and
the measurement uncertainty calculated by the test technician exceeds the limit value the equipment under test
does not meet the requirements of the present document.

¢) Themeasurement uncertainty calculated by the test technician carrying out the measurement shall be recorded
in the test report.

d) The measurement uncertainty calculated by the test technician may be a maximum value for arange of values
of measurement, or may be the measurement uncertainty for the specific measurement untaken. The method
used shall be recorded in the test report.

5.8 Other emissions

UWAB transmitters emit very low power radio signals, comparable with the power of spurious emissions from digital

and analogue circuitry. If it can be clearly demonstrated that an emission from the ultra-wideband radio device is not the
ultrawideband emission identified in clause 7.6 (e.g. by disabling the radio device's UWB transmitter or disconnecting
and terminating, internally or externally the antenna of the device) or it can clearly be demonstrated that it isimpossible
to differentiate between other emissions and the UWB transmitter emissions, that emission or aggregated emissions
shall be considered against the receiver spurious emissions limits defined in the relevant harmonized standard.

6 Test setups and procedures

6.1 Introduction

In this clause the general setup of atest bed for the test of UWB equipment will be descripted. Two procedures of test
will be considered here:

° radiated measurements; and
. conducted measurements.

Both measurements need to be possible for UWB devices due to the very low emission levels to be evaluated. For
equipment providing a 50 Q antenna connectors the conducted measurement is the preferred measurement. More details
concerning the conditions are given in clause 6.4.

6.2 Initial Measurement steps

In afirst step the relevant frequency band for the measurement of the System under test has to be identified by using the
manufacturer's declaration (see clause 5.2) and a coarse peak power measurement using a spectrum analyser. After the
identification of the relevant band of the UWB system the further measurement steps can be performed. The
identification step isindependent of the system to be measured and the measurement to be performed (mean power or
peak power, radiated or conducted).

The settings of the instrument have to be chosen based on the description of the signal provided, so as to ensure that the
highest values of peak power and mean PSD are captured. Thisis particularly important for a scanning instrument
(spectrum analyser) and asignal that has complex variation in time or over frequency. It is suggested that the signal
should initially be observed with both peak and mean measuring modes, over its full bandwidth, to confirm the
description and to establish where the highest values can and cannot be in RF. This will permit subsequent
measurements to be made with a narrower RF span. Where there is any doubt about the effect of frequency scanning, a
measurement at a single RF (zero spans) will provide confirmation.

The measurements shall be repeated for radio devices with TPC implemented within the UWB radio device configured
at the lowest power spectral density setting.
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6.3 Radiated measurements

6.3.1 General

The test site, test antenna and substitution antenna used for radiated measurements shall be as described in clause 6.3.2.

For guidance on use of radiation test sites, coupling of signals and standard test positions used for radiated
measurements, see clauses 6.3.3t0 6.3.5.

Detailed descriptions of radiated measurement arrangements for UWB radio devices can be found in ITU-R
Recommendation SM.1754 [i.3].

All reasonable efforts should be made to clearly demonstrate that emissions from the UWB transmitter do not exceed
the specified levels, with the transmitter in the far field. To the extent practicable, the radio device under test shall be
measured at the distance specified in clause 6.3.3.4 and with the specified measurement bandwidths. However, in order
to obtain an adeguate signal-to-noise ratio in the measurement system, radiated measurements may have to be made at
distances less than those specified in clause 6.3.3.4 and/or with reduced measurement bandwidths. The revised
measurement configuration should be stated on the test report, together with an explanation of why the signal levels
involved necessitated measurement at the distance employed or with the measurement bandwidth used in order to be
accurately detected by the measurement equipment and cal culations demonstrating compliance.

Where it isnot practical to further reduce the measurement bandwidth (either because of limitations of
commonly-available test equipment or difficulties in converting readings taken using one measurement bandwidth to
those used by the limits given in the relevant harmonized standard, and the required measurement distance would be so
short that the radio device would not clearly be within the far field, the test report shall state this fact, the measurement
distance and bandwidth used, the near field/far field distance for the measurement setup (see clause 6.3.3.4), the
mesasured radio device emissions, the achievable measurement noise floor and the frequency range(s) involved.

6.3.2 Test sites and general arrangements for measurements involving
the use of radiated fields
This clause introduces the test site which may be used for radiated tests. The test site is generally referred to as afree

field test site. Both absolute and rel ative measurements can be performed in these sites. Where absolute measurements
are to be carried out, the chamber should be verified. A detailed verification procedure is described in TS 102 321 [3].

6.3.2.1 Anechoic chamber

An anechoic chamber isthe preferred test site to be used for radiated testing in accordance with the present document
above 1 GHz. However, an anechoic chamber with ground plane as described in clause 5.6.2.2 may be used above
1 GHz providing that suitable anechoic material is placed on the chamber floor to suppress any reflected signal.

An anechoic chamber is an enclosure, usually shielded, whose internal walls, floor and ceiling are covered with radio
absorbing material, normally of the pyramidal urethane foam type. The chamber usually contains an antenna support at
one end and aturntable at the other. A typical anechoic chamber is shown in figure 3.
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Figure 3: A typical anechoic chamber

The chamber shielding and radio absorbing material work together to provide a controlled environment for testing
purposes. Thistype of test chamber attempts to simulate free space conditions.

The shielding provides a test space, with reduced levels of interference from ambient signals and other outside effects,
whilst the radio absorbing material minimizes unwanted reflections from the walls and ceiling which can influence the
measurements. In practiceit is relatively easy for shielding to provide high levels (80 dB to 140 dB) of ambient
interference rejection, normally making ambient interference negligible.

A turntable is capable of rotation through 360° in the horizontal plane and it is used to support the test sample (EUT) at
asuitable height (e.g. 1 m) above the ground plane. The chamber shall be large enough to alow the measuring distance
of at least 3 mor 2(d; + dz)zlk (m), whichever is greater (see clause 6.3.3.4). However, it shall be noted that due to the

low radiated power density for UWB equipment, its transmit spectrum can be measured at approximately 1 mto
improve measurement sensitivity. The distance used in actual measurements shall be recorded with the test resuilts.
Practical tests have shown that larger measurements distances of up to 3 meters at the frequencies below 1 GHz and
shorter measurement distances of lessthan 1 meter at frequencies above 10 GHz can be conducted as long as the far
field conditions are still fulfilled.

The anechoic chamber generally has severa advantages over other test facilities. There is minimal ambient interference,
minimal floor, ceiling and wall reflections and it isindependent of the weather. It does however have some
disadvantages which include limited measuring distance and limited lower frequency usage due to the size of the
pyramidal absorbers. To improve low frequency performance, a combination structure of ferrite tiles and urethane foam
absorbersis commonly used.

All types of emission testing can be carried out within an anechoic chamber without limitation.

6.3.2.2 Anechoic chamber with a conductive ground plane

An anechoic chamber with a conductive ground plane shall be used for radiated testing in accordance with the present
document below 1 GHz.
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An anechoic chamber with a conductive ground plane is an enclosure, usually shielded, whose internal walls and ceiling
are covered with radio absorbing material, normally of the pyramidal urethane foam type. The floor, which is metallic,
is not covered and forms the ground plane. The chamber usually contains an antenna mast at one end and a turntable at
the other. A typical anechoic chamber with a conductive ground plane is shown in Figure 4.

Thistype of test chamber attemptsto simulate an ideal Open Area Test Site whose primary characteristic is a perfectly
conducting ground plane of infinite extent.

Antenna
mast

Test
antenna

Figure 4. A typical anechoic chamber with a conductive ground plane

Inthisfacility the ground plane creates the wanted reflection path, such that the signal received by the receiving antenna
isthe sum of the signals from both the direct and reflected transmission paths. This creates a unique received signal
level for each height of the transmitting antenna (or EUT) and the receiving antenna above the ground plane.

The antenna mast provides a variable height facility (from 1 m to 4 m) so that the position of the test antenna can be
optimized for maximum coupled signal between antennas or between a EUT and the test antenna.

A turntable is capable of rotation through 360° in the horizontal plane and it is used to support the test sample (EUT) at
a specified height, usually 1,5 m above the ground plane. The chamber shall be large enough to allow the measuring
distance of at least 3 mor 2(d; + d2)2 /A (m), whichever is greater. However, it shall be noted that due to the low

radiated power density for UWB equipment it's transmit spectrum can be measured at approximately 1 m. The distance
used in actual measurements shall be recorded with the test results.

Emission testing involvesfirstly "peaking" the field strength from the EUT by raising and lowering the receiving
antenna on the mast (to obtain the maximum constructive interference of the direct and reflected signals from the EUT)
and then rotating the turntable for a"peak” in the azimuth plane. At this height of the test antenna on the mast, the
amplitude of the received signal is noted. Secondly the EUT is replaced by a substitution antenna (positioned at the
EUT's phase or volume centre), which is connected to asignal generator. The signal is again "peaked” and the signal
generator output adjusted until the level, noted in stage one, and is again measured on the receiving radio device.

