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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://webapp.etsi.org/| PR/home.asp).

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

Foreword

This Technical Report (TR) has been produced by ETSI Technical Committee Electromagnetic compatibility and Radio
spectrum Matters (ERM).

The present document is part 1, sub-part 2 of a multi-part deliverable covering I mprovement on radiated methods of
measurement (using test site) and evaluation of the corresponding measurement uncertainties, as identified below:

Part 1: " Uncertaintiesin the measurement of mobile radio equipment characteristics’;
Sub-part 1:  "Introduction";
Sub-part 2: " Examplesand annexes’;

Part 2. "Anechoic chamber";

Part 3:  "Anechoic chamber with a ground plane”;

Part 4:  "Open areatest site”;

Part5:  "Striplines';

Part6:  "Test fixtures';

Part 7:  "Artificial human beings'.
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1 Scope

The present document provides background to the subject of measurement uncertainty and proposes extensions and
improvements relevant to radiated measurements. It also detail s the methods of radiated measurements (test methods for
mobile radio equipment parameters and verification procedures for test sites) and additionally provides the methods for
evaluating the associated measurement uncertainties.

The present document provides a method to be used together with all the applicable standards and (E) TRs, supports
TR 100 027 [4] and can be used with TR 100 028 [5].

The present document acts as a complement to part 1 subpart 1, including examples and annexes.

2 References
For the purposes of this Technical Report (TR), the following references apply:
[1] ITU-T Recommendation O.41 (1994): "Psophometer for use on telephone-type circuits'.
[2] ITU-T Recommendation O.153 (1992): "Basic parameters for the measurement of error
performance at bit rates below the primary rate".
[3] EN 55020: "Electromagnetic immunity of broadcast receivers and associated equipment”.
[4] ETSI TR 100 027: "ElectroMagnetic Compatibility and Radio Spectrum Matters (ERM); Methods

of measurement for private mobile radio equipment".

[5] ETSI TR 100 028 (V1.4.1) (parts 1 and 2): "Electromagnetic compatibility and Radio spectrum
Matters (ERM); Uncertainties in the measurement of mobile radio equipment characteristics'.

[6] ETSI TR 102 273-1-1: "ElectroMagnetic Compatibility and Radio Spectrum Matters (ERM);
Improvement on Radiated M ethods of Measurement (using test site) and evaluation of the
corresponding measurement uncertainties; Part 1. Uncertainties in the measurement of mobile
radio equipment characteristics, Sub-part 1: Introduction”.

[7] "Guide to the Expression of Uncertainty in Measurement" (International Organization for
Standardization, Geneva, Switzerland, 1995).

3 Definitions, symbols and abbreviations

3.1 Definitions

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

accuracy: thisterm is defined, in relation to the measured value, in clause 4.1.1; it has al so been used in the remainder
of the document in relation to instruments

Audio Frequency (AF) load: normally aresistor of sufficient power rating to accept the maximum audio output power
from the EUT. The value of the resistor is normally that stated by the manufacturer and is normally the impedance of
the audio transducer at 1 000 Hz

NOTE: Insome casesit may be necessary to place an isolating transformer between the output terminals of the
receiver under test and the load.
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AF termination: any connection other than the audio frequency load which may be required for the purpose of testing
the receiver (i.e. in acase whereit is required that the bit stream be measured, the connection may be made, viaa
suitable interface, to the discriminator of the receiver under test)

NOTE: Thetermination deviceis normally agreed between the manufacturer and the testing authority and details
included in the test report. If specia equipment is required then it is normally provided by the
manufacturer.

A-M1: test modulation consisting of a1 000 Hz tone at a level which produces a deviation of 12 % of the channel
separation

A-M2: test modulation consisting of a1 250 Hz tone at alevel which produces a deviation of 12 % of the channel
separation

A-M 3: test modulation consisting of a400 Hz tone at alevel which produces a deviation of 12 % of the channel
separation. Thissignal is used as an unwanted signal for analogue and digital measurements

antenna: that part of atransmitting or receiving system that is designed to radiate or to receive electromagnetic waves

antenna factor: quantity relating the strength of the field in which the antennaisimmersed to the output voltage across
the load connected to the antenna. When properly applied to the meter reading of the measuring instrument, yields the
electric field strength in V/m or the magnetic field strength in clause A/m

antenna gain: theratio of the maximum radiation intensity from an (assumed lossless) antenna to the radiation intensity
that would be obtained if the same power were radiated isotropically by a similarly lossless antenna

bit error ratio: the ratio of the number of bitsin error to the total number of bits

combining network: network allowing the addition of two or more test signals produced by different sources (e.g. for
connection to areceiver input)

NOTE: Sources of test signals are normally connected in such a way that the impedance presented to the receiver
is 50 Q. Combining networks are designed so that effects of any intermodulation products and noise
produced in the signal generators are negligible.

correction factor: the numerical factor by which the uncorrected result of a measurement is multiplied to compensate
for an assumed systematic error

confidence level: the probability of the accumulated error of a measurement being within the stated range of
uncertainty of measurement

directivity: the ratio of the maximum radiation intensity in a given direction from the antennato the radiation intensity
averaged over al directions (i.e. directivity = antenna gain + 10sses)

DM -0: test modulation consisting of asignal representing an infinite series of "0" bits
DM-1: test modulation consisting of asignal representing an infinite series of "1" bits

DM -2: test modulation consisting of asignal representing a pseudorandom bit sequence of at least 511 bitsin
accordance with ITU-T Recommendation O.153

D-M 3: test signal agreed between the testing authority and the manufacturer in the cases where it is not possible to
measure a bit stream or if selective messages are used and are generated or decoded within an equipment

NOTE: The agreed test signal may be formatted and may contain error detection and correction. Details of the
test signal are be supplied in the test report.

duplex filter: devicefitted internally or externally to atransmitter/receiver combination to allow simultaneous
transmission and reception with a single antenna connection.

error of measurement (absolute): the result of a measurement minus the true value of the measurand

error (relative): the ratio of an error to the true value
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estimated standard deviation: from a sample of n results of a measurement the estimated standard deviation is given
by the formula:

x; being the it result of measurement (i = 1, 2, 3,..., n) and x the arithmetic mean of the n results considered.

A practical form of thisformulais:

where X isthe sum of the measured valuesand Y isthe sum of the squares of the measured values.

The term standar d deviation has also been used in the present document to characterize a particular probability
density. Under such conditions, the term standard deviation may relate to situations where there is only one result for a
measurement.

expansion factor: multiplicative factor used to change the confidence level associated with a particular value of a
measurement uncertainty

The mathematical definition of the expansion factor can be found in clause D.5.6.2.2 of TR 100 028-2 [5].

extreme test conditions: conditions defined in terms of temperature and supply voltage. Tests are normally made with
the extremes of temperature and voltage applied simultaneously. The upper and lower temperature limits are specified
in the relevant testing standard. The test report states the actual temperatures measured

error (of ameasuring instrument): the indication of a measuring instrument minus the (conventional) true value
freefield: field (wave or potential) which has a constant ratio between the electric and magnetic field intensities
free space: region free of obstructions and characterized by the constitutive parameters of a vacuum

impedance: measure of the complex resistive and reactive attributes of a component in an aternating current circuit

impedance (wave): the complex factor relating the transverse component of the electric field to the transverse
component of the magnetic field at every point in any specified plane, for a given mode

influence quantity: quantity which is not the subject of the measurement but which influences the value of the quantity
to be measured or the indications of the measuring instrument

inter mittent operation: operation where the manufacturer states the maximum time that the equipment is intended to
transmit and the necessary standby period before repeating a transmit period

isotropic radiator: hypothetical, losdess antenna having equal radiation intensity in all directions

limited frequency range: the limited frequency rangeis a specified smaller frequency range within the full frequency
range over which the measurement is made

NOTE: The detailsof the calculation of the limited frequency range are normally given in the relevant testing
standard.

maximum per missible frequency deviation: the maximum value of frequency deviation stated for the relevant
channel separation in the relevant testing standard

measuring system: complete set of measuring instruments and other equipment assembled to carry out a specified
measurement task
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measur ement repeatability: the closeness of the agreement between the results of successive measurements of the
same measurand carried out subject to all the following conditions:

- the same method of measurement;

- the same observer;

- the same measuring instrument;

- thesamelocation;

- the same conditions of use;

- repetition over a short period of time.

measur ement reproducibility: the closeness of agreement between the results of measurements of the same
measurand, where the individual measurements are carried out changing conditions such as:

- method of measurement;
- observer;
- measuring instrument;
- location;
- conditions of use;
- time
measur and: quantity subjected to measurement

noise gradient of EUT: function characterizing the relationship between the RF input signal level and the performance
of the EUT, e.g., the SINAD of the AF output signal

nominal frequency: one of the channel frequencies on which the equipment is designed to operate
nominal mains voltage: the declared voltage or any of the declared voltages for which the equipment was designed

normal test conditions: the conditions defined in terms of temperature, humidity and supply voltage stated in the
relevant testing standard

normal deviation: the frequency deviation for analogue signals which is equal to 12 % of the channel separation
psophometric weighting network: as described in ITU-T Recommendation O.41

polarization: for an electromagnetic wave, the figure traced as a function of time by the extremity of the electric vector
at afixed point in space

guantity (measurable): an attribute of a phenomenon or a body which may be distinguished qualitatively and
determined quantitatively

rated audio output power : the maximum audio output power under normal test conditions, and at standard test
modulations, as declared by the manufacturer

rated radio frequency output power: the maximum carrier power under normal test conditions, as declared by the
manufacturer

shielded enclosure: structure that protectsitsinterior from the effects of an exterior electric or magnetic field, or
conversely, protects the surrounding environment from the effect of an interior electric or magnetic field

SINAD sensitivity: the minimum standard modulated carrier-signal input required to produce a specified SINAD ratio
at the receiver output

stochastic (random) variable: variable whose value is not exactly known, but is characterized by a distribution or
probability function, or a mean value and a standard deviation (e.g. a measurand and the related measurement
uncertainty)
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test load: thetest load isa 50 Q substantially non-reactive, non-radiating power attenuator which is capable of safely
dissipating the power from the transmitter

test modulation: the test modulating signal is a baseband signal which modulates a carrier and is dependent upon the
type of EUT and also the measurement to be performed

trigger device: circuit or mechanism to trigger the oscilloscope timebase at the required instant. It may control the
transmit function or inversely receive an appropriate command from the transmitter

uncertainty (random): component of the uncertainty of measurement which, in the course of a number of
measurements of the same measurand, variesin an unpredictable way (to be considered as a component for the
calculation of the combined uncertainty when the effectsit corresponds to have not been taken into consideration
otherwise)

uncertainty (systematic): component of the uncertainty of measurement which, in the course of a number of
measurements of the same measurand remains constant or varies in a predictable way

uncertainty (limits of uncertainty of a measuring instrument): the extreme values of uncertainty permitted by
specifications, regulations etc. for a given measuring instrument

NOTE: Thistermisalso known as "tolerance”.

uncertainty (standard): an expression characterizing, for each individual uncertainty component, the uncertainty for
that component

It isthe standard deviation of the corresponding distribution.

uncertainty (combined standard): the combined standard uncertainty is calculated by combining appropriately the
standard uncertainties for each of the individual contributionsidentified in the measurement considered or in the part of
it, which has been considered

NOTE: Inthe case of additive components (linearly combined components where all the corresponding
coefficients are equal to one) and when al these contributions are independent of each other (stochastic),
this combination is cal culated by using the Root of the Sum of the Squares (the RSS method). A more
complete methodology for the calculation of the combined standard uncertainty is given in annex D,
seein particular clause D.3.12, TR 100 028-2 [5].

uncertainty (expanded): the expanded uncertainty is the uncertainty value corresponding to a specific confidence level
different from that inherent to the calculations made in order to find the combined standard uncertainty

The combined standard uncertainty is multiplied by a constant to obtain the expanded uncertainty limits (see clause 5.3
of TR 100 028-1 [5], and aso clause D.5 (and more specifically clause D.5.6.2) of TR 100 028-2 [5]).

upper specified AF limit: the maximum audio frequency of the audio pass-band. It is dependent on the channel
separation

wanted signal level: for conducted measurements alevel of +6 dBUV emf referred to the receiver input under normal
test conditions. Under extreme test conditions the valueis +12 dBuV emf

NOTE: For analogue measurements the wanted signal level has been chosen to be equal to the limit value of the
measured usable sensitivity. For bit stream and message measurements the wanted signal has been chosen
to be +3 dB above the limit value of measured usable sensitivity.

3.2 Symbols

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

217A (radians/m)

incidence angle with ground plane (°)

wavelength (m)

phase angle of reflection coefficient (°)

120mt Ohms - the intrinsic impedance of free space (Q)
permeability (H/m)

bq§><m

ETSI



14

antenna factor of the receive antenna (dB/m)
antenna factor of the transmit antenna (dB/m)
mutual coupling correction factor (dB)

calculated on the basis of given and measured data
cross correlation coefficient

derived from a measuring equipment specification
directivity of the source

distance between dipoles (m)

skin depth (m)

an antenna or EUT aperture size (m)

an antenna or EUT aperture size (m)

path length of the direct signal (m)

path length of the reflected signal (m)

electric field intensity (V/m)
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calculated maximum electric field strength in the receiving antenna height scan from a half

wavelength dipole with 1 pW of radiated power (for horizontal polarization) (uV/m)
calculated maximum electric field strength in the receiving antenna height scan from a half

wavelength dipole with 1 pW of radiated power (for vertical polarization) (UV/m)

antenna efficiency factor
angle (°)

bandwidth (Hz)
frequency (Hz)

gain of the source (which is the source directivity multiplied by the antenna efficiency factor)

magnetic field intensity (A/m)
the (assumed constant) current (A)
the maximum current amplitude

217\

afactor from Student'st distribution

Boltzmann's constant (1,38 x 10-23 Joules/Kelvin)
relative dielectric constant

the length of the infinitesimal dipole (m)

the overall length of the dipole (m)

the point on the dipole being considered (m)
measured

power

probability of error n

probability of position n
antenna noise power (W)
power received (W)
power transmitted (W)
angle (°)

reflection coefficient

rectangular distribution
the distance to the field point (m)

reflection coefficient of the generator part of a connection
reflection coefficient of the load part of the connection

equivalent surface resistance (Q)

conductivity (S/m)
standard deviation
Signal to Noise Ratio at a specific BER

Signal to Noise Ratio per bit
antenna temperature (Kelvin)
U-distribution

the expanded uncertainty corresponding to a confidence level of x %: U = k xu,

the combined standard uncertainty
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Ui22
U2z
Uiogq
Ujos
U2
Uo7
Ujog
Ui2g
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genera type A standard uncertainty

random uncertainty

general type B uncertainty

reflectivity of absorbing material: EUT to the test antenna

reflectivity of absorbing material: substitution or measuring antenna to the test antenna
reflectivity of absorbing material: transmitting antennato the receiving antenna

mutual coupling: EUT to itsimagesin the absorbing material

mutual coupling: de-tuning effect of the absorbing material on the EUT

mutual coupling: substitution, measuring or test antenna to itsimage in the absorbing material
mutual coupling: transmitting or receiving antenna to itsimage in the absorbing material
mutual coupling: amplitude effect of the test antenna on the EUT

mutual coupling: de-tuning effect of the test antenna on the EUT

mutual coupling: transmitting antennato the receiving antenna

mutual coupling: substitution or measuring antennato the test antenna

mutual coupling: interpolation of mutual coupling and mismatch loss correction factors
mutual coupling: EUT to itsimage in the ground plane

mutual coupling: substitution, measuring or test antennato itsimage in the ground plane
mutual coupling: transmitting or receiving antennato its image in the ground plane
range length

correction: off boresight angle in the elevation plane

correction: measurement distance

cable factor

position of the phase centre: within the EUT volume

positioning of the phase centre: within the EUT over the axis of rotation of the turntable
position of the phase centre: measuring, substitution, receiving, transmitting or test antenna
position of the phase centre: LPDA

Stripline: mutual coupling of the EUT to itsimagesin the plates

Stripline: mutual coupling of the three-axis probe to itsimage in the plates

Stripline: characteristic impedance

Stripline: non-planar nature of the field distribution

Stripline: field strength measurement as determined by the three-axis probe

Stripline: transform Factor

Stripline: interpolation of values for the transform factor

Stripline: antenna factor of the monopole

Stripline: correction factor for the size of the EUT

Stripline: influence of site effects

ambient effect

mismatch: direct attenuation measurement

mismatch: transmitting part

mismatch: receiving part

signal generator: absolute output level

signal generator: output level stability

insertion loss: attenuator

insertion loss: cable

insertion loss: adapter

insertion loss: antenna balun

antenna: antenna factor of the transmitting, receiving or measuring antenna

antenna: gain of the test or substitution antenna

antenna: tuning

receiving device: absolute level
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Uisg receiving device: linearity
Uia9 receiving device: power measuring receiver
Uiso EUT: influence of the ambient temperature on the ERP of the carrier
U5y EUT: influence of the ambient temperature on the spurious emission level
) EUT: degradation measurement
Uis3 EUT: influence of setting the power supply on the ERP of the carrier
Uisa EUT: influence of setting the power supply on the spurious emission level
Uiss EUT: mutua coupling to the power |eads
Uise frequency counter: absolute reading
Uis7 frequency counter: estimating the average reading
Uisg salty man/salty-lite: human simulation
Uisg salty man/salty-lite: field enhancement and de-tuning of the EUT
Uigo test fixture: effect on the EUT
Uie1 test fixture: climatic facility effect on the EUT
Viirect received voltage for cables connected via an adapter (dBuV/m)
Vsite received voltage for cables connected to the antennas (dBuV/m)
W, radiated power density (W/m?)
3.3 Abbreviations
For the purposes of the present document, the following abbreviations apply:
AF Audio Frequency
BER Bit Error Ratio
dB decibel
emf Electromotive force
ERP Effective Radiated Power
EUT Equipment Under Test
LPDA Log Periodic Dipole Antenna
NSA Normalized Site Attenuation
RF Radio Frequency
RSS Root-Sum-of Squares
SINAD Signal Noise And Distortion
TEM Transverse ElectroMagnetic
VSWR Voltage Standing Wave Ratio
4 Examples of measurement uncertainty analysis (free
field test sites)
4.1 Introduction

This clause contains detailed worked exampl es of the cal culation of expanded uncertainty of the radiated tests on free
field test sitesi.e. Anechoic Chambers, Anechoic Chambers with Ground Planes and Open Area Test Sites.

The example tests given are limited to:

- aveification procedure;

- the measurement of atransmitter parameter (Spurious emission);

- the measurement of areceiver parameter (sensitivity).
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All the example tests are assumed to have been carried out in an Anechoic Chamber with a Ground Plane since this type
of test site will contribute virtually all the uncertainty contributions involved in radiated tests on any free field test site
(i.e. dl uncertainties associated with absorbing materials and ground planes).

NOTE 1: The values given to the uncertainty componentsin these examples are only to illustrate the uncertainty
calculations. In practice, values should be derived by consulting annex A.

All radiated tests consist of two stages. For a verification procedure, the first stage isto set areference level whilst the
second stage involves the measurement of path |0ss between two antennas. For the measurement of a particular
parameter from an EUT, the first stage is usually to measure the relevant parameter whilst the second stage compares
this measurement against that from a known standard.

Within any radiated test there are uncertainty components that are common to both stages of the test. By their different
natures some of these common uncertainties will cancel (e.g. the uncertainty of the insertion loss of a cable common to
both parts) whilst others may contribute twice (e.g. the level stahility of asignal generator in receiver tests). In each of
the following uncertai nty analyses, uncertainty components common to both stages are shown as shaded areas in the
accompanying schematic diagrams.

As shown in the examples, all the individual uncertainty components for any test are combined in the manner described
in TR 102 273-1-1 [6], clauses 4 and 5 in order to derive an expanded uncertainty figure for the measurement. The
values of theindividual components are either provided in annex A or should be taken from manufacturer's data sheets.
Whenever they are obtained from data sheets, worst case figures given over a frequency band should be used. For
example, in the case of asignal generator whose absolute level accuracy is quoted as +1 dB over 30 MHz to 300 MHz,
+2 dB over 300 MHz to 1 000 MHz the figure for the band containing the test frequency should be used. This approach
should be adopted for all uncertainty components, taking the uncertainty figures over as broad aband apossible. Thisis
normally satisfactory when the variation with frequency is not large and provides a simple and flexible approach. The
resulting expanded uncertainty figure is valid across a broad range of frequencies and measurement conditions and

avoids the necessity of repeated cal culation for minor frequency changes.

NOTE 2: Taking specific frequency values may result in alower expanded uncertainty value, but this lower value is
only valid when that specific set of circumstances apply for which the value was derived.

4.2 Example 1: Verification procedure

The verification procedure is a process carried out to prove afacility's suitability as afree field test site. It involvesthe
transmission of aknown signal level from one calibrated antenna (usually a dipole) and the measurement of the
received signal level in a second calibrated antenna (also usually adipole). By comparison of the transmitted and
received signal levels, an 'insertion loss' can be deduced.

For the measurement of NSA two stages are involved. The first is a direct attenuation measurement (Vo) Whilst the
second is aradiated attenuation measurement (Vge). After inclusion of any correction factors relevant to the
measurement, the figure of loss which results from the verification procedure is known as 'site attenuation'.

NSA is determined from the value of site attenuation by subtraction of the antenna factors and mutual coupling effects.
The subtraction of the antenna factors and any mutual coupling effects makes NSA independent of antenna type.

Symbolically,

NSA =V girect - Vsite AFT - AFR - AFror

where:
Vgiret = received voltage using the "in-line" adapter;
Vsite = received voltage using the antennas,
AF; = antenna factor of the transmitting antenna;
AFp = antenna factor of the receiving antenna;
AF1or = mutual coupling correction factor.
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The verification procedure measures both V;, o and Vg, and then (after relevant corrections and cal culations)

compares the measured value of NSA against the theoretical figure calculated for that particular type of facility. The
difference between the two values at any specific frequency is a measure of the quality of the facility at that frequency.

4.2.1 Uncertainty contributions: stage 1: direct attenuation measurement

The first stage of the verification procedure is the direct attenuation measurement. Thisis carried out with al the items
of test equipment connected directly together viaan "in line" adapter between the attenuators as shown in figure 1. The
components shown shaded are common to both stages of the procedure.

. cable 1 e cable 2 -
Signal Attenuator 1 In line Attenuator 2 Receiving
generator YK /V 10 dB adapter 10 dB v device
ferrite beads ferrite beads

Figure 1: Stage 1: direct attenuation measurement

Despite the commonality of most of the components to both stages of this procedure, the mismatch uncertainty
contribution for both stages has to be calculated and included in the uncertainty calculations. Thisisaresult of load
conditions varying (i.e. antennas replacing the adapter in the second stage). Conversely, as aresult of this commonality,
the uncertainty contributions of some of the individual components will cancel.

Whereas figure 1 shows, schematically, the test equipment set-up for this stage of the verification procedure, an analysis
diagram of the individual components (each of which contributes its own uncertainty) for this stage of the measurement
isshown in figure 2. Again, as stated above, the shaded areas represent components common to both stages of the
verification procedure.

4211 Contributions from the mismatch components

Mismatch: direct attenuation measurement: The value of the combined standard uncertainty of the contribution due
to the mismatch from the source to the receptor, i.e. between the signal generator and the receiving device, is calculated
from the approach described in annex D. All theindividual contributions are U-distributed.

NOTE 1: Inthis example the value taken for the signal generator output reflection coefficient is the worst case
value over the frequency band of interest. Similarly for the cable, adapter and attenuator VSWRs.

NOTE 2: The attenuation values of the cables and attenuators should be obtained from the data sheets/calibration
records at the specific frequency of the test, along with the associated uncertainties for these values.
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Figure 2: Stage 1: direct attenuation measurement individual uncertainty components

Signal generator:  Output reflection coefficient: |og| =0,20
Cable: Input and output reflection coefficients: [S;4| = ISy =0,07
Attenuation: 1 dB = [|S;,| = [S,4] =0,891
Attenuator: Input and output reflection coefficients |S 4| = [S,,| =0,05
Attenuation = 10 dB |S,| = [Sy] =0,3162
Adapter: Input and output reflection coefficients [S 4| = [S,,| =0,02
Attenuation = 0,1 dB |S,| = |S,] = 0,9886
Attenuator: Input and output reflection coefficients |S4| = [S,,| =0,05
Attenuation = 10 dB |S;,| = |S| = 0,3162
Cable: Input and output reflection coefficients: |S; 4| =[Sy =0,07
Attenuation: 1 dB = |S;,| = [S,4] =0,891
Receiving device:  Input reflection coefficient: |ogp| =0,20

Mismatch uncertainty in the direct attenuation measur ement: In the following the transmitting antenna cable is
named cable 1, the transmitting antenna attenuator is named attenuator 1, the receiving antenna cable is named cable 2,
the receiving attenuator is named attenuator 2. Those uncertainty components that are constant for both stages 1 and 2
are not calculated as they do not contribute to the overall uncertainty.
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Mismatch between:

U; generator and cable 1: COnstant for both stage 1 and 2. Hence this val ue does not contribute.

U; cable 1 and attenuator 1: Constant for both stage 1 and 2. Hence this value does not contribute.

0,05x0,02x100 ,

Uj mismatch: attenuator 1and adapter =~ T% =0,071 %
0,02x0,05x100 ,

U/ mismatch: adapter and attenuator 2 = T % =0,071%

U; attenuator 2 and cable 2- Constant for both stage 1 and 2. Hence this value does not contribute.
U; cable 2 and receiving device' Constant for both stage 1 and 2. Hence this value does not contribute.

U; generator and attenuator 1 CONstant for both stage 1 and 2. Hence this val ue does not contribute.

0,07 x 0,07 x0,316% x100
Uj mismatch: cableland adapter = 72 % =0,035%

2
0,05x 0,05x 0,988 x100
Ujj mismatch: attenuator 1and attenuator 2 = 2 %=0,173%

2
0,02 x 0,07 x 0,316 x100
Uj mismatch: adapter and cable2 = \/E % = 0,010 %

U; attenuator 2 and receiving device: COnstant for both stage 1 and 2. Hence this value does not contribute.

0,2x 0,02 x0,891° x0,316% x100
Uj mismatch: generator and adapter = 72 % =0,022 %

0,07 x 0,05x0,316% x0,988° x100
Uj mismatch: cableland attenuator 2 = 72 % =0,024 %

2 2
0,05x 0,07 x0,988“ x0,316“ x100
Ujj mismatch: attenuator 1and cable2 = 72 % =0,024 %

0,02%0,2 x0,316° x0,891% x100
Uj mismatch: adapter and receiving device = N % =0,022 %

0,2x0,05x0,891% x0,316° x0,988° x100
Uj mismatch: generator and attenuator 2 = 72 % = 0,055 %

U; mismatch: cable 1 and cable 2° L€SSthan 0,01 % due to the two attenuators, therefore neglected.

2 2 2
0,05x0,2 x0,988° x0,316° x0,891° x100
Uj mismatch: attenuator 1and receiving device = ﬁ % = 0,055 %

U; mismatch: generator and cable 2- Lessthan 0,01 % due to the two attenuators, therefore neglected.

U; mismatch: cable 1 and receiving device: L€SS than 0,01 % due to the two attenuators, therefore neglected.

U; mismatch: generator and receiving device' €SS than 0,01 % due to the two attenuators, therefore neglected.
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The combined standard uncertainty of the mismatch is then cal culated:

Uormismetcr directatt, =V 0,0712 +0,0712 +... 40,0552 +0,055% =0,306 %

transforming to logarithmic form (see annex C): 0,306 %/11,5 = 0,026 dB

The standard uncertainty of the contribution, due to the mismatch in the direct attenuation measurement, is designated
throughout al parts of the present document as U35 Its value in this example is 0,026 dB.

4212 Contributions from individual components

42121 Signal generator

Signal generator: absolute output level: In averification procedure, the signal generator's absolute level uncertainty
contributes equally to both stages of the measurement. The standard uncertainty of the contribution due to the signal
generator absolute output level uncertainty is designated throughout all parts of the present document as Ujzg-

NOTE 1: Inthis example case the standard uncertainty of the contribution due to the signal generator absolute
output level uncertainty is taken to be 0,00 dB since, once the level has been set in stage one of the
procedure, the level is not further adjusted. The uncertainty is therefore assumed to be systematic i.e. it
produces the same offset in both stages.

Signal generator: output level stability: In any test in which the contribution of the absolute level uncertainty of the
signal generator contributes to the combined standard uncertainty of thetest i.e. it does not cancel dueto the

methodol ogy, the contribution from the output level stability is considered to have been included in the signal generator
absolute output level, u;3g. Conversely, for any level in which the absolute level uncertainty of the signal generator does

not contribute to the combined standard uncertainty, the output level stability of the signal generator should be included.
The standard uncertainty of the contribution due to the signal generator output level stability is designated throughout
all parts of the present document as U 3q. Its value can be derived from manufacturer’s data sheet.

NOTE 2: Inthis example case the uncertainty of the contribution due to the signal generator output level stability is
obtained from the manufacturer's data sheet as £0,02 dB. As nothing is said about the distribution of this
uncertainty, a rectangular distribution (see TR 102 273-1-1[6], clause 5.1.2) in logs is assumed, and the
standard uncertainty is calculated as 0,01155 dB. Thisis rounded down to 0,01 dB.

42122 Transmitting antenna cable

Insertion loss: transmitting antenna cable: The transmitting antenna cable has an insertion loss as well as an
uncertainty associated with the measurement of its magnitude. The value of insertion loss and its uncertainty remain
valid provided the cable is not used outside the manufacturer's specification. At any given frequency the insertion loss
acts as a systematic offset and contributes equally to both stages of the measurement. The standard uncertainty of the
contribution due to the insertion loss uncertainty of the transmitting antenna cable is designated throughout all parts of
the present document as Ujy;.

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the insertion loss uncertainty of
the transmitting antenna cable is taken as 0,00 dB since the uncertainty is systematici.e. it produces the
same offset in both stages.

Cablefactor: transmitting antenna: Cable factor is defined asthe total effect of the antenna cable's influence on the
measuring system including its interaction with the site. It consists of the leakage caused by cable screening
inefficiency, parasitic effects on the transmitting antenna (acting as a director or reflector) and introducing an
unbalanced, common mode current into the dipole balun. In aradiated measurement the standard uncertainty of the
cable factor, associated with each cable, is 0,5 dB provided that the precautions detailed in the methods have been
observed i.e. routing and dressing of cables with ferrites. If no prevention has been attempted the standard uncertainty is
4,0 dB (justification for these valuesis given in annex E). The standard uncertainty of the contribution due to the cable
factor of the transmitting antenna cable is designated throughout all parts of the present document as Ui1o-

NOTE 2: In this example case the standard uncertainty of the contribution due to the cable factor of the transmitting

antenna cableis taken as 0,00 dB since there are no external fields involved other than leakage, whichis
assumed to have a negligible effect on the measurement.