Recelver sensitivity tests over aground plane also involve "peaking” the field strength by raising and lowering the test
antenna on the mast to obtain the maximum constructive interference of the direct and reflected signals, thistime using
a measuring antenna which has been positioned where the phase or volume centre of the EUT will be during testing. A
transform factor is derived. The test antenna remains at the same height for stage two, during which the measuring
antennais replaced by the EUT. The amplitude of the transmitted signal is reduced to determine the field strength level
at which a specified response is obtained from the EUT.
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6.3.2.3 Test antenna

A test antennais always used in radiated test methods. In emission tests (i.e. effective radiated power, spurious
emissions) the test antennais used to detect the field from the EUT in one stage of the measurement and from the
substitution antennain the other stage. When the test siteis used for the measurement of receiver characteristics
(i.e. sengitivity and various immunity parameters) the antennais used as the transmitting radio device.

The test antenna should be mounted on a support capable of allowing the antenna to be used in either horizontal or
vertical polarization which, on ground plane sites (i.e. anechoic chambers with ground plane) should additionally allow
the height of its centre above the ground to be varied over the specified range (usually 1 mto 4 m).

In the frequency band 30 MHz to 1 000 MHz, dipole antennas (constructed in accordance with ANSI C63.5 [2]) are
generally recommended. For frequencies of 80 MHz and above, the dipoles should have their arm lengths set for
resonance at the frequency of test. Below 80 MHz, shortened arm lengths are recommended. For spurious emission
testing, however, a combination of bicones and log periodic dipole array antennas (commonly termed "log periodic")
could be used to cover the entire 30 MHz to 1 000 MHz band. Above 1 000 MHz, waveguide horns are recommended
athough, again, log periodic could be used.

NOTE: Thegain of ahorn antennais generally expressed relative to an isotropic radiator.

6.3.2.4 Substitution antenna

The substitution antennais used to replace the EUT for tests in which atransmitting parameter (i.e. frequency error,
effective radiated power, spurious emissions and adjacent channel power) is being measured. For measurementsin the
frequency band 30 MHz to 1 000 MHz, the substitution antenna should be a dipole antenna (constructed in accordance
with ANSI C63.5[2]). For frequencies of 80 MHz and above, the dipoles should have their arm lengths set for
resonance at the frequency of test. Below 80 MHz, shortened arm lengths are recommended. For measurements above
1 000 MHz, awaveguide horn is recommended. The centre of this antenna should coincide with either the phase centre
or volume centre.

6.3.2.5 Measuring antenna

The measuring antennais used in tests on a EUT in which areceiving parameter (i.e. sensitivity and various immunity
tests) is being measured. Its purpose is to enable a measurement of the electric field strength in the vicinity of the EUT.
For measurementsin the frequency band 30 MHz to 1 000 MHz, the measuring antenna should be a dipole antenna
(constructed in accordance with ANSI C63.5 [2]). For frequencies of 80 MHz and above, the dipoles should have their
arm lengths set for resonance at the frequency of test. Below 80 MHz, shortened arm lengths are recommended. The
centre of this antenna should coincide with either the phase centre or volume centre (as specified in the test method) of
the EUT.

6.3.3 Guidance on the use of a radiation test site

This clause detail s procedures, test equipment arrangements and verification that should be carried out before any of the
radiated tests are undertaken.

6.3.3.1 Verification of the test site

No test should be carried out on atest site which does not possess avalid certificate of verification. The verification
procedures for the different types of test sites described in annex A (i.e. anechoic chamber and anechoic chamber with a
ground plane) are given in the relevant parts of TR 102 273 [i.6] or equivalent.

6.3.3.2 Preparation of the EUT

The manufacturer should supply information about the EUT covering the operating frequency, polarization, supply
voltage(s) and the reference face. Additional information, specific to the type of EUT should include, where relevant,
carrier power, channel separation, whether different operating modes are available (e.g. high and low power modes) and
if operation is continuous or is subject to a maximum test duty cycle (e.g. 1 minute on, 4 minutes off).

Where necessary, a mounting bracket of minimal size should be available for mounting the EUT on the turntable. This
bracket should be made from low conductivity, low relative dielectric constant (i.e. less than 1,5) material(s) such as
expanded polystyrene, balsawood, etc.
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6.3.3.3 Power supplies to the EUT

All tests should be performed using power supplies wherever possible, including tests on EUT designed for battery-only
use. In al cases, power leads should be connected to the EUT's supply terminals (and monitored with adigital
voltmeter) but the battery should remain present, electrically isolated from the rest of the equipment, possibly by putting
tape over its contacts.

The presence of these power cables can, however, affect the measured performance of the EUT. For this reason, they
should be made to be "transparent" as far as the testing is concerned. This can be achieved by routing them away from
the EUT and down to either the screen, ground plane or facility wall (as appropriate) by the shortest possible paths.
Precautions should be taken to minimize pick-up on these leads (e.g. the leads could be twisted together, loaded with
ferrite beads at 0,15 m spacing or otherwise |oaded).

6.3.3.4 Range length

The range length for all these types of test facility should be adequate to allow for testing in the far field of the EUT
i.e. it should be equal to or exceed:

2(dy +dyp)?
A
Where:

d, isthelargest dimension of the EUT/dipole after substitution (m);
d, isthelargest dimension of the test antenna (m),

A isthetest frequency wavelength (m).

It should be noted that in the substitution part of this measurement, where both test and substitution antennas are half
wavelength dipoles, this minimum range length for far-field testing would be;

2A

It should be noted in test reports when either of these conditionsis not met so that the additional measurement
uncertainty can be incorporated into the results.

NOTE 1: For the fully anechoic chamber, no part of the volume of the EUT should, at any angle of rotation of the
turntable, fall outside the "quiet zone" of the chamber at the nominal frequency of the test.

NOTE 2: The"quiet zone" is avolume within the anechoic chamber (without a ground plane) in which a specified
performance has either been proven by test, or is guaranteed by the designer/manufacturer. The specified
performanceis usually the reflectivity of the absorbing panels or a directly related parameter (e.g. signal
uniformity in amplitude and phase). It should be noted however that the defining levels of the quiet zone
tend to vary.

6.3.3.5 Site preparation

The cables for both ends of the test site should be routed horizontally away from the testing area for a minimum of 2 m
and then allowed to drop vertically and out through either the ground plane or screen (as appropriate) to the test
equipment. Precautions should be taken to minimize pick up on these leads (e.g. dressing with ferrite beads, or other
loading). The cables, their routing and dressing should be identical to the verification set-up.

Cdlibration data for all items of test equipment should be available and valid. For test, substitution and measuring
antennas, the data should include gain relative to an isotropic radiator (or antenna factor) for the frequency of test. Also,
the VSWR of the substitution and measuring antennas should be known.

The calibration data on al cables and attenuators should include insertion loss and V SWR throughout the entire
frequency range of the tests. All VSWR and insertion loss figures should be recorded in the logbook results sheet for the
specific test.

Where correction factorg/tables are required, these should be immediately available.
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For al items of test equipment, the maximum measurement uncertainty they exhibit should be known along with the
distribution of the uncertainty.

At the start of measurements, system checks should be made on the items of test equipment used on the test site.
6.3.4 Coupling of signals

6.34.1 General

The presence of leads in the radiated field may cause a disturbance of that field and lead to additional measurement
uncertainty. These disturbances can be minimized by using suitable coupling methods, offering signal isolation and
minimum field disturbance (e.g. optical and acoustic coupling).

6.3.4.2 Data Signals

Isolation can be provided by the use of optical, ultrasonic or infrared means. Field disturbance can be minimized by
using a suitable fibre optic connection. Ultrasonic or infrared radiated connections require suitable measures for the
minimization of ambient noise.

6.3.5 Standard test methods

Two methods of determining the radiated power of aradio device are described in clauses 6.3.5.1 and 6.3.5.2.

6.3.5.1 Calibrated setup

The measurement receiver, test antenna and all associated equipment (e.g. cables, filters, amplifiers, etc.) shall have
been recently calibrated against known standards at all the frequencies on which measurements of the equipment are to
be made. A suggested calibration method is given in clause 6.3.6.

On atest site according to clause 6.2, the equipment shall be placed at the specified height on a support, and in the
position closest to normal use as declared by the provider.

The test antenna shall be oriented initially for vertical polarization and shall be chosen to correspond to the frequency of
the transmitter.

The output of the test antenna shall be connected to the spectrum analyser via whatever (fully characterized) equipment
isrequired to render the signal measurable (e.g. amplifiers).