ETSI



22 ETSI TR 102 273-1-2 V1.2.1 (2001-12)

42.1.2.3 Transmitting antenna attenuator

Insertion loss: transmitting antenna attenuator: The transmitting antenna attenuator has an insertion loss as well as
an uncertainty associated with the measurement of its magnitude. The value of insertion loss and its uncertainty remain
valid provided the attenuator is not used outside the manufacturer's specification. At any given frequency the insertion
loss acts as a systematic offset and contributes equally to both stages of the measurement. The standard uncertainty of
the contribution, due to the insertion loss uncertainty of the transmitting antenna attenuator, is designated throughout all
parts of the present document as Ui40-

NOTE: Inthisexample case the standard uncertainty of the contribution due to the insertion loss uncertainty of
the transmitting antenna attenuator is taken as 0,00 dB since the uncertainty is systematici.e. it produces
the same offset in both stages.

42124 Adapter

Insertion loss: adapter: The adapter has an insertion loss as well as an uncertainty associated with the measurement of
its magnitude. The value of insertion loss and its uncertainty remain valid provided the adapter is not used outside the
manufacturer's specification. The standard uncertainty of the contribution due to the insertion loss uncertainty of the
adapter is designated throughout all parts of the present document as Ujgo. Its value can be derived from the

manufacturer's data sheet.

NOTE: Inthisexample case the uncertainty of the contribution due to the insertion loss uncertainty of the adapter
is obtained from the manufacturer's data sheet as+0,10 dB. As nothing is said about the distribution of
this uncertainty, arectangular distribution (see TR 102 273-1-1 [6], clause 5.1.2) in logs is assumed, and
the standard uncertainty is calculated as 0,06 dB.

4.2.1.2.5 Receiving antenna attenuator

Insertion loss: receiving antenna attenuator : The attenuator has an insertion loss as well as an uncertainty associated

with the measurement of its magnitude. The value of insertion loss and its uncertainty remain valid provided the

attenuator is not used outside the manufacturer's specification. At any given frequency the insertion loss actsas a

systematic offset and contributes equally to both stages of the measurement. The standard uncertainty of the

contribution due to the insertion loss uncertainty of the receiving antenna attenuator is designated throughout al parts of

the present document as Uj,o.

NOTE: Inthisexample case the standard uncertainty of the contribution due to the insertion loss uncertainty of

the receiving antenna attenuator is taken as 0,00 dB since the uncertainty is systematic i.e. it produces the
same offset in both stages.

42126 Receiving antenna cable

Insertion loss: receiving antenna cable: The receiving antenna cable has an insertion loss as well as an uncertainty
associated with the measurement of its magnitude. The value of insertion loss and its uncertainty remain valid provided
the cable is not used outside the manufacturer's specification. At any given frequency the insertion loss acts as a
systematic offset and contributes equally to both stages of the measurement. The standard uncertainty of the
contribution, due to the insertion loss uncertainty of the receiving antenna cable, is designated throughout all parts of
the present document as Uj,;.

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the insertion loss uncertainty of
the receiving antenna cable is taken as 0,00 dB since the uncertainty is systematici.e. it produces the
same offset in both stages.

Cablefactor: receiving antenna cable: Cable factor is defined as the total effect of the antenna cabl€'s influence on
the measuring system including its interaction with the site. It consists of the leakage caused by cable screening
inefficiency, parasitic effects on the receiving antenna (acting as a director or reflector) and introducing an unbalanced,
common mode current into the dipole balun. In aradiated measurement the standard uncertainty of the cable factor,
associated with each cableis 0,5 dB provided that the precautions detailed in the methods have been observed, i.e.
routing and dressing of cables with ferrites. If no prevention has been attempted the standard uncertainty is 4,0 dB
(justification for these valuesis given in annex E). The standard uncertainty of the contribution due to the cable factor
of receiving antenna cableis designated throughout all parts of the present document as Ui1o-
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NOTE 2: Inthis example case the standard uncertainty of the contribution due to the cable factor of the receiving
antenna cable is taken as 0,00 dB since there are no external fields involved other than leakage, whichis
assumed to have a negligible effect on the measurement.

42127 Receiving device

In this, the first stage of the verification procedure, areference level is recorded from the receiving device for a
particular output level from the signal generator. In the second stage (where the path loss between the two antennas is
measured), a second level isrecorded on the receiving device. Only in the second stage do the linearity and absolute
level uncertainties of the receiver become involved in the calculation of the combined standard uncertainty of the
measurement.

Receiving device: absolute level: The standard uncertainty of the contribution due to the absolute level uncertainty of
the receiving device is designated throughout all parts of the present document as Uja7-

NOTE 1: Inthis example case the standard uncertainty of the contribution due to the absolute level uncertainty of
the receiving device is assumed to be 0,00 dB since, in this part of the measurement, areference level is
recorded.

Receiving device: linearity: The standard uncertainty of the contribution due to the receiving device linearity is
designated throughout all parts of the present document as Uj4g-

NOTE 2: Inthis example case the standard uncertainty of the contribution due to the receiving device linearity is
assumed to be 0,00 dB since, in this part of the measurement, areference level isrecorded.
42.1.3 Contribution from the random component

Random uncertainty: The magnitude can be assessed from multiple measurements of the direct attenuation
measurement. The standard uncertainty of the contribution due to the random uncertainty is designated throughout all
parts of the present document as u;q, . Its value can then be calculated. See also clause 5.5 and the note in clause 6.4.7 of

TR 102 273-1-1, aswell as note in clause A.18 of the present document.

The direct attenuation measurement was repeated ten times. The following results (dBuV) in were obtained (before
correcting for cabling and attenuator network insertion loss):

106,8; 107,2; 106,7; 107,0; 107,2; 106,7; 107,1; 106,8; 107,1; 107,0.

Converting to linear terms (V).

0,218 8; 0,229 1; 0,216 3; 0,223 9; 0,229 1; 0,216 3; 0,226 5; 0,218 8; 0,226 5; 0,223 9.
The two sums X and Y are calculated:

X = the sum of the measured values = 2,229 2 V

Y = the sum of the squares of the measured values = 0,497 2 V2

2
Y 0,4972 - 2,2292

2

X

Uc random = = 10 -5444x 103 (formula 5.6)
n-1 10-1

Astheresult is obtained as the mean val ue of ten measurements and the standard uncertainty of the random uncertainty
is:

_5444x10"° 100

u =207 =0,212 dB
jrandom = 7050002 115

NOTE: Inthisexample case the standard uncertainty of the contribution due to the random uncertainty is
0,212 dB.
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42.1.4 Summary table of contributory components

The uncertainty contributions for stage 1 of the verification procedure are listed in table 1.

Table 1: Contributions from the direct attenuation measurement

Uj or i Description of uncertainty contributions dB
Uj3s mismatch: direct attenuation measurement 0,03
Uizg signal generator: absolute output level 0,00
Ujzg signal generator: output level stability 0,01
Ujg1 insertion loss: transmitting antenna cable 0,00
Uirg cable factor: transmitting antenna 0,00
U0 insertion loss: transmitting antenna attenuator 0,00
Uigo insertion loss: adapter 0,06
U0 insertion loss: receiving antenna attenuator 0,00
Uigq insertion loss: receiving antenna cable 0,00
Uirg cable factor: receiving antenna 0,00
U7 receiving device: absolute level 0,00
Ujsg receiving device: linearity 0,00
Uio1 random uncertainty (see note in clause A.18 of the present document and note in clause 6.4.7 | 0,21

of TR 102 273-1-1)

The standard uncertainties from table 1 should be combined by RSS in accordance with TR 102 273-1-1 [6], clause 5.
This gives the combined standard uncertainty (U girect attenuation measurement) fOr the direct attenuation measurement

indB.

The value of Ug, i ect attenuation measurement 1S Calculated as 0,221 dB.

4.2.2 Uncertainty contributions: stage 2: radiated attenuation
measurement

The second stage of the verification procedure is the radiated attenuation measurement which is carried out by removing
the adapter and connecting each attenuator to an antenna as shown in figure 3, and recording the new level on the
receiving device. The difference in received levels (after allowance for any correction factors and cal culations which
may be appropriate), for the same signal generator output level, revealsthe NSA.

Transmitting antenna ~ < Receiving antenna
v
Signal cable 1 Attenuator 1 | L [ Attenuator 2 |, cable 2 Receiving
generator v 10dB 10dB Y\/ device
ferrite beads ferrite beads

Ground plane

Figure 3: stage 2: radiated attenuation measurement

Whereas figure 3 shows, schematically, the test equipment set-up for this stage of the verification procedure an analysis
diagram of the individual components (each of which contributes its own uncertainty) for this stage of the measurement
isshown in figure 4. Again, as stated above, the shaded areas represent components common to both stages of the
verification procedure.
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4221 Contributions from the mismatch components

Mismatch uncertainty transmitting and receiving parts: The value of the combined standard uncertainty of the
contribution due to the mismatch are calculated from the approach described in annex D. For this stageis calculated in
two parts. Firstly the standard uncertainty of the contribution due to the mismatch in the transmitting part, i.e. between
the signal generator, cable, attenuator and the transmitting antenna and secondly, that for the receiving part, i.e. between
the receiving antenna, attenuator, cable and the receiving device.
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Figure 4. Stage 2: Radiated attenuation measurement individual uncertainty components

Mismatch: transmitting part:

Signal generator: Output reflection coefficient: |og| =0,20
Cable: Input and output reflection coefficients: |S;4| and [Sy,| =0,07
Attenuation: 1 dB = |S;,| = [S,4] =0,891
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Attenuator: Input and output reflection coefficients |S 4| = [S,,| =0,05
Attenuation = 10 dB |S;,| = [S,] =0,3162
Transmitting antenna:  Input reflection coefficient: | oy, =0,333

All these contributions are U-distributed. Those components that cancel are not cal culated. Other contributions are (see
annex D):

U; mismatch: generator and cable 1° Constant for both stage 1 and 2. Hence this value does not contribute.
U; mismatch: cable 1 and attenuator 1 COnstant for both stage 1 and 2. Hence this val ue does not contribute.

0,05x0,333x100 , _
U/ mismatch: attenuator 1and antenna = 2 %=1177%

U; generator and attenuator 1: CONstant for both stage 1 and 2. Hence this val ue does not contribute.

0,07 % 0,333 % 0,316 x100
Uj mismatch: cableland antenna = 72 % = 0,165 %

2 2
0,2x0,333x0,891° x0,316° x100
Uj mismatch: generator and antenna ~ 72 % =0,373%

The combined standard uncertainty of the mismatch is then calculated:

— 2 2 2 _
ucmismatch:transrnitting part — \/11177 +0,165" +0,373° =125%

transforming to the logarithmic form (see annex C): 1,25 %/11,5 = 0,11 dB.

The standard uncertainty of the contribution due to the mismatch in the transmitting part, is designated throughout all
parts of the present document as Ujze- Its valuein thisexampleis 0,11 dB.

Mismatch: receiving part:

Receiving antenna:  Input reflection coefficient: |og,| =0,333
Attenuator: Input and output reflection coefficients |S 4| = [S,,| =0,05
Attenuation = 10 dB |S;,| = |S| = 0,3162
Cable: Input and output reflection coefficients: |S;4| and [S,,| =0,07
Attenuation: 1dB = |S;,| = [S,4] =0,891
Receiving device:  Input reflection coefficient: |ogp| =0,20
U j mismatch: antenna and attenuator 2 = 0333 X3§5 x100 %=1177%

U; attenuator 2 and cable 2- Constant for both stage 1 and 2. Hence this value does not contribute.

U; cable 2 and receiving device: COnstant for both stage 1 and 2. Hence this value does not contribute.

2
0,333x 0,07 x0,316“ x100
Ujj mismatch: antennaand cable2 = 72 % =0,165%

U; attenuator 2 and receiving device: COnstant for both stage 1 and 2. Hence this val ue does not contribute.
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2 2
0,333%x 0,2 x0,316° x0,891° x100
uj mismatch: antenna and receiving device = ﬁ % =0,374%

The combined standard uncertainty of the mismatch is then calculated:

Uc mismatch: receiving part = \/L1772 +0165% +0,373? =125%

transforming to the logarithmic form (see annex C): 1,25 %/11,5 = 0,11 dB.

The standard uncertainty of the contribution due to the mismatch in the receiving part is designated throughout all parts
of the present document as U;37. Its valuein this example is 0,11 dB.

4222 Contributions from individual components

42221 Signal generator

Signal generator: absolute output level: In averification procedure, the signal generator's absolute level uncertainty
contributes equally to both stages of the measurement. The standard uncertainty of the contribution due to the signal
generator absolute output level uncertainty is designated throughout all parts of the present document as Ujzg-

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the signal generator absolute
output level uncertainty is taken to be 0,00 dB since, once the level has been set in stage one of the
procedure, the level is not further adjusted. The uncertainty is therefore assumed to be systematic i.e. it
produces the same offset in both stages.

Signal generator: output level stability: In any test in which the contribution of the absolute level uncertainty of the
signal generator contributes to the combined standard uncertainty of thetest i.e. it does not cancel dueto the

methodol ogy, the contribution from the output level stability is considered to have been included in the signal generator
absolute output level, Uizg- Conversely, for any level in which the absolute level uncertainty of the signal generator does

not contribute to the combined standard uncertainty, the output level stability of the signal generator should be included.
The standard uncertainty of the contribution due to the signal generator output level stability is designated throughout
all parts of the present document as u3q. Its value can be derived from manufacturer’s data sheet.

NOTE 2: In this example case the uncertainty of the contribution due to the signal generator output level stability is
obtained from the manufacturer's data sheet as +0,02 dB.
As nothing is said about the distribution of this uncertainty, arectangular distribution
(see TR 102 273-1-1 [ 6], clause 5.1.2) in logsis assumed, and the standard uncertainty is calculated as
0,01155 dB. Thisisrounded down to 0,01 dB.

42222 Transmitting antenna cable

Insertion loss: transmitting antenna cable: The transmitting antenna cable has an insertion loss as well asan
uncertainty associated with the measurement of its magnitude. The value of insertion loss and its uncertainty remain
valid provided the cable is not used outside the manufacturer's specification. At any given frequency the insertion loss
acts as a systematic offset and contributes equally to both stages of the measurement. The standard uncertainty of the
contribution, due to the insertion loss uncertainty of the transmitting antenna cable, is designated throughout all parts of
the present document as Uj,.

NOTE 1: Inthis example case the standard uncertainty of the contribution due to the insertion loss uncertainty of
the transmitting antenna cable is taken as 0,00 dB since the uncertainty is systematic i.e. it produces the
same offset in both stages.

Cablefactor: transmitting antenna cable: Cable factor is defined as the total effect of the antenna cable's influence
on the measuring system including its interaction with the site. It consists of the leakage caused by cable screening
inefficiency, parasitic effects on the transmitting antenna (acting as a director or reflector) and introducing an
unbalanced, common mode current into the dipole balun. In aradiated measurement the standard uncertainty of the
cable factor, associated with each cable, is 0,5 dB provided that the precautions detailed in the methods have been
observed, i.e. routing and dressing of cables with ferrites. If no prevention has been attempted the standard uncertainty
is4,0 dB (justification for these valuesis given in annex E). The standard uncertainty of the contribution due to the
cable factor of the receiving antenna cable is designated throughout all parts of the present document as U1o-
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NOTE 2: Inthis example case the standard uncertainty of the contribution due to the cable factor of the transmitting
antenna cable is taken as 0,50 dB since the precautions detailed in the methods are assumed to have been
observed.

4.2.2.2.3 Transmitting antenna attenuator

Insertion loss: transmitting antenna attenuator: The transmitting antenna attenuator has an insertion loss as well as
an uncertainty associated with the measurement of its magnitude. The value of insertion loss and its uncertainty remain
valid provided the attenuator is not used outside the manufacturer's specification. At any given frequency the insertion
loss acts as a systematic offset and contributes equally to both stages of the measurement. The standard uncertainty of
the contribution, due to the insertion loss uncertainty of the transmitting antenna attenuator, is designated throughout all
parts of the present document as Ui40-

NOTE: Inthisexample case the standard uncertainty of the contribution due to the insertion loss uncertainty of
the transmitting antenna attenuator is taken as 0,00 dB since the uncertainty is systematici.e. it produces
the same offset in both stages.

42224 Transmitting antenna

Antenna: antenna factor of the transmitting antenna: Uncertainty isintroduced as a result of the inaccurate
knowledge of the antenna factor of the transmitting antenna. The antenna factor contributes only to the radiated part of
this procedure. The standard uncertainty of the contribution due to the antenna factor uncertainty of the transmitting
antenna is designated throughout all parts of the present document as U;44. FOr ANSI dipoles the value should be

obtained from table 2.

Table 2: Uncertainty contribution of the antenna factor of the transmitting antenna

Frequency Standard uncertainty of the
contribution
30 MHz < frequency < 80 MHz 1,73 dB
80 MHz < frequency < 180 MHz 0,60 dB
frequency = 180 MHz 0,30 dB
NOTE:  For other antenna types the values should be taken from
manufacturer's data sheets. If a value is not given the standard
uncertainty is 1,0 dB.

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the antenna factor uncertainty of
the transmitting antennais 0,30 dB since ANSI dipoles have been used and the frequency is above
180 MHz.

Antenna: tuning of the transmitting antenna: Uncertainty isintroduced as a result of the inaccurate tuning of the
transmitting antenna. This only occursin stage two of the measurement and therefore only contributes to this stage. The
standard uncertainty of the contribution, due to the tuning uncertainty of the transmitting antenna, is designated
throughout all parts of the present document as Ui46-

NOTE 2: In this example case the standard uncertainty of the contribution due to the tuning uncertainty of the
transmitting antenna is taken as 0,06 dB (see annex A).

Position of the phase centre: transmitting antenna: Uncertainty isintroduced as aresult of the inaccurate positioning
of the phase centre of the transmitting antenna. This only occursin stage two of the measurement. The standard
uncertainty of the contribution, due to the uncertainty in the position of the phase centre of the transmitting antenna, is
designated throughout all parts of the present document as Uj2o-

NOTE 3: Inthis example case the standard uncertainty of the contribution due to the uncertainty in the position of
the phase centre of the transmitting antenna has been calculated from (x(the offset from axis of rotation)/
(range length) x 100 %). The positioning uncertainty is+0,01 m and therefore the worst case
uncertainty = 0,01/3,0 = 0,333 %. Asthe offset can be anywhere between these limits, the uncertainty is
taken to be rectangularly distributed (see TR 102 273-1-1 [6], clause 5.1.2) and the standard uncertainty is
calculated as 0,192 %. Thisis transformed to the logarithmic form (see annex C), to be 0,02 dB.
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42225 Site factors
Ambient effect: Uncertainty isintroduced as aresult of local ambient signals raising the noise floor at the measurement

frequency. The standard uncertainty of the contribution due to the ambient effect is designated throughout all parts of
the present document as Uj34. The values of the standard uncertainty should be taken from table 3.

Table 3: Uncertainty contribution: Ambient effect

Receiving device noise floor Standard uncertainty of
(generator OFF) is within: the contribution
3 dB of measurement 1,57 dB
3 dB to 6 dB of measurement 0,80 dB
6 dB to 10 dB of measurement 0,30 dB
10 dB to 20 dB of measurement 0,10 dB
20 dB or more of the measurement 0,00 dB

NOTE 1: In this example case the standard uncertainty of the contribution due to the ambient effect is taken as
0,00 dB, since the chamber is assumed to be shielded.

M utual coupling: transmitting antenna to itsimagesin the absorbing material: This uncertainty is the effect of the
change produced in the antenna's input impedance and/or gain. The standard uncertainty of the contribution due to the
mutual coupling of the transmitting antennato itsimages in the absorbing materialsis designated throughout all parts of
the present document as Ujqy.

NOTE 2: Inthis example case the standard uncertainty of the contribution due to the mutual coupling of the
transmitting antenna to its images in the absorbing materials is taken as 0,5 dB (see annex A).

Mutual coupling: transmitting antennato itsimage in the ground plane: This uncertainty is the effect of the change
produced in the antenna's input impedance and/or gain. The standard uncertainty of the contribution due to the mutual
coupling of the transmitting antennato itsimage in the ground plane, designated throughout all parts of the present
document as Ui15: has avalue of 0,00 dB for ANSI dipoles sinceit isincluded, where significant, in the mutual coupling

and mismatch loss correction factors (see table A.20). For other dipoles the value can be obtained from table 4.

Table 4: Uncertainty contribution of the mutual coupling
between the transmitting antenna to its image in the ground plane

Spacing between the antenna Standard uncertainty
and the ground plane of the contribution
For a vertically polarized antenna
spacing < 1,25 A 0,15dB
spacing > 1,25 A 0,06 dB
For a horizontally polarized antenna

spacing < A/2 1,15 dB

Al2 < spacing < 31/2 0,58 dB

3A/2 < spacing < 34 0,29 dB
spacing = 34 0,15 dB

NOTE 3: Inthis example case the standard uncertainty of the contribution due to mutual coupling between the
transmitting antenna and its image in the ground planeis taken as 0,00 dB as we are assuming the use of
ANSI dipoles.

M utual coupling: transmitting antenna to receiving antenna: Thisis the effect produced by any change in the gains
of the antennas which results from their close spacing. The standard uncertainty of the contribution due to the mutual
coupling of the transmitting antenna to receiving antenna, is designated throughout all parts of the present document as
U;1o- It has a standard uncertainty of 0,00 dB for ANSI dipoles sinceit isincluded, where significant, in the mutual

coupling and mismatch loss correction factors. For non-ANSI dipoles the standard uncertainty can be taken from
table 5.
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Table 5: Uncertainty contribution of the mutual coupling
between the transmitting and receiving antenna

Frequency Standard uncertainty Standard uncertainty
of the contribution of the contribution
(3 m range) (10 m range)
30 MHz < frequency < 80 MHz 1,73 dB 0,60 dB
80 MHz < frequency < 180 MHz 0,6 dB 0,00 dB
frequency = 180 MHz 0,00 dB 0,00 dB

NOTE 4: Inthis example case the standard uncertainty of the contribution due to mutual coupling between the
transmitting and receiving antennas is taken as 0,00 dB as we are using ANSI dipoles.

Mutual coupling: interpolation of mutual coupling and mismatch loss correction factors, only for ANSI dipoles:
The standard uncertainty of the contribution, due to the interpolation of mutual coupling and mismatch loss correction
factors, is designated throughout all parts of the present document as Ugo- It has, for spot frequencies given in

table A.20, avalue of 0,00 dB. However, for all other frequencies, the standard uncertainty should be obtained from
table 6.

Table 6: Uncertainty contribution of the interpolation
of mutual coupling and mismatch loss correction factors

Frequency (MHz) Standard uncertainty of
the contribution
for a spot frequency given in the table 0,00 dB
30 MHz < frequency < 80 MHz 0,58 dB
80 MHz < frequency < 180 MHz 0,17 dB
frequency = 180 MHz 0,00 dB

NOTE 5: In this example case the standard uncertainty of the contribution, due to the interpolation of mutual
coupling and mismatch loss correction factors, is taken as 0,00 dB as the frequency is above 180 MHz.

Range length: This contribution is associated with the curvature of the phase front from the transmitting antennato the
receiving antenna. The standard uncertainty of the contribution, due to range length, is designated throughout al parts
of the present document as Ui16- The standard uncertainty is 0,00 dB if ANSI dipoles are used. For other types of

antenna the standard uncertainty of the contribution should be obtained from table 7.

Table 7: Uncertainty contribution of the range length (verification)

Range length (i.e. the horizontal distance Standard uncertainty of
between phase centres) the contribution
(dy+d,)2/44 < range length < (d;+d,)%/21 1,26 dB
(d1+d,)2/24 < range length < (d;+d,)2/A 0,30dB
(d1+d5)2/A < range length < 2(d;+d,)2/A 0,10dB
range length > 2(d;+d,)%/A 0,00 dB
NOTE: d; and d, are the maximum dimensions of the antennas.

NOTE 6: In this example case the standard uncertainty of the contribution, due to the range length, is taken as
0,00 dB aswe are using ANSI dipoles.

Reflectivity of absorbing material: transmitting antenna to the receiving antenna: This uncertainty is associated
with the magnitude of the reflections occurring from the side walls, end walls and ceiling. These magnitudes are a
function of the quality of the absorber at the frequency of test. The standard uncertainty of the contribution, due to
reflectivity of the absorber material between the transmitting antenna and the receiving antenna, is designated
throughout all parts of the present document as Uoz: The relevant value for this contribution should be taken from

table 8.
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Table 8: Uncertainty contribution of the reflectivity of absorbing material
between the transmitting and receiving antennas

Reflectivity of the Standard uncertainty of the
absorbing material contribution
reflectivity < 10 dB 4,76 dB
10 < reflectivity < 15 dB 3,92dB
15 < reflectivity < 20 dB 2,56 dB
20 < reflectivity < 30 dB 1,24 dB
reflectivity > 30 dB 0,74 dB

NOTE 7: Inthis example case the standard uncertainty of the contribution, due to the reflectivity of absorber
material between the transmitting antenna and the receiving antenna, istaken as 2,56 dB sinceitis
assumed that the absorber has a reflectivity in the range 15 dB to 20 dB.

Mutual coupling: receiving antennato itsimagesin the absorbing material: This uncertainty is the effect of the
change produced in the antenna's input impedance and/or gain. The standard uncertainty of the contribution, due to the
mutual coupling of the receiving antennato itsimages in the absorbing material, is designated throughout all parts of
the present document as Ujq7.

NOTE 8: In this example case the standard uncertainty of the contribution due to the mutual coupling of the
receiving antennato itsimages in the absorbing material istaken as 0,5 dB.

Mutual coupling: receiving antennato itsimagein the ground plane: This uncertainty is the effect of the change
produced in the antenna's input impedance and/or gain. The standard uncertainty of the contribution, due to the mutual
coupling of the receiving antennato itsimage in the ground plane, is designated throughout all parts of the present
document as U;45. It has avalue of 0,00 dB for ANSI dipoles sinceit isincluded, where significant, in the mutual

coupling and mismatch loss correction factors. For other antennas the value can be obtained from table 9.

Table 9: Uncertainty contribution of the mutual coupling between the receiving antenna
and its image in the ground plane

Spacing between the antenna Standard uncertainty
and the ground plane of the contribution
For a vertically polarized antenna
spacing< 1,25 A 0,15 dB
spacing > 1,25 A 0,06 dB
For a horizontally polarized antenna

spacing < A/2 1,15 dB

Al2 < spacing < 3A/2 0,58 dB

3A/2 < spacing <34 0,29 dB
spacing = 34 0,15 dB

NOTE 9: Inthis example case the standard uncertainty of the contribution due to the mutual coupling between the
receiving dipole and itsimage in the ground plane is taken as 0,00 dB as we are using ANSI dipoles.

42226 Receiving antenna

Correction: measurement distance: For verification procedures only one stage involves a radiated measurement and
hence no correction can be applied i.e. the uncertainty contribution is 0,00 dB. The standard uncertainty of the
contribution, due to the correction for measurement distance, is designated throughout all parts of the present document
as Uj 18

Correction: off boresight angle in elevation plane: For verification procedures only one stage involves aradiated
measurement and hence no correction can be applied i.e. the uncertainty contribution is 0,00 dB. The standard
uncertainty of the contribution, due to the correction for off boresight angle in elevation plane is designated throughout
all parts of the present document as uj;;.
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Antenna: antenna factor of the receiving antenna: Uncertainty isintroduced as aresult of the inaccurate knowledge
of the antenna factor of the receiving antenna. The antenna factor contributes only to the radiated part of this procedure.
The standard uncertainty of the contribution due to the antenna factor uncertainty of the receiving antennais designated
throughout all parts of the present document as U;44. FoOr ANSI dipoles the value should be obtained from table 10.

Table 10: Uncertainty contribution of the antenna factor of the receiving antenna

Frequency Standard uncertainty of the
contribution
30 MHz < frequency < 80 MHz 1,73 dB
80 MHz < frequency < 180 MHz 0,60 dB
frequency = 180 MHz 0,30 dB
NOTE:  For other antenna types the figures should be taken from
manufacturer's data sheets. If a figure is not given the standard
uncertainty is 1,0 dB.

NOTE 1: Inthis example case the standard uncertainty of the contribution due to the antenna factor uncertainty of
the receiving antennais 0,30 dB since ANSI dipoles have been used and the frequency is above
180 MHz.

Antenna: tuning of thereceiving antenna: Uncertainty is introduced as a result of the inaccurate tuning of the
receiving antenna. This only occurs in stage two of the measurement and therefore does not cancel. The standard
uncertainty of the contribution, due to the tuning uncertainty of the receiving antenna, is designated throughout all parts
of the present document as Uj¢.

NOTE 2: In this example case the standard uncertainty of the contribution due to the tuning uncertainty of the
receiving antennais taken as 0,06 dB (see annex A).

Position of the phase centre; receiving antenna: Uncertainty isintroduced as aresult of the inaccurate positioning of
the phase centre of the receiving antenna. This only occurs in stage two of the measurement. The standard uncertainty
of the contribution, due to the uncertainty in the position of the phase centre of the receiving antenna, is designated
throughout all parts of the present document as Ujzo-

NOTE 3: Inthis example case the standard uncertainty of the contribution due to the position of the phase centre of
the receiving antenna has been calculated from + (the offset) / (range length) x 100 %). The positioning
uncertainty is+0,01 m and therefore the worst case uncertainty = 0,01/3,0 = 0,333 %. Asthe offset can be
anywhere between these limits, the uncertainty is taken to be rectangularly distributed (see
TR 102 273-1-1 [6], clause 5.1.2) and the standard uncertainty is calculated as 0,192 %. Thisis
transformed to the logarithmic form (see annex C), to be 0,02 dB.

42227 Receiving antenna attenuator

Insertion loss: receiving antenna attenuator : The attenuator has an insertion loss as well as an uncertainty associated
with the measurement of its magnitude. The value of insertion loss and its uncertainty remain valid provided the
attenuator is not used outside the manufacturer's specification. At any given frequency the insertion loss acts as a
systematic offset and contributes equally to both stages of the measurement. The standard uncertainty of the
contribution due to the insertion loss uncertainty of the receiving antenna attenuator is designated throughout all parts of
the present document as Uj4q.

NOTE: Inthisexample case the standard uncertainty of the contribution, due to the insertion loss uncertainty of
the transmitting antenna attenuator, is taken as 0,00 dB since the uncertainty is systematic i.e. it produces
the same offset in both stages.

42228 Receiving antenna cable

Insertion loss: receiving antenna cable: The receiving antenna cable has an insertion loss as well as an uncertainty
associated with the measurement of its magnitude. The value of insertion loss and its uncertainty remain valid provided
the cable is not used outside the manufacturer's specification. At any given frequency the insertion loss acts as a
systematic offset and contributes equally to both stages of the measurement. The standard uncertainty of the
contribution due to the insertion loss uncertainty of the receiving antenna cable is designated throughout all parts of the
present document as U4
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NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the insertion loss uncertainty of
the transmitting antenna cable is taken as 0,00 dB since the uncertainty is systematic i.e. it produces the
same offset in both stages.