The transmitter shall be switched on, if possible without modulation, and the spectrum analyser shall be tuned to the
frequency of the transmitter under test.

The test antenna shall be raised and lowered through the specified range of height until a maximum signal level is
detected by the spectrum analyser.

The transmitter shall then be rotated through 360° in the horizontal plane, until the maximum signal level is detected by
the spectrum analyser.

The test antenna shall be raised and lowered again through the specified range of height until a maximum signal level is
detected by the spectrum analyser.

The maximum signal level detected by the spectrum analyser shall be noted and converted into the radiated power by
application of the pre-determined calibration coefficients for the equipment configuration used.

6.3.5.2 Substitution method

On atest site, selected from clause 6.3.2, the equipment shall be placed at the specified height on a support, as specified
in clause 6.3.2, and in the position closest to normal use as declared by the provider.

The test antenna shall be oriented initially for vertical polarization and shall be chosen to correspond to the frequency of
the transmitter.

The output of the test antenna shall be connected to the spectrum analyser.
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The transmitter shall be switched on, if possible without modulation, and the measuring receiver shall be tuned to the
frequency of the transmitter under test.

The test antenna shall be raised and lowered through the specified range of height until a maximum signal level is
detected by the spectrum analyser.

The transmitter shall then be rotated through 360° in the horizontal plane, until the maximum signal level is detected by
the spectrum analyser.

The test antenna shall be raised and lowered again through the specified range of height until a maximum signal level is
detected by the spectrum analyser.

The maximum signal level detected by the spectrum analyser shall be noted.
The transmitter shall be replaced by a substitution antenna as defined in clause 6.3.2.4.

The substitution antenna shall be orientated for vertical polarization and the length of the substitution antenna shall be
adjusted to correspond to the frequency of the transmitter.

The substitution antenna shall be connected to a calibrated signal generator.

If necessary, the input attenuator setting of the spectrum analyser shall be adjusted in order to increase the sensitivity of
the spectrum analyser.

The test antenna shall be raised and lowered through the specified range of height to ensure that the maximum signal is
received. When atest site according clause 6.3.2.1 is used, the height of the antenna shall not be varied.

Theinput signal to the substitution antenna shall be adjusted to the level that produces alevel detected by the spectrum
analyser, that is egual to the level noted while the transmitter radiated power was measured, corrected for the change of
input attenuator setting of the spectrum analyser.

The input level to the substitution antenna shall be recorded as power level, corrected for any change of input attenuator
setting of the spectrum analyser.

The measurement shall be repeated with the test antenna and the substitution antenna orientated for horizontal
polarization.

The measure of the radiated power of the radio device isthe larger of the two levels recorded at the input to the
substitution antenna, corrected for gain of the substitution antenna if necessary.

6.3.6 Standard calibration method

The calibration of the test fixture establishes the rel ationship between the detected output from the test fixture, and the
transmitted power (as sampled at the position of the antenna) from the EUT in the test fixture. This can be achieved (at
higher frequencies) by using a calibrated horn with a gain of equal to or less than 20 dB, fed from an external signa
source, in place of the EUT to determine the variationsin detected power over frequency.

The calibration setup is shown in Figure 5.
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Figure 5: Calibration set-up configuration

The calibration of the test fixture shall be carried out by either the provider or the accredited test laboratory. The results
shall be approved by the accredited test laboratory.

It isthe responsibility of the tester to obtain enough measurement accuracy. The following description is an example of
aproven and accurate calibration method:

a)

b)

f)

9)
h)

k)

Cdlibrate al instruments using usual calibration routines.

Remove the EUT from the test fixture and replace the EUT by a calibrated antenna. Carefully orientate the
calibration antenna in the test fixture towards the test arrangement antenna. The reference plane of the
calibration antenna shall coincide with the EUT reference plane. The distance between the calibration antenna
and the test arrangement antenna shall be between 0,5 mto 1 m.

Connect asignal generator to the calibrated antennain the test fixture.

Connect a 10 dB attenuator to the test arrangement antenna to improve the VSWR. If SNR of the test
arrangement islow it might be necessary to omit the attenuator.

Connect a power meter to the test arrangement antennaincluding a 10 dB attenuator, if required, and apply, by
means of asignal generator, a frequency and power level to the same as the expected value from the EUT
output to the calibration antennain the test fixture.

Take into account the gain from both the calibration and the test arrangement antenna, the losses from the
attenuator and all cablesin use and the gain of aLNA, if required.

Note the absolute reading of the power meter.

Replace the power meter with a spectrum analyser. Adjust the frequency and power level of the signal
generator to the same as the expected value from the EUT output. Apply this signal to the calibration antenna.

Take into account the gain from both the calibration and the test arrangement antenna, the losses from the
attenuator and all cablesin use and the gain of a LNA, if required. Instead of an external attenuator the built-in
attenuator of the spectrum analyser may be used.

Set the spectrum analyser detector in RMS mode with aRBW and VBW at |least as large as the signal
generator output signal bandwidth with an appropriate spectrum analyser sweep rate. Note the absolute reading
of the spectrum analysersinput signal.

The noted absolute power reading of the power meter and the spectrum analyser shall not differ more than the
specified uncertainty of the used measurement equipments.
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)  Cadculatethetotal attenuation from the EUT reference plane to the spectrum analyser as follows:

P_reading =
G _Tx

G _Rx

G ATT

G _cable

G LNA

G _fs loss

C ATT
P_abs

C ATT

P _abs

the absolute power level noted from the power meter/spectrum analyser.
antenna gain of the calibrated antennain the test fixture.

antenna gain of the test arrangement antenna.

the 10 dB attenuator loss (0 dB, if attenuator not used).

thetotal loss of all cables used in the test setup.

the gain of the low noise amplifier (0 dB, if LNA not used).

the free space | oss between the calibrated antenna (Tx) in the test fixture and the test
arrangement antenna (RXx).

calculated attenuation of all losses with referenced to the EUT position.
the absolute power of the EUT (e.i.r.p.).

G fs loss- G_Rx + G_cable2 - G_LNA + G_cablel + G_ATT.
P_reading- C_ATT.

The calibration should be carried out at a minimum of three frequencies within the operating frequency band.

Measurement
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G_cable2 Measurement LNA
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G ina

f
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Figure 6: Test set-up for measuring the operating frequency range

Conversion:

O_nm= ZOIOQ(G _LNA)

0 :10|Og(G_Rx)

G_cablexj

g_cableX = 10( 2
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Equation 1 (Vaues[dB]):

Peirp=Pm—9 r—g_cablel-g_cable2—g_, +20- |og(4;”j
[dBm/MHZ]
Equation 2 (Values linear):
P, - (4ar)?

P, =
ei.r.p GJ_NA WE 'GA -G _cablel- G _cable2
[MW/MHZ]

The values of the cable loss G_cablel and G_cable? are smaller than one. Consequently the logarithmic values
g_cablel and g_cable? are negative!

A test site such as one selected from annex A (i.e. indoor test site or open area test site), which fulfils the requirements
of the specified frequency range and undisturbed lowest specified emission levels of this measurement shall be used.

6.4 Conducted measurements

In the case of UWB measurement the radiated measurement setup will lead to major issues with the sensitivity. Levels
below -65dBm/MHz radiated power are hot measurable in a reliable manner [i.5]. Thus conducted measurements are
allowed when specific prerequisites are fulfilled.

Conducted measurements may be applied to equipment provided with an antenna connector.

In this case the antenna gain of the dedicated antenna and the losses (including those from impedance matching) over
frequencies shall be taken into account to assess the power levels and the detection threshold levels as given in the
relevant standards. In general, the detection thresholds assume a 0 dBi gain receive characteristics.

The Voltage Standing Wave Ratio (VSWR) at the 50 Q connector shall not be greater than 1,5: 1 over the frequency
range of the measurement.

All cables shall be calibrated over the complete frequency range of measurement. The characteristics of the dedicated
antenna shall be provided including the gains and directivity as afunction of the operational frequency.
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Figure 7. Example Setup for radiated DAA measurements
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Figure 8. Example Setup for conducted DAA measurements
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7 Test procedures for essential radio test suites

7.1 General
This clause describes methods of measurement for the following transmitter and receiver parameters:
. the operating bandwidth(s);
. the maximum mean power spectral density (e.i.r.p.);
e  the maximum peak power (e.i.r.p.);
. other Emissions (OE); and
e thereceiver spurious emissions;
. power control;
J detect and avoid

The following methods of measurement shall apply to the testing of stand-alone units and to the equipment
configurations identified in clause 5.6. More explanations and descriptions covering the topic of frequency domain
measurements can be found in Annex A.

For the operating bandwidth, the receiver spurious emissions and the other emissions limits are given in this technical

specification. The maximum mean power spectral density and the maximum peak power limits are given in the relevant
harmonized standards.