Cablefactor: receiving antenna: Cable factor is defined as the total effect of the antenna cable's influence on the
measuring system including its interaction with the site. It consists of the |eakage caused by cable screening
inefficiency, parasitic effects on the receiving antenna (acting as a director or reflector) and introducing an unbalanced,
common mode current into the dipole balun. In aradiated measurement the standard uncertainty of the cable factor,
associated with each cable, is 0,5 dB provided that the precautions detailed in the methods have been observed,

i.e. routing and dressing of cables with ferrites. If no prevention has been attempted the standard uncertainty is 4,0 dB
(justification for these valuesis given in annex E). The standard uncertainty of the contribution due to the cable factor
of the receiving antenna cable is designated throughout al parts of the present document as Ui1o-

NOTE 2: Inthis example case the standard uncertainty of the contribution due to the cable factor of the receiving
antenna cable is taken as 0,50 dB since the precautions detailed in the methods are assumed to have been
observed.

42229 Receiving device

Thefirst stage of the verification procedure involved setting a reference level on the receiving device for a particular
output level from the signal generator. In this the second stage (where the path 1oss between two antennas is measured),
asecond level is obtained which resultsin linearity and absolute level uncertainties becoming involved in the
calculation of the combined standard uncertainty for the measurement.

Receiving device: absolute level: This uncertainty only contributes during the second stage of the procedure if the
input attenuation range setting on the receiving device has been changed from its setting in the first stage. The standard
uncertainty of the contribution due to the receiving device absolute level uncertainty is designated throughout all parts
of the present document as Uj47.

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the receiving device absolute level
uncertainty (arange change is assumed) is obtained from the manufacturer's data as £1,0 dB. Thisis
taken as being rectangularly distributed (see TR 102 273-1-1 [6], clause 5.1.2), so the standard
uncertainty is calculated as 0,58 dB.

Receiving device: linearity: The standard uncertainty of the contribution due to the receiving device linearity,
designated throughout all parts of the present document as Ujgg: always contributes during the second stage of the

procedure unless there has been arange change in which case it is included in the receiving device absolute level
uncertainty u;47.

NOTE 2: In this example case arange change has been assumed therefore the contribution is 0,00 dB.

4.2.2.3 Contribution from the random component

Random uncertainty: The magnitude can be assessed from multiple measurements of the radiated attenuation
measurements. The standard uncertainty of the contribution due to the random uncertainty is designated throughout all
parts of the present document as u;;. See also clause 5.5 and the note in clause 6.4.7 of TR 102 273-1-1, as well as note

in clause A.18 of the present document.

The radiated attenuation measurement was repeated ten times. The following results were obtained in dBuV (before
correcting for cabling and attenuator network insertion 10ss):

65,4; 63,4; 66,0; 65,3; 63,0; 64,9; 65,2; 66,8; 65,5; 63,7.
Converting to linear terms (V):

1,862 x 10°3: 1,479 x 10°3;: 1,995 x 10-3;: 1,841 x 10°3;: 1,413 x 10°3; 1,758 x 10-3; 1,820 x 103; 2,188 x 10°3;
1,884 x 10-3; 1,531 x 10°3;
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The two sums X and Y are cal cul ated:
X = the sum of the measured values = 17,77 x 103 (V):

Y = the sum of the squares of the measured values = 32,10 x 106 V2

2
] (17,77 x 10‘3)
3210x108-V /|
10

= =238,3x 106 (formula 5.6)
10-1

Uc random =

Astheresult is obtained as the mean val ue of ten measurements and the standard uncertainty of the random uncertainty
is.

_2383x10° 100

u - 2383x10 -1,17dB
Jrandom = 277x1073 115

NOTE: Inthisexample case the standard uncertainty of the contribution due to the random uncertainty is 1,17 dB.
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4.2.2.4 Summary table of contributory components

All the uncertainty contributions to this part of the procedure are listed in table 11.

Table 11: Contributions from the radiated attenuation measurement

Uj or i Description of uncertainty contributions dB
U3g mismatch: transmitting part 0,11
Ujz7 mismatch: receiving part 0,11
Ujzg signal generator: absolute output level 0,00
Ujzg signal generator: output level stability 0,01
Uig1 insertion loss: transmitting antenna cable 0,00
Ujrg cable factor: transmitting antenna 0,50
U0 insertion loss: transmitting antenna attenuator 0,00
Ujg4 antenna: antenna factor of the transmitting antenna 0,30
Uise antenna: tuning of the transmitting antenna 0,06
Upop position of the phase centre: transmitting antenna 0,02
Ujz4 ambient effect 0,00
Ujg7 mutual coupling: transmitting antenna to its images in the absorbing material 0,50
U5 mutual coupling: transmitting antenna to its image in the ground plane 0,00
Uj1o mutual coupling: transmitting antenna to the receiving antenna 0,00
Uj1o mutual coupling: interpolation of mutual coupling and mismatch loss correction factors 0,00
Uirg range length 0,00
Ujo3 reflectivity of absorber material: transmitting antenna to the receiving antenna 2,56
Ujg7 mutual coupling: receiving antenna to its images in the absorbing material 0,50
U5 mutual coupling: receiving antenna to its image in the ground plane 0,00
Uj1g correction: measurement distance 0,00
Uj17 correction: off boresight angle in the elevation plane 0,00
Ujg4 antenna: antenna factor of the receiving antenna 0,30
Uise antenna: tuning of the receiving antenna 0,06
Upop position of the phase centre: receiving antenna 0,02
Ujgo insertion loss: receiving antenna attenuator 0,00
Ujg1 insertion loss: receiving antenna cable 0,00
Uirg cable factor: receiving antenna 0,50
Uig7 receiving device: absolute level 0,58
Ujsg receiving device: linearity 0,00
Uio1 random uncertainty (see note in clause A.18 of the present document and note in clause 6.4.7 | 1,17

of TR 102 273-1-1)

The standard uncertainties from table 11 should be combined by RSS in accordance with TR 102 273-1-1 [6], clause 5.
This gives the combined standard uncertainty (U, ysa measurement) fOr the NSA measurement in dB.

The value of U \sa measurement 1S Calculated as 3,08 dB.

4.2.2.5 Expanded uncertainty for the verification procedure

The combined standard uncertainty of the results of the verification procedure is the combination of the components
outlined in clauses 4.2.1.4 and 4.2.2.4. The components to be combined are (U girect attenuation measurement) ad

(uc NSA measurement)'

Ue =+/0,221% +3,08% = 3,08 dB

The expanded uncertainty is+1,96 x 3,08 dB = +6,04 dB at a 95 % confidence level.
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4.3 Example 2: measurement of a transmitter parameter
(spurious emission)

For the measurement of the effective radiated power in a spurious emission two stages of test are involved. The first
stage (the EUT measurement) is to measure on the receiving device, alevel fromthe EUT. The second stage (the
substitution) involves replacing the EUT with a substitution antenna and signal source and adjusting the output level of
the signal generator until the same level asin stage one is achieved on the receiving device.

4.3.1 Uncertainty contributions: stage 1: EUT measurement

Thefirst stage of the spurious emission measurement is to measure on the receiving device, alevel fromthe EUT. This
isnormally carried out with a broadband antenna and receiver combination as shown in figure 5. The components
shown shaded are common to both stages of the test.

/1 1\ /Test antenna

Test
antenna

cable 2 —
EUT Attenuator 2 Receiving

\ 10 dB R / device

ferrite beads

\\ [/

Ground plane

Figure 5: Stage 1: EUT measurement

Due to the commonality of all of the components from the test antennato the receiver in both stages of the test, the
mismatch uncertainty contributes identically to both stages and hence does not contribute to the combined standard
uncertainty of the measurement. Similarly, for the systematic uncertainty contributions (e.g. test antenna cable loss etc.)
of the individual components.

Whereas figure 5 shows, schematically, the test equipment set-up for this stage of the spurious emission measurement,
an analysis diagram of the individual components (each of which contributes its own uncertainty) for this stage of the
measurement is shown in figure 6. Again, as stated above, the shaded areas represent components common to both
stages of the spurious emissions measurement.

4311 Contributions from the mismatch components

Mismatch: receiving part: The uncertainty contribution due to the mismatch for the receiving part from the test
antennato the receiver, can be calculated from the approach described in annex D. All the individual contributions are
U-distributed.

NOTE 1: Inthisexample the value taken for the signal generator output reflection coefficient is the worst case
value over the frequency band of interest. Similarly for the cable, adapter and attenuator VSWRs.

NOTE 2: The attenuation values of the cables and attenuators should be obtained from the data sheets/calibration
records at the specific frequency of the test, along with the associated uncertainties for these values.

The mismatch uncertainty between the test antenna and the receiving device however, contributes equally to both stages
of the test and therefore has no contribution to the combined standard uncertainty. Therefore it is not calculated.
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Figure 6: Stage 1: EUT measurement individual uncertainty components

The standard uncertainty of the contribution, due to the mismatch in the receiving part, is designated throughout all
parts of the present document as Uiz7-

NOTE 3: Inthis example case the standard uncertainty of the contribution due to mismatch in the receiving part is
taken as 0,00 dB, since the uncertainty is assumed to be systematici.e. it is assumed constant and
common to both stages of the measurement.

4312 Contributions from the individual components

43121 EUT

EUT: influence of setting the power supply on the spurious emission level: Thisisthe resulting uncertainty caused
by the uncertainty of setting of the power supply level. In this case normal supply conditions are assumed, not extreme.
The supply voltage uncertainty is taken to be £100 mV so the uncertainty caused by this supply voltage uncertainty is
calculated using the dependency function (TR 100 028 [5]) whose mean valueis 10 %/V and whose standard
uncertainty is 3 %/V. The standard uncertainty of the spurious emission level uncertainty caused by power supply
voltage uncertainty (using formula’5.3) is:

2
\/(0% x ((10%/V )2+(3%/V )?) = 0,60 %

Thisisthen transformed to logarithmic form: 0,60/23,0 % = 0,03 dB (see annex C).

The standard uncertainty of the contribution, due to the influence of setting the power supply on the spurious emission
level, is designated throughout all parts of the present document as Uisa-
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NOTE 1: Inthisexample case the standard uncertainty of the contribution, due to the influence of setting the power
supply on the spurious emission level, is calculated above as 0,03 dB.

EUT: influence of the ambient temperature on the spurious emissions: Thisisthe uncertainty in the power level of
the spurious emission caused by the uncertainty in knowing the ambient temperature. The ambient temperature
uncertainty is+1 °C. The uncertainty caused by this temperature uncertainty is cal culated using the dependency
function (TR 100 028 [5]) whose mean value is 4 %/°C and whose standard uncertainty is 1,2 %/°C. The standard
uncertainty of the spurious emission power level uncertainty caused by ambient temperature uncertainty (using
formula5.3) is.

o\ 2
\/(—(1 3? ) x(4.0%°C )2+ (L2%/°C )2) = 2,41 %

Thisisthen transformed to logarithmic form: 2,41/23,0 % = 0,10 dB (see annex C).

The standard uncertainty of the contribution, due to the influence of the ambient temperature on the spurious emissions,
is designated throughout all parts of the present document as U5y

NOTE 2: Inthis example case the standard uncertainty of the contribution due to the influence of the ambient
temperature on the spurious emissions level is calculated above as 0,10 dB.

EUT: mutual coupling to the power leads: Thisis the uncertainty associated with the influence (reflections, parasitic
effects, etc.) of the power leads on the EUT. The standard uncertainty associated with this effect is 0,5 dB provided that
the precautions detailed in the methods have been observed, i.e. routing and dressing of cables with ferrites. If no
prevention has been attempted the standard uncertainty is 2,0 dB. The standard uncertainty of the contribution, due to
the mutual coupling to the power leads, is designated throughout all parts of the present document as Uisg-

NOTE 3: Inthis example case the standard uncertainty of the contribution due to the mutual coupling to the power
leadsistaken as 0,5 dB since the precautions detailed in the methods are assumed to have been observed.

Position of the phase centre: within the EUT volume: This contribution is associated with the uncertainty with which
the actual radiating point within the equipment volume is known. If this point is known exactly the contribution is

0,00 dB. The standard uncertainty of the contribution, due to the position of the phase centre within the EUT volume, is
designated throughout all parts of the present document as Ui20-

NOTE 4: Inthis example case the standard uncertainty of the contribution due to the position of the phase centre
within the EUT volume has been calculated from (z (the maximum dimension of device) / (2 x range
length) x 100 %). In this example the position is not known. Hence, the uncertainty of the position of the
phase centre within the EUT of 0,15 m maximum dimension is 0,15/2 m = 0,075 m, and the worst case
uncertainty due to this offset is therefore = (0,075/3,0) x 100 % = £2,50 %. As the phase centre can be
anywhere inside the EUT, the uncertainty is taken as rectangularly distributed and the standard
uncertainty is calculated as 1,44 %. Thisis then transformed to the logarithmic form
(1,44/11,5) = 0,12 dB (see annex C).

Positioning of the phase centre: within the EUT over the axis of rotation of the turntable: This contribution is
associated with the uncertainty with which the actual radiating point within the equipment is placed over the centre of
the turntable. If the point is placed exactly, the contribution is 0,00 dB. The standard uncertainty of the contribution due
to the positioning of the EUT phase centre over the axis of rotation of the turntable, is designated throughout all parts of
the present document as Uj;.

NOTE 5: In this example case the standard uncertainty of the contribution due to the positioning of the EUT phase
centre over the axis of rotation of the turntable is calculated from (x (the estimated offset from the axis of
rotation) / (2 x range length) x 100 %). In this case, the uncertainty of the positioning is taken as+0,01 m,
and the worst case uncertainty is + (0,01/3,0) x 100 = +0,333 %. As the offset can be anywhere between
the limits the uncertainty is rectangularly distributed and the standard uncertainty is calculated as
0,192 %. Thisisthen transformed to the logarithmic form (0,192/11,5) = 0,02 dB (see annex C).

Range length: This contribution is associated with the curvature of the phase front from the EUT to the test antenna.
The standard uncertainty of the contribution due to the range length is designated throughout all parts of the present
document as Ujq6. The standard uncertainty of the contribution should be obtained from table 12.
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Table 12: Uncertainty contribution of the range length (verification)

Range length (i.e. the horizontal distance Standard uncertainty of
between phase centres) the contribution
(d1+d,)?/44 < range length < (d;+d,)2/2/ 1,26 dB
(d1+d,)2/2 < range length < (d;+d,)2/A 0,30dB
(d1+d)?/A < range length < 2(d;+d)?/A 0,10dB
range length > 2(dy+d,)%/A 0,00 dB
NOTE: d; and d, are the maximum dimensions of the antennas.

NOTE 6: In this example case the standard uncertainty of the contribution due to the range length is taken as
0,00 dB since the range length is = 2 (d;+d,)%/A.

43.1.2.2 Site factors

Ambient effect: Ambient effect is the uncertainty caused by local ambient signals raising the noise floor at the
measurement frequency. The standard uncertainty of the contribution, due to the ambient effect, is designated
throughout all parts of the present document as Uizg- The values of the standard uncertainty should be taken from

table 13.

Table 13: Uncertainty contribution: ambient effect

Receiving device noise floor Standard uncertainty of
(EUT OFF) is within: the contribution
3 dB of measurement 1,57 dB
3 dB to 6 dB of measurement 0,80 dB
6 dB to 10 dB of measurement 0,30 dB
10 dB to 20 dB of measurement 0,10 dB
20 dB or more of the measurement 0,00 dB

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the ambient effect istaken as
0,00 dB, since the chamber is assumed to be shielded.

Mutual coupling: amplitude effect of the test antenna on the EUT: This uncertainty results from the interaction
between the EUT and the test antenna when placed close together. The standard uncertainty of the contribution due to
the amplitude effect of the mutual coupling between the test antenna and the EUT, is designated throughout all parts of
the present document as Ujg. The standard uncertainty should be taken from table 14.

Table 14: Uncertainty contribution: mutual coupling: amplitude effect
of the test antenna on the EUT

Range length Standard uncertainty of the
contribution
0,62\/((d1+d2)3/)\)s range length < 2(d1+d2)2/)\ 0,50 dB
range length > 2(d+d5)2/A 0,00 dB

NOTE 2: In this example case the standard uncertainty of the contribution due to the amplitude effect of the mutual
coupling between the test antenna and the EUT is 0,00 dB since the distance is > 2 (d;+d,)%/A.

Mutual coupling: EUT toitsimagesin the absorbing material: This uncertainty is dependant on the quality of the
absorbing material and the effect imaging of the EUT in the ceiling, side and end walls has on the input impedance
and/or gain of the integral antenna. The standard uncertainty of the contribution, due to the mutual coupling of the EUT
to itsimages in the absorbing material, is designated throughout all parts of the present document as Uios-

NOTE 3: Inthis example case the standard uncertainty of the contribution due to the mutual coupling amplitude
effect of the absorbing material on the EUT is assumed to be 0,5 dB (see annex A).
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Mutual coupling: EUT toitsimagein the ground plane: This uncertainty results from the change in the EUT
spurious emission level as aresult of being placed close to the ground plane. The standard uncertainty of the
contribution, due to the mutual coupling of the EUT to itsimage in the ground plane, is designated throughout all parts
of the present document as u;43. Its value can be obtained from table 15.

Table 15: Uncertainty contribution of the mutual coupling between the EUT
to its image in the ground plane

Spacing between the EUT Standard uncertainty
and the ground plane of the contribution
For a vertically polarized EUT
spacing < 1,25 1 0,15dB
spacing > 1,25 A 0,06 dB
For a horizontally polarized EUT

spacing < A/2 1,15 dB

Al2 < spacing < 31/2 0,58 dB
3A/2 < spacing < 31 0,29 dB
spacing = 3/ 0,15 dB

NOTE 4: In this example case the standard uncertainty of the contribution, due to the mutual coupling of the EUT
to itsimage in the ground plane, (assuming the polarization is vertical and the spacing above the ground
planeis< 1,25 A at the test frequency) istaken as 0,15 dB.

Reflectivity of absorbing material: EUT to thetest antenna: This uncertainty is associated with the magnitudes of
the reflections occurring from the side walls, end walls and ceiling. These magnitudes are a function of the quality of
the absorber at the frequency of test. The standard uncertainty of the contribution, due to the reflectivity of the
absorbing material between the EUT and the test antenna, is designated throughout all parts of the present document as
Ujoz- The relevant value for this contribution should be taken from table 16.

Table 16: Uncertainty contribution of the reflectivity of absorbing material
between the EUT and test antenna

Reflectivity of the Standard uncertainty of the
absorbing material contribution
reflectivity <10 dB 4,76 dB
10 dB < reflectivity < 15 dB 3,92dB
15 dB < reflectivity <20 dB 2,56 dB
20 dB < reflectivity <30 dB 1,24 dB
reflectivity > 30 dB 0,74 dB

NOTE 5: Inthis example case the standard uncertainty of the contribution due to the reflectivity of the absorbing
materia between the EUT and the test antenna is taken as 0,00 dB since thisis a substitution
measurement and the contribution cancels (see annex A).

Mutual coupling: test antenna to itsimagesin the absor bing material: Thisisthe uncertainty due to the mutual
coupling between the test antenna and itsimagesin the ceiling, side and end walls and is the effect of the change
produced in the antenna's input impedance and/or gain. Asthisisthefirst stage of a substitution measurement and the
uncertainty is common to both stagesit will only contribute in the second stage if the test antennaiislocated at a
different height on the antenna mast. The standard uncertainty of the contribution, due to the mutual coupling between
the test antenna and its images in the absorbing material, is designated throughout all parts of the present document as

NOTE 6: In this example case the standard uncertainty of the contribution due to the mutual coupling between the
test antenna and its images in the absorbing material istaken as 0,00 dB since thisis the reference
position.
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Mutual coupling: test antennato itsimagein the ground plane: Thisisthe uncertainty due to the mutual coupling
between the test antenna and itsimage in the ground plane and is the effect of the change produced in the antenna's
input impedance and/or gain when placed close to aground plane. Asthisisthe first stage of a substitution
measurement and the uncertainty is common to both stages, it will only contribute in the second stage if the test antenna
islocated at a different height on the antenna mast. The standard uncertainty of the contribution, due to the mutual
coupling between the test antenna and itsimage in the ground plane, is designated throughout all parts of the present
document as Ujq .

NOTE 7: Inthis example case the standard uncertainty of the contribution due to the mutual coupling between the
test antenna and itsimage in the ground plane is taken as 0,00 dB since this is the reference position.

4.3.1.2.3 Test antenna

Correction: measurement distance: For those testsin which the test antenna on the mast peaks at different heightsin
the two stages, a correction for the measurement distance should be made to account for the different measurement
distances. The standard uncertainty of the contribution due to the correction for measurement distance is designated
throughout all parts of the present document as Ui1g-

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the correction for measurement
distance istaken as 0,00 dB since, in this, the first stage of the measurement, only areference height is
being set.

Correction: off boresight angle in elevation plane: For those tests in which the test antenna on the mast peaks at
different heights in the two stages, a correction needs to be made to account for the different angles subtended by the
EUT/substitution antenna. The standard uncertainty of the contribution, due to the correction for off boresight anglein
elevation plane, is designated throughout all parts of the present document as Ui17-

NOTE 2: In this example case the standard uncertainty of the contribution due to the correction for off boresight
anglein elevation plane istaken as 0,00 dB since in this, the first stage of the measurement, only a
reference height is being set.

Antenna: gain of thetest antenna: The gain, and its uncertainty, of the test antenna act as systematic offsets since they
are present in both stages of the test. The standard uncertainty of the contribution, due to the uncertainty of the gain of
the test antenna, is designated throughout all parts of the present document as Ujg5.
NOTE 3: In this example case the standard uncertainty of the contribution due to the uncertainty of the gain of the
test antennaiis taken as 0,00 dB since the uncertainty is systematic i.e. it produces the same offset in both
stages.

Antenna: tuning of the test antenna: This uncertainty isintroduced as a result of inaccurate tuning of the test antenna.
The standard uncertainty of the contribution, due to the tuning of the test antenna, is designated throughout all parts of
the present document as Uj4¢.

NOTE 4: In this example case the standard uncertainty of the contribution due to the tuning of the test antennais
taken as 0,00 dB since the uncertainty is systematic i.e. it is assumed constant and common to both stages
of the measurement and, provided that once set in stage one of the test it is not subsequently re-tuned, its
contribution is the same in both stages.

Position of the phase centre; test antenna: The horizontal position of the test antenna defines one end of the range
length. The standard uncertainty of the contribution, due to the position of the phase centre of the test antenna, is
designated throughout all parts of the present document as Ujgo-

NOTE 5: Inthis example case the test antennais assumed to describe a vertical straight line asits height on the

mast is changed. The standard uncertainty of the contribution due to the position of the phase centre of the
test antennais assumed to be 0,00 dB (see annex A).
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4.3.1.2.4 Test antenna attenuator

Insertion loss: test antenna attenuator: The attenuator has an insertion loss as well as an uncertainty associated with
the measurement of its magnitude. The value of insertion loss and its uncertainty remain valid provided the attenuator is
not used outside the manufacturer's specification. At any given frequency the insertion loss acts as a systematic offset
and contributes equally to both stages of the measurement. The standard uncertainty of the contribution due to the
insertion loss of the test antenna attenuator is designated throughout all parts of the present document as Ui40-

NOTE: Inthisexample case the standard uncertainty of the contribution, due to the insertion loss uncertainty of
the test antenna attenuator, is taken as 0,00 dB since the uncertainty is systematici.e. it produces the same
offset in both stages.

43.1.25 Test antenna cable

Insertion loss: test antenna cable: The test antenna cable has an insertion loss as well as an uncertainty associated
with the measurement of its magnitude. The value of insertion loss and its uncertainty remain valid provided the cableis
not used outside the manufacturer's specification. At any given frequency the insertion loss acts as a systematic offset
and contributes equally to both stages of the measurement. The standard uncertainty of the contribution, due to the
insertion loss uncertainty of the test antenna cable, is designated throughout all parts of the present document as Uig1.

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the insertion loss uncertainty of
the test antenna cable is taken as 0,00 dB since the uncertainty is systematic i.e. it produces the same
offset in both stages.

Cablefactor: test antenna cable: Cable factor is defined as the total effect of the antenna cable'sinfluence on the
mesasuring system including its interaction with the site. It consists of the |eakage caused by cable screening
inefficiency, parasitic effects (acting as adirector or reflector) on the test antenna and introducing an unbal anced,
common mode current into the dipole balun. In aradiated measurement the standard uncertainty of the cable factor,
associated with each cable, is 0,5 dB provided that the precautions detailed in the methods have been observed,

i.e. routing and dressing of cables with ferrites. If no prevention has been attempted the standard uncertainty is 4,0 dB
(justification for these valuesis given in annex E). The standard uncertainty of the contribution due to the cable factor
of the test antenna cable is designated throughout all parts of the present document as U1o-

NOTE 2: Inthis example case the standard uncertainty of the contribution due to the cable factor of the test antenna
cable istaken as 0,50 dB since in this measurement, the cable changes position in both stages (the height
of the test antenna being optimized in both stages) even though the precautions detailed in the methods
have been observed.

43.1.2.6 Receiving device

Whereas the first stage of a spurious emission test is to observe and record the received level from the EUT on the
receiving device, the second stage involves the adjustment of the output level of a signal generator to achieve the same
received level from a subgtitution antenna. As a consegquence of this methodology, the receiving device contributes
neither linearity nor absolute level uncertainty to either stage of the test.

Receiving device: absolute level: The standard uncertainty of the contribution, due to the absolute level uncertainty of
the receiving device, is designated throughout all parts of the present document as Uig7-

NOTE 1: Inthisexample case the standard uncertainty of the contribution, due to the absolute level uncertainty of
the receiving device is taken as 0,00 dB.

Receiving device: linearity: The standard uncertainty of the contribution, due to the receiving device linearity, is
designated throughout all parts of the present document as Uj4g-

NOTE 2: Inthis example case the standard uncertainty of the contribution due to the receiving device linearity is
taken as 0,00 dB.
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4313 Contribution from the random component

Random uncertainty: The magnitude can be assessed from multiple measurements of the spurious emission. The
standard uncertainty of the contribution due to the random uncertainty is designated throughout all parts of the present
document as u;;. See also clause 5.5 and the note in clause 6.4.7 of TR 102 273-1-1, as well as note in clause A.18 of

the present document.

The EUT measurement was repeated ten times. The following results were obtained in dBuV (before correcting for
cabling and attenuator network insertion loss):

65,4; 63,4; 66,0; 65,3; 63,0; 64,9; 65,2; 66,8; 65,5; 63,7.
Converting to linear terms (V):

1,862 x 10°3; 1,479 x 10°3; 1,995 x 10°3; 1,841 x 10°3; 1,413 x 10°3; 1,758 x 10°3; 1,820 x 10°3;
2,188 x 10°3; 1,884 x 10°3; 1,531 x 10°3;

Thetwo sums X and Y are cal cul ated:
X = the sum of the measured values = 17,77 x 103 V;

Y = the sum of the squares of the measured values = 32,10 x 106 V2

2
(17,77 x 10‘3)
Y 3210x106-» 1

- 10 =238,3 x10°6 (formula5.6)
10-1

Uc random =

X 2
n
n-1
Astheresult is obtained as the mean val ue of ten measurements and the standard uncertainty of the random uncertainty
is:

—6
Uj random = 28310 _, 20 _117d8

1,777x107% 115

NOTE: Inthisexample case the standard uncertainty of the contribution due to the random uncertainty is 1,17 dB.
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43.1.4 Summary table of contributory components

All the uncertainty contributions for this part of the procedure are listed in table 17.

Table 17: Contributions from the EUT measurement

Uj or i Description of uncertainty contributions dB
uj37 mismatch: receiving part 0,00
Ujs4 EUT: influence of setting the power supply on the spurious emission level 0,03
Uis1 EUT: influence of the ambient temperature on the spurious emission level 0,03
Ujss EUT: mutual coupling to the power leads 0,50
Uizo position of the phase centre: within the EUT volume 0,12
Uppq positioning of the phase centre: within the EUT over the axis of rotation of the turntable 0,02
Uj1e range length 0,00
Ujz4 ambient effect 0,00
Ujog mutual coupling: amplitude effect of the test antenna on the EUT 0,00
U4 Mutual coupling: EUT to its images in the absorbing material 0,50
Uj13 mutual coupling: EUT to its image in the ground plane 0,15
Ujo1 reflectivity of absorbing material: EUT to the test antenna 0,00
Uiog mutual coupling: test antenna to its images in the absorbing material 0,00
Uj14 mutual coupling: test antenna to its image in the ground plane 0,00
Uj1g correction: measurement distance 0,00
Uj17 correction: off boresight angle in elevation plane 0,00
Ujss antenna: gain of the test antenna 0,00
Uise antenna: tuning of the test antenna 0,00
Ui22 position of the phase centre: test antenna 0,00
Uiso insertion loss: test antenna attenuator 0,00
Ujg1 insertion loss: test antenna cable 0,00
Uirg cable factor: test antenna cable 0,50
U7 receiving device: absolute level 0,00
Ujsg receiving device: linearity 0,00
Uio1 random uncertainty (see note in clause A.18 of the present document and note in clause 6.4.7 | 1,17

of TR 102 273-1-1)

The standard uncertainties from table 17 should be combined by RSS in accordance with TR 102 273-1-1 [6], clause 5.
This gives the combined standard uncertainty (Ug contribution from the EUT measurement) 10 the EUT measurement in dB.

The value of Ue contribution from the EUT measurement iscalculated as 1,47 dB.

4.3.2 Uncertainty contributions: stage 2: substitution measurement
The second stage of the spurious emission test (the substitution) involves replacing the EUT with a substitution antenna

and signal source as shown in figure 7, and adjusting the output level of the signal generator until the same level asin
stage one is achieved on the receiving device.
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Figure 7: Stage two: typical emission substitution test

Whereas figure 7 shows, schematically, the test equipment set-up for this substitution stage of the spurious emission
test, figure 8, an analysis diagram, provides a detailed picture of the individual uncertainty components (each of which
contributes its own uncertainty) for this stage in the measurement. As stated above, the shaded areas represent
components common to both stages of the test method.

4321 Contributions from the mismatch components

Mismatch uncertainty transmitting and receiving parts: The value of the combined standard uncertainty of the
contribution due to the mismatch for the substitution measurement are cal culated from the approach described in annex
D. For this stageit is calculated in two parts. Firstly the standard uncertainty of the contribution due to the mismatch in
the transmitting part, i.e. between the signal generator, cable, attenuator and the substitution antenna and secondly, that
for the receiving part, i.e. between the test antenna, attenuator, cable and the receiver. However, only the contribution
for the transmitting part is actually calculated since the receiving part is common to both stages of the test and its
uncertainty contribution therefore largely cancels.

Mismatch: transmitting part:

Signal generator: Output reflection coefficient: |og| =0,20
Cable: Input and output reflection coefficients: |S;4| and [S,,| =0,07
Attenuation: 1dB = |S;,| = [S,4] =0,891
Attenuator: Input and output reflection coefficients |S4| = [S,,| =0,05
Attenuation = 10 dB [S;,| = |Sy] =0,3162
Transmitting antenna:  Input reflection coefficient: | oy, =0,333

All these contributions are U-distributed. Those components that cancel are not cal culated. Other contributions are
(see annex D):

Ui generator and cable 1: Constant for both stage 1 and 2. Hence this val ue does not contribute.
Ui cable 1 and attenuator 1° CONstant for both stage 1 and 2. Hence this value does not contribute.