7.2 Definitions

7.2.1 Introduction

In this clause the needed definitions of the measured parameters of a UWB device are descripted.

7.2.2 Operation bandwidth

The width of afrequency band such that, below the lower and above the upper frequency limits, the mean powers
emitted are each equal to a percentage of 5 % of the total mean power of a given emission.

For the purposes of the present document the measurements are made at the -13 dB points.

7.2.3 Maximum mean power spectral density

The maximum mean power spectral density (specified as e.i.r.p.) of the radio device under test, at a particular
frequency, isthe average power per unit bandwidth (centred on that frequency) radiated in the direction of the
maximum level under the specified conditions of measurement.

7.2.4 Maximum peak power

The maximum peak power specified as e.i.r.p. contained within a 50 MHz bandwidth at the frequency at which the
highest mean radiated power occurs, radiated in the direction of the maximum level under the specified conditions of
measurement.

7.2.5 Emissions
The emission levels of a UWB device are characterised by the maximum mean spectral power density and by the

maximum peak power. The following emission definitions are equally valid for both val ues (maximum mean spectral
density and maximum peak power).
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The total measured emissions in transmit mode (TE mean power spectral density, TE peak power) of the equipment are
the sum of:
1) UWB Emissions (UE) from the transmitter.
2)  Other Emissions (OE) from the transmitter, receiver and other analogue or digital circuitry.

The UWB emissions (UE) are the UWB emissions into free space during the transmit mode operation and is equivalent
to the mean power spectral density or peak power depending on the deployed measurement procedure, see clauses 7.4.2
and 7.4.3.

The UWB emissions cannot be measured directly because the Other Emissions (OE) (e.g. narrow-band spurious
emissions and the analogue or digital control circuitry emissions) are simultaneously present and emitted.

UE and OE from the equipment for the purpose of the test are defined as the total emissions (TE).

The Other Emissions OE can be determined by disabling the UWB emissions. The UWB device is operating in the
transmit mode. Both UE and TE are measured and recorded.

In some frequency ranges the regulated UWB emissions UE are very low power radio signals, comparable to the power
limits of emissions from digital and analogue circuitry. If it can be clearly demonstrated that an emission from the UWB
deviceis not the UWB emission UE limited in the relevant harmonized standards or it can clearly be demonstrated that
it isimpossible to differentiate between other emissions OE and the UWB emissions UE within the measurement
uncertainty the emission shall be considered as other emissions OE.

If after optimization of the measurement set-up, it is not possible to identify any OE or UE emission above the noise
floor of the measurement system, it is considered that the UE limits are fulfilled.

7.2.6 Receiver spurious emissions
Receiver spurious emissions are emissions at any frequency when the equipment isin receive mode. Consequently,

receiver spurious emission testing applies only when the equipment can work in areceive-only mode or isareceive
only device.

7.2.7 Power control

Transmit Power Control (TPC) is a mechanism to be used to ensure an interference mitigation on the aggregate power
from alarge number of radio devices. The TPC mechanism shall provide the full range from the highest to the lowest
power level of the radio device.

7.2.8 Detect and avoid

The detect and avoid mechanism is a active mitigation technique for the protection of sensitive potential victim systems
in the vicinity of the UWB device based on a sensing approach including an active reduction of the interference
potential if required.

7.3 Method of measurements of the UE

7.3.1 Introduction

In this clause the method of measurement for the UE will be given in a stepwise approach.
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7.3.2 Emission Measurements steps
First step:

The Total Emissions (TE) including the UWB emission (UE) and Other Emissions (OE) shall be measured using the
mean power spectral density, see clause 7.4.2 and peak power measurement procedure, see clause 7.4.3. The results
shall be recorded. In the case that the TE measurement fulfils the limits given for the corresponding UE maximum
values given in the relevant harmonized standard TE can be declared as UE. If the recorded TE emission of the UWB
device exceeds the corresponding UE limits given in the relevant harmonized standard the UE shall be evaluated using
step 2.

The principle of this measurement processisillustrated for such acasein figure 9.

Total Emissions (TE)

'40 T T T
UE limits
exceeded |
0 UWB (UE) emission limits (clause 8.3.1.3)
-5 L P J
N
T | f
=
~
=
m -60 I
E EI
ol |
4 L]
L
70 k-
]‘ [ |
-80 1
1,8 2 2,2 24 2,6

Frequency [GHz]

Figure 9: Example for a TE measurement in the frequency range 1,8 GHz to 2,6 GHz

Second step:

The second step is mandatory if the recorded TE emission of the UWB device exceeds the corresponding UE limits
given in the relevant harmonized standard.

For the frequency ranges, where the Total Emissions (TE) exceed the limits of the UE limits given in the relevant
harmonized standard, the Other Emissions (OE) shall be measured by disabling the UWB transmitter, switching off the
antenna or terminate the transmitter. The rest of the UWB device shall be set into the transmit mode.

Emissions that are present in OE as well asin TE with the similar amplitude within the measurement uncertainty are
considered to be OE. This OE measurement shall be performed using the measurement procedure given on clause 7.4.2
andin clause 7.4.3.

The principle of this measurement processisillustrated for such a casein figure 10.
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Figure 10: Example for a OE measurement in the frequency range 1,8 GHz to 2,6 GHz

The recorded OE mean power spectral density measurement results can be used as inputs to the EM C homol ogation
according to [5].

7.4 Detailed measurement procedure

7.4.1 Introduction

In this clause the detailed measurement procedures and settings for the measurements of the operating bandwidth, the
mean power spectral density and the peak power will be presented. The measurement procedure for the mean power
spectral density and the peak power are used for the methods of measurement given under clause 7.3.

7.4.2 Operating bandwidth

Using the recorded results from the mean power spectral density measurements steps given in clause 7.3.2 the operating
bandwidth of the equipment shall be eval uated.

The andwidth procedure shall be asfollows:

. use the recorded results of the TE and OE to specify the UE over the complete frequency range given in the
relevant harmonized standard;

. find the lowest frequency below the operating bandwidth at which UE decreases to the level defined in
clause 7.2.2. This frequency shall be recorded,;

e find the highest frequency at which the UE decreases to the level defined in clause 7.2.2. This frequency shall
be recorded;

. the difference between the lowest frequency and highest frequency is the frequency range which shall be
recorded.
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This evaluation steps shall be repeated for each operating bandwidth as declared by the manufacturer.

The results for the frequency ranges obtained shall be compared to the limits defined in clause 7.8.2.

7.4.3 Mean power spectral density measurements
See clause 5.4 for the test conditions.

The maximum mean power spectral density shall be determined and recorded. Measurements shall be carried out over
the frequency range from 30 MHz to 18 GHz.

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

Radiated measurements shall be made using one of the techniques presented in clause 6.3.5. Conducted measurements
may only be performed under the conditions given in clause 6.4.

M easurements shall be carried out over the frequency ranges as shown in the relevant harmonized standards.

When measuring maximum mean power spectral density from the radio device under test, the spectrum analyser or
equivalent shall be configured as follows unless otherwise stated:

Resol ution bandwidth: 1 MHz

Video bandwidth: Not less than the resolution bandwidth.
Detector mode: RMS (power average).
Display Mode: max. hold.

Averagetime 1 msor less (per sweep point on spectrum analyser scan).

NOTE: "averagetime" may not be an explicit setting. In some casesit may be determined by setting the number
of measurement points and the time taken for a sweep.

Frequency Span: Equal to or less than the number of sweep points multiplied by the resolution bandwidth, preferably
less than half as much.

The measurement results shall be determined and recorded over the specified frequency ranges given in the relevant
harmonized standards.

7.4.4 Peak power measurements

For al UWB modulations the maximum peak power (e.i.r.p.) shall be measured at the frequency of the maximum mean
power spectral density as recorded under clause 7.4.3.

Radiated measurements shall be made using one of the techniques presented in clause 6.3.5. Measurements shall be
carried out over the frequency range from 30 MHz to 18 GHz.

When measuring maximum peak power from the radio device under test, the spectrum analyser used should be
configured as follows:

. Freguency: The measurement shall be performed over the frequency range defined in the relevant harmonized
standard

. Resolution bandwidth: Equal to or greater than 3 MHz but not greater than 50 MHz. Use always the highest
available bandwidth for the signal to be measured. If the choice of bandwidth makes a different then choosing
too low a bandwidth will lead to an overestimate of the peak power. When measurement are performed using a
lower bandwidth then 50 M Hz the correction factor 20log (50MHz/actual resolution bandwidth) shall to be
used to calculate the peak power limits given in the relevant harmonized standards. For a more detailed
discussion please refer to clause A.3.

NOTE: For peak power measurements, the best signal to noise ratio is usually obtained with the widest available
resol ution bandwidth.