0,05%0,333x100
Uj attenuator 1and antenna = \/E % =1177%

Ui generator and attenuator 1. CONstant for both stage 1 and 2. Hence this value does not contribute.

0,07 x0,333 x 0,3162 x100
Uj cableland antenna = 72 % = 0,165 %

0,2x0,333x0,891° 0,316 x100
Uj generator and antenna = 72 % =0,373%
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Figure 8: Stage two: Substitution measurement individual uncertainty components

The combined standard uncertainty of the mismatch is then cal culated:

Uc mismatch: substitution = \/1'1772 +011652 +013732 =125 %

transforming to the logarithmic form (see annex C): 1,24 %/11,5 = 0,11 dB.

The standard uncertainty of the contribution due to the mismatch in the transmitting part, is designated throughout all
parts of the present document as U;5¢. Its value in this exampleis 0,11 dB.

Mismatch: receiving part:

The mismatch uncertainty between the test antenna and the receiving device contributes equally to both stages of the
test and therefore has no contribution to the combined standard uncertainty. Thereforeit is not calculated. The standard
uncertainty of the contribution due to mismatch in the receiving part is designated throughout all parts of the present

document as Uj37-

NOTE: Inthisexample case the standard uncertainty of the contribution due to mismatch in the receiving part is
taken as 0,00 dB since the uncertainty is systematic i.e. it produces the same offset in both stages.
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4.3.2.2 Contributions from the individual components

43221 Signal generator

Signal generator: absolute output level: The signal generator replacesthe EUT in the substitution part of thistest and,
as aresult, should beincluded in the combined standard uncertainty since it does not cancel as a systematic offset. The
standard uncertainty of the contribution, due to the signal generator absolute output level, is designated throughout all
parts of the present document as U 3g.

NOTE 1: Inthisexample case the uncertainty of the contribution due to the signal generator absolute output level
uncertainty is obtained from the manufacturer's data sheet as+1,0 dB. As nothing is said about the
distribution of this uncertainty, a rectangular distribution (see TR 102 273-1-1 [6], clause 5.1.2) inlogsis
assumed, and the standard uncertainty is calculated as 0,58 dB.

Signal generator: output level stability: In any test in which the contribution of the absolute level uncertainty of the
signal generator contributes to the combined standard uncertainty of the test i.e. it does not cancel dueto the

methodol ogy, the contribution from the output level stability is considered to have been included in the signal generator
absolute output level, Ujzg: Conversdly, for any level in which the absolute level uncertainty of the signal generator does

not contribute to the combined standard uncertainty, the output level stability of the signal generator should be included.
The standard uncertainty of the contribution due to the signal generator output level stability is designated throughout
all parts of the present document as u3q. Its value can be derived from manufacturer's data sheet.

NOTE 2: Inthis example case the standard uncertainty of the contribution due to the signal generator output level
stability istaken as 0,00 dB asit is covered by the absolute level uncertainty.

43.2.2.2 Substitution antenna cable

Insertion loss: substitution antenna cable: The substitution antenna cable has an insertion loss as well as an
uncertainty associated with the measurement of its magnitude. The value of insertion loss and its uncertainty remain
valid provided the cable is not used outside the manufacturer's specification. At any given frequency the insertion loss
acts as a systematic offset and contributes equally to both stages of the measurement. The standard uncertainty of the
contribution due to the insertion loss uncertainty of the substitution antenna cable, is designated throughout all parts of
the present document as Ujy;.

NOTE 1: Inthisexample case the uncertainty of the contribution due to the insertion loss uncertainty of the
substitution antenna cable is taken from the manufacturer's data sheet as +0,5 dB. As nothing is said about
the distribution, arectangular distribution (see TR 102 273-1-1 [6], clause 5.1.2) in logsis assumed and
the standard uncertainty is calculated as 0,29 dB.

Cablefactor: substitution antenna cable: Cable factor is defined as the total effect of the antenna cable's influence on
the measuring system including its interaction with the site. It consists of the leakage caused by cable screening
inefficiency, parasitic effects (acting as a director or reflector) and introducing an unbalanced, common mode current
into the dipole balun. In aradiated measurement the standard uncertainty of the cable factor, associated with the
substitution antenna cableis 0,5 dB provided the precautions detailed in the methods have been observed, i.e. routing
and dressing of cables with ferrites. If no prevention has been attempted the standard uncertainty is 4,0 dB (justification
for these valuesis given in annex E). The standard uncertainty of the contribution, due to the cable factor of the
substitution antenna cable, is designated throughout all parts of the present document as Ui1o-

NOTE 2: Inthis example case the standard uncertainty of the contribution due to the cable factor of the substitution
antenna cable is taken as 0,50 dB since the precautions detailed in the methods are assumed to have been
observed.

43.2.2.3 Substitution antenna attenuator

Insertion loss: substitution antenna attenuator: The attenuator has an insertion loss as well as an uncertainty
associated with the measurement of its magnitude. The value of insertion loss and its uncertainty remain valid provided
the attenuator is not used outside the manufacturer's specification. At any given frequency the insertion loss is taken
from the manufacturer's data sheet since it does not cancel as a systematic offset (it only appearsin one stage of the
test). The standard uncertainty of the contribution, due to the insertion loss uncertainty of the substitution antenna
attenuator, is designated throughout all parts of the present document as Ui40-
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NOTE: Inthisexample case the uncertainty of the contribution, due to the insertion loss uncertainty of the
substitution antenna attenuator, is obtained from the manufacturer's data sheet as+0,3 dB. Asnothing is
said about the distribution, arectangular distribution (see TR 102 273-1-1 [ 6], clause 5.1.2) inlogsis
assumed and the standard uncertainty is calculated as 0,17 dB.

43224 Substitution antenna

Antenna: gain of the substitution antenna: The gain (and its uncertainty) of the substitution antennais only involved
in the second stage of the test. The standard uncertainty of the contribution due to the gain of the substitution antennaiis
designated throughout all parts of the present document as U;45. For ANSI dipoles the value should be obtained from

table 18.

Table 18: Uncertainty contribution: antenna: gain of the test or substitution antenna

Frequency Standard uncertainty of the
contribution
30 MHz < frequency < 80 MHz 1,73 dB
80 MHz < frequency < 180 MHz 0,60 dB
frequency > 180 MHz 0,30 dB
NOTE:  For other antenna types the figures should be taken from
manufacturer's data sheets. If a figure is not given the standard
uncertainty is 1,0 dB.

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the gain of the substitution
antennaistaken as 0,3 dB as an ANSI dipoleis used and the frequency is above 180 MHz.

Antenna: tuning of the substitution antenna: Uncertainty isintroduced as aresult of the inaccurate tuning of the
substitution antenna. This only occursin stage two of the measurement. The standard uncertainty of the contribution,
due to the tuning of the substitution antenna, is designated throughout all parts of the present document as Ui46-
NOTE 2: In this example case the standard uncertainty of the contribution due to the tuning of the substitution
antennais taken as 0,06 dB.

Position of the phase centre: substitution antenna: Uncertainty isintroduced as a result of the inaccurate positioning
of the phase centre of the substitution antenna. This only occurs in stage two of the measurement. The standard
uncertainty of the contribution, due to the position of the phase centre of the substitution antenna, is designated
throughout all parts of the present document as Ujzo-

NOTE 3: In this example case the standard uncertainty of the contribution due to the uncertainty in the position of
the phase centre of the substitution antenna has been calculated from (£ (the offset from axis of
rotation) / (range length) x 100 %). The positioning uncertainty is+0,01 m and therefore the worst case
uncertainty = 0,01/ 3,0 = 0,333 %. Asthe offset can be anywhere between these limits, the uncertainty is
taken to be rectangularly distributed (see TR 102 273-1-1 [6], clause 5.1.2) and the standard uncertainty is
calculated as 0,192 %. Thisis transformed to the logarithmic form (see annex C), to be 0,02 dB.

43.2.25 Site factors

Ambient effect: Uncertainty isintroduced as aresult of local ambient signals raising the noise floor at the measurement
frequency. The standard uncertainty of the contribution due to the ambient effect is designated throughout all parts of
the present document as Uiza. The values of the standard uncertainty should be taken from table 19.

Table 19: Uncertainty contribution: Ambient effect

Receiving device noise floor Standard uncertainty of
(generator OFF) is within: the contribution
3 dB of measurement 1,57 dB
3 dB to 6 dB of measurement 0,80 dB
6 dB to 10 dB of measurement 0,30 dB
10 dB to 20 dB of measurement 0,10 dB
20 dB or more of the measurement 0,00 dB
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NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the ambient effect istaken as
0,00 dB, since the chamber is assumed to be shielded.

Mutual coupling: substitution antennato itsimagesin the absorbing material: This uncertainty isthe effect of the
change produced in the antenna's input impedance and/or gain. The standard uncertainty of the contribution due to the

mutual coupling of the substitution antennato itsimages in the absorbing material is designated throughout all parts of
the present document as Ujq.

NOTE 2: In this example case the standard uncertainty of the contribution due to the mutual coupling of the
transmitting antenna to its images in the absorbing materials is taken as 0,5 dB (see annex A).

Mutual coupling: substitution antennato itsimage in the ground plane: This uncertainty is the effect of the change
produced in the antenna's input impedance and/or gain. The standard uncertainty of the contribution due to the mutual
coupling of the substitution antennato itsimage in the ground plane, designated throughout all parts of the present
document as Ui14 has a value of 0,00 dB for ANSI dipoles sinceit isincluded, where significant, in the mutual coupling

and mismatch loss correction factors (see table A.20). For other dipoles the val ue can be obtained from table 20.

Table 20: Uncertainty contribution of the mutual coupling between the substitution antenna
and its image in the ground plane

Spacing between the antenna Standard uncertainty
and the ground plane of the contribution
For a vertically polarized antenna
spacing<1,25 4 0,15dB
spacing > 1,25 A 0,06 dB
For a horizontally polarized antenna

spacing < A/2 1,15 dB

Al2 < spacing < 34/2 0,58 dB

3A/2 < spacing < 34 0,29 dB
spacing = 34 0,15 dB

NOTE 3: Inthis example case the standard uncertainty of the contribution due to mutual coupling between the
substitution antenna and its image in the ground plane is taken as 0,58 dB.

M utual coupling: substitution antenna to the test antenna: Thisis the effect produced by any change in gain of the
antennas which results from their close spacing. The standard uncertainty of the contribution due to the mutual coupling
of the substitution antenna to the test antenna, designated throughout all parts of the present document as Ugq- For ANS|

dipoles the value of this uncertainty is 0,00 dB asit isincluded, where significant, in the mutual coupling and mismatch
loss correction factors. For non-ANSI dipoles the standard uncertainty for frequencies can be taken from table 21.

Table 21: Uncertainty contribution of the mutual coupling between the substitution
and test antennas

Frequency Standard uncertainty Standard uncertainty
of the contribution of the contribution
(3 m range) (10 m range)
30 MHz < frequency < 80 MHz 1,73 dB 0,60 dB
80 MHz < frequency < 180 MHz 0,6 dB 0,00 dB
frequency > 180 MHz 0,00 dB 0,00 dB

NOTE 4: Inthis example case the standard uncertainty of the contribution due to mutual coupling between the
substitution and test antennas is taken as 0,00 dB as the frequency is above 180 MHz.

Mutual coupling: inter polation of mutual coupling and mismatch loss correction factors, only for ANSI dipoles:
The standard uncertainty of the contribution due to the interpolation of mutual coupling and mismatch loss correction
factors, is designated throughout all parts of the present document as U;1o. For spot frequencies given in table A.20, the
value of the contribution is 0,00 dB. However, for all other frequencies, the standard uncertainty should be obtained
from table 22.
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Table 22: Uncertainty contribution of the interpolation of mutual coupling
and mismatch loss correction factors

Frequency (MHz) Standard uncertainty of
the contribution
for a spot frequency given in the table 0,00 dB
30 MHz < frequency < 80 MHz 0,58 dB
80 MHz < frequency < 180 MHz 0,17 dB
frequency = 180 MHz 0,00 dB

NOTE 5: In this example case the standard uncertainty of the contribution due to the interpolation of mutual
coupling and mismatch loss correction factorsis taken as 0,00 dB as the frequency is above 180 MHz.

Range length: This contribution is associated with the curvature of the phase front from the substitution antennato the
test antenna. The standard uncertainty of the contribution, due to range length, is designated throughout all parts of the
present document as Ui16- The standard uncertainty is 0,00 dB if ANSI dipoles are used. For other types of antennathe

standard uncertainty of the contribution should be obtained from table 23.

Table 23: Uncertainty contribution of the range length (verification)

Range length (i.e. the horizontal distance Standard uncertainty of
between phase centres) the contribution
(dq+d,)2/44 < range length < (d;+d,)%/21 1,26 dB
(d4+d,)2/24 < range length < (d;+d,)2/A 0,30dB
(d1+d)?/A < range length < 2(d;+d)?/A 0,10dB
range length > 2(dy+d,)%/A 0,00 dB
NOTE: d; and d, are the maximum dimensions of the antennas.

NOTE 6: The standard uncertainty of the contribution due to the range length is taken as 0,00 dB sincein this case
the range length is = 2 (d;+d,)%/A.

Reflectivity of absorbing material: substitution antenna to the test antenna: This uncertainty is associated with the
magnitude of the reflections occurring from the side walls, end walls and ceiling. These magnitudes are a function of
the quality of the absorber at the frequency of test. However, in this, a substitution measurement, the contribution is
only concerned with taking into account the possible differences in the antenna patterns (principally in the vertical
plane) between the EUT and substitution antenna. The standard uncertainty of the contribution due to the reflectivity of
the absorbing material between the substitution and test antennais designated throughout all parts of the present
document as Ujqp-

NOTE 7: Inthis example case the standard uncertainty of the contribution due to the reflectivity of the absorbing
material between the substitution and test antennais 0,50 dB (see annex A).

Mutual coupling: test antenna to itsimagesin the absorbing material: Thisisthe uncertainty due to the mutual
coupling between the test antenna and itsimagesin the ceiling, side and end walls and is the effect of the change
produced in the antenna's input impedance and/or gain. Asthisis the second stage of a substitution measurement and
the uncertainty is common to both stagesit will only contribute in this stage if the test antennais located at a different
height on the antenna mast from the first stage. The standard uncertainty of the contribution, due to the mutual coupling
of the test antenna to its images in the absorbing material, is designated throughout all parts of the present document as

Uj 06
NOTE 8: In this example case the standard uncertainty of the contribution due to the mutual coupling of the test
antennato itsimages in the absorbing material istaken as 0,50 dB since this is the second stage of a

substitution measurement and the test antennais assumed to be located at a different height to stage one
and therefore the contribution does not cancel.
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Mutual coupling: test antennato itsimage in the ground plane: Asthisis the second stage of a substitution
measurement and the uncertainty is common to both stagesit will only contribute in this stage if the test antennaiis
located at a different height on the antenna mast from the first stage. The standard uncertainty of the contribution, dueto
the mutual coupling of the test antennato itsimage in the ground plane, is designated throughout all parts of the present
document as U1 4.

NOTE 9: In this example case the standard uncertainty of the contribution due to the mutual coupling of the test
antennato itsimage in the ground plane is taken as 0,50 dB since this is the second stage of a substitution
measurement and the test antennais assumed to be located at a different height to stage one and therefore
the contribution does not cancel.

4.3.2.2.6 Test antenna

Correction: measurement distance: For those testsin which the test antenna on the mast peaks at different heightsin

the two stages, a correction should be made to account for the different measurement distances. Where a correction is

required the standard uncertainty of the correction factor should be taken as 0,10 dB. The standard uncertainty of the

contribution due to the correction for measurement distance is designated throughout all parts of the present document

as Uj 18

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the correction for measurement

distanceistaken as 0,10 dB sinceit is assumed that, in this second stage, a different height of test antenna
has been necessary and the correction applied.

Correction: off boresight anglein elevation plane: For those tests in which the test antenna on the mast peaks at
different heightsin the two stages, a correction should be made to account for the different angles subtended by the
EUT/substitution antenna. Where a correction is required the standard uncertainty of the correction factor should be
taken as 0,10 dB. The standard uncertainty of the contribution due to the correction for off boresight angle in elevation
plane is designated throughout al parts of the present document as Ui17-

NOTE 2: Inthis example case the standard uncertainty of the contribution due to the correction for off boresight
anglein the elevation planeistaken as 0,10 dB sinceit is assumed that, in this second stage, a different
height of test antenna has been necessary and the correction applied.

Antenna: gain of thetest antenna: The gain, and its uncertainty, of the test antenna act as systematic offsets since they
are present in both stages of the test. The standard uncertainty of the contribution, due to the uncertainty of the gain of
the test antenna, is designated throughout all parts of the present document as Ui45-

NOTE 3: In this example case the standard uncertainty of the contribution due to the uncertainty of the gain of the
test antennaiis taken as 0,00 dB since the uncertainty is systematic i.e. it produces the same offset in both
stages.

Antenna: tuning of the test antenna: This uncertainty isintroduced as a result of inaccurate tuning of the test antenna.
The standard uncertainty of the contribution, due to the tuning of the test antenna, is designated throughout all parts of
the present document as Uj4¢.

NOTE 4: In this example case the standard uncertainty of the contribution due to the tuning of the test antennais
taken as 0,00 dB since the uncertainty is systematic i.e. it is assumed constant and common to both stages
of the measurement and, provided that once set in stage one of the test it is not subsequently re-tuned, its
contribution is the same in both stages.

Position of the phase centre: test antenna: The horizontal position of the test antenna defines one end of the range
length. The standard uncertainty of the contribution, due to the position of the phase centre of the test antenna, is
designated throughout all parts of the present document as Ujgo-

NOTE 5: Inthis example case the test antennais assumed to describe a vertical straight line asits height on the

mast is changed. The standard uncertainty of the contribution due to the position of the phase centre of the
test antennais assumed to be 0,00 dB (see annex A).
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4.3.2.2.7 Test antenna attenuator

Insertion loss: test antenna attenuator: The attenuator has an insertion loss as well as an uncertainty associated with
the measurement of its magnitude. The value of insertion loss and its uncertainty remain valid provided the attenuator is
not used outside the manufacturer's specification. At any given frequency the insertion loss acts as a systematic offset
and contributes equally to both stages of the measurement. The standard uncertainty of the contribution due to the
insertion loss of the test antenna attenuator is designated throughout all parts of the present document as Ui40-

NOTE: Inthisexample case the standard uncertainty of the contribution, due to the insertion loss uncertainty of
the test antenna attenuator, is taken as 0,00 dB since the uncertainty is systematici.e. it produces the same
offset in both stages.

43.2.2.8 Test antenna cable

Insertion loss: test antenna cable: The test antenna cable has an insertion loss as well as an uncertainty associated
with the measurement of its magnitude. The value of insertion loss and its uncertainty remain valid provided the cableis
not used outside the manufacturer's specification. At any given frequency the insertion loss acts as a systematic offset
and contributes equally to both stages of the measurement. The standard uncertainty of the contribution, due to the
insertion loss uncertainty of the test antenna cable, is designated throughout all parts of the present document as Uig1.

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the insertion loss uncertainty of
the test antenna cable is taken as 0,00 dB since the uncertainty is systematic i.e. it produces the same
offset in both stages.

Cablefactor: test antenna cable: Cable factor is defined as the total effect of the antenna cable'sinfluence on the
mesasuring system including its interaction with the site. It consists of the |eakage caused by cable screening
inefficiency, parasitic effects (acting as adirector or reflector) on the test antenna and introducing an unbal anced,
common mode current into the dipole balun. In aradiated measurement the standard uncertainty of the cable factor,
associated with each cable, is 0,5 dB provided that the precautions detailed in the methods have been observed,

i.e. routing and dressing of cables with ferrites. If no prevention has been attempted the standard uncertainty is 4,0 dB
(justification for these valuesis given in annex E). The standard uncertainty of the contribution due to the cable factor
of the test antenna cable is designated throughout al parts of the present document as U1o-

NOTE 2: Inthis example case the standard uncertainty of the contribution due to the cable factor of the test antenna
cable istaken as 0,50 dB since in this measurement, the cable changes position in both stages (the height
of the test antenna being optimized in both stages) even though the precautions detailed in the methods
have been observed.

4.3.2.2.9 Receiving device

Whereas the first stage of a spurious emission test is to observe and record the received level from the EUT on the
receiving device, the second stage involves the adjustment of the output level of a signal generator to achieve the same
received level from a subgtitution antenna. As a consegquence of this methodology, the receiving device contributes
neither linearity nor absolute level uncertainty to either stage of the test.

Receiving device: absolute level: The standard uncertainty of the contribution, due to the absolute level uncertainty of
the receiving device, is designated throughout all parts of the present document as Uig7-

NOTE 1: Inthisexample case the standard uncertainty of the contribution, due to the absolute level uncertainty of
the receiving device is taken as 0,00 dB.

Receiving device: linearity: The standard uncertainty of the contribution, due to the receiving device linearity, is
designated throughout all parts of the present document as Uj4g-

NOTE 2: Inthis example case the standard uncertainty of the contribution due to the receiving device linearity is
taken as 0,00 dB.
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4.3.2.3 Contribution from the random component

Random uncertainty: The magnitude can be assessed from multiple measurements of the substitution measurement.
The standard uncertainty of the contribution due to the random uncertainty is designated throughout all parts of the
present document as U; ;. See also clause 5.5 and the note in clause 6.4.7 of TR 102 273-1-1, aswell as notein

clause A.18 of the present document.

The substitution measurement was repeated ten times. The following levels were set on the signal generator in dBm
(before correcting for cabling and attenuator network insertion [oss):

-20,1; -20,1; -20,2; -20,2; -20,1; -20,1; -20,2; -20,3; -20,3; -20,3.
Converting to linear terms:

9,772 x 10°3; 9,772 x 10°3; 9,550 x 10°3; 9,550 x 10'3; 9,772 x 10'3; 9,772 x 10'3; 9,550 x 10°3; 9,333 x 1073,
9,333 x 10°3; 9,333 x 10°3;

The two sums X and Y are cal cul ated:
X = the sum of the measured values = 95,737 x 10°3 (W);

Y = the sum of the squares of the measured values = 916,89 x 106 W2

2
(95,737 x 10‘3)
91689x10°6 -\ |

_ 10 =192,3 x106 (formula5.6)
10-1

Y

- n
Ug random = n-1

Asthe result is obtained as the mean value of 10 measurements and the standard uncertainty of the random uncertainty
is:

N _ 1923x107° 100
Jrandom ™ g 57371073 230

=0,175dB

NOTE: Inthisexample case the standard uncertainty of the contribution due to the random uncertainty is 0,05 dB.
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4324 Summary table of contributory components

All the uncertainties contributions for this part of the procedure are listed in table 24.

Table 24: Contributions from the substitution

Uj or i Description of uncertainty contributions dB
U3g mismatch: transmitting part 0,11
Ujz7 mismatch: receiving part 0,00
Ujzg signal generator: absolute output level 0,58
Ujzg signal generator: output level stability 0,00
Uig1 insertion loss: substitution antenna cable 0,29
Uirg cable factor: substitution antenna cable 0,50
U0 insertion loss: substitution antenna attenuator 0,17
Ujss antenna: gain of the substitution antenna 0,30
Uise antenna: tuning of the substitution antenna 0,06
Upop position of the phase centre: substitution antenna 0,02
Ujz4 ambient effect 0,00
Ujop mutual coupling: substitution antenna to its images in the absorbing material 0,50
Uj14 mutual coupling: substitution antenna to its image in the ground plane 0,58
Uj11 mutual coupling: substitution antenna to the test antenna 0,00
Uj1o mutual coupling: interpolation of mutual coupling and mismatch loss correction factors 0,00
Uirg range length 0,00
Ujo2 reflectivity of absorbing material: substitution antenna to the test antenna 0,50
Ujop mutual coupling: test antenna to its images in the absorbing material 0,50
Uj14 mutual coupling: test antenna to its image in the ground plane 0,50
Uj1g correction: measurement distance 0,10
Uj17 correction: off boresight angle in elevation plane 0,10
Ujss antenna: gain of the test antenna 0,00
Uise antenna: tuning of the test antenna 0,00
Upop position of the phase centre: test antenna 0,00
Ujgo insertion loss: test antenna attenuator 0,00
Ujg1 insertion loss: test antenna cable 0,00
Uirg cable factor: test antenna cable 0,50
Uig7 receiving device: absolute level 0,00
Ujsg receiving device: linearity 0,00
Uio1 random uncertainty (see note in clause A.18 of the present document and note in clause 6.4.7 | 0,175

of TR 102 273-1-1)

The standard uncertainties from table 24 should be combined by RSS in accordance with TR 102 273-1-1 [6], clause 5.
This gives the combined standard uncertainty (U g psitution measurement) TOr the NSA measurement in dB.

The value of U, g p«itution measurement 1S Calculated as 1,56 dB.

4.3.25 Expanded uncertainty for the spurious emission test

The combined standard uncertainty of the results of the spurious emissions test is the combination of the components
outlined in clauses 4.3.1.4 and 4.3.2.4. The components to be combined are U, g7 measurement 8 Ue substitution

measurement*

Ue = \147° +156° = 2,15dB

The expanded uncertainty is+1,96 x 2,15 dB = +4,21 dB at a 95 % confidence level.
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4.4 Example 3: measurement of a receiver parameter
(sensitivity)

For the measurement of receiver sensitivity two stages of test are involved. The first stage (determining the transform
factor of the site) involves measuring the field strength at the point where the receiver will be placed and determining
the relationship between the signal generator output power level and the resulting field strength. The second stage (the
EUT measurement) involves replacing the measuring antenna with the EUT and adjusting the output level of the signal
generator until the required response is obtained on the receiver. The signal generator output power level isthen
converted to field strength using the transform factor.

4.4.1 Uncertainty contributions: stage 1: transform factor measurement

Thefirst stage of the receiver sensitivity test isto determine the transform factor of the site. Thisis normally carried out
by placing a measuring antennain the volume occupied by the EUT and determining the relationship between the signal
generator output power and the resulting field strength. The test equipment configuration is shown in figure 9. The
components shown shaded are common to both stages of the test.

Measuring
antenna ;ﬁtsénna
cable 1
N cable 2
Receiving Attenuator 1 | J L Attenuator 2 Signal
device 10 dB 10 dB generator
Measuring < Test antenna
antenna

Ground Elane

Figure 9: stage 1: transform factor measurement

Due to the commonality of all of the components from the test antennato the receiver in both stages of the test, the
mismatch uncertainty contributes identically to both stages and hence does not contribute to the combined standard
uncertainty of the measurement. Similarly, for the systematic uncertainty contributions (e.g. test antenna cable loss etc.)
of the individual components.

Whereas figure 9 shows, schematically, the equipment set-up for this stage of the receiver sensitivity test, an analysis
diagram of the individual components (each of which contributes its own uncertainty) for this stage of the measurement
isshown in figure 10. Again, as stated above, the shaded areas represent components common to both stages of the
receiver sensitivity test.

4411 Contributions from the mismatch components

Mismatch in the transmitting and receiving part: The value of the combined standard uncertainty of the contribution
due to the mismatch are calculated from the approach described in annex D. For this stage is calculated in two parts.
Firstly the standard uncertainty of the contribution due to the mismatch in the transmitting part, i.e. between the signal
generator, cable, attenuator and the test antenna and secondly, that for the receiving part, i.e. between the receiving
antenna, attenuator, cable and the receiving device.

Mismatch: transmitting part:

The standard uncertainty of the contribution due to mismatch in the transmitting part is designated throughout al parts
of the present document as U3

NOTE: Inthisexample case the uncertainty due to mismatch in the receiving part is taken as 0,00 dB since the
uncertainty is systematic i.e. it produces the same offset in both stages.
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Signal generator
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| | | |
| : | |
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Figure 10: Schematic of the transform factor measurement

Mismatch: receiving part:

Measuring antenna:  Input reflection coefficient: |oga| =0,333
Attenuator: Input and output reflection coefficients |S4| = [S,,| =0,05
Attenuation = 10 dB [S;,| = |Sy] =0,3162
Cable: Input and output reflection coefficients: |S;4| and [S,,| =0,07
Attenuation: 1dB = |S;,| = [S,4] =0,891
Measuring device:  Input reflection coefficient: |ogp| =0,20
Uj mismatch: antennaand attenuator 2 = 0333 X\(;%JS X100 %=1177%

U; attenuator 2 and cable 2 Constant for both stage 1 and 2. Hence this value does not contribute.
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Uj cable 2 and receiving device: Constant for both stage 1 and 2. Hence this value does not contribute.

0,333x 0,07 x 0,3162 x100
Uj cableland antenna = 72 % = 0,165 %

U; attenuator 2 and receiving device: Constant for both stage 1 and 2. Hence this value does not contribute.

0,333% 0,2 x0,3162 x0,891% x100
Uj antenna and receiving device = 2 % =0,373 %

The combined standard uncertainty of the mismatch is then cal culated:

U} mismatch: measuring part = \/1,1772 +0,65° +0,373% =125%

transforming to the logarithmic form (see annex C): 1,24 %/11,5=0,11 dB

The standard uncertainty of the contribution, due to the mismatch in the direct attenuation measurement, is designated
throughout all parts of the present document as Ujz7. Its valuein thisexampleis 0,11 dB.

4412 Contributions from the individual components

44121 Signal generator

Signal generator: absolute output level: Thereis not necessarily any similarity between the output levels from the
signal generator in the two stages of thistest. Asaresult it contributes to both stages. The standard uncertainty of the
contribution, due to the signal generator absolute output level, is designated throughout all parts of the present
document as Uj3g. Its value can be derived from manufacturer’s data sheet.

NOTE 1: Inthisexample case the uncertainty of the contribution due to the signal generator absolute output level
uncertainty is taken from the manufacturer's data sheet as+1,0 dB. Asnothing is said about the
distribution of this uncertainty, a rectangular distribution (see TR 102 273-1-1 [6], clause 5.1.2) inlogsis
assumed, and the standard uncertainty is calculated as 0,58 dB.

Signal generator: output level stability: In any test in which the contribution of the absolute level uncertainty of the
signal generator contributes to the combined standard uncertainty of thetest i.e. it does not cancel dueto the

methodol ogy, the contribution from the output level stability is considered to have been included in the signal generator
absolute output level, Ujzg- Conversely, for any level in which the absolute level uncertainty of the signal generator does

not contribute to the combined standard uncertainty, the output level stability of the signa generator should be included.
The standard uncertainty of the contribution due to the signal generator output level stability is designated throughout
all parts of the present document as U 3q. Its value can be derived from manufacturer's data sheet.

NOTE 2: In this example case the standard uncertainty of the contribution due to the signal generator output level
stability istaken as 0,0 dB asit is covered by the absolute level uncertainty.

44122 Test antenna cable

Insertion loss: test antenna cable: The test antenna cable has an insertion loss as well as an uncertainty associated
with the measurement of its magnitude. The value of insertion loss and its uncertainty remain valid provided the cableis
not used outside the manufacturer's specification. At any given frequency the insertion loss acts as a systematic offset
and contributes equally to both stages of the measurement. The standard uncertainty of the contribution due to the
insertion loss uncertainty of the test antenna cable, is designated throughout all parts of the present document as Uig1.

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the insertion loss uncertainty of

the test antenna cable is taken as 0,00 dB since the uncertainty is systematic i.e. it produces the same
offset in both stages.
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Cablefactor: test antenna cable: Cable factor is defined as the total effect of the antenna cable's influence on the
measuring system including its interaction with the site. It consists of the leakage caused by cable screening
inefficiency, parasitic effects (acting as a director or reflector) on the test antenna and introducing an unbalanced,
common mode current into the dipole balun. In aradiated measurement the standard uncertainty of the cable factor,
associated with each cable, is 0,5 dB provided that the precautions detailed in the methods have been observed,

i.e. routing and dressing of cables with ferrites. If no prevention has been attempted the standard uncertainty is 4,0 dB
(justification for these valuesis given in annex E). The standard uncertainty of the contribution due to the cable factor
of the test antenna cable is designated throughout all parts of the present document as Ui1o-

NOTE 2: In this example case the standard uncertainty of the contribution due to the cable factor of the test antenna
cableistaken as 0,00 dB since in this measurement, the cable position, once set in this stage is not
subsequently changed during the test.

441.2.3 Test antenna attenuator

Insertion loss: test antenna attenuator: The attenuator has an insertion loss as well as an uncertainty associated with
the measurement of its magnitude. The value of insertion loss and its uncertainty remain valid provided the attenuator is
not used outside the manufacturer's specification. At any given frequency the insertion loss acts as a systematic offset
and contributes equally to both stages of the measurement. The standard uncertainty of the contribution due to the
insertion loss of the test antenna attenuator is designated throughout all parts of the present document as Ui40-

NOTE: Inthisexample case the standard uncertainty of the contribution, due to the insertion loss uncertainty of
the test antenna attenuator, is taken as 0,00 dB since the uncertainty is systematici.e. it produces the same
offset in both stages.

441.2.4 Test antenna

Correction: measurement distance: For those testsin which the test antenna on the mast peaks at different heightsin
the two stages, a correction for measurement distance needs to be made to account for the different measurement
distances. In thistest, once the position of the test antennais set in stage one no further adjustment to its positionis
subsequently made during the test. The standard uncertainty of the contribution due to the correction for measurement
distance is designated throughout all parts of the present document as Ui1g-

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the correction for measurement
distance is taken as 0,00 dB.

Correction: off boresight angle in elevation plane: For those tests in which the test antenna on the mast peaks at
different heights in the two stages, a correction needs to be made to account for the different angles subtended by the
EUT/substitution antenna. In this test, once the position of the test antennais set in stage one no further adjustment to its
position is subsequently made during the test. The standard uncertainty of the contribution due to the correction for off
boresight angle in elevation plane is designated throughout all parts of the present document as Ui17-

NOTE 2: Inthis example case the standard uncertainty of the contribution due to the correction for off boresight
anglein elevation plane is taken as 0,00 dB.

Antenna: gain of thetest antenna: The gain, and its uncertainty, of the test antenna act as systematic offsets since they
are present in both stages of the test. The standard uncertainty of the contribution, due to the uncertainty of the gain of
the test antenna, is designated throughout all parts of the present document as Ujg5.

NOTE 3: In this example case the standard uncertainty of the contribution due to the uncertainty of the gain of the
test antennaiis taken as 0,00 dB since the uncertainty is systematic i.e. it produces the same offset in both
stages.

Antenna: tuning of the test antenna: This uncertainty isintroduced as a result of inaccurate tuning of the test antenna.
The standard uncertainty of the contribution, due to the tuning of the test antenna, is designated throughout all parts of
the present document as Uj4¢.

NOTE 4: In this example case the standard uncertainty of the contribution due to the tuning of the test antennais
taken as 0,00 dB since the uncertainty is systematic i.e. it is assumed constant and common to both stages
of the measurement and, provided that once set in stage one of the test it is not subsequently re-tuned, its
contribution is the same in both stages.
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Position of the phase centre; test antenna: The horizontal position of the test antenna defines one end of the range
length. The standard uncertainty of the contribution, due to the position of the phase centre of the test antenna, is
designated throughout all parts of the present document as Uj2o-

NOTE 5: Inthis example case the test antennais assumed to describe a vertical straight line asits height on the
mast is changed. The standard uncertainty of the contribution due to the position of the phase centre of the
test antennais assumed to be 0,00 dB (see annex A).

441.25 Site factors

Ambient effect: ambient effect: Ambient effect isthe uncertainty caused by local ambient signals raising the noise
floor at the measurement frequency. The standard uncertainty of the contribution, due to the ambient effect, is
designated throughout all parts of the present document as Uiza- The values of the standard uncertainty should be taken

from table 25.

Table 25: Uncertainty contribution: ambient effect

Receiving device noise floor Standard uncertainty of
(EUT OFF) is within: the contribution
3 dB of measurement 1,57 dB
3-6 dB of measurement 0,80 dB
6-10 dB of measurement 0,30 dB
10-20 dB of measurement 0,10 dB
20 dB or more of the measurement 0,00 dB

NOTE 1: Inthis example case the standard uncertainty of the contribution due to the ambient effect is taken as
0,00 dB, since the chamber is assumed to be shielded.

Mutual coupling: test antennato itsimagesin the absorbing material: Thisisthe uncertainty due to the mutual
coupling between the test antenna and itsimagesin the ceiling, side and end walls and is the effect of the change
produced in the antenna's input impedance and/or gain. The standard uncertainty of the contribution due to the mutual
coupling between the test antenna and itsimages in the absorbing material is designated throughout al parts of the
present document as U ge.

NOTE 2: In this example case the standard uncertainty of the contribution due to the mutual coupling between the
test antenna and its images in the absorbing material istaken as 0,00 dB since thisisthefirst stage of a
two stage measurement, where, in the second stage, the test antennais located at the same height on the
mast asin this, the first stage.

Mutual coupling: test antennato itsimagein the ground plane: Thisisthe uncertainty due to the mutual coupling
between the test antenna and itsimage in the ground plane and is the effect of the change produced in the antenna's
input impedance and/or gain when placed close to a ground plane. The standard uncertainty of the contribution due to
the mutual coupling between the test antenna and its image in the ground plane is designated throughout all parts of the
present document as U 1.

NOTE 3: Inthis example case the standard uncertainty of the contribution due to the mutual coupling between the
test antenna and its image in the ground plane is taken as 0,00 dB since thisisthe first stage of atwo
stage measurement, where, in the second stage, the test antennais located at the same height on the mast
asinthis, thefirst stage.

M utual coupling: measuring antennato the test antenna: Thisis the effect produced by any change in gain of the
antennas which results from their close spacing. The standard uncertainty of the contribution due to the mutual coupling
of the measuring antennato the test antenna, designated throughout all parts of the present document as Ugq, It has a
standard uncertainty of 0,00 dB for ANSI dipoles sinceit is included, where significant, in the mutual coupling and
mismatch loss correction factors. For non-ANSI dipoles the standard uncertainty can be taken from table 26.
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Table 26: Uncertainty contribution of the mutual coupling between the measuring
and test antenna

Frequency Standard uncertainty Standard uncertainty
of the contribution of the contribution
(3 m range) (10 m range)
30 MHz < frequency < 80 MHz 1,73 dB 0,60 dB
80 MHz < frequency < 180 MHz 0,6 dB 0,00 dB
frequency = 180 MHz 0,00 dB 0,00 dB

NOTE 4: In this example case the standard uncertainty of the contribution due to mutual coupling between the
measuring and test antennas is taken as 0,00 dB as we are using ANSI dipoles.

Mutual coupling: interpolation of mutual coupling and mismatch loss correction factors, only for ANSI dipoles:
The standard uncertainty of the contribution, due to the interpolation of mutual coupling and mismatch loss correction
factors, is designated throughout all parts of the present document as Ui1o- It has, for spot frequencies givenin

table A.20, avalue of 0,00 dB. However, for all other frequencies, the standard uncertainty should be obtained from
table 27.

Table 27: Uncertainty contribution of the interpolation of mutual coupling and mismatch loss
correction factors

Frequency (MHz) Standard uncertainty of
the contribution
for a spot frequency given in the table 0,00 dB
30 MHz < frequency < 80 MHz 0,58 dB
80 MHz < frequency < 180 MHz 0,17 dB
frequency = 180 MHz 0,00 dB

NOTE 5: In this example case the standard uncertainty of the contribution, due to the interpolation of mutual
coupling and mismatch loss correction factors, is taken as 0,00 dB as the frequency is above 180 MHz.

Range length: This contribution is associated with the curvature of the phase front from the measuring antennato the
test antenna. The standard uncertainty of the contribution, due to range length, is designated throughout all parts of the
present document as Ui16- The standard uncertainty is 0,00 dB if ANSI dipoles are used. For other types of antennathe

standard uncertainty of the contribution should be obtained from table 28.

Table 28: Uncertainty contribution of the range length (verification)

Range length (i.e. the horizontal distance Standard uncertainty of
between phase centres) the contribution
(dy+d,)2/44 < range length < (d;+d,)%/21 1,26 dB
(d1+d,)2/24 < range length < (d;+d,)2/A 0,30dB
(d1+d5)2/A < range length < 2(d;+d,)2/A 0,10dB
range length > 2(d;+d,)%/A 0,00 dB
NOTE: d; and d, are the maximum dimensions of the antennas.

NOTE 6: In this example case the standard uncertainty of the contribution, due to the range length, is taken as
0,00 dB.

Reflectivity of absorbing material: measuring antenna to the test antenna: This uncertainty istheresidual effect of
the reflections in the absorbing materials which result from the measuring antennaand EUT having different elevation
patterns. The standard uncertainty of the contribution due to the reflectivity of absorbing material between the
measuring and test antenna is designated throughout all parts of the present document as Uiop-

NOTE 7: Inthis example case the standard uncertainty of the contribution due to the reflectivity of absorbing
material between the measuring and test antennais taken as 0,00 dB since areferenceis set.
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Mutual coupling: measuring antenna to itsimagesin the absorbing material: This uncertainty isthe effect of the
change produced in the antenna's input impedance and/or gain. The standard uncertainty of the contribution, due to the
mutual coupling between the measuring antenna and its images in the absorbing material, is designated throughout all
parts of the present document as U e

NOTE 8: In this example case the standard uncertainty of the contribution due to the mutual coupling between the
measuring antenna and its images in the absorbing material istaken as 0,5 dB.

Mutual coupling: measuring antenna to itsimage in the ground plane: This uncertainty is the effect of the change
produced in the antenna's input impedance and/or gain. The standard uncertainty of the contribution, due to the mutual
coupling of the measuring antennato itsimage in the ground plane, is designated throughout all parts of the present
document as U;q4. Its value can be obtained from table 29.

Table 29: Uncertainty contribution of the mutual coupling
between the measuring antenna and its image in the ground plane

Spacing between the antenna Standard uncertainty
and the ground plane of the contribution
For a vertically polarized antenna
spacing< 1,25 A 0,15 dB
spacing > 1,25 A 0,06 dB
For a horizontally polarized antenna

spacing < A/2 1,15 dB

Al2 < spacing < 3A/2 0,58 dB

3A/2 < spacing <34 0,29 dB
spacing = 34 0,15 dB

NOTE 9: In this example case the standard uncertainty of the contribution due to the mutual coupling of the
measuring antenna to its image in the ground plane is taken as 0,15 dB since we are assuming vertical
polarization and a spacing of < 1,25 A.

4.4.1.2.6 Measuring antenna

Antenna: antenna factor of the measuring antenna: Uncertainty isintroduced as aresult of the inaccurate knowledge
of the antenna factor of the measuring antenna. The antenna factor of the measuring antennais only involved in the
second stage of the test and therefore does not act as a systematic offset. The standard uncertainty of the contribution,
due to the antenna factor of the measuring antenna, is designated throughout al parts of the present document as Uia4-

For ANSI dipoles the value should be obtained from table 30.

Table 30: Uncertainty contribution of the antenna factor of the measuring antenna

Frequency Standard uncertainty of the
contribution
30 MHz < frequency < 80 MHz 1,73 dB
80 MHz < frequency < 180 MHz 0,60 dB
frequency = 180 MHz 0,30 dB
NOTE:  For other antenna types the figures should be taken from
manufacturer's data sheets. If a figure is not given the standard
uncertainty is 1,0 dB.

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the antenna factor uncertainty of
the receiving antennais 0,30 dB since ANSI dipoles have been used and the frequency is above
180 MHz.

Antenna: tuning of the measuring antenna: Uncertainty isintroduced as aresult of the inaccurate tuning of the
measuring antenna. The standard uncertainty of the contribution due to the tuning of the measuring antennais
designated in all parts of the present document by Uiz6-
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NOTE 2: Inthis example case the standard uncertainty of the contribution due to the tuning of the measuring
antenna.is taken to be 0,06 dB (see annex A) since the tuning of the measuring antennais only involved in
this stage of the test and therefore does not act as a systematic offset.

Position of the phase centre: measuring antenna: Uncertainty isintroduced as a result of the inaccurate positioning
of the phase centre of the measuring antenna, since it affects the range length i.e. the horizontal distance between itself
and the test antenna. The standard uncertainty of the contribution, due to the position of the phase centre of the
measuring antenna, is designated throughout all parts of the present document as Uino-

NOTE 3: In this example case the standard uncertainty of the contribution due to the position of the phase centre of
the receiving antenna has been calculated from * (the offset) / (range length) x 100 %). The positioning
uncertainty is+0,01 m and therefore the worst case uncertainty = 0,01/3,0 = 0,333 %. Asthe offset can be
anywhere between these limits, the uncertainty is taken to be rectangularly distributed
(see TR 102 273-1-1 [ 6], clause 5.1.2) and the standard uncertainty is calculated as 0,192 %. Thisis
transformed to the logarithmic form (see annex C), to be 0,02 dB.

4.4.1.2.7 Measuring antenna attenuator

Insertion loss: measuring antenna attenuator: The attenuator has an insertion loss as well as an uncertainty
associated with the measurement of its magnitude. The value of insertion loss and its uncertainty remain valid provided
the attenuator is not used outside the manufacturer's specification. At any given frequency the insertion lossis taken
from the manufacturer's data sheet since it does not cancel as a systematic offset (it only appearsin one stage of the
test). The standard uncertainty of the contribution, due to the insertion loss uncertainty of the measuring antenna
attenuator, is designated throughout all parts of the present document as Ui40-

NOTE: Inthisexample case the uncertainty of the contribution, due to the insertion loss uncertainty of the
measuring antenna attenuator, is taken from the manufacturer's data sheet as+0,3 dB as nothing is said
about the distribution, a rectangular distribution (see TR 102 273-1-1 [6], clause 5.1.2) in logsis assumed
and the standard uncertainty is calculated as 0,17 dB.

44128 Measuring antenna cable

Insertion loss: measuring antenna cable: The measuring antenna cable has an insertion loss as well as an uncertainty
associated with the measurement of its magnitude. The value of insertion loss and its uncertainty remain valid provided
the cable is not used outside the manufacturer's specification. At any given frequency the insertion loss acts as a
systematic offset and contributes equally to both stages of the measurement. The standard uncertainty of the
contribution due to the insertion loss uncertainty of the measuring antenna cable, is designated throughout all parts of
the present document as Uj,;.

NOTE 1: Inthis example case the uncertainty of the contribution due to the insertion loss uncertainty of the
measuring antenna cable is taken from the manufacturer's data sheet as+0,5 dB. As nothing is said about
the distribution, arectangular distribution (see TR 102 273-1-1 [6], clause 5.1.2) in logsis assumed and
the standard uncertainty is calculated as 0,29 dB.

Cablefactor: measuring antenna cable: Cable factor is defined as the total effect of the antenna cable's influence on
the measuring system including its interaction with the site. It consists of the leakage caused by cable screening
inefficiency, parasitic effects (acting as adirector or reflector) and introducing an unbalanced, common mode current
into the dipole balun. In aradiated measurement the standard uncertainty of the cable factor associated with the
mesasuring antenna cable is 0,5 dB provided the precautions detailed in the method have been observed i.e. routing and
dressing the cables with ferrites. If no prevention has been attempted the standard uncertainty is 4,0 dB (justification for
these valuesiis given in annex E). The standard uncertainty of the contribution, due to the cable factor of the measuring
antenna cable, is designated throughout all parts of the present document as Ui1o-

NOTE 2: In the example case the standard uncertainty of the contribution due to the cable factor of the measuring

antenna cable is taken as 0,50 dB since the precautions detailed in the methods are assumed to have been
observed.
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44129 Receiving device

Thereceiving device isonly used in the first stage of this test. Therefore, the absolute level uncertainty contributes fully
to this stage although the linearity does not.

Receiving device: absolute level: This uncertainty only contributes during the first stage of the measurement. The
standard uncertainty of the contribution due to the receiving device absolute level uncertainty is designated throughout
all parts of the present document as u;47. Its value can be derived from manufacturer's data.

NOTE 1: Inthisexample case the uncertainty of the contribution due to the receiving device absolute level
uncertainty ) is obtained from the manufacturer's data as +1 dB with a rectangular distribution
(see TR 102 273-1-1 [ 6], clause 5.1.2) in logs. The standard uncertainty of the contribution due to the
receiving device absolute level uncertainty is calculated as 0,58 dB.

Receiving device: linearity: In any test in which the contribution of the absolute level uncertainty of the receiving
device contributes to the combined standard uncertainty of the test i.e. it does not cancel due to the methodology, the
contribution from the receiving device linearity is considered to have been included in u;,7. Conversely, for any test in

which the absolute level uncertainty of the receiving device does not contribute to the combined standard uncertainty
the linearity of the receiving device should be included. The standard uncertainty of the contribution due to the

receiving device linearity is designated throughout all parts of the present document as Uj4g-

NOTE 2: In this example case the standard uncertainty of the contribution due to the receiving device linearity is
taken as 0,00 dB.
4.4.1.3 Contribution from the random component

Random uncertainty: The magnitude can be assessed from multiple measurements of the transform factor. The
standard uncertainty of the contribution due to the random uncertainty is designated throughout all parts of the present
document as u;;. See also clause 5.5 and the note in clause 6.4.7 of TR 102 273-1-1, aswell asnote in clause A.18 of

the present document.

The transform factor measurement was repeated ten times. The following results were obtained in dBuV (before
correcting for cabling and attenuator network insertion 10ss):

65,4; 63,4; 66,0; 65,3; 63,0; 64,9; 65,2; 66,8; 65,5; 63,7.
Converting to linear terms (V):

1,862 x 10°3; 1,479 x 10°3; 1,995 x 103; 1,841 x 10°3; 1,413 x 10°3; 1,758 x 10'3; 1,820 x 10°3;
2,188 x 103, 1,884 x 10'3; 1,531 x 10°3;

Thetwo sums X and Y are cal cul ated:
X = the sum of the measured values = 17,77 x 103 V;

Y = the sum of the squares of the measured values = 32,10 x 106 /2

2
] (17,77 x 10‘3)
3210x108-\ /|

- 10 =238,3 x 106 (formula5.6)
10-1

Y

Uc random =

_x?

n
n-1
Astheresult is obtained as the mean val ue of 10 measurements and the standard uncertainty of the random uncertainty
is.

_2383x10° 100

u; - 23683x10 -117dB
Jrandom = 277x1073 115

NOTE: Inthisexample case the standard uncertainty of the contribution due to the random uncertainty is 1,17 dB.
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44.1.4 Summary table of contributory components

All the uncertainties for this part of the procedure are listed in table 31.

Table 31: Contributions from the transfer factor measurement

Uj or i Description of uncertainty contributions dB
U3g mismatch: transmitting part 0,00
Ujz7 mismatch: receiving part 0,11
Ujzg signal generator: absolute output level 0,58
Ujzg signal generator: output level stability 0,00
Uig1 insertion loss: test antenna cable 0,00
Uirg cable factor: test antenna cable 0,00
U0 insertion loss: test antenna attenuator 0,00
Uj1g correction: measurement distance 0,00
U7 correction: off boresight angle in elevation plane, 0,00
Ujgs antenna: gain of the test antenna 0,00
Uise antenna: tuning of the test antenna 0,00
Upop position of the phase centre: test antenna 0,00
Ujz4 ambient effect 0,00
Uiog mutual coupling: test antenna to its images in the absorbing material 0,00
U4 mutual coupling: test antenna to its image in the ground plane 0,00
Uirq mutual coupling: measuring antenna to the test antenna 0,00
Ujro mutual coupling: interpolation of mutual coupling and mismatch loss correction factors 0,00
Uj1e range length 0,00
Ujo2 reflectivity of absorber material: measuring antenna to the test antenna 0,00
Uiog mutual coupling: measuring antenna to its images in the absorbing material 0,50
U4 mutual coupling: measuring antenna to its image in the ground plane 0,15
Ujg4 antenna: antenna factor of the measuring antenna 0,30
Uise antenna: tuning of the measuring antenna 0,06
Upop position of the phase centre: measuring antenna 0,02
Ujgo insertion loss: measuring antenna attenuator 0,17
Ujg1 insertion loss: measuring antenna cable 0,29
Uirg cable factor: measuring antenna cable 0,50
Uig7 receiving device: absolute level 0,58
Ujsg receiving device: linearity 0,00
Uio1 random uncertainty (see note in clause A.18 of the present document and note in clause 6.4.7 | 1,17

of TR 102 273-1-1)

The standard uncertainties from table 31 should be combined by RSS in accordance with TR 102 273-1-1 [6], clause 5.
This gives the combined standard uncertainty (U ¢ ansform factor) fOr the transform factor measurement in dB.

The value of Ug 4 ansform factor 1S Calculated as 1,67 dB.

4.4.2 Uncertainty contributions: stage 2: EUT measurement

The second stage of the measurement (EUT sensitivity measurement) is to determine the minimum signal generator
output level which produces the required response from the EUT and converting the output level of the signal generator,
to afield strength using the transform factor derived in stage one. The test equipment set-up is shown in figure 11. The
components shown shaded are common to both stages of the test.
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Figure 11: EUT measurement

Whereas figure 11 shows, schematically, the test equipment for the EUT sensitivity measurement, figure 12 an analysis
diagram, provides a detailed picture of the individual uncertainty components (each of which contributes its own
uncertainty) for this stage in the measurement. As stated above, the shaded areas represent components common to both
stages of the test method.

4421 Contributions from the mismatch components

Mismatch: transmitting part: Only the transmitting part of the test equipment set-up isinvolved in this stage of the
test. The standard uncertainty of the contribution due to mismatch is 0,00 dB since, as stated in clause 4.4.1.1 the
transmitting part is common to both stages of the test.

TR =
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I
I Antenna to Mutual Antenna i
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I coupling coupling I
| }
| Attenuator 2 I
| 4 10 dB I
I Direct |Reflected I
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|
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I Equipment I I I
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I

Figure 12: Reference for the measurement on the equipment (sensitivity)
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The mismatch uncertainty between the signal generator and the test antenna contributes equally to both stages of the test
and therefore it does not contribute to the combined standard uncertainty and is not calculated. The standard uncertainty
of the contribution due to mismatch in the transmitting part is designated throughout all parts of the present document as

NOTE: Inthisexample case the standard uncertainty of the contribution due to mismatch in the transmitting part
istaken as 0,00 dB, since the uncertainty is systematic i.e. it produces the same offset in both stages.

4.4.2.2 Contributions from the individual components

44221 Signal generator

Signal generator: absolute output level: Thereis not necessarily any similarity between the output levels from the
signal generator in the two stages of thistest. Asaresult it contributes to both stages. The standard uncertainty of the
contribution, due to the signal generator absolute output level, is designated throughout all parts of the present
document as Uj3g. Its value can be derived from manufacturer's data sheet.

NOTE 1: Inthisexample case the uncertainty of the contribution due to the signal generator absolute output level
uncertainty is taken from the manufacturer's data sheet as+1,0 dB. Asnothing is said about the
distribution of this uncertainty, a rectangular distribution (see TR 102 273-1-1 [6], clause 5.1.2) inlogsis
assumed, and the standard uncertainty is calculated as 0,58 dB.

Signal generator: output level stability: In any test in which the contribution of the absolute level uncertainty of the
signal generator contributes to the combined standard uncertainty of the test i.e. it does not cancel dueto the

methodol ogy, the contribution from the output level stability is considered to have been included in the signal generator
absolute output level, Ujzg: Conversdly, for any level in which the absolute level uncertainty of the signal generator does

not contribute to the combined standard uncertainty, the output level stability of the signal generator should be included.
The standard uncertainty of the contribution due to the signal generator output level stability is designated throughout
all parts of the present document as U 3o. Its value can be derived from manufacturer's data sheet.

NOTE 2: Inthis example case the standard uncertainty of the contribution due to the signal generator output level
stability istaken as 0,00 dB asit is covered by the absolute level uncertainty.

44222 Test antenna cable

Insertion loss: test antenna cable: The test antenna cable has an insertion loss as well as an uncertainty associated
with the measurement of its magnitude. The value of insertion loss and its uncertainty remain valid provided the cableis
not used outside the manufacturer's specification. At any given frequency the insertion loss acts as a systematic offset
and contributes equally to both stages of the measurement. The standard uncertainty of the contribution due to the
insertion loss uncertainty of the test antenna cable is designated throughout all parts of the present document as Uig1-

NOTE 1: Inthis example case the standard uncertainty of the contribution due to the insertion loss uncertainty of
the test antenna cable is taken as 0,00 dB since the uncertainty is systematic i.e. it produces the same
offset in both stages.

Cablefactor: test antenna cable: Cable factor is defined as the total effect of the antenna cable'sinfluence on the
mesasuring system including its interaction with the site. It consists of the |eakage caused by cable screening
inefficiency, parasitic effects (acting as adirector or reflector) on the test antenna and introducing an unbal anced,
common mode current into the dipole balun. In aradiated measurement the standard uncertainty of the cable factor,
associated with each cable, is 0,5 dB provided that the precautions detailed in the methods have been observed,

i.e. routing and dressing of cables with ferrites. If no prevention has been attempted the standard uncertainty is 4,0 dB
(justification for these valuesis given in annex E). The standard uncertainty of the contribution due to the cable factor
of the test antenna cable is designated throughout all parts of the present document as U1o-

NOTE 2: Inthis example case the standard uncertainty of the contribution due to the cable factor of the test antenna

cable istaken as 0,00 dB since in this measurement, the cable position, once set in stage 1, is not
subsequently changed during the test.
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44223 Test antenna attenuator

Insertion loss: test antenna attenuator: The test antenna attenuator has an insertion loss as well as an uncertainty
associated with the measurement of its magnitude. The value of insertion loss and its uncertainty remain valid provided
the attenuator is not used outside the manufacturer's specification. At any given frequency the insertion loss acts as a
systematic offset and contributes equally to both stages of the measurement. The standard uncertainty of the
contribution due to the insertion loss of the test antenna attenuator is designated throughout all parts of the present
document as Uj4q-

NOTE: Inthisexample case the standard uncertainty of the contribution, due to the insertion loss uncertainty of
the test antenna attenuator, is taken as 0,00 dB since the uncertainty is systematici.e. it produces the same
offset in both stages.

44224 Test antenna

Correction: measurement distance: For those testsin which the test antenna on the mast peaks at different heightsin
the two stages, a correction for measurement distance needs to be made to account for the different measurement
distances. In this test, once the position of the test antennais set in stage one no further adjustment to its position is
subsequently made during the test. The standard uncertainty of the contribution due to the correction for measurement
distance is designated throughout all parts of the present document as Ui1g-

NOTE 1: Inthis example case the standard uncertainty of the contribution due to the correction for measurement
distance is taken as 0,00 dB.

Correction: off boresight angle in elevation plane: For those tests in which the test antenna on the mast peaks at
different heights in the two stages, a correction needs to be made to account for the different angles subtended by the
EUT/substitution antenna. In this test, once the position of the test antennais set in stage one no further adjustment to its
position is subsequently made during the test. The standard uncertainty of the contribution due to the correction for off
boresight angle in elevation plane is designated throughout all parts of the present document as Ui17-

NOTE 2: Inthis example case the standard uncertainty of the contribution due to the correction for off boresight
anglein elevation plane is taken as 0,00 dB since the uncertainty is assumed to be systematici.e. itis
assumed constant and common to both stages of the measurement.

Antenna: gain of thetest antenna: The gain of the test antenna acts as a systematic offset sinceit is present in both
stages of the test. The standard uncertainty of the contribution due to the gain of the test antenna is designated
throughout all parts of the present document as Ujg5.
NOTE 3: In this example case the standard uncertainty of the contribution due to the gain of the test antennais
taken as 0,00 dB since the uncertainty is assumed to be systematic i.e. it is assumed constant and common
to both stages of the measurement.

Antenna: tuning of the test antenna: This uncertainty isintroduced as aresult of inaccurate tuning of the test antenna.
The standard uncertainty of the contribution due to the tuning of the test antennais designated throughout all parts of
the present document as Uj¢.

NOTE 4: Inthis example case the standard uncertainty of the contribution due to the tuning of the test antennais
taken as 0,00 dB since the uncertainty is assumed to be systematic i.e. it is assumed constant and common
to both stages of the measurement (provided that once set in stage one of the test it is not subsequently
re-tuned).

Position of the phase centre; test antenna: The horizontal position of the test antenna defines one end of the range
length. Since the test antenna position on the mast is not changed after being set in this stage the standard uncertainty of
the contribution due to the position of the phase centre of the test antennais designated throughout al parts of the
present document as U 5.

NOTE 5: In this example case the standard uncertainty of the contribution due to the position of the phase centre of

the test antenna is taken as 0,00 dB since the uncertainty is assumed to be systematicii.e. it is assumed
constant and common to both stages of the measurement.
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44225 Site factors

Ambient effect: Ambient effect is the uncertainty caused by local ambient signals raising the noise floor at the
measurement frequency. The standard uncertainty of the contribution due to the ambient effect is designated throughout
all parts of the present document as u;3,. The values of the standard uncertainties for this part of the test should be the

same as for stage 1.

NOTE 1: Inthis example case the standard uncertainty of the contribution due to the ambient effect is taken as
0,00 dB asthiswasthe valuein stage 1.

Range length: This contribution is associated with the curvature of the phase front from the EUT to the test antenna.
The standard uncertainty of the contribution, due to range length, is designated throughout all parts of the present
document as Ui16: The standard uncertainty is 0,00 dB if ANSI dipoles are used. For other types of antenna the standard

uncertainty of the contribution should be obtained from table 32.

Table 32: Uncertainty contribution of the range length (verification)

Range length (i.e. the horizontal distance Standard uncertainty of
between phase centres) the contribution
(dq+d,)2/44 < range length < (d;+d,)%/21 1,26 dB
(d4+d,)2/24 < range length < (d;+d,)2/A 0,30dB
(d1+d5)2/A < range length < 2(d;+d,)2/A 0,10dB
range length > 2(d;+d,)%/A 0,00 dB
NOTE: d; and d, are the maximum dimensions of the antennas.