ETSI



35 ETSI TS 102 883 V1.1.1 (2012-08)

e  Video bandwidth: Not less than the resolution bandwidth.
J Detector mode: Pesk.
. Display mode: Max. Hold.
o Measurements shall be continued with the transmitter emitting the normal test signal (see clause 5.2) until the
displayed trace no longer changes.
7.4.5 Receiver spurious emissions
See clause 5.4 for the test conditions.
Thelevel of spurious emissions radiated by cabinet and antenna shall be measured.
The following method of measurement shall apply:

e  Above 1 GHz afull anechoic test site as described in clause 6.3.2.1 is preferred for measurement. The spurious
emissions as defined in clause 7.4.1 shall be measured and recorded.

. Where an anechoic chamber is not available, the test site described in clause 6.3.2.2 may be used with suitable
anechoic material placed on the floor of the chamber.

. Below 1 GHz the method and site characteristics described in ITU-R Recommendation SM 329-10 [i.7] shall
be used (see clause 6.3.2.2). The spurious emissions as defined in clause 7.4.1 shall be measured and recorded.

The measurement procedure shall be as follows:

. With the equipment in the receive mode, the applicable spectrum shall be searched for emissions that exceed
the limit values given in clause 7.4.3 or that come to within 6 dB below the limit values given in clause 7.4.3.
Each occurrence shall be recorded.

M easurements shall be carried out over the frequency range from 30 MHz to 40 GHz.
The measurements shall be performed only under the following conditions:
. The equipment shall be tested in the standby/receive mode among frequencies as defined in clauses 7.3.1.

Where these measurements are made with a spectrum analyser, the following settings shall be used for narrowband
emissions:

. resolution BW: 100 kHz;
. video BW: 300 kHz;

. detector mode:  positive peak;

. averaging: off;

e Span: 100 MHz; it is also allowed to use different values of the frequency span depending on the
ranges covered by the measuring antennas, cables and amplifiers available;

. amplitude: adjust for middle of the instrument's range;

. sweep time; ls

For measuring emissions that exceed the level of 6 dB below the applicable limit, the resolution bandwidth shall be
switched to 30 kHz and the span shall be adjusted accordingly. If the level does not change by morethan 2 dB, itisa
narrowband emission; the observed value shall be recorded. If the level changes by more than 2 dB, the emissionisa
wideband emission and its level shall be measured and recorded. The measurement result for wideband spurious
emissions has to be recalculated for 1 MHz bandwidth.

The results obtained shall be compared to the limits given in table 3 in order to prove compliance with the requirement.
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7.4.6 Power control
TPC tests to assess the highest and lowest power spectral density level shall be measured using a radiated test procedure
(seeclause 7.4.3)

7.4.7  Test procedures for detect and avoid mechanisms

7.4.7.1 Introduction

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

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

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

Thein-operation test is intended to verify the dynamic behaviour of the UWB DAA radio device under test. During this
test the UWB DAA radio device under test shall operate in a normal dynamic operational mode. The manufacturer has
to declare this normal operational mode taking into account the zone model givenin TS 102 754 [4].

The radiated test configuration is shown in figure 7 and the conducted test configuration is shown in figure 8.

7.4.7.2 Initial start-up test

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

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

Verify the UWB DAA radio device will not start transmitting in a non NIM operation before the end of the Minimum
Initial Channel Availability Check Time when no victim test signal is present. Thisisillustrated for aradiolocation
signal infigure 11.

Pre-test Condition:
. UWB radio device supporting DAA.
J UWSB radio device switched off.
Test sequence:

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

b) The UWB DAA radio device is powered on at T,. T; denotes the instant when the UWB DAA radio device has
completed its power-up sequence (Tpower ), ENtErsinto the operational mode defined in the relevant
harmonized standard and is ready to start the victim signal detection.

CON-1: The UWB DAA radio device shall not switch into a mode other than a NIM before the end of
T1 + Tavil_time_min &fter switch on of the radio device, where the NIM operation is either the LDC mode or the
power level defined in relevant harmonized standards for the relevant victim band.
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NOTE: Additiona verification may be needed to define T, in caseit is not exactly known or indicated by the

©)

d)

€)

UWB DAA radio device.

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

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

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

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

End of test.
TO Tl
t
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Figure 11: Example of timing for a radiolocation testing of the Minimum Initial Channel Availability

Check Time Tavail_time, UWB DAA devise intent to operate in a non NIM mode

7.4.7.2.2 Test with a victim test signal at the beginning of the Minimum Initial Channel

Availability Check Time, Tayai time min

Summary:

Verify the victim signal detection and avoidance capability for the selected UWB operationa frequency when avictim
signal occurs at the beginning of the Minimum Initial Channel Availability Check Time. Thisisillustrated for aradio
location victim signal in figure 12.

Pre-test Condition:

UWSB radio device supporting DAA.

UWB radio device switched off.

Test Sequence:

a)

b)

©)

The UWB DAA radio device will be switched off. The signal generator used to generate the test patterns
defined in the relevant harmonized standard will be connected to an antenna of suitable characteristicsto
permit the UWB DAA radio device to beilluminated with afield equal to the threshold detection limit or
connected to the corresponding connectors in the case of a conducted measurement setup.

The UWB DAA radio deviceis powered on at T,. T; denotes the instant when the UWB DAA radio device has
completed its power-up sequence (Tpower_up), enters into the operational mode defined in the relevant

harmonized standard and is ready to start the victim signal detection.

The victim system test signal will be switched on at Ty with the test pattern, timing behaviour and power levels
in accordance with the relevant harmonized standard.
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CON-1: The Minimum initial Channel Availability Check is expected to commence at T, and is expected to
end no sooner than Ty + T4 time min UNlessavictim signal is detected sooner.

NOTE: Additiona verification may be needed to define T, in caseit is not exactly known or indicated by the

d)

f)

9)
h)

UWB DAA radio device.

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

- default avoidance bandwidth for the victim system service identified and where relevant;
- optional avoidance mechanisms identified by the manufacturer for the victim system service identified;
- LDC operational parameter if applicable.

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

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

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

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

Repeat b) to €) for each of the relevant victim test signals for the UWB operational frequency range as defined
in the relevant harmonized standard at alevel of 10 dB above the defined threshold level as defined in the
relevant harmonized standard and at exactly the threshold levels as defined in the relevant harmonized
standard.

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

Repeat c) to f) for each of the identified victim system operational frequency.

If the UWB radio device has optiona avoidance mechanisms, repeat a) to g) for each optional avoidance
mechanism identified.

If the UWB radio devices have Victim Service |dentification implemented, re-establish the victim service as
an Up-link down-link pair asidentified in the relevant harmonized standard and repeat steps @) to h) for each
of the associated victim service identification avoidance mechanisms.
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Figure 12: Example of timing for radiolocation testing at the beginning of the Minimum Initial Channel
Availability Check Time, UWB DAA radio device intent to operate in a non-NIM mode

7.4.7.2.3 Test with a victim test signal at the end of the Minimum Initial Channel Availability
CheCk Time: Tavailftimefmin

Summary:

Verify the victim signal detection and avoidance capability for the selected UWB operational frequency when avictim
signal occurs at the end of the Minimum Initial Channel Availability Check Time. Thisisillustrated for aradio location
victim signal in figure 13.

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

a TheUWB DAA radio device will be switched off. The signal generator used to generate the test patterns given
in the relevant harmonized standard will be connected to an antenna of suitable characteristics to permit the
UUT to be illuminated with afield equal to the threshold detection limit or connected to the corresponding
connectors in the case of a conducted measurement setup.

b) The UWB DAA radio deviceis powered up at To. T; denotes the instant when the UWB DAA radio device has
completed its power-up sequence (Tpower up), entersinto the operational mode defined in the relevant

harmonized standard and is ready to start the victim signal detection.

CON-1: The Minimum Initial Channel Availability Check Taii_ime IS €xpected to commence at instant T, and
is expected to end no sooner than T, + Tgy4i| time Unless avictim signal is detected sooner.

NOTE: Additional verification may be needed to define T, in caseit is not exactly known or indicated by the
UWB DAA radio device.
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The victim system test signal will be switched on at Ty with the test pattern, timing behaviour and power levels
in accordance with the relevant harmonized.

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

- default avoidance bandwidth for the victim system service identified and where relevant.
- optional avoidance mechanisms identified by the manufacturer for the victim system service identified.
- LDC operational parameter if applicable.

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

Repeat @) to ¢) for ntimesin arow. The values for n shall be defined in the relevant harmonized standard.

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

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

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

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

Repeat a) to f) for each of the identified victim system frequencies.

If the UWB radio device has optional avoidance mechanisms, repeat a) to g) for each optional avoidance
mechanism identified.

If the UWB radio devices have Victim Service |dentification implemented, re-establish the victim service as
an Up-link down-link pair asidentified in the relevant harmonized standard and repeat steps @) to h) for each
of the associated victim service identification avoidance mechanisms.
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Figure 13: Example of timing for radiolocation victim testing at the end of the Minimum Initial
Channel Availability Check Time, UWB DAA radio device intent to operate in a non-NIM mode

7.4.7.3 In-operation test

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

In the in-operation test set up the UWB pair will be actively exchanging data under the presents of avictim signal as
defined in the relevant standards. In thistest the Detect and Avoid time will be recorded and the corresponding
avoidance operation will be verified.

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

Depending on the test pattern definition in the relevant harmonized standards a power ramping of the victim signal
might be necessary. An example for that ramming isgivenin figure 14.

UWB Device ererer
TX normal ~ NIM only operation——> N

operation

Startup operation ——i i ———————Fav0i0 = Tavoid mr————————>

Radio location t
Test Burst f —_—

Ty threshold
level

reached
T,+ 225sec

Figure 14: Example of timing for victim signal in-operation testing of the
Detect and Avoid Time, here with increasing Radiolocation test signal
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7.4.7.3.1 In-operation test procedure
Summary:

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

Pre-test Condition:

e  Two UWB radio devices at least one supporting DAA.

J Both UWB radio devices switched on.

e  UWB radio devicein normal communication mode with a channel load of 50 %.
Test Sequence:

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

b) Thevictim system test signal will be switched on at Ty with the test pattern, timing behaviour and power levels
in accordance with the relevant harmonized.

CON-1: The measurement of the actual "Detect and Avoid Time" T,iq Of the DUT is expected to commence
at ainstant after Ty as given in the relevant harmonized standard. The actual detect and avoid time of the radio
device under test shall be smaller or equal to the Maximum Detect and Avoid time Tayig max 8s defined in the
relevant harmonized standard. The actual Detect and Avoid time T,,iq Of the radio device under test can be
negative. The following avoid operations shall be verified:

- default avoidance bandwidth for the BWA service identified and where relevant.
- optional avoidance mechanisms identified by the manufacturer for the BWA service identified.
- LDC operational parameter if applicable.

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

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

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

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

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

f)  Repeat b) to e) for each of the relevant victim test signals for the UWB operational frequency range and
threshold levels as defined in the relevant harmonized standard.

0) Repeat a) to f) for each of the victim systems operation frequencies as defined in the relevant harmonized
standard.

h) If the UWB radio device has optional avoidance mechanisms, repeat a) to g) for each optional avoidance
mechanism identified.
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i) If the UWB radio devices have Victim Service Identification implemented, re-establish the victim service as
an Up-link down-link pair as defined in the relevant harmonized standard and repeat steps @) to h) for each of
the associated victim service identification avoidance mechanisms.

7.5 Limits

7.5.1 Introduction
In this clause the limits for the measured parameter will be given. The limits are split in two main categories:
. generic limits which are valid for all devices using UWB technologies; and

. harmonized standard specific limits which are valid only for a specific UWB harmonized standard.

7.5.2 Operation bandwith

The operating bandwidth shall be greater than 50 MHz (at-13 dB relative to the maximum spectral power density).

7.5.3 Maximum mean power spectrum density

The limits are given in the relevant harmonized standard.

7.5.4 Maximum peack power

The limits are given in the relevant harmonized standard.

755 Other emissions

The equivalent isotropically radiated power of any of these unwanted emissions in the spurious domain shall not exceed
the values given in table 2.

Table 2: Other Emission limits (radiated)

Frequency range Limit values for OE

47 MHz to 74 MHz -54 dBm/100 kHz

87,5 MHz to 118 MHz -54 dBm/100 kHz

174 MHz to 230 MHz -54 dBm/100 kHz

470 MHz to 862 MHz -54 dBm/100 kHz

otherwise in band 30 MHz to 1 000 MHz -36 dBm/100 kHz

1 000 MHz to 40 000 MHz (see note) -30 dBm/1 MHz
NOTE:  Not applicable for UE emissions within the permitted range of frequencies.

7.5.6 Receiver spurious emissions

The narrowband spurious emissions of the receiver shall not exceed the valuesin the indicated bands.

Table 3: Narrowband spurious emission limits for receivers

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

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

Wideband spurious emissions shall not exceed the values given in table 4.
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Table 4. Wideband spurious emission limits for receivers

Frequency range Limit
30 MHz to 1 GHz -47 dBm/MHz (e.r.p.)
above 1 GHz to 40 GHz | -37 dBm/MHz (e.i.r.p.)

7.5.7 Power control

The limits are given in the relevant harmonized standard.

7.5.8 Detect and avoid

The limits, test patterns and test parameters are given in the relevant harmonized standard.

7.6 Maximum allowable measurement uncertainty

In al cases the maximum allowable measurement uncertainty is givenin Table 1.
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Annex A (informative):
Frequency domain measurements using spectrum analyser

A.1  Spectrum analyser internal operation

It is necessary to have a detailed knowledge of how both modern and older "classical" spectrum analysers work. Oneis
the obvious one: so that the measurement being made is what is intended. The form of the signal, and in particular its
envelope, interacts with the scanning process in the analyser and with its other internal processes aswell. The
importance of the classical analyser is that some of the labels used for internal processing functions have been retained
from those older instruments, even though they are now not really appropriate.

The front end of a spectrum analyser is very similar in both the older analogue and current digital instruments; at least
asfar asthe signal path is concerned. Several stages of frequency conversion (usually up as well as down) and
wideband filtering, involving at least one swept local oscillator, feed afinal |F stage. Synthesised Losimprove the
accuracy and stability of the conversions, but the signal path through mixers and filtersis much the same. The overall
effect isthat of measuring receiver with a swept centre frequency at the front end.

Modern spectrum analysers digitise the signal at IF, though exactly where they do this varies between designs.
Typically, there will be an analogue filter right before the digitiser. This may only be there to suppress aiasing, or it
may be switchable to select the widest resolution bandwidths (RBW). After the digitiser everything is digital: the RBW
filters, the "detector" functions, and the rest of the processing, including down-sampling as appropriate. However, the
terminology used to describe their functions still reflects the earlier analogue analysers.

Inthe"classical” analogue analyser, the RBW filters were al switched analogue ones, and then there was alogarithmic
envel ope detector, and subsequent processing used actual voltages representing logarithmic power or (having been
converted) representing power or amplitude. Note that analogue filters (in this context "video" filters) operate on a
voltage signal, which initially was aways the logarithmic power, but in later analogue models this could be selected to
represent the input spectrum power, voltage, or logarithmic power density. The filtering effect on noiseis different in all
these cases, and there are corrections factors between the resulting on-screen level and (for example) the mean power
density input. Digital analyser's process numbers and the number can be power, voltage, or decibels as what they are.

Different makers, and different models of analyser, vary quite alot in how they operate, in the controls available, and
how much information is available about both of these. For example, in the Agilent 4440A (PSA) spectrum analyser, all
the RBW filters are provided as digital functions, which means that many more bandwidths can be selected. The Rohde
and Schwarz PSA has a few analogue RBW filters before digitisation, which only permits much wider steps of available
values, but also meansit has much wider RBWs, up to 50 MHz (it is the only analyser that can do this). In the Agilent
440x series (ESA) thereis one "Video/RMS' selection for both the detector type and scan-scan averaging, though these
are quite distinct parts of the processing. At least the manual is quite explicit about its functions. The Rohde and
Schwarz FSP is similar to the ESA, but differsin many details - and its manual is not so explicit about some of the
details that are important for these measurements.

One term that can cause alot of confusion is "average", and its variant "RMS average". Most analysers can do
scan-to-scan averaging of trace levels, and some can convert the trace (e.g. from dB to power) before doing so. This
kind of averaging is not called for in any of these procedures. Averaging as a detector mode implies averaging all the
numbersthat are collected for one bin (or bucket, or point - the term used varies) of a sweep. This may not be the same
asone display pixel. Again, the averaging may be done on the aternative signal level measures. Finaly, there may be
the option to average for a specified time. This has an obvious meaning in zero spans, where the stream of
measurements is for the same unchanging RF. When scanning, it may do one of several things, and it is important to
know what it does in any instrument. Note that if it means setting the time to sweep across one bin, there will now be a
non-uniform gain (or amplitude) during the average due to the RBW being swept past the signal. This should be
considered to seeif it alters the meaning of the average measured.

It isuseful to understand this process, for those doing the measurements to show compliance with EC rules and the
HEN (harmonised standard), but more so for those who define the rules and standards. Further specific instances of
instrument operation are given below, where they are relevant.