NOTE 2: Inthis example case the standard uncertainty of the contribution due to the range length istaken as
0,00 dB since the range length is > 2 (d;+d,)?/ ..

Mutual coupling: amplitude effect of the test antenna on the EUT: This uncertainty results from the interaction
between the EUT and the test antenna when placed close together. The standard uncertainty of the contribution due to
the amplitude effect of the mutual coupling between the test antenna and the EUT, is designated throughout all parts of
the present document as Ujg. The standard uncertainty should be taken from table 33.

Table 33: Uncertainty contribution: mutual coupling: amplitude effect of the test antenna on the EUT

Range length Standard uncertainty of the
contribution
0,62((d;+d,)3/\)< range length < 2(dq+d9)2/A 0,50 dB
range length = 2(d1+d2)2M 0,00 dB

NOTE 3: Inthis example case the standard uncertainty of the contribution due to the amplitude effect of the mutual
coupling between the test antenna and the EUT is 0,00 dB since the distance is > 2 (d+d,)%/A.

Mutual coupling: EUT toitsimagesin the absorbing material: This uncertainty is dependant on the quality of the
absorbing material and the effect imaging of the EUT in the ceiling, side and end walls has on the input impedance
and/or gain of the integral antenna. The standard uncertainty of the contribution, due to the mutual coupling of the EUT
to itsimages in the absorbing material, is designated throughout all parts of the present document as Uioa-

NOTE 4: In this example case the standard uncertainty of the contribution due to the mutual coupling amplitude
effect of the absorbing material on the EUT is assumed to be 0,5 dB (see annex A).

Mutual coupling: EUT toitsimagein the ground plane: This uncertainty results from the change in the EUT
spurious emission level as aresult of being placed close to the ground plane. The standard uncertainty of the
contribution, due to the mutual coupling of the EUT to itsimage in the ground plane, is designated throughout all parts
of the present document as u;q3. Its value can be obtained from table 34.
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Table 34: Uncertainty contribution of the mutual coupling between the EUT to its image
in the ground plane

Spacing between the EUT Standard uncertainty
and the ground plane of the contribution
For a vertically polarized EUT
spacing<1,25 4 0,15dB
spacing > 1,25 A 0,06 dB
For a horizontally polarized EUT

spacing < A/2 1,15 dB

Al2 < spacing < 34/2 0,58 dB
3A/2 < spacing < 34 0,29 dB
spacing = 34 0,15 dB

NOTE 5: In this example case the standard uncertainty of the contribution, due to the mutual coupling of the EUT
to itsimage in the ground plane, (assuming the polarization is vertical and the spacing above the ground

planeis< 1,25 A at the test frequency) istaken as 0,15 dB.

Reflectivity of absorbing material: EUT to the test antenna: This uncertainty is associated with the magnitudes of
the reflections occurring from the side walls, end walls and ceiling. These magnitudes are a function of the quality of
the absorber at the frequency of test. The standard uncertainty of the contribution, due to the reflectivity of the
absorbing material between the EUT and the test antenna, is designated throughout all parts of the present document as
U The relevant value for this contribution should be taken from table 35.

Table 35: Uncertainty contribution of the reflectivity of absorbing material
between the EUT and test antenna

Reflectivity of the Standard uncertainty of the
absorbing material contribution
reflectivity <10 dB 4,76 dB
10 < reflectivity < 15 dB 3,92dB
15 < reflectivity < 20 dB 2,56 dB
20 < reflectivity < 30 dB 1,24 dB
reflectivity = 30 dB 0,74 dB

NOTE 6: In this example case the standard uncertainty of the contribution due to the reflectivity of the absorbing
material between the EUT and the test antennaistaken as 1,24 dB.

Mutual coupling: test antenna to itsimagesin the absorbing material: Thisisthe uncertainty due to the mutual
coupling between the test antenna and itsimagesin the ceiling, side and end walls and is the effect of the change
produced in the antenna's input i mpedance and/or gain. The standard uncertainty of the contribution, due to the mutual
coupling between the test antenna and itsimages in the absorbing material, is designated throughout all parts of the
present document as Ugg.

NOTE 7: Inthis example case the standard uncertainty of the contribution due to the mutual coupling between the
test antenna and its images in the absorbing material is taken as 0,00 dB since in this, the second stage of
the measurement, the uncertainty will only contribute if the test antennaiis located at a different height to
the first stage which is not allowed by the methodology hence the uncertainty is assumed to be systematic
i.e. it isassumed constant and common to both stages of the measurement.

Mutual coupling: test antennato itsimagein the ground plane: Thisisthe uncertainty due to the mutual coupling
between the test antenna and itsimage in the ground plane and is the effect of the change produced in the antenna's
input impedance and/or gain when placed close to a ground plane. The standard uncertainty of the contribution, due to
the mutual coupling of the test antennato itsimage in the ground plane, is designated throughout all parts of the present
document as Ujq .

NOTE 8: In this example case the standard uncertainty of the contribution due to the mutual coupling of the test
antennato itsimage in the ground plane is taken as 0,00 dB since in this, the second stage of the
measurement, the uncertainty will only contribute if the test antennaislocated at a different height to the
first stage which is not allowed by the methodology hence the uncertainty is assumed to be systematic
i.e. it isassumed constant and common to both stages of the measurement.
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4.4.2.2.6 EUT

EUT: mutual coupling to the power leads: Thisis the uncertainty associated with the influence (reflections, parasitic
effects, etc.) of the power leads on the EUT. The standard uncertainty associated with this effect is 0,5 dB provided that
the precautions detailed in the methods have been observed, i.e. routing and dressing of cables with ferrites. If no
prevention has been attempted the standard uncertainty is 2,0 dB. The standard uncertainty of the contribution, due to
the mutual coupling of the EUT to the power leads, is designated throughout all parts of the present document as Uisg-

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the mutual coupling of the EUT to
the power leads istaken as 0,5 dB since the precautions detailed in the methods have been observed.

Position of the phase centre: within the EUT volume: This contribution is associated with the uncertainty with which
the actual radiating point within the equipment volume is known. If this point is known exactly the contribution is

0,00 dB. The standard uncertainty of the contribution due to the position of the phase centre within the EUT volumeis
designated throughout all parts of the present document as Ui20-

NOTE 2: In this example case the standard uncertainty of the contribution due to the position of the phase centre
within the EUT volume has been calculated from ( £ (the maximum dimension of device) / (2 x range
length) x 100 %). In this example the position is not known. Hence, the uncertainty of the position of the
phase centre within the EUT of 0,15 m maximum dimension is 0,15/ 2 m = 0,075 m, and the worst case
uncertainty due to this offset is therefore (0,075 / 3,0) x 100 % = +2,50 %. As the phase centre can be
anywhere inside the EUT, the uncertainty is taken as rectangularly distributed and the standard
uncertainty is calculated as 1,44 %. Thisis then transformed to the logarithmic form
(1,44/11,5) =0,12 dB (see annex C).

Positioning of the phase centre: within the EUT over the axis of rotation of the turntable: This contribution is
associated with the uncertainty with which the actual radiating point within the equipment is placed over the centre of
the turntable. If the point is placed exactly, the contribution is 0,00 dB. The standard uncertainty of the contribution, due
to the positioning of the phase centre within the EUT over the axis of rotation of the turntable, is designated throughout
all parts of the present document as u;.

NOTE 3: In this example case the standard uncertainty of the contribution due to the positioning of the EUT phase
centre over the axis of rotation of the turntableis calculated from ( + (the estimated offset from the axis of
rotation) / (2 x range length) x 100 %). In this case, the uncertainty is taken as £0,01 m, and the worst
case uncertainty is+ (0,01 / 3,0) x 100 = +0,333 %. Asthe offset can be anywhere between the limits the
uncertainty is rectangularly distributed and the standard uncertainty is calculated as 0,192 %. Thisis then
transformed to the logarithmic form (0,192 / 11,5) = 0,02 dB (see annex C).

EUT: degradation measurement: This contribution is a RF level uncertainty associated with the uncertainty of
measuring 20 dB SINAD, 102 bit stream or 80 % message acceptance ratio. The standard uncertainty of the
contribution, due to the EUT degradation measurement, is designated throughout all parts of the present document as
U;s,- Its value can be obtained from TR 100 028 [5].

NOTE 4: Inthis example case, the standard uncertainty of the contribution is obtained from TR 100 028 [5] and its
valueis 0,68 dB.
4.4.2.3 Contribution from the random component

Random uncertainty: The magnitude can be assessed from multiple measurements of the receiver sensitivity. The
standard uncertainty of the contribution due to the random uncertainty is designated throughout all parts of the present
document as u;;. See also clause 5.5 and the note in clause 6.4.7 of TR 102 273-1-1, as well asnote in clause A.18 of

the present document.

The receiver sensitivity measurement was repeated ten times. The following results were obtained in dBuV (before
correcting for cabling and attenuator network insertion 10ss):

65,4; 63,4; 66,0; 65,3; 63,0; 64,9; 65,2; 66,8; 65,5; 63,7.
Converting to linear terms (V):

1,862 x 10-3: 1,479 x 10°3: 1,995 x 10°3; 1,841 x 10°3; 1,413 x 10°3; 1,758 x 10-3; 1,820 x 10-3; 2,188 x 10°3;
1,884 x 10-3: 1,531 x 10°3.

ETSI



71 ETSI TR 102 273-1-2 V1.2.1 (2001-12)

The two sums X and Y are cal cul ated:
X = the sum of the measured values = 17,77 x 103 (V);

Y = the sum of the squares of the measured values = 32,10 x 106 V2

2
] (17,77 x 10‘3)
3210x108-\ /|

- 10 =238,3 x 106 (formula5.6)
10-1

Uc random =

Astheresult is obtained as the mean val ue of 10 measurements and the standard uncertainty of the random uncertainty
is.

_2383x10° 100

u; - 23683x10 -1,17dB
Jrandom = 277x1073 115

NOTE: Inthisexample case the standard uncertainty of the contribution due to the random uncertainty is 1,17 dB.

4.4.2.4 Summary table of contributory components

All the uncertainty contributions for this part of the procedure are listed in table 36.

Table 36: Contributions from the EUT measurement

Uj or i Description of uncertainty contributions dB
Ui3g mismatch: transmitting part 0,00
Ujsg signal generator: absolute output level 0,58
Ujzg signal generator: output level stability 0,00
Uig1 insertion loss: test antenna cable 0,00
Uirg cable factor: test antenna cable 0,00
U0 insertion loss: test antenna attenuator 0,00
Uj17 correction: off boresight angle in elevation plane 0,00
Ui1g correction: measurement distance 0,00
Ujgs antenna: gain of the test antenna 0,00
Uise antenna: tuning of the test antenna 0,00
Upop position of the phase centre: test antenna 0,00
Ujz4 ambient effect 0,00
Ujos mutual coupling: amplitude effect of the test antenna on the EUT 0,00
U4 mutual coupling: EUT to its images in the absorbing material 0,50
Ui13 mutual coupling: EUT to its image in the ground plane 0,15
Ujo1 reflectivity of absorber material: EUT to the test antenna 1,24
Ujop mutual coupling: test antenna to its images in the absorbing material 0,00
Uj14 mutual coupling: test antenna to its image in the ground plane 0,00
Ujss EUT: mutual coupling to the power leads 0,50
Uizo position of the phase centre: within the EUT volume 0,12
Ui22 positioning of the phase centre: within the EUT over the axis of rotation of the turntable 0,02
Ujre range length 0,00
Uiso EUT: degradation measurement 0,68
Uio1 random uncertainty (see note in clause A.18 of the present document and note in clause 6.4.7 | 1,17

of TR 102 273-1-1)

The standard uncertainties from table 36 should be combined by RSS in accordance with TR 102 273-1-1 [6], clause 5.

This gives the combined standard uncertainty (U eyt measurement) fOr the NSA measurement in dB.
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The value of U. gy measurement 1S Calculated as 2,06 dB.

4425 Expanded uncertainty for the receiver sensitivity measurement

The combined standard uncertainty of the results of the verification procedure is the combination of the components
outlined in clauses 4.2.1.4 and 4.2.2.4. The components to be combined are u and u

Uc Sensitivity measurement = \l1,672 +2,06% = 2,65dB

The expanded uncertainty is+1,96 x 2,65 dB = +5,19 dB at a 95 % confidence level.

¢ transform factor ¢ EUT measurement*

5 Examples of measurement uncertainty analysis
(Stripline)

5.1 Introduction

This clause contains detailed worked examples of the calculation of expanded uncertainty of radiated testsin a Stripline
test facility.

The example tests given are limited to:
- aveification procedure;
- the measurement of areceiver parameter (sensitivity).

Both of the exampl e tests are assumed to have been carried out in the two-plate open Stripline described in
EN 55020 [3].

NOTE 1: Thevalues givento al of the uncertainty components in these examples are only to illustrate the
uncertainty calculation. In practice, values should be derived by consulting annex A.

All radiated tests consist of two stages. For the verification procedure, the first stage isto set areference level whilst the
second stage involves the measurement of path loss/attenuation through the Stripline. For the measurement of the
receive sensitivity of an EUT, the first stage isto find the minimum (or average) signal generator output that produces
the required receiver response, whilst the second stage determines the field strength in the Stripline corresponding to
that generator output level.

Within any radiated test there are uncertainty components that are common to both stages of the test. By their different
natures some of these common uncertainties will cancel (e.g. the uncertainty of the insertion loss of a cable common to
both parts), others will contribute once (e.g. the increase in the field strength caused by alarge EUT) whilst others may
contribute twice (e.g. the level stability of asignal generator in receiver tests). In each of the following uncertainty
analyses, uncertainty components common to both stages are shown as shaded areas in the accompanying schematic
diagrams.

Asshown in the examples, al the individual uncertainty components for any test are combined in the manner described
in TR 102 273-1-1 [6], clauses 4 and 5 in order to derive an expanded uncertainty figure for the measurement. The
values of the individual components are either provided in annex A or should be taken from manufacturer's data sheets.
Whenever they are obtained from data sheets, worst case figures given over a frequency band should be used. For
example, in the case of asignal generator whose absolute level accuracy is quoted as+1 dB over 30 MHz to 300 MHz,
+2 dB over 300 MHz to 1 000 MHz the figure for the band containing the test frequency should be used. This approach
should be adopted for all uncertainty components, taking the uncertainty figures over as broad aband apossible. Thisis
normally satisfactory when the variation with frequency is not large and provides a simple and flexible approach. The
resulting expanded uncertainty figure is valid across a broad range of frequencies and measurement conditions and

avoids the necessity of repeated calculation for minor frequency changes.

NOTE 2: Taking specific frequency values may result in alower expanded uncertainty value, but thislower valueis
only valid when that specific set of circumstances apply for which the value was derived.
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5.2

The Stripline verification procedure involves two different measurement stages and it resultsin values for both the
attenuation through the Stripline and its transform factor (i.e. the relationship between the input voltage to the Stripline
and the resulting field strength between the plates).

Example 1: verification procedure

5.2.1

Thefirst stage of the verification procedure is the direct attenuation measurement. Thisis carried out with al the items
of test equipment connected directly together viaan "in ling" adapter between the attenuators as shown in figure 13. The
components shown shaded are common to both stages of the procedure.

Uncertainty contributions: stage 1: direct attenuation measurement

Signal
generator

cable 1

N

ferrite beads

Attenuator 1
10 dB

“In line"
adapter

Attenuator 2
10 dB

cable 2

N

ferrite beads

Receiving
device

Figure 13: Stage 1: Direct attenuation measurement

Despite the commonality of most of the components to both stages of this procedure, the mismatch uncertainty
contribution for both stages has to be calculated and included in the uncertainty calculations. Thisisthe result of load
conditions varying (i.e. the Stripline and monopol e replaces the adapter in the second stage). Conversely, as aresult of
this commonality, the uncertainty contributions of some of the individual components will cancel.

Whereas figure 13 shows, schematically, the test equipment set-up for this stage of the verification procedure, an
analysis diagram of the individual components (each of which contributes its own uncertainty) for this stage of the
measurement is shown in figure 14. Again, as stated above, the shaded areas represent components common to both
stages of the verification procedure.

5.21.1

Mismatch: direct attenuation measurement: The value of the combined standard uncertainty of the contribution due
to the mismatch from the source to the receptor, i.e. between the signal generator and the receiving device, is calculated
from the approach described in annex D. All the individual contributions are U-distributed.

Contributions from the mismatch components

NOTE 1: Inthisexample the signa generator output reflection coefficient used is the worst case magnitude over
the frequency band of interest, as is the case with the cable, adapter and attenuator VSWRs.

NOTE 2: The attenuation values of the cables and attenuators should be obtained from the manufacturer's data
sheet/calibration records at the specific frequency of the test, along with the associated uncertainties for
these values.
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Figure 14: Stage 1:direct attenuation measurement individual uncertainty components

Signal generator:  Output reflection coefficient: |og| =0,20
Cable: Input and output reflection coefficients: [S;4| = ISy =0,07
Attenuation: 1 dB = |S;,| = [S,4] =0,891
Attenuator: Input and output reflection coefficients |S 4| = [S,,l =0,05
Attenuation = 10 dB |Sy,| = [Sy] =0,3162
Adapter: Input and output reflection coefficients [S 4| = [S,,| =0,02
Attenuation = 0,1 dB [S,| = [S] =0,9886
Attenuator: Input and output reflection coefficients |S4| = [S,,| =0,05
Attenuation = 10 dB [S;,| = |Sy] =0,3162
Cable: Input and output reflection coefficients: [S; 4| =[Sy =0,07
Attenuation: 1 dB = |S;,| = [S,4] =0,891
Receiving device:  Input reflection coefficient: |ogp| =0,20

Mismatch uncertainty in the direct attenuation measur ement: In the following the transmitting antenna cable is
named cable 1, the transmitting antenna attenuator is named attenuator 1, the receiving antenna cable is named cable 2,
the receiving attenuator is named attenuator 2. Those components that are constant for both stages 1 and 2 are not
calculated as they do not contribute to the overall uncertainty.
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Mismatch between:

U; generator and cable 1: COnstant for both stage 1 and 2. Hence this val ue does not contribute.

U; cable 1 and attenuator 1° Constant for both stage 1 and 2. Hence this value does not contribute.

0,05x0,02x100,,

Uj mismatch: attenuator 1and adapter =~ T% =0,071 %
0,02x0,05%x100,

U j mismatch: adapter and attenuator 1 = T % =0,071 %

U; attenuator 2 and cable 2- Constant for both stage 1 and 2. Hence this value does not contribute.
U; cable 2 and receiving device' Constant for both stage 1 and 2. Hence this value does not contribute.

U; generator and attenuator 1 CONstant for both stage 1 and 2. Hence this value does not contribute.

0,07 x 0,07 x0,316% x100
Uj mismatch: cableland adapter = 72 % = 0,035 %

0,05x 0,05 % 0,988° x100
uj mismatch: attenuator 1and attenuator 2 = ﬁ % =0,173%

0,02 % 0,07 x0,316% x100
Uj mismatch: adapter and cable2 = \/E % =0,010 %

U; attenuator 2 and receiving device: CONstant for both stage 1 and 2. Hence this value does not contribute.

0,2x 0,02 x0,891° x0,316% x100
Uj mismatch: generator and adapter = 72 % = 0,022 %

0,07 x 0,05x0,316° x0,988° x100
U j mismatch: cableland attenuator 2 = \/E % =0,024 %

0,05x 0,07 x 0,9882 x0,3162 x100
Uj mismatch: attenuator 1and cable2 = \/E % =0,024 %

0,02%0,2 x0,316° x0,891% x100
Uj mismatch: adapter and receiving device = 72 % =0,022 %

0,2x0,05x0,891% x0,316° x0,988° x100
Uj mismatch: generator and attenuator 2 = 72 % = 0,055 %

U; mismatch: cable 1 and cable 2° €SS than 0,01 % due to the two attenuators, therefore neglected.

0,05x 0,2 x0,9882 x0,316% x0,8912 x100
Uj mismatch: attenuator 1and receiving device = ﬁ % = 0,055 %

U; mismatch: generator and cable 2- L €SS than 0,01 % due to the two attenuators, therefore neglected.

U; mismatch: cable 1 and receiving device: L€SS than 0,01 % due to the two attenuators, therefore neglected.

U; mismatch: generator and receiving device' Lessthan 0,01 % due to the two attenuators, therefore neglected.
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The combined standard uncertainty of the mismatch is then cal culated:

Uemismetch direct att. = \ 00712 +0,0712 +...40,0552 +0,0552 =0,306 %

transforming to logarithmic form (see annex C): 0,306 %/11,5 = 0,026 dB.

The standard uncertainty of the contribution, due to the mismatch in the direct attenuation measurement, is designated
throughout all parts of the present document as U35 Its value in this example is 0,026 dB.

5.2.1.2 Contributions from individual components

5.21.2.1 Signal generator

Signal generator: absolute output level: In averification procedure, the signal generator's absolute level uncertainty
contributes equally to both stages of the measurement. The standard uncertainty of the contribution due to the signal
generator absolute output level uncertainty is designated throughout all parts of the present document as Ujzg-

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the signal generator absolute
output level uncertainty is taken to be 0,00 dB since, once the level has been set in stage one of the
procedure, the level is not further adjusted. The uncertainty is therefore assumed to be systematic i.e. it
produces the same offset in both stages.

Signal generator: output level stability: In any test in which the contribution of the absolute level uncertainty of the
signal generator contributes to the combined standard uncertainty of the test i.e. it does not cancel dueto the

methodol ogy, the contribution from the output level stability is considered to have been included in the signal generator
absolute output level, u;3g. Conversely, for any level in which the absolute level uncertainty of the signal generator does

not contribute to the combined standard uncertainty, the output level stability of the signal generator should be included.
The standard uncertainty of the contribution due to the signal generator output level stability is designated throughout
all parts of the present document as u3q. Its value can be derived from manufacturer's data sheet.

NOTE 2: Inthis example case the uncertainty of the contribution due to the signal generator output level stability is
obtained from the manufacturer's data sheet as +0,02 dB.
Asnothing is said about the distribution of this uncertainty, a rectangular distribution
(see TR 102 273-1-1 [ 6], clause 5.1.2) in logsis assumed, and the standard uncertainty is calculated as
0,01155 dB. Thisisrounded down to 0,01 dB.

5.2.1.2.2 Signal generator cable

Insertion loss: signal generator cable: The signal generator cable has an insertion loss as well as an uncertainty
associated with the measurement of its magnitude. The value of insertion loss and its uncertainty remain valid provided
the cable is not used outside the manufacturer's specification. At any given frequency the insertion loss acts as a
systematic offset and contributes equally to both stages of the measurement. The standard uncertainty of the
contribution due to the insertion loss uncertainty of the signal generator cable is designated throughout all parts of the
present document as Uj4.

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the insertion loss uncertainty of
the transmitting antenna cable is taken as 0,00 dB since the uncertainty is systematici.e. it produces the
same offset in both stages.

Cablefactor: signal generator cable; Cable factor is defined as the total effect of the signal generator cabl€e'sinfluence
on the measuring system including its interaction with the Stripline. It consists of the leakage caused by cable screening
inefficiency and introducing an unbalanced current into the Stripline. In a radiated measurement the standard
uncertainty of the cable factor, associated with each cable, is 0,5 dB provided that the precautions detailed in the
methods have been observed, i.e. routing and dressing of cables with ferrites. If no prevention has been attempted the
standard uncertainty is 4,0 dB (justification for these valuesis given in annex E). The standard uncertainty of the
contribution due to the cable factor of the signal generator cable is designated throughout all parts of the present
document as Ujqg-
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NOTE 2: In this example case the standard uncertainty of the contribution due to the cable factor of the signal
generator istaken as 0,00 dB since there are no external fields involved other than leakage, whichis
assumed to have a negligible effect on the measurement.

5.2.1.2.3 Signal generator attenuator

Insertion loss: signal generator attenuator: The signal generator attenuator has an insertion loss as well as an
uncertainty associated with the measurement of its magnitude. The value of insertion loss and its uncertainty remain
valid provided the attenuator is not used outside the manufacturer's specification. At any given frequency the insertion
loss acts as a systematic offset and contributes equally to both stages of the measurement. The standard uncertainty of
the contribution, due to the insertion loss uncertainty of the signal generator attenuator, is designated throughout all
parts of the present document as Ui40-

NOTE: Inthisexample case the standard uncertainty of the contribution due to the insertion loss uncertainty of
the signal generator attenuator istaken as 0,00 dB since the uncertainty is systematici.e. it produces the
same offset in both stages.

5.2.1.2.4 Adaptor

Insertion loss: adapter: The adapter has an insertion loss as well as an uncertainty associated with the measurement of
its magnitude. The value of insertion loss and its uncertainty remain valid provided the adapter is not used outside the
manufacturer's specification. The standard uncertainty of the contribution due to the insertion loss uncertainty of the
adapter is designated throughout all parts of the present document as Ujgo. Its value can be derived from the

manufacturer's data sheet.

NOTE: Inthisexample case the uncertainty of the contribution due to the insertion loss uncertainty of the adapter
is obtained from the manufacturer's data sheet as+0,10 dB. As nothing is said about the distribution of
this uncertainty, a rectangular distribution (see TR 102 273-1-1 [6], clause 5.1.2) in logs is assumed, and
the standard uncertainty is cal culated as 0,06 dB.

5.2.1.25 Receiving device attenuator

Insertion loss: receiving device attenuator: The attenuator has an insertion loss as well as an uncertainty associated
with the measurement of its magnitude. The value of insertion loss and its uncertainty remain valid provided the
attenuator is not used outside the manufacturer's specification. At any given frequency the insertion loss acts as a
systematic offset and contributes equally to both stages of the measurement. The standard uncertainty of the
contribution due to the insertion loss uncertainty of the receiving device attenuator is designated throughout all parts of
the present document as Uj4o.

NOTE: Inthisexample case the standard uncertainty of the contribution due to the insertion loss uncertainty of
the receiving device attenuator is taken as 0,00 dB since the uncertainty is systematici.e. it produces the
same offset in both stages.

5.2.1.2.6 Receiving device cable

Insertion loss: receiving device cable: The receiving device cable has an insertion loss as well as an uncertainty
associated with the measurement of its magnitude. The value of insertion loss and its uncertainty remain valid provided
the cable is not used outside the manufacturer's specification. At any given frequency the insertion loss acts as a
systematic offset and contributes equally to both stages of the measurement. The standard uncertainty of the
contribution, due to the insertion loss uncertainty of the receiving device cable, is designated throughout all parts of the
present document as Uj4.

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the insertion loss uncertainty of

the receiving device cable is taken as 0,00 dB since the uncertainty is systematic i.e. it produces the same
offset in both stages.
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Cablefactor: receiving device cable: Cable factor is defined as the total effect of the receiving device cable's
influence on the measuring system including its interaction with the Stripline. It consists of the leakage caused by cable
screening inefficiency and introducing an unbalanced current into the Stripline. In a radiated measurement the standard
uncertainty of the cable factor, associated with each cable, is 0,5 dB provided that the precautions detailed in the
methods have been observed i.e. routing and dressing of cables with ferrites. If no prevention has been attempted the
standard uncertainty is 4,0 dB (justification for these valuesis given in annex E). The standard uncertainty of the
contribution due to the cable factor of the receiving device cable is designated throughout all parts of the present
document as Ujqg-

NOTE 2: In this example case the standard uncertainty of the contribution due to the cable factor of the receiving
device cableistaken as 0,00 dB since there are no externa fields involved other than leakage, whichis
assumed to have a negligible effect on the measurement.

5.2.1.2.7 Receiving device

Inthis, the first stage of the Stripline verification procedure, areference leve is set on the receiving device for a
particular output level from the signal generator. In the second stage (where the path loss through the Striplineis
measured), a second level is obtained on the receiving device. Only in the second stage do the linearity and absolute
level uncertainties of the receiver become involved in the calculation of the combined standard uncertainty for the
measurement.

Receiving device: absolute level: The standard uncertainty of the contribution due to the receiving device absolute
level uncertainty is designated throughout all parts of the present document as Uig7-

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the absolute level uncertainty of
the receiving device is assumed to be 0,00 dB since, in this part of the measurement, areference level is
recorded.

Receiving device: linearity: The standard uncertainty of the contribution due to the receiving device linearity is

designated throughout all parts of the present document as Ujgg:

NOTE 2: In this example case the standard uncertainty of the contribution due to the receiving device linearity is
assumed to be 0,00 dB since, in this part of the measurement, areference level isrecorded.
5.2.1.3 Contribution from the random component

Random uncertainty: The magnitude can be assessed from multiple measurements of the direct attenuation
measurement. The standard uncertainty of the contribution due to the random uncertainty is designated throughout all
parts of the present document as u;o,. Its value can then be calculated. See also clause 5.5 and the note in clause 6.4.7 of

TR 102 273-1-1, as well as note in clause A.18 of the present document.

The direct attenuation measurement was repeated 10 times. The following results (dBuV) in were obtained (before
correcting for cabling and attenuator network insertion 10ss):

106,8; 107,2; 106,7; 107,0; 107,2; 106,7; 107,1; 106,8; 107,1; 107,0.

Converting to linear terms (V):

0,2188; 0,2291; 0,2163; 0,2239; 0,2291; 0,2163; 0,2265; 0,2188; 0,2265; 0,2239.
The two sums X and Y are cal cul ated:

X = the sum of the measured values = 2,2292 V

Y = the sum of the squares of the measured values = 0,4972 V2

2
Y 0,4972 - 2,222

Xz
Ug random = N = 10 - 5,444 x 10°3 (formula 5.6)
n-1 10-1
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Astheresult is obtained as the mean val ue of 10 measurements and the standard uncertainty of the random uncertainty
is.

_5444x10° 100

u; =20 =0,212 dB
frandom =6 52002 115

NOTE: Inthisexample case the standard uncertainty of the contribution due to the random uncertainty is
0,212 dB.

5.2.1.4 Summary table of contributory components

A completelist of all the contributionsto this part of the verification procedure is given in table 37.

Table 37: Contributions from the reference, direct measurement

uj or i Description of uncertainty contributions dB
U35 mismatch: direct attenuation measurement 0,03
Ujzg signal generator: absolute output level 0,00
Ujzg signal generator: output level stability 0,01
Uig1 insertion loss: signal generator cable 0,00
Uirg cable factor: signal generator cable 0,00
Uiso insertion loss: signal generator attenuator 0,00
U2 insertion loss: adapter 0,06
Ujgo insertion loss: receiving device attenuator 0,00
Ujg1 insertion loss: receiving device cable 0,00
Uirg cable factor: receiving device cable 0,00
Uig7 receiving device: absolute level 0,00
Ujsg receiving device: linearity 0,00
Uio1 random uncertainty (see note in clause A.18 of the present document and note in clause 6.4.7 | 0,21

of TR 102 273-1-1)

The standard uncertainties from table 37 should be combined by RSS in accordance with TR 102 273-1-1 [6], clause 5.
This gives the combined standard uncertainty (Ue. girect attenuation measurement) fOr the direct attenuation measurement

indB.

The value of Ug girect attenuation measurement 1S Calculated as 0,223 dB.