ETSI



46 ETSI TS 102 883 V1.1.1 (2012-08)

A.2  UWB power measurement procedures

A.2.1 Introduction

There are two main measurements that have been used right through from the original FCC regulations to the
harmonised standard EN 302 065 [i.2] (mean and peak power). These will be considered in more detail in this clause
and the next. However, it isimportant to note first that all spectrum analysers down-convert the signal, select one RF by
the RBW filter, and then measure its short-term carrier amplitude (voltage) repetitively, and process this stream of
measurements. The physical quantity being measured may be a power, power spectral density, or something else, for
which the analyser's observations are evidence and can be converted to give a measure of the required quantity.
However, the analyser cannot actually be set up to measure a power spectral density or a power by distinct processes.

A.2.2 Maximum mean power spectral density

A.2.2.1 General

The limit on mean power (in fact EIRP, which can be related to measured power) is defined as a power spectral density,
but thisis a mathematical abstraction and cannot be directly observed by an instrument. For measurement purposes with
a spectrum analyser we have to define the measurement to be done including the processing details. By "processing” we
means the steps that turn a stream of many internal measurementsinto a single PSD estimate, which can usually be
done internally using standard functions of a digital analyser, but may be possible by manual post-processing for an
older analogue analyser. It has been decided that a good estimate of the PSD is obtained by measuring the power in a

1 MHz bandwidth filter, and using the PSD implied (as measured power + RBW). From now on the fact that a PSD is
being estimated can be ignored, to concentrate on measuring the power in a1 MHz filter. The RBW filter withal MHz
nominal bandwidth may have a dightly different bandwidth in practice, in which case this can substituted if it can be
found (it should be the "power", "noise”, or "RMS" bandwidth).

According to the rules, mean power is to be measured with a1 MHz resolution bandwidth and an averaging time of no
more than 1 ms. The description will assume 1 ms averaging from now on, but note that shorter times are allowed. The
limit applies to the highest value found for this power (converted to an EIRP) over al frequencies and times and
operating modes. It is also the highest value found over al directions, either as part of the EIRP measurement method or
by using the maximum antenna gain with a conducted power measurement. The critical measurement should be made at
the frequency where the highest level isfound (Fhighest), which implies doing a very wide-band scan. The
measurement rules and standards often do not make the required method very clear.

Averaging a power measurement for a specific time means integrating the power, to give energy, and dividing by the
time. Does the time always have to be one contiguous interval, or could it be a series of shorter times with gaps between
them? Probably not, or at least that would be so unusual as an interpretation that it would need to be explicitly stated,
and if not it cannot be interpreted in that way. In any case, it is not likely that an analyser would perform such as
measurement as part of its basic repertoire of measurements.

For al mean power measurements the RBW should be 1 MHz and the VBW at least as big - the PSA hasa 50 MHz
VBW setting that in effect disables video filtering, which is to be preferred. For the "averaging” the carrier power
should be integrated for 1 ms as the first processing step, rather than averaged from scan to scan, and thisis part of the
"detector/average” function (not "BW/average") in Agilent terms. Set this detector function as RM S (i.e. operate on
power itself not voltage or log power) and the averaging time as 1 ms. In the PSA, set the sweep time to define the time
per point, the detector as"average", and the average type as "Pwr Avg (RMS)".

Finding the "highest of" this mean power over a sensible length of time can be done by the second, scan-scan, selection
of peak/average functions. In the PSA thisis called "Trace/view", and can be set to "Max hold", and of course it applies
per trace point. Finding the maximum over a whole scan can be done with the "marker > peak” operation.

In these modern digital analysers, the averaging is done by taking samples at the full ADC rate and processing them
digitally. The number of samples per measurement points "Agilent say per "bucket") can be large. In many analysers,
there can be more "points* (or measurements) per scan than the screen can show - this makes more sense if they are
transferred to a computer for further processing. Thusit is necessary to distinguish "screen point” or pixel from
measurement point, "bucket”, or "sweep point"”.
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The PSA analyser has 601 displayed points on its screen by default (401 in the ESA), so the span is 600 times the
nominal spacing. The number of points per sweep can be set to anything from 101 to 8192, and is indicated
permanently on the screen. The similar Rohde and Schwarz FSP analyser has 501 as default, and can vary thisin factors
of two from 125 to 8001, but does not report the current value on-screen (one has to go and look for it via the menus).

Of course the screen cannot show all of these measurements, and it is not clear what it does choose to show. This should
be explained in the manuals, but has not been found in any. One likely behaviour isthat it processes all the points as if
they could be displayed (and they could be viewed or processed externally), and it can search thisfull sweep for the
peak ("marker>peak” function) and display the peak RF on thisfiner grid. For display, it then down-samples (most
likely by a simple a gorithm like pick-the-nearest-to-the-pixel-centre or show-the-highest). If thisisright, the approach
given below of scanning over the full band is OK. Otherwise, it would be safer to keep to one pixel per 1 MHz.

Other analysers (older onesin particular) do not allow the same level of control over the points per scan, and it can be
hard to find out how many points (pixels or samples) there are. So the one nominal pixel per 1 MHz method may be
needed for them.

A.2.2.2 Average mean power: Finding highest

The rules say that both mean and peak power should be measured at the RF at which the average mean power is highest.
The most convenient way to find thisisin a single sweep over the whole bandwidth. Note that the absolute accuracy of
power measurement is not important while finding this frequency.

It should be possible to set a scanning measurement so that the RBW is 1 MHz and the dwell time per MHz is1 ms, as
it scans across each frequency. This may or may not be the same as atrue 1 ms averaging time: it depends on whether
the LO jumps from one screen display frequency to the next or sweepsin steps much smaller than 1 MHz. There may
be some effects due to sweeping over part of the RBW filter shape; however, it should be good enough to find the peak
in either case. To set this mode on asimpler analyser with X (typically 400-600) measurement intervals per scan, the
span is set explicitly at X MHz and the scan time at X ms. This X MHz span has to be moved manually (by varying the
centre RF) across the full range of the UWB signal, or even over 1 GHz to10 GHz, which is a bit laborious but not
excessively so.

Assuming X (typically 500) pixels or measured points per scan:
Centre frequency: scanned manually - see text

. RBW: 1 MHz

e VBW:>1MHz, or off (e.g. 50 MHz)

. Samples per scan: X (500)

e Span: X (500) MHz

e Sweep: exactly X (500) msfor 1 msaveraging

. Detector: Average, Type: Pwr Avg (RMS)

e  Scan/View: direct or Max Hold

. Amplitude scale: 1 dB or 2 dB/div for convenience

. Input attenuation: reduce to give noise level at least 20 dB below measured peak

Use marker>peak to find Fhighest. Most analysers will clear the max hold store when the centre RF is moved, as
otherwise it is meaningless. If there are spurious peaks above the UWB PSD, and if they can be disregarded when
finding Fhighest, then the marker>peak search cannot be used (apart from stepping through peaks in turn until the right
oneis reached).

It would be more convenient to scan over the whole UWB signdl, if the analyser will do this. Witha 1l MHz RBW, one
should aim for at least one sample per 1 MHz of span. If there is more than one sample per 1 MHz, one can scan less of
the RBW filter during one measurement dwell, which ought to be more accurate. Most recent will allow this- it is
possible to select a2 GHz span, 4001 samples, and a sweep time of 4 s.
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Note that these settings may be coupled, so they have all to be be rechecked to make sure they are right, and set again if
they have changed. In some cases a combination may be not allowed, for internal reasons that are not always obvious.
No doubt there isaright order to do the settings for each instrument, but in any case there should be a save and re-load
facility somewhere (to be found and documented).

. Centre frequency: at centre of UWB signal

e SpanY (e.g. 2000) MHz

. Samples per scan: Z>'Y (e.g. 4001 for 4000 intervals)
. RBW: 1 MHz

. VBW: > 1 MHz, or off (e.g. 50 MHz)

. Sweep: exactly Z ms (e.g. 4 s) for 1 ms averaging

. Detector: Average, Type: Pwr Avg (RMS)

J Scan/View: direct or Max Hold

e  Amplitude scale: can beleft on 10 dB/div

. Input attenuation: reduce to give noise level at least 20 dB below measured peak
. Use marker>peak to find Fhighest

To find the highest peak at al frequencies, one might use max hold (a scan-scan function) and then use the marker to
find the peak. The peak should be pretty flat, so 10 dB/division will not show the peak at all easily and an expanded
scale is better. The input attenuation can safely be reduced to alow level, as the full-band power is not likely to exceed
even a20 dBm limit (and most analysers can cope with more than this).

A.2.3 Maximum peak power (e.i.r.p.) measurement procedure

"Power" in this case (as for all RF measurements) means the power delivered by the signal with the carrier cycles
smoothed out. This corresponds to "envelope power" of which the peak valueis"PEP", and it is PEP that isto be
measured here. It isaso the kind of power always shown by spectrum analysers. Note that the highest level of mean
power found at any RF, direction, or any other domain can also be labelled as a"peak”, which causes confusion.