5.2.2 Uncertainty contributions: stage 2: radiated attenuation
measurement

The second stage of the verification procedure is the Stripline radiated attenuation measurement. Thisinvolves
mounting a monopol e antenna through a hole in the lower plate of the Stripline, so that the feed point to the monopole is
flush with the surface of the lower plate. The radiated attenuation measurement is carried out by removing the adapter
and connecting the signal generator attenuator to the Stripline and connecting the receiving device attenuator to the
monopole output (see figure 15). The difference in received levels (after allowance for any correction factors which

may be appropriate), for the same signal generator output level, isthe Stripline radiated attenuation.
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Figure 15: Stage 2: Radiated attenuation measurement

Whereas figure 15 shows, schematically, the test equipment set-up for this stage of the verification procedure, an
analysis diagram of the individual components (each of which contributes its own uncertainty) for this stage of the
measurement is shown in figure 16. Again, as stated above, the shaded areas represent components common to both
stages of the verification procedure.

5.2.2.1 Contributions from the mismatch components

Mismatch in the transmitting and receiving parts: The value of the combined standard uncertainty of the
contributions due to the mismatch are cal culated from the approach described in annex D. It is calculated in two parts.
Firstly the standard uncertainty of the contribution due to the mismatch in the transmitting part, i.e. between the signal
generator, cable, attenuator and the input to the Stripline and secondly, that for the receiving part, i.e. between the
receiving monopole antenna, attenuator, cable and the receiving device.

ETSI



81 ETSI TR 102 273-1-2 V1.2.1 (2001-12)

r—————~""~""™>""™""™""™"™""/""/"/"/"/"/"/TT/Tmm Bl
Stripline
. Stripline
Radiated to monopole Monopole
Loss ,
coupling

|
|
|
|
|
|
|
|
|
|
|
|
|
|
H Mismatch

Attenuator 1
10 dB

Mismatch

-

Cable
factor

Signal
generator
cable 1

Mismatch

——g————
I

| Signal
| generator

Signal
generator

A
7
i e ———————————— —

Mismatch ——

Site
effects Attenuator 2
10 dB
Room
resonances, etc. & :
- . Mismatch —=—=

+
Cable
factor
Receiving

device

cable 2

Mismatch = ——

Receiving

device

Figure 16: stage 2: radiated attenuation measurement

All the individual contributions are U-distributed.

NOTE 1: Inthisexample value taken for the signal generator output reflection coefficient is the worst case over the
frequency band of interest, similarly, for the cable, adapter and attenuator VSWRs.

NOTE 2: The attenuation values of the cables and attenuators should be obtained from the data sheets/calibration
records at the specific frequency of the test, along with the associated uncertainties for these values.

Mismatch: transmitting part:

Signal generator:  Output reflection coefficient: | og| =0,20
Cable: Input and output reflection coefficients: |S; 4| and |Sy| =0,07
Attenuation: 1dB = |S;,| = [S,4] =0,891
Attenuator: Input and output reflection coefficients |S4| = [S,,| =0,05
Attenuation = 10 dB |S,| = [Sy] =0,3162
Stripline: Input reflection coefficient: |og | =0,333
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Those components that cancel are not calculated. Other contributions are (see annex D):
U; mismatch: generator and cable 1° COnstant for both stage 1 and 2. Hence this value does not contribute.
U; mismatch: cable 1 and attenuator 1 CONstant for both stage 1 and 2. Hence this val ue does not contribute.

0,05x% 0,333 %100
Uj mismatch: attenuator 1and Sripline = 72 %=1177%

U; generator and attenuator 1: CONstant for both stage 1 and 2. Hence this val ue does not contribute.

0,07 % 0,333%0,316% x100
Uj mismatch: cableland Stripline = 2 % =0,165%

0,2%0,333x0,891% x0,316% x100
Ujj mismatch: generator and Stripline = \/E % =0,373%

The combined standard uncertainty of the mismatch is then cal culated:

Uermisetch transmiting part = V11772 + 01652 +0373 =125%

transforming to the logarithmic form (see annex C): 1,25 %/11,5 = 0,11 dB.

The standard uncertainty of the contribution due to the mismatch in the transmitting part, is designated throughout all
parts of the present document as Ujze- Its valuein thisexampleis 0,11 dB.

Mismatch: receiving part:

Monopole: Input reflection coefficient: [oy| =0,333
Attenuator: Input and output reflection coefficients [S 4| = [S,,l =0,05
Attenuation = 10 dB [S;,| = |Sy] =0,3162
Cable: Input and output reflection coefficients: |S;4| and [Sy,| =0,07
Attenuation: 1dB = |S;,| = [S,4] =0,891
Receiving device:  Output reflection coefficient: [ogp)| =0,20
Uj mismatch: monopoleand attenuator — 0333 X?%)S x100 % =1177 %

U; attenuator 2 and cable 2- Constant for both stage 1 and 2. Hence this value does not contribute.

U; cable 2 and receiving device: CONstant for both stage 1 and 2. Hence this value does not contribute.

0,333x 0,07 x 0,316 x100
Uj mismatch: monopoleand cable2 = \/E % = 0,165 %

U; attenuator 2 and receiving device: COnstant for both stage 1 and 2. Hence this value does not contribute.

0,333%0,2 x0,316° x0,891° x100
Uj mismatch: monopoleand receiving device = 2 % =0,373%
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The combined standard uncertainty of the mismatch is then cal culated:

Uc mismatch: receiving part = \/]-'1772 +0,165% +0,373% =125%

transforming to the logarithmic form (see annex C): 1,25 %/11,5 = 0,11 dB.

The standard uncertainty of the contribution due to the mismatch in the receiving part is designated throughout all parts
of the present document as Uj37. Its valuein this example is 0,11 dB.

5.2.2.2 Contributions from individual components

5.2.2.21 Signal generator

Signal generator: absolute output level: In averification procedure, the signal generator's absolute level uncertainty
contributes equally to both stages of the measurement. The standard uncertainty of the contribution due to the signal
generator absolute output level uncertainty is designated throughout all parts of the present document as Ujzg-

NOTE 1: Inthis example case the standard uncertainty of the contribution due to the signal generator absolute
output level uncertainty is taken to be 0,00 dB since, once the level has been set in stage one of the
procedure, the level is not further adjusted. The uncertainty is therefore assumed to be systematic i.e. it
produces the same offset in both stages.

Signal generator: output level stability: In any test in which the contribution of the absolute level uncertainty of the
signal generator contributes to the combined standard uncertainty of the test i.e. it does not cancel dueto the

methodol ogy, the contribution from the output level stability is considered to have been included in the signal generator
absolute output level, u;3g. Conversely, for any level in which the absolute level uncertainty of the signal generator does

not contribute to the combined standard uncertainty, the output level stability of the signal generator should be included.
The standard uncertainty of the contribution due to the signal generator output level stability is designated throughout
all parts of the present document as U 3q. Its value can be derived from manufacturer's' data sheet.

NOTE 2: Inthis example case the uncertainty of the contribution due to the signal generator output level stability is
obtained from the manufacturer's data sheet as +0,02 dB.
Asnothing is said about the distribution of this uncertainty, a rectangular distribution
(see TR 102 273-1-1 [ 6], clause 5.1.2) in logsis assumed, and the standard uncertainty is calculated as
0,011 55 dB. Thisis rounded down to 0,01 dB.

5.2.2.2.2 Signal generator cable

Insertion loss: signal generator cable: The signal generator cable has an insertion loss as well as an uncertainty
associated with the measurement of its magnitude. The value of insertion loss and its uncertainty remain valid provided
the cable is not used outside the manufacturer's specification. At any given frequency the insertion loss acts as a
systematic offset and contributes equally to both stages of the measurement. The standard uncertainty of the
contribution, due to the insertion loss uncertainty of the signal generator cable, is designated throughout all parts of the
present document as Uj4.

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the insertion loss uncertainty of
the signal generator cable istaken as 0,00 dB since the uncertainty is systematici.e. it produces the same
offset in both stages.

Cablefactor: signal generator cable; Cable factor is defined as the total effect of the signal generator cabl€e'sinfluence
on the measuring system including its interaction with the Stripline. It consists of the leakage caused by cable screening
inefficiency and introducing an unbalanced current into the Stripline. In a radiated measurement the standard
uncertainty of the cable factor, associated with each cable, is 0,5 dB provided that the precautions detailed in the
methods have been observed, i.e. routing and dressing of cables with ferrites. If no prevention has been attempted the
standard uncertainty is 4,0 dB (justification for these valuesis given in annex E). The standard uncertainty of the
contribution due to the cable factor of the signal generator cable is designated throughout all parts of the present
document as Ujqg-
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NOTE 2: Inthis example case the standard uncertainty of the contribution due to the cable factor of the transmitting
antenna cable is taken as 0,50 dB since the precautions detailed in the methods are assumed to have been
observed.

5.2.2.2.3 Signal generator attenuator

Insertion loss: signal generator attenuator: The signal generator attenuator has an insertion loss as well as an
uncertainty associated with the measurement of its magnitude. The value of insertion loss and its uncertainty remain
valid provided the attenuator is not used outside the manufacturer's specification. At any given frequency the insertion
loss acts as a systematic offset and contributes equally to both stages of the measurement. The standard uncertainty of
the contribution, due to the insertion loss uncertainty of the signal generator attenuator, is designated throughout all
parts of the present document as Ui40-

NOTE: Inthisexample case the standard uncertainty of the contribution due to the insertion loss uncertainty of
the signal generator attenuator istaken as 0,00 dB since the uncertainty is systematici.e. it produces the
same offset in both stages.

5.2.224 Site factors

Ambient effect: Uncertainty isintroduced as aresult of local ambient signals raising the noise floor at the measurement
frequency. The standard uncertainty of the contribution due to the ambient effect is designated throughout all parts of
the present document as Ujza. The values of the standard uncertainty should be taken from table 38.

Table 38: Uncertainty contribution: ambient effect

Receiving device noise floor Standard uncertainty of
(generator OFF) is within: the contribution
3 dB of measurement 1,57 dB
3 dB to 6 dB of measurement 0,80 dB
6 dB to 10 dB of measurement 0,30 dB
10 dB to 20 dB of measurement 0,10 dB
20 dB or more of the measurement 0,00 dB

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the ambient effect istaken as
0,00 dB since the Stripline is assumed to be placed in a shielded room.

Stripline: influence of site effects: The influence of site effects comprise those effects resulting from not observing the
recommendations given in EN 55020 [3] regarding positioning of the Stripline and layout of the absorber. These can
lead to incorrect received levelsi.e. values which differ from theoretical calculations. The standard uncertainty of the
contribution due to the influence of site effectsis designated throughout all parts of the present document as Uiz3-

NOTE 2: In this example case the standard uncertainty of the contribution due to the influence of site effectsis
taken to have a standard uncertainty of 3,0 dB (see annex A). In the verification procedure, site effects
only contribute to the Stripline radiated attenuation part.

5.2.2.25 Antenna factor of the monopole

Stripline: antenna factor of the monopole: This has been derived from measurements taken within the Stripline.
Therefore, the given valuesincorporate several of the field disturbance factors which the Stripline possesses and which
therefore do not have to be allowed for asindividual contributions. Amongst these included effects are imaging,
characteristic impedance of the line, non-planar nature of the field etc. The standard uncertainty of the contribution due
to the antenna factor of the monopole is designated throughout all parts of the present document as Uiz0-

NOTE: Inthisexample case the standard uncertainty of the contribution due to the antenna factor of the

monopole istaken as 1,15 dB. This combined uncertainty source is only present in the Stripline radiated
attenuation measurement.
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5.2.2.2.6 Receiving device attenuator

Insertion loss: receiving device attenuator: The receiving device attenuator has an insertion loss as well as an
uncertainty associated with the measurement of its magnitude. The value of insertion loss and its uncertainty remain
valid provided the attenuator is not used outside the manufacturer's specification. At any given frequency the insertion
loss acts as a systematic offset and contributes equally to both stages of the measurement. The standard uncertainty of
the contribution due to the insertion loss uncertainty of the receiving device attenuator is designated throughout all parts
of the present document as Uj4q.

NOTE: Inthisexample case the standard uncertainty of the contribution due to the insertion loss uncertainty of
the receiving device attenuator is taken as 0,00 dB since the uncertainty is systematic i.e. it produces the
same offset in both stages.

5.2.2.2.7 Receiving device cable

Insertion loss: receiving device cable: The receiving device cable has an insertion loss as well as an uncertainty
associated with the measurement of its magnitude. The value of insertion loss and its uncertainty remain valid provided
the cable is not used outside the manufacturer's specification. At any given frequency the insertion loss acts as a
systematic offset and contributes equally to both stages of the measurement. The standard uncertainty of the
contribution, due to the insertion loss uncertainty of the receiving device cable, is designated throughout all parts of the
present document as U4

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the insertion loss uncertainty of
the receiving device cable is taken as 0,00 dB since the uncertainty is systematic i.e. it produces the same
offset in both stages.

Cablefactor: receiving device cable: Cable factor is defined as the total effect of the receiving device cable's
influence on the measuring system including its interaction with the site. It consists of the leakage caused by cable
screening inefficiency and introducing an unbalanced current into the monopole. In aradiated measurement the
standard uncertainty of the cable factor, associated with each cable, is 0,5 dB provided that the precautions detailed in
the methods have been observed i.e. routing and dressing of cables with ferrites. If no prevention has been attempted the
standard uncertainty is 4,0 dB (justification for these valuesis given in annex E). The standard uncertainty of the
contribution due to the cable factor of the receiving device cable is designated throughout all parts of the present
document as Ujqg-

NOTE 2: Inthis example case the standard uncertainty of the contribution due to the cable factor of the receiving
antenna cable is taken as 0,50 dB since the precautions detailed in the methods have been observed.

5.2.2.2.8 Receiving device

Thefirst stage of the verification procedure involved setting areference level on the receiving device for a particular
output level from the signal generator. In this the second stage (where the radiated attenuation through the Striplineis
measured), a second level is obtained which resultsin linearity and absolute level uncertainties becoming involved in
the calculation of the combined standard uncertainty for the measurement.

Receiving device: absolute level: This uncertainty only contributes during the second stage of the procedure if the
input attenuation range setting on the receiving device has been changed from its setting in the first stage. The standard
uncertainty of the contribution due to the receiving device absolute level uncertainty is designated throughout all parts
of the present document as Uj47.

NOTE 1: Inthisexample case the uncertainty of the contribution due to the receiving device absolute level
uncertainty (arange change is assumed) is obtained from the manufacturer's data as £0,5 dB. As nothing
is said about the distribution of this uncertainty, a rectangular distribution (see TR 102 273-1-1[6],
clause 5.1.2) inlogs is assumed. The standard uncertainty of the contribution due to the receiving device
absolute level uncertainty is calculated as 0,29 dB.
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Receiving device: linearity: In any test in which the contribution of the absolute level uncertainty of the receiving
device contributes to the combined standard uncertainty of the test i.e. it does not cancel due to the methodology, the
contribution from the receiving device linearity is considered to have been included in u;,7. Conversely, for any testin

which the absolute level uncertainty of the receiving device does not contribute to the combined standard uncertainty
the linearity of the receiving device should be included. The standard uncertainty of the contribution due to the

receiving device linearity is designated throughout all parts of the present document as Ujgg:

NOTE 2: Inthis example case the standard uncertainty of the contribution due to the receiving device linearity is
taken as 0,00 dB.
5.2.2.3 Contribution from the random component

Random uncertainty: The magnitude can be assessed from multiple measurements of the radiated attenuation
measurement. The standard uncertainty of the contribution due to the random uncertainty is designated throughout all
parts of the present document as u;;. See also clause 5.5 and the note in clause 6.4.7 of TR 102 273-1-1, as well as note

in clause A.18 of the present document.

The radiated attenuation measurement was repeated ten times. The following results were obtained in dBuV (before
correcting for cabling and attenuator network insertion loss):

65,4; 63,4; 66,0; 65,3; 63,0; 64,9; 65,2; 66,8; 65,5; 63,7.
Converting to linear terms (V):

1,862 x 10°3; 1,479 x 10°3; 1,995 x 10'3; 1,841 x 10°3; 1,413 x 103; 1,758 x 10°3; 1,820 x 10°3; 2,188 x 10'3;
1,884 x 10°3; 1,531 x 10°3;

The two sums X and Y are cal cul ated:
X = the sum of the measured values = 17,77 x 103 (V);

Y = the sum of the squares of the measured values = 32,10 x 106 V2

2
] (17,77 x 10‘3)
3210x108-\ /|

- 10 =238,3 x 106 (formula5.6)
10-1

Uc random =

Astheresult is obtained as the mean value of 10 measurements and the standard uncertainty of the random uncertainty
is.

_2383x10° 100

U — 2383%10 ~ -1,17dB
Jrandom = 277x1073 115

NOTE: Inthisexample case the standard uncertainty of the contribution due to the random uncertainty is
0,673 dB.
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5.2.2.4 Summary table of contributory components

A complete list of all the contributions to this part of the verification procedure is given in table 39.

Table 39: Contributions from the radiated attenuation measurement

Uj or i Description of uncertainty contributions dB
U3g mismatch: transmitting part 0,11
Ujz7 mismatch: receiving part 0,11
Ujzg signal generator: absolute output level 0,00
Ujzg signal generator: output level stability 0,01
Uig1 insertion loss: signal generator cable 0,00
Uirg cable factor: signal generator cable 0,50
U0 insertion loss: signal generator attenuator 0,00
U4 ambient effect 0,00
Uiz3 Stripline: influence of site effects 3,00
Ujz1 Stripline: antenna factor of the monopole 1,15
Ujgo insertion loss: receiving device attenuator 0,00
Ujg1 insertion loss: receiving device cable 0,00
Uirg cable factor: receiving device cable 0,50
Ug7 receiving device: absolute level 0,29
Ujsg receiving device: linearity 0,00
Uio1 random uncertainty (see note in clause A.18 of the present document and note in clause 6.4.7 | 1,17

of TR 102 273-1-1)

The standard uncertainties from table 39 should be combined by RSS in accordance with TR 102 273-1-1 [6], clause 5.
This gives the combined standard uncertainty (Uc gyipline attenuation measurement) fOr the Stripline attenuation measurement

in dB.

The value of Ug gyipjine attenuation measurement 1S calculated as 3,51 dB.

5.2.25 Expanded uncertainty for the verification procedure

The combined standard uncertainty of the results of the verification procedure is the combination of the components
outlined in clauses 5.2.1.4 and 5.2.2.4. The components to be combined are Ue gjrect attenuation measurement @ Uc gripline

attenuation measurement*

_ 2 2 _
Uc Sriplineverification procedure = V0,223 +351% = 3,51 dB

The expanded uncertainty is+1,96 x 3,51 = 6,89 dB at a 95 % confidence level.

5.3 Example 2: the measurement of a receiver parameter
(sensitivity)

For the measurement of receiver sensitivity two stages of test are involved. The first stage (determining the transform
factor of the Stripline) involves measuring the field strength at the point where the receiver will be placed and
determining the relationship between the signal generator output power level and the resulting field strength. The
second stage (the EUT measurement) involves placing the EUT within the Stripline and adjusting the output level of the
signal generator until the required response is obtained on the receiver. The signal generator output power level isthen
converted to field strength using the transform factor.
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5.3.1 Uncertainty contributions: stage 1: EUT measurement

Thefirst stage of the measurement is to determine the minimum signal generator output level which produces the
required response from the EUT. The test equipment set-up is shown in see figure 17.

EUT with volume centre Central axis

midway between plates & of stripline 150Q
termination

Signal | Los
generator f T

N

Ferrite beads 10dB Non-conducting,
attenuator Modulation |, low dielectric constant
detection support stand

Figure 17: stage 1: EUT measurement

Whereas figure 17 shows, schematically, the test equipment set-up for the EUT sensitivity measurement, figure 18, an
analysis diagram, provides a detailed picture of the individual uncertainty components (each of which contributesits
own uncertainty) for this stage in the measurement. As stated above, the shaded areas represent components common to
both stages of the test method.

5.3.1.1 Contributions from the mismatch components

Mismatch: transmitting part: The uncertainty due to mismatch for the measurement on the EUT concerns only the
signal generator, the signal generator cable, the signal generator attenuator and the input to the Stripline. The mismatch
uncertainty through this network does, however, contribute equally to both stages of the test for casesin which afield
strength measurement is subsequently performed.

If, however, the results of the verification procedure are used to calculate the field strength, the contribution of the
mismatch uncertainty needs to be cal culated, from the approach described in annex D. All the contributions are
U-distributed.

Signal generator:  Output reflection coefficient: |og| =0,20
Cable: Input and output reflection coefficients: |S;4| and [Sy,| =0,07
Attenuation: 1 dB = [S;,| = |S,] =0,891
Attenuator: Input and output reflection coefficients [S 4| = [S,,l =0,05
Attenuation = 10 dB [S;,| = |S] =0,3162
Stripline: Input reflection coefficient: [og | =0,333
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Figure 18: Schematic of the sensitivity measurement on the EUT

Mismatch: transmitting part:

All these contributions are U-distributed. Those components that cancel are not cal culated. Other contributions are (see
annex D):

Ui mismatch: generator and cable 1 COnstant for both stage 1 and 2. Hence this val ue does not contribute.
Ui mismatch: cable 1 and attenuator 1. CONStant for both stage 1 and 2. Hence this val ue does not contribute.

0,05%0,333x100
Uj mismatch: attenuator 1and Sripline = \/E % =1177 %

Ui generator and attenuator 1: COnstant for both stage 1 and 2. Hence this value does not contribute.

0,07 x 0,333x 0,316 x100
Ujj mismatch: cableland Stripline = \/5 % = 0,165 %
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0,2x0,333x0,8912 x0,316° x100
uj mismatch: generator and Stripline = \/E % =0,373%

The combined standard uncertainty of the mismatch is then cal culated:

Uc mismatch: transmitting part = \/1'1772 +011652 +0’3732 =125%

transforming to the logarithmic form (see annex C): 1,25 %/11,5 = 0,11 dB.

The standard uncertainty of the contribution due to the mismatch in the transmitting part, is designated throughout all
parts of the present document as U;56. Its value in this example is 0,11 dB.

5.3.1.2 Contributions from the individual components

5.3.1.2.1 Signal generator

Signal generator: absolute output level: In thistest method, the uncertainty due to the setting of the signal generator's
absolute output level contributes to both stages. In stage 1, the output level isindividually adjusted at each of eight
different positioning angles whilst in stage 2, after an inspection (or calculation) of the eight different values, the signal
generator is set to a specific output level. The standard uncertainty of the contribution due to the signal generator
absolute output level uncertainty is designated throughout all parts of the present document as Ujzg. Its value can be

obtained from the manufacturer's data sheet.

NOTE 1: Inthisexample case the uncertainty of the contribution due to the signal generator absolute output level is
obtained from the manufacturer's data sheet as £1,0 dB. As nothing is said about the distribution of this
uncertainty, a rectangular distribution (see TR 102 273-1-1[6], clause 5.1.2) in logs is assumed, and the
standard uncertainty is calculated as 0,58 dB.

Signal generator: output level stability: In any test in which the contribution of the absolute level uncertainty of the
signal generator contributes to the combined standard uncertainty of thetest i.e. it does not cancel dueto the

methodol ogy, the contribution from the output level stability is considered to have been included in the signal generator
absolute output level, Ujzg- Conversely, for any level in which the absolute level uncertainty of the signal generator does

not contribute to the combined standard uncertainty, the output level stahility of the signal generator should be included.
The standard uncertainty of the contribution due to the signal generator output level stability is designated throughout
all parts of the present document as U 3o. Its value can be derived from manufacturer's' data sheet.

NOTE 2: In this example case the standard uncertainty of the contribution due to the signal generator output level
stability istaken as 0,0 dB asit is covered by the absolute level uncertainty.

5.3.1.2.2 Signal generator cable

Insertion loss: signal generator cable: The signal generator cable has an insertion loss as well as an uncertainty
associated with the measurement of its magnitude. The value of insertion loss and its uncertainty remain valid provided
the cable is not used outside the manufacturer's specification. At any given frequency the insertion loss acts as a
systematic offset and contributes equally to both stages of the measurement. The standard uncertainty of the
contribution due to the insertion loss uncertainty of the signal generator cable is designated throughout all parts of the
present document as Uj4;.

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the insertion loss uncertainty of
the signal generator cable is taken as 0,20 dB as the results of the verification procedure have been used
to determine the field strength and this value has been taken from the manufacturer's or calibration data.

NOTE 2: If afield measurement had been performed using either a monopole of three-axis probe the value would
have been 0,00 dB as the uncertainty is systematic i.e. it produces the same offset in both stages.
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Cablefactor: signal generator cable; Cable factor is defined as the total effect of the signal generator cabl€e'sinfluence
on the measuring system including its interaction with the site. It consists of the leakage caused by cable screening
inefficiency and introducing an unbalanced current into the Stripline. In a radiated measurement the standard
uncertainty of the cable factor, associated with each cable, is 0,5 dB provided that the precautions detailed in the
methods have been observed, i.e. routing and dressing of cables with ferrites. If no prevention has been attempted the
standard uncertainty is 4,0 dB (justification for these valuesis given in annex E). The standard uncertainty of the
contribution due to the cable factor of the signal generator cable is designated throughout all parts of the present
document as Ujqg-

NOTE 3: In this example case the standard uncertainty of the contribution due to the cable factor of the signal
generator cable istaken as 0,5 dB since the precautions detailed in the test method have been observed.

5.3.1.2.3 Signal generator attenuator

Insertion loss: signal generator attenuator: The signal generator attenuator has an insertion loss as well as an
uncertainty associated with the measurement of its magnitude. The value of insertion loss and its uncertainty remain
valid provided the attenuator is not used outside the manufacturer's specification. At any given frequency the insertion
loss acts as a systematic offset and contributes equally to both stages of the measurement. The standard uncertainty of
the contribution due to the insertion loss of the signal generator attenuator is designated throughout all parts of the
present document as Uj4o-

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the insertion loss uncertainty of
the signal generator cable istaken as 0,20 dB as the results of the verification procedure have been used
to determine the field strength and this value has been taken from the manufacturer's or calibration data.

NOTE 2: If afield measurement had been performed using either a monopole of three-axis probe the value would
have been 0,00 dB as the uncertainty is systematic i.e. it produces the same offset in both stages.

5.3.1.24 Site factors

Ambient effect: Uncertainty isintroduced as aresult of local ambient signals raising the noise floor at the measurement
frequency. The standard uncertainty of the contribution due to the ambient effect is designated throughout all parts of
the present document as Ujza. The value of the standard uncertainty is the same as for the second stage.

NOTE 1: Inthis example case the standard uncertainty of the contribution due to the ambient effect is taken as
0,00 dB since the Striplineis assumed to have been placed in a shielded room.

Stripline: influence of site effects: The influence of site effects comprise those effects, resulting from not observing
the recommendations given in EN 55020 [3] regarding positioning of the Stripline and layout of absorber. These can
lead to incorrect received levelsi.e. values which differ from theoretical calculations. In this example, the
recommendations are assumed not to have been fully observed. The standard uncertainty of the contribution due to the
influence of site effectsis designated throughout all parts of the present document as Ujz3:

NOTE 2: In this example case the standard uncertainty of the contribution due to the influence of site effectsis
taken as 3,0 dB since in the verification procedure, site effects only contribute to the Stripline attenuation
part and therefore do not cancel.

NOTE 3: If afield measurement had been performed using either a monopole of three-axis probe the value would
have been 0,00 dB as the uncertainty is systematic i.e. it produces the same offset in both stages.

5.3.1.25 EUT

Stripline: mutual coupling of the EUT toitsimagesin the plates: The magnitude is dependent on the EUT's size.
The EUT is assumed to be positioned midway between the plates. The standard uncertainty of the contribution due to
the mutual coupling of the EUT to itsimages in the platesis designated throughout al parts of the present document as
Ujo4. Its value can be obtained from table 40.
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Table 40: Uncertainty contribution of the mutual coupling of the EUT to its images in the plates

Size of the EUT relative to the plate Standard uncertainty of the
separation contribution
size/separation <33 % 1,15 dB
33 % < size/separation <50 % 1,73 dB
50 % < size/separation <70 % 2,89 dB
70 % < size/separation < 87,5 % (max.) 5,77 dB

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the mutual coupling of the EUT to
itsimagesin the platesis 1,15 dB since it is assumed the equipment sizeis <33 % of the plate separation.

Stripline: characteristicimpedance: This uncertainty contribution results from the difference between the free-space
wave impedance (377 Q) for which the EUT had been developed and that for the Stripline (150 Q). The standard
uncertainty of the contribution due to the characteristic impedance of the Stripline is designated throughout all parts of
the present document as U

NOTE 2: Inthis example case the standard uncertainty of the contribution due to the characteristic impedance of
the Stripline is taken as having a standard uncertainty of 0,58 dB.

Stripline: correction factor for the size of the EUT: This uncertainty is the result of changes in the intensity of the
electric field between the plates resulting from the presence, and metal content of the EUT. The larger the size of the
EUT inthe vertical plane of the Stripline, the greater the field intensification effect. Correction factors are supplied
within the test method, and the associated standard uncertainty of the contribution of the uncertainty due to the
correction factor for the size of the EUT is designated throughout all parts of the present document as Uizo- For an EUT

mounted centrally in the Stripline, values can be obtained from table 41.

Table 41: Uncertainty contribution: Stripline: correction factor for the size of the EUT

Height of the EUT Standard uncertainty of the
(in the E-plane) is: contribution
height <0,2 m 0,30 dB
0,2 m < height <0,4 m 0,60 dB
0,4 m < height<0,7 m 1,20 dB

NOTE 3: Inthis example case the standard uncertainty of the contribution of the uncertainty due to the correction
factor for the size of the EUT istaken as 0,60 dB asthe EUT is 0,22 m high.

EUT: mutual coupling to the power leads: Thisis the uncertainty associated with the influence (reflections, parasitic
effects, etc.) of the power leads on the EUT. The standard uncertainty associated with this effect is 0,5 dB provided that
the precautions detailed in the methods have been observed, i.e. routing and dressing of cables with ferrites. If no
prevention has been attempted the standard uncertainty is 2,0 dB. The standard uncertainty of the contribution due to
the mutual coupling of the EUT to the power leads is designated throughout al parts of the present document as Uisg-

NOTE 4: In this example case the standard uncertainty of the contribution due to the mutual coupling of the EUT to
the power leadsistaken as 0,5 dB since the precautions detailed in the methods have been observed.

Stripline: non-planar nature of thefield distribution: This uncertainty results from the non-uniform amplitude and
phase distribution of the electric field across the EUT. The non-uniformity results from room resonances, constructional
problems, moding, reflections, etc. The standard uncertainty of the contribution due to the non-planar nature of the field
distribution is designated throughout all parts of the present document as Uio7-

NOTE 5: In this example case the standard uncertainty of the contribution due to the non-planar nature of the field
distribution istaken as 0,29 dB.

EUT: degradation measurement: This contribution is a RF level uncertainty associated with the uncertainty of
measuring 20 dB SINAD, 102 bit stream or 80 % message acceptance ratio. The standard uncertainty of the
contribution due to the EUT degradation measurement, designated throughout all parts of the present document as U5,

can be obtained from TR 100 028 [5].