The peak power isto be measured in a 50 MHz bandwidth, representing the widest potential victim receiver bandwidth
that isto be considered. However, it appears that only alimited number of spectrum analysers offer such a bandwidth as
standard. There is a scaling rule (power proportional to bandwidth squared) that allows a narrower bandwidth to be
used, but it is only correct for very short pulses.

Pulse UWB fillsits band for any length of transmission, and with only one pulse type only the timing of pulses can be
atered. Since pulses are so short, each contains very little energy, and many should be integrated into a single detection
for al but the shortest range. If the pulses are regular in time, the spectrum will have lines. Since the mean PSD limit
applies to the highest level in the spectrum, thisis a very poor choice. Pulse times are always modulated or dithered
(intentionally jittered) to spread the spectral power density more evenly. It isthuslikely to be the case that the pulse
timing will have its own spectrum that is much wider than 1 MHz, but narrow than the single-pulse ESD. The effect of
thisisthat the signal PSD isjust alittle wider than the ESD, and nearly the same shape.

For peak power, the simple formula now enshrined in the regul ations applies strictly speaking to this kind of situation.
The reasoning is as follows:

. Take the voltage trace of one pulse, and Fourier transformsiit to a finite-time complex spectrum.

e  Setab50 MHz widefilter transfer function at some point on the much wider pulse spectrum. Its shapeis not
important, provided it is reasonable.

. Apply the filter response to the pulse spectrum (i.e. a complex multiply), to give the filtered pulse spectrum.

. Inverse Fourier transforms this, to give the voltage trace of the filtered pulse.
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. Now the instantaneous power is the square of this voltage. Its peak is the peak instantaneous power. Usually
we wand the peak carrier power, which is the peak of the mean of the oscillations imposed by the filtering.
e  Thispower isthe transform of the autocorrelation (with conjugation) of the filtered pul se spectrum.
. If the pulse spectrum was purely real, the filtered pulse spectrum will be just the filter's own spectrum, scaled.

e  Wesuppose thefilter's amplitude response is nearly symmetrical and a normal humped shape, so itsimpulse
response (its envelope, where it has a carrier) will be similarly symmetrical and humped.

Now imagine we change the filter bandwidth, using the same shape (in full complex form) and keeping the band-centre
gain at unity. Itstransform (impulse response) changes inversely, and so does its peak:

. Soif the filter gets wider by afactor k (H2 is wider than H1), itsimpulse response gets narrower by the same
factor and is scaled up by afactor of k in voltage terms.

e  The peak power, in either definition, can now be seen to rise by a factor of k2.

e  With symmetrical functions, the peak will be at the centre. By defining our zero of time to be here, we can get
rid of the linear phase in the spectrum.

. We can do something similar with the pulse spectrum; so its linear phase term vanished at the filter band
centre.

e  Wecan now see that this simple approach is going to work if the remaining phase in the pulse spectrum (i.e.
after constant and linear terms are removed) is close to zero across the widest filter, i.e. 50 MHz.

° If thisis not the case, we will have to do the calculation.

. All of this assumesimplicitly that successive pulses do not overlap. Asfiltered pulses get longer when the
filter is narrower, this lowers the maximum PRF for which this rule applies. It is thus possible for a stream of
pulses that would not overlap with 50 MHz filtering to do so with a measurement bandwidth of 3 MHz,
leading to a higher peak power than the rule would give and so to an overestimate of the power in 50 MHz
when the correction is applied.

For FH-UWB or OFDM signals this overestimates the power in 50 MHz, so ideally the measurement should be done in
as close to 50 MHz as possible. For OFDM adifferent scaling law is used (power proportional to bandwidth).

For rf carrier based modulation using multi-tone carriers and not having gating techniques implemented, the maximum
peak power limit shall be scaled down by a different factor of 10 log(50/X), where X represents the measurement
bandwidth used.

Resolution bandwidth (peak): Equal to or greater than 3 MHz but not greater than 50 MHz for impul sive technology or
equal or greater than 10 MHz but not greater than 50 MHz for rf carrier based technology.

Most mid-range current analysers can only reach 10 MHz at most with their RBW filters, where these are digital in all
cases. The PSA analyser will only allow the RBW to be increased as far as 8 MHz, and the ESA only 5 MHz, whichis
not high enough. The FSP was advertised as 50 MHz but can now only do 10 MHz.

So, in this case when signal will be filtered to 5/8/10 (or when possible to 50) MHz, envel ope detected, and then the
maximum value seen over areasonably long time interval retained - a few seconds should suffice. The rules specify that
this should be done at same RF for which the mean power was found to be highest, so no new search for amaximum s
needed, and a zero span measurement can be done directly.

. Centre frequency: Fhighest - see text

. RBW: the highest on offer up to 50 MHz
. VBW: > RBW, or off (e.g. 50 MH2z)

. Span: zero

. Sweep: not critical

. Detector: Peak
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° Scan/View: direct and then Max Hold

The peak hold display should be flat - if not, find out why and remove the cause. Thiswill probably involve disabling
Max Hold so that the power vs. time can be displayed, which should show how the envel ope may be affecting the
measurement.

A.3  Calculation of peak limit for 3 MHz measurement
bandwidth

For impul sive modulation schemes the present document specifies a fixed maximum limit for average power in a
1 MHz bandwidth. The relationship between the PRF and the peak power to average power ratio isgiven in Figure A.1.

60

50 MHz RBW

Solid - Dithered i
Dash - Non-dithered :

Peak to Average Ratio, {(Average based on 1 MHz RBW)

20
1 MHz RBW :
10~
o |
A0 p i L . i . I ; i ,
10 10 10 10
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Figure A.1: Peak to average power versus PRF

For anoise like signal (e.g. dithered pulses) the roll-off rate is -10 dB/decade with a break point at half of the resolution
bandwidth. Consequently, the breakpoints for 50 MHz, 3 MHz and 1 MHz resolution bandwidths are 25 MHz, 1,5 MHz
and 0,5 MHz respectively.

As apeak measurement using a 50 MHz resolution bandwidth is difficult to impossible to conduct, the peak power is
measured with a3 MHz resol ution bandwidth.

The curve for 3 MHz resolution bandwidth is 20log(BW 50 MHz/BW 3 MHz) = 24,4 dB lower than for a50 MHz
resolution bandwidth. A peak limit of 0 dBm at 50 MHz will consequently be reduced correspondingly by 24,4 dB to
-24,4 dBm.

Asthe dithered limit values are almost identical below and above 1 MHz PRF (within £1 dB). For a3 MHz measuring
bandwidth the peak limit is adjusted to -25 dBm within the entire range for PRF.

The resulting Peak limit is shown in Figure A.2.
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Peak limit at 3 MHz measurement bandwidth (dBm e.i.r.p.)
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Figure A.2: Peak power limit in a 3 MHz bandwidth

Non-dithered modulation does not have the characteristics of anoise like spread spectrum but contains instead higher
level non-spread spectrum lines. To protect against these non-dithered spectrum lines the Peak limit is reduced further
for PRF frequencies above 1 MHz by an additional 20 dB/decade roll-off until the peak to average ratio is zero. The
resulting peak limit at 3 MHz isidentical to the average limit in 1 MHz bandwidth for PRF above approximately

6,9 MHz.
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Annex B (informative):
Measurement antenna and preamplifier specifications

The radiated measurements set-up in clause 5.6 specifies the use of a horn antenna and a wide-band, high gain
preamplifier above 1 GHz in order to measure the very low radiated power density level from UWB equipment.

Table B.1 gives examples of recommended data and features for the horn antenna and preamplifier to be used for the
test set-up.

Table B.1: Recommended performance data for preamplifier and horn antenna

Pre-amplifier
Parameter Data
Bandwidth <1 GHzto>15GHz
Noise figure <2dB
Output at 1 dB compression >+10 dBm
Gain > 30 dB (see note)
Gain flatness across band +1,5dB
Phase response Linear across frequency range
Impulse response overshoot <10%
Impulse response damping ratio 0,3t00,5
VSWR in/out across band 2:1
Nominal impedance 50 Q
Horn antenna
Parameter Data
Gain > 10 dBi (see note)
3 dB bandwidth <1 GHzto>15GHz
Nominal impedance 50 Q
VSWR across band <151
Cross polarization >20dB
Front to back ratio >20dB
Tripod mountable Yes
Robust precision RF connector Yes
NOTE:  The combination of preamplifier and horn antenna should
give an overall equivalent gain of about 40 dB without
overloading the spectrum analyser. The noise floor of the
combined equipment should be at least 6 dB below the
limits specified in the radiated tests given in the present
document.
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