ETSI



93 ETSI TR 102 273-1-2 V1.2.1 (2001-12)

NOTE 6: Inthis example case, the standard uncertainty of the contribution is obtained from TR 100 028 [5] and its
valueis 0,68 dB.
5.3.1.3 Contribution from the random component

Random uncertainty: The magnitude can be assessed from multiple measurements of the receiver sensitivity
measurement. The standard uncertainty of the contribution due to the random uncertainty is designated throughout all
parts of the present document as u;,. See also clause 5.5 and the note in clause 6.4.7 of TR 102 273-1-1, as well as note

in clause A.18 of the present document.

The receiver sensitivity measurement was repeated ten times. The following results were obtained in dBuV (before
correcting for cabling and attenuator network insertion 10ss):

65,4; 63,4; 66,0; 65,3; 63,0; 64,9; 65,2; 66,8; 65,5; 63,7.
Converting to linear terms (V):

1,862 x 10°3; 1,479 x 10°3; 1,995 x 10°3; 1,841 x 10°3; 1,413 x 10°3; 1,758 x 10°3; 1,820 x 10'3; 2,188 x 103;
1,884 x 10°3; 1,531 x 1073,

Thetwo sums X and Y are cal cul ated:
X = the sum of the measured values = 17,77 x 103 (V);

Y = the sum of the squares of the measured values = 32,10 x 106 V2

2
(17,77 x 10‘3)
3210x106-» 1

- 10 =238.3 x 106 (formula5.6)
10-1

Astheresult is obtained as the mean val ue of 10 measurements and the standard uncertainty of the random uncertainty
is.

2383x10°% 100
u: =P T Y  x—=117dB
Jrandom =9 277 x 1073 115

NOTE: Inthisexample case the standard uncertainty of the contribution due to the random uncertainty is 1,17 dB.
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5.3.14 Summary table of contributory components

A complete list of al the contributions to this part of the test method is given in table 42.

Table 42: Contributions from the measurement on the EUT

Uj or i Description of uncertainty contributions dB

U3s mismatch: transmitting part:

a) Using results of the verification procedure 0,11

b) Using a monopole for field measurement 0,00

¢) Using a 3-axis probe for field measurement 0,00
Ujzg signal generator: absolute output level 0,58
Ujzg signal generator: output level stability 0,00
Uig1 insertion loss: signal generator cable

a) Using results of the verification procedure 0,20

b) Using a monopole for field measurement 0,00

¢) Using three-axis probe for field measurement 0,00
Uiig cable factor: signal generator cable 0,50
U0 insertion loss: signal generator attenuator

a) Using results of the verification procedure 0,20

b) Using a monopole for field measurement 0,00

¢) Using a three-axis probe for field measurement 0,00
Ujz4 ambient effect 0,00
Uiz3 Stripline: influence of site effects

a) Using results of the verification procedure 3,00

b) Using a monopole for field measurement 0,00

¢) Using a three-axis probe for field measurement 0,00
Uing Stripline: mutual coupling of the EUT to its images in the plates 1,15
Upog Stripline: characteristic impedance 0,58
Ujzo Stripline: correction factor for the size of the EUT 0,60
Ujss EUT: mutual coupling to the power leads 0,50
Uo7 Stripline: non-planar nature of the field distribution 0,29
Ujso EUT: degradation measurement 0,68
Uio1 random uncertainty (see note in clause A.18 of the present document and note in clause 6.4.7 | 1,17

of TR 102 273-1-1)

The standard uncertainties from table 42 should be combined by RSS in accordance with TR 102 273-1-1 [6], clause 5.
This gives the combined standard uncertainty for the direct attenuation measurement in dB as follows:

- using results of the verification procedure = Ug measurement of the EUT = 3 72 dB;

- using amonopole for field measurement = u 2,18 dB;

c measurement of the EUT =

- using athree-axis probe for field measurement = u T=218dB.

'c measurement of the EU

5.3.2 Uncertainty contributions: stage 2: field measurement using the
results of the verification procedure

Stripline: interpolation of valuesfor the transfor m factor: In this case, the frequency of test does not coincide with a
frequency at which the verification procedure was carried out. Therefore, a contribution isincluded to account for the
interpolation between transform factor values. The standard uncertainty of the contribution due to the interpolation of

values for the transform factor of the Stripline is designated throughout all parts of the present document as Uiz0-

NOTE: Inthisexample case the standard uncertainty of the contribution due to the interpolation of values for the
transform factor is taken as 0,29 dB.

The appropriate standard uncertainties from table 42 should be combined with u;3, by RSSin accordance with
TR 102 273-1-1[6], clause 5. This gives the combined standard uncertainty (U. eyt measurement) fOr the EUT
measurement in dB.
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The value of U. g\ measurement 1S Calculated as 3,56 dB.

5.3.2.1 Expanded uncertainty for the receiver sensitivity measurement

The combined standard uncertainty of the results of the receiver sensitivity measurement is the combination of

Ue Stripline attenuation measurement and Uc EUT measurement:

— 2 2 _
Ucreceiver sensitivity measurement = V3917 +372% = 5,11dB

The expanded uncertainty is+1,96 x 5,11 = £10,0 dB at a 95 % confidence level.

5.3.3 Uncertainty contributions: stage 2: field measurement using a
monopole

The second stage involves replacing the EUT with afield measuring device (either a monopole antenna or a three-axis
probe) and, setting a particular output level from the signal generator (minimum or average), measuring the
corresponding field strength, see figure 19.

NOTE: Inthiscase monopole field measurement involves mounting the monopole through a hole in the lower
plate of the Stripline (so that the feed point to the monopole is flush with the surface of the lower plate)
and measuring the field strength.

Central axis of

Monopole <« Stripline

Signal
generator f' " ”*-T& L(%ad

. 150 Q
F
errite beads 08> termination

Receiving
attenuators device

Figure 19: stage 2: field measurement using a monopole

5.3.3.1 Contributions from the mismatch components

Mismatch in the transmitting and receiving parts. Whereas figure 19 shows schematically the equipment set-up for
field measurement using a monopole, figure 20 provides a detailed picture of the individual uncertainty contributions.

Mismatch: transmitting part: The mismatch uncertainty between the signal generator, signal generator cable, signal
generator attenuator and the Stripline input can be calculated from the approach described in annex D. The mismatch
uncertainty through this network does, however, contribute equally to both stages of the test for casesin which afield
strength measurement is subsequently performed since there are no changes from stage 1 to this part of the test set-up.
The standard uncertainty of the contribution due to the mismatch in the transmitting part is designated throughout all
parts of the present document as U 36.

NOTE: Inthisexample case the standard uncertainty of the contribution due to mismatch in the transmitting part
istaken as 0,00 dB, since the uncertainty is systematic i.e. it produces the same offset in both stages.

Mismatch: receiving part: The mismatch uncertainty in the receiving part i.e. between the monopole, receiving device
attenuator, receiving device cable and the receiving device is cal culated from the approach described in annex D. This
mismatch uncertainty contributes only during the field measurement part of the test and therefore contributes to the
combined standard uncertainty.
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Figure 20: Schematic of the field measurement using a monopole
Monopole: Input reflection coefficient: [oy| =0,333
Attenuator: Input and output reflection coefficients [S 4| = [S,,l =0,05
Attenuation = 10 dB |S;,| = [S] =0,3162
Cable: Input and output reflection coefficients: |S;4| and [Sy,| =0,07
Attenuation: 1dB = |S;,| = [S,4] =0,891
Receiving device:  Output reflection coefficient: [ogp)| =0,20

All these contributions are U-distributed. Other contributions are (see annex D):

0,333x0,05x100,
Uj mismatch: antennaand attenuator — N %=1177%

Ui attenuator 2 and cable 2 Constant for both stage 1 and 2. Hence this value does not contribute.

Ui cable 2 and receiving device' CONstant for both stage 1 and 2. Hence this val ue does not contribute.
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0,333% 0,07 x0,316% x100
Ujj mismatch: antenna.and cable2 = \/E % = 0,165 %

Ui attenuator 2 and receiving device' CONstant for both stage 1 and 2. Hence this val ue does not contribute.

0,333%0,2 x0,3162 x0,891% x100
Uj mismatch: antenna and receiving device = \/E % =0,373%

The combined standard uncertainty of the mismatch is then cal culated:

Uj misatchreceiving part = VL1772 +0,1652 +0,3732 =125%

transforming to the logarithmic form (see annex C): 1,25 %/ 11,5= 0,11 dB.

The standard uncertainty of the contribution, due to the mismatch in the receiving part, is designated throughout al
parts of the present document as Uz7. Its valuein thisexampleis 0,11 dB.

5.3.3.2 Contributions from the individual components

53.3.21 Signal generator

Signal generator: absolute output level: In thistest method, the uncertainty due to the setting of the signal generator's
absolute output level contributes to both stages. In stage 1, the output level isindividually adjusted at each of eight
different positioning angles whilst in stage 2, after an inspection (or calculation) of the eight different values, the signal
generator is set to a specific output level. The standard uncertainty of the contribution due to the signal generator
absolute output level is designated throughout all parts of the present document as Ujzg. Its value can be obtained from

the manufacturer's data sheet.

NOTE 1: Inthisexample case the uncertainty of the contribution due to the signal generator absolute output level
uncertainty from the manufacturer's data sheet is +1,0 dB.
Asnothing is said about the distribution of this uncertainty, a rectangular distribution
(see TR 102 273-1-1 [ 6], clause 5.1.2) in logsis assumed, and the standard uncertainty is calculated as
0,58 dB.

Signal generator: output level stability: In any test in which the contribution of the absolute level uncertainty of the
signal generator contributes to the combined standard uncertainty of the test i.e. it does not cancel dueto the

methodol ogy, the contribution from the output level stability is considered to have been included in the signal generator
absolute output level, Ujzg: Conversdly, for any level in which the absolute level uncertainty of the signal generator does

not contribute to the combined standard uncertainty, the output level stability of the signal generator should be included.
The standard uncertainty of the contribution due to the signal generator output level stability is designated throughout
all parts of the present document as U 3o. Its value can be derived from manufacturer's' data sheet.

NOTE 2: Inthis example case the standard uncertainty of the contribution due to the signal generator output level
stability istaken as 0,00 dB asit is covered by the absolute level uncertainty.

5.3.3.2.2 Signal generator cable

Insertion loss: signal generator cable: The signa generator cable has an insertion loss as well as an uncertainty
associated with the measurement of its magnitude. The value of insertion loss and its uncertainty remain valid provided
the cable is not used outside the manufacturer's specification. At any given frequency the insertion loss acts as a
systematic offset and contributes equally to both stages of the measurement. The standard uncertainty of the
contribution due to the insertion loss uncertainty of the signal generator cable is designated throughout all parts of the
present document as U4

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the insertion loss uncertainty of

the signal generator cable istaken as 0,00 dB since the uncertainty is systematici.e. it is assumed constant
and common to both stages of the measurement.
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Cablefactor: signal generator cable; Cable factor is defined as the total effect of the signal generator cabl€e'sinfluence
on the measuring system including its interaction with the site. It consists of the leakage caused by cable screening
inefficiency and introducing an unbalanced current into the Stripline. In a radiated measurement the standard
uncertainty of the uncertainty due to cable factor, associated with each cable, is 0,5 dB provided that the precautions
detailed in the methods have been observed, i.e. routing and dressing of cables with ferrites. If no prevention has been
attempted the standard uncertainty is 4,0 dB (justification for these valuesis given in annex E). The standard

uncertainty of the contribution due to the cable factor of the signal generator cable is designated throughout all parts of
the present document as U 1.

NOTE 2: In this example case the standard uncertainty of the contribution due to the cable factor of the signal
generator cable istaken as 0,00 dB since the precautions detailed in the methods have been observed and
the field strength is to be measured.

5.3.3.2.3 Signal generator attenuator

Insertion loss: signal generator attenuator: The signal generator attenuator has an insertion loss as well as an

uncertainty associated with the measurement of its magnitude. The value of insertion loss and its uncertainty remain

valid provided the attenuator is not used outside the manufacturer's specification. At any given frequency the insertion

loss acts as a systematic offset and contributes equally to both stages of the measurement. The standard uncertainty of

the contribution due to the insertion loss uncertainty of the signal generator attenuator is designated throughout all parts

of the present document as Uj4o.

NOTE: Inthisexample case the standard uncertainty of the contribution due to the insertion loss uncertainty of

the signal generator attenuator is 0,00 dB since the precautions detailed in the methods have been
observed and the field strength is to be measured.

5.3.3.24 Site factors
Ambient effect: Ambient effect is the uncertainty caused by local ambient signals raising the noise floor at the

measurement frequency. The standard uncertainty of the contribution due to the ambient effect is designated throughout
all parts of the present document as Uizg- The value of the standard uncertainty should be taken from table 43.

Table 43: Uncertainty contribution: ambient effect

Receiving device noise floor Standard uncertainty of
(EUT OFF) is within: the contribution
3 dB of measurement 1,57 dB
3 dB to 6 dB of measurement 0,80 dB
6 dB to 10 dB of measurement 0,30 dB
10 dB to 20 dB of measurement 0,10 dB
20 dB or more of the measurement 0,00 dB

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the ambient effect istaken as
0,00 dB since the Stripline is assumed to have been placed in a shielded room.

Stripline: influence of site effects: The influence of site effects comprise those effects, resulting from not observing
the recommendations given in EN 55020 [3] regarding positioning of the Stripline and layout of the absorber. These can
lead to incorrect received levelsi.e. values which differ from theoretical calculations. The standard uncertainty of the
contribution due to the influence of site effectsis designated throughout all parts of the present document as Ujz3:

NOTE 2: In this example case the standard uncertainty of the contribution due to the influence of site effectsis

taken to be 0,00 dB since in thistest method, site effects contribute equally to both stages as the
recommendations are assumed to have been fully observed.
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5.3.3.25 Antenna factor of the monopole

Stripline: antenna factor of the monopole: This has been derived from measurements taken within the Stripline.
Therefore, the given valuesincorporate several of the field disturbance factors which the Stripline possesses and which
therefore do not have to be allowed for asindividual contributions. Amongst these included effects are imaging,
characteristic impedance of the line, non-planar nature of the field etc. The standard uncertainty of the contribution due
to the antenna factor of the monopole is designated throughout all parts of the present document as Uiz0-

NOTE: Inthisexample case the standard uncertainty of the contribution due to the antenna factor of the
monopole istaken as 1,15 dB. This combined uncertainty source is only present in the actual
measurement.

5.3.3.2.6 Monopole attenuator

Insertion loss: monopole attenuator: The monopole attenuator has an insertion loss as well as an uncertainty
associated with the measurement of its magnitude. The value of insertion loss and its uncertainty remain valid provided
the attenuator is not used outside the manufacturer's specification. The standard uncertainty of the contribution due to
the insertion loss uncertainty of the monopole attenuator is designated throughout all parts of the present document as

Uio-

NOTE: Inthisexample case the standard uncertainty of the contribution due to the insertion loss uncertainty of
the monopole attenuator is taken as 0,1 dB since the uncertainty contributes only to stage 2 of thistest
method.

5.3.3.2.7 Receiving device cable

Insertion loss: receiving device cable: The receiving device cable has an insertion loss as well as an uncertainty
associated with the measurement of its magnitude. The value of insertion loss and its uncertainty remain valid provided
the cable is not used outside the manufacturer's specification. At any given frequency the insertion loss acts as a
systematic offset and contributes equally to both stages of the measurement. The standard uncertainty of the
contribution due to the insertion loss uncertainty of the receiving device cable is designated throughout all parts of the
present document as U4

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the insertion loss uncertainty of
the receiving device cable is taken as 0,15 dB since the uncertainty is only present in the second stage of
this test method.

Cablefactor: receiving device cable: Cable factor is defined as the total effect of the receiving device cable's
influence on the measuring system including its interaction with the site. It consists of the leakage caused by cable
screening inefficiency and introducing an unbalanced current into the monopole. In aradiated measurement the
standard uncertainty of the cable factor, associated with each cable, is 0,5 dB provided that the precautions detailed in
the methods have been observed, i.e. routing and dressing of cables with ferrites. If no prevention has been attempted
the standard uncertainty is 4,0 dB (justification for these valuesis given in annex E). The standard uncertainty of the
contribution due to the cable factor of the receiving device cable is designated throughout all parts of the present
document as Ujqg-

NOTE 2: Inthis example case the standard uncertainty of the contribution due to the cable factor of the receiving
antenna cable is taken as 0,50 dB since the precautions detailed in the methods are assumed to have been
observed.

5.3.3.2.8 Receiving device

Receiving device: absolute level: This uncertainty only contributes during the second stage of the procedure if the
input attenuation range setting on the receiving device has been changed from its setting in the first stage. The standard
uncertainty of the contribution due to the receiving device absolute level uncertainty is designated throughout all parts
of the present document as Uj47.

NOTE 1: Inthisexample case the standard uncertainty of the contribution due to the receiving device absolute level
uncertainty (arange change is assumed) is obtained from the manufacturer's data as £0,5 dB. As nothing
issaid about the distribution of this uncertainty, a rectangular distribution (see TR 102 273-1-1[6],
clause 5.1.2) in logsis assumed, and the standard uncertainty is calculated as 0,29 dB.
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Receiving device: linearity: In any test in which the contribution of the absolute level uncertainty of the receiving
device contributes to the combined standard uncertainty of the test i.e. it does not cancel due to the methodology, the
contribution from the receiving device linearity is considered to have been included in u;,7. Conversely, for any test in

which the absolute level uncertainty of the receiving device does not contribute to the combined standard uncertainty
the linearity of the receiving device should be included. The standard uncertainty of the contribution due to the

receiving device linearity is designated throughout all parts of the present document as Ujgg:

NOTE 2: Inthis example case the standard uncertainty of the contribution due to the receiving device linearity is
taken as 0,00 dB.
5.3.3.3 Contribution from the random component

Random uncertainty: The magnitude can be assessed from multiple measurements of the field strength measurement.
The standard uncertainty of the contribution due to the random uncertainty is designated throughout all parts of the
present document as u; ;. See also clause 5.5 and the note in clause 6.4.7 of TR 102 273-1-1, as well as note in clause

A.18 of the present document.

The field strength measurement was repeated ten times. The following results were obtained in dBuV (before correcting
for cabling and attenuator network insertion 10ss):

65,4; 63,4; 66,0; 65,3; 63,0; 64,9; 65,2; 66,8; 65,5; 63,7.
Converting to linear terms (V):

1,862 x 10°3; 1,479 x 10°3; 1,995 x 10'3; 1,841 x 10'3; 1,413 x 10°3; 1,758 x 103, 1,820 x 1073,
2,188 x 10°3; 1,884 x 10°3; 1,531 x 10°3;

The two sums X and Y are cal cul ated:
X = the sum of the measured values = 17,77 x 103 V;

Y = the sum of the squares of the measured values = 32,10 x 106 V2

2
] (17,77 x 10‘3)
3210x108-\ /|

- 10 =238,3 x 106 (formula5.6)
10-1

Uc random =

Astheresult is obtained as the mean value of 10 measurements and the standard uncertainty of the random uncertainty
is.

_2383x10° 100

u; - 23683x10 -117dB
Jrandom = 277x1073 115

NOTE: Inthisexample case the standard uncertainty of the contribution due to the random uncertainty is 1,17 dB.
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5.3.34 Summary table of contributions

A complete list of all the contributions to this part of the test method is givenin table 44.

Table 44: Contributions from the monopole field measurement

Yjori Description of uncertainty contributions dB
U3g mismatch: transmitting part 0,00
Ujz7 mismatch: receiving part 0,11
Ujzg signal generator: absolute output level 0,58
Ujzg signal generator: output level stability 0,00
Uig1 insertion loss: signal generator cable 0,00
Uirg cable factor: signal generator cable 0,50
U0 insertion loss: signal generator attenuator 0,00
U4 ambient effect 0,00
Uiz3 Stripline: influence of site effects 0,00
Ujz1 Stripline: antenna factor of the monopole 1,15
Ujgo insertion loss: monopole attenuator 0,10
Ujg1 insertion loss: receiving device cable 0,15
Uirg cable factor: receiving device cable 0,50
Ug7 receiving device: absolute level 0,29
Ujsg receiving device: linearity 0,00
Uio1 random uncertainty (see note in clause A.18 of the present document and note in clause 6.4.7 | 1,17

of TR 102 273-1-1)

The standard uncertainties from table 44 should be combined by RSS in accordance with TR 102 273-1-1 [6], clause 5.
This gives the combined standard uncertainty (Uc fieid measurement using a monopole) fOr the field measurement using a

monopolein dB.

Thevalueof u iscaculated as 1,91 dB.

c field measurement using a monopole

5.3.35 Expanded uncertainty for the receiver sensitivity measurement

The combined standard uncertainty of the results of the receiver sensitivity measurement is the combination of the

components outlined in clauses 5.3.1.4 and 5.2.4.4. The components to be combined are U, ,neasurement of the uT ad

Uc field measurement usi ng a monopole*

Ue =4/2,18% +1912 = 2,90 dB

The expanded uncertainty is+1,96 x 2,90 = +5,68 dB at a 95 % confidence level.

5.34 Uncertainty contributions: stage 2: field measurement using
three-axis probe

In this case, field measurement involves the use of athree-axis probe and measuring the vertical component of the
electric field.

5.34.1 Contributions from the mismatch components

Whereas figure 21 shows schematically the equipment set-up for field measurement using a three-axis probe, figure 22
provides a detailed picture of the individual uncertainty contributions.
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Figure 21: Stage 2: Field measurement using a 3-axis probe

Mismatch: transmitting part: The mismatch uncertainty between the signal generator, signal generator cable, signal
generator attenuator and the Stripline input can be calculated from the approach described in annex D. The mismatch
uncertainty through this network does, however, contribute equally to both stages of the test for casesin which afield
strength measurement is subsequently performed since there are no changes from stage 1 to this part of the test set-up.
The standard uncertainty of the contribution due to the mismatch in the transmitting part is designated throughout all

parts of the present document as U 36.

NOTE: Inthisexample case the standard uncertainty of the contribution due to mismatch in the transmitting part
istaken as 0,00 dB, since the uncertainty is systematic i.e. it produces the same offset in both stages.
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Figure 22: Schematic of the field measurement using a three-axis probe
5.34.2 Contributions from the individual components
5.34.2.1 Signal generator

Signal generator: absolute output level: In thistest method, the uncertainty due to the setting of the signal generator's
absolute output level contributes to both stages. In stage 1, the output level isindividually adjusted at each of 8 different
positioning angles whilst in stage 2, after an inspection (or calculation) of the 8 different values, the signal generator is
set to a specific output level. The standard uncertainty of the contribution due to the signal generator absolute output
level uncertainty is designated throughout all parts of the present document as Ujzg. Its value can be obtained from the

manufacturer's data.

NOTE 1: Inthis example case the uncertainty of the contribution due to the signal generator absolute output level is
obtained from the manufacturer's data sheet as £1,0 dB. As nothing is said about the distribution of this
uncertainty, arectangular distribution (see TR 102 273-1-1 [6], clause 5.1.2) in logsis assumed, and the
standard uncertainty is calculated as 0,58 dB.
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Signal generator: output level stability: In any test in which the contribution of the absolute level uncertainty of the
signal generator contributes to the combined standard uncertainty of thetest i.e. it does not cancel dueto the

methodol ogy, the contribution from the output level stability is considered to have been included in the signal generator
absolute output level, Uizg- Conversely, for any level in which the absolute level uncertainty of the signal generator does

not contribute to the combined standard uncertainty, the output level stability of the signa generator should be included.
The standard uncertainty of the contribution due to the signal generator output level stability is designated throughout
all parts of the present document as u3q. Its value can be derived from manufacturer's data sheet.

NOTE 2: In this example case the standard uncertainty of the contribution due to the signal generator output level
stability istaken as 0,00 dB asit is covered by the absolute level uncertainty.

5.3.4.2.2 Signal generator cable

Insertion loss: signal generator cable: The signal generator cable has an insertion loss as well as an uncertainty
associated with the measurement of its magnitude. The value of insertion loss and its uncertainty remain valid provided
the cable is not used outside the manufacturer's specification. At any given frequency the insertion loss acts as a
systematic offset and contributes equally to both stages of the measurement. The standard uncertainty of the
contribution due to the insertion loss uncertainty of the signal generator cable is designated throughout all parts of the
present document as Uj4.

NOTE 1: Inthis example case the standard uncertainty of the contribution due to the insertion loss uncertainty of
the signal generator cable istaken as 0,00 dB as afield strength measurement is performed using the
three-axis praobe.

Cablefactor: signal generator cable; Cable factor is defined as the total effect of the signal generator cabl€e'sinfluence
on the measuring system including its interaction with the site. It consists of the leakage caused by cable screening
inefficiency and introducing an unbalanced current into the Stripline. In a radiated measurement the standard
uncertainty of the uncertainty due to cable factor, associated with each cable, is 0,5 dB provided that the precautions
detailed in the methods have been observed, i.e. routing and dressing of cables with ferrites. If no prevention has been
attempted the standard uncertainty is 4,0 dB (justification for these valuesis given in annex E). The standard

uncertainty of the contribution due to the cable factor of the signal generator cable is designated throughout all parts of
the present document as U 1.

NOTE 2: In this example case the standard uncertainty of the contribution due to the cable factor of the signal
generator cable istaken as 0,00 dB since the precautions detailed in the methods have been observed and
the field strength is to be measured.

5.3.4.2.3 Signal generator attenuator

Insertion loss: signal generator attenuator: The signal generator attenuator has an insertion loss as well as an
uncertainty associated with the measurement of its magnitude. The value of insertion loss and its uncertainty remain
valid provided the attenuator is not used outside the manufacturer's specification. At any given frequency the insertion
loss acts as a systematic offset and contributes equally to both stages of the measurement. The standard uncertainty of
the contribution due to the insertion loss uncertainty of the signal generator attenuator is designated throughout al parts
of the present document as Uj,g.

NOTE: Inthisexample case the standard uncertainty of the contribution due to the insertion loss uncertainty of

the signal generator attenuator is 0,00 dB since the precautions detailed in the methods have been
observed and the field strength is to be measured.
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5.3.4.2.4 Site factors

Ambient effect: Uncertainty isintroduced as aresult of local ambient signals raising the noise floor at the measurement
frequency. The standard uncertainty of the contribution due to the ambient effect is designated throughout all parts of
the present document as Uj34. The values of the standard uncertainties should be taken from table 45.

Table 45: Uncertainty contribution: Ambient effect

Receiving device noise floor Standard uncertainty of
(EUT OFF) is within: the contribution
3 dB of measurement 1,57 dB
3 dB to 6 dB of measurement 0,80 dB
6 dB to 10 dB of measurement 0,30 dB
10 dB to 20 dB of measurement 0,10 dB
20 dB or more of the measurement 0,00 dB

NOTE 1: Inthis example case the standard uncertainty of the contribution due to the ambient effect is taken as
0,00 dB since the Striplineis assumed to have been placed in a shielded room.

Stripline: influence of site effects: The influence of site effects comprise those effects, resulting from not observing
the recommendations given in EN 55020 [3] regarding positioning of the Stripline and layout of absorber. These can
lead to incorrect received levelsi.e. values which differ from theoretical calculations. The standard uncertainty of the
contribution due to the influence of site effectsis designated throughout all parts of the present document as Ujz3:

NOTE 2: In this example case the standard uncertainty of the contribution due to the influence of site effectsis
taken to be 0,00 dB since in thistest method, site effects contribute equally to both stages as the
recommendations are assumed to have been fully observed.

Stripline: characteristicimpedance: This uncertainty contribution results from the difference between the free-space
wave impedance (377 Q) for which the three-axis probe had been developed and that for the Stripline (150 Q). The
standard uncertainty of the contribution due to the characteristic impedance of the Stripline is designated throughout all
parts of the present document as Uj26:

NOTE 3: Inthis example case the standard uncertainty of the contribution due to the characteristic impedance of
the Stripline is taken as having a standard uncertainty of 0,58 dB.

Stripline: mutual coupling of the three-axis probetoitsimagein the plates: This contribution is to take account of
the fact that the probe has images in both plates of the Stripline. The standard uncertainty of the contribution due to the
mutual coupling of the three-axis probe to itsimage in the plates is designated throughout all parts of the present
document as Uz

NOTE 4: In this example case the uncertainty of the contribution due to the mutual coupling of the three-axis probe
toitsimageinthe platesistaken as + 0,5 dB. Asnothing is said about the distribution of this uncertainty,
arectangular distribution (see TR 102 273-1-1 [ 6], clause 5.1.2) in logsis assumed, and the standard
uncertainty is calculated as 0,29 dB.

5.3.4.25 Three-axis probe field measurement

Stripline: field strength measurement as deter mined by the three-axis probe: The standard uncertainty of the
contribution, due to the field strength measurement uncertainty as determined by the three-axis probe, is designated
throughout all parts of the present document as Uj,g. Its value can be derived from the manufacturer’s data sheet.

NOTE: Inthisexample case the uncertainty of the contribution due to the field strength measurement as
determined by the three-axis probe is obtained from the manufacturer's data sheet as+1 dB. Asnothing is
said about the distribution of this uncertainty, arectangular distribution (see TR 102 273-1-1 [6],
clause 5.1.2) in logsis assumed, and the standard uncertainty is calculated as 0,58 dB.
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5.34.3 Contribution from the random component

Random uncertainty: The magnitude can be assessed from multiple measurements of the receiver sensitivity. The
standard uncertainty of the contribution due to the random uncertainty is designated throughout all parts of the present
document as u;;. See also clause 5.5 and the note in clause 6.4.7 of TR 102 273-1-1, as well as note in clause A.18 of

the present document.

The field strength measurement was repeated ten times. The following results were obtained in dBuV (before correcting
for cabling and attenuator network insertion 10ss):

65,4; 63,4; 66,0; 65,3; 63,0; 64,9; 65,2; 66,8; 65,5; 63,7.
Converting to linear terms (V):

1,862 x 10°3; 1,479 x 10°3; 1,995 x 10°3; 1,841 x 10°3; 1,413 x 10°3; 1,758 x 10°3; 1,820 x 10'3; 2,188 x 10°3;
1,884 x 10°3; 1,531 x 10°3;

Thetwo sums X and Y are cal cul ated:
X = the sum of the measured values = 17,77 x 103 (V);

Y = the sum of the squares of the measured values = 32,10 x 106 V2

2
(17,77 x 10‘3)
3210%x10°% -

- 10 =2383 x 106 (formula5.6)
10-1

Y

Uc random =

X 2
n
n-1
Astheresult is obtained as the mean value of 10 measurements and the standard uncertainty of the random uncertainty
is:

—6
Uj random = 28310 20 _117d8

1,777x107% 115

NOTE: Inthisexample case the standard uncertainty of the contribution due to the random uncertainty is 1,17 dB.

5.34.4 Summary table of contributory components

A complete list of all the contributions to this part of the test method is given in table 46.

Table 46: Contributions from the 3-axis probe field measurement

Yjori Description of uncertainty contributions dB
Uj3g mismatch: transmitting part 0,00
Uizg signal generator: absolute output level 0,58
Ujzg signal generator: output level stability 0,00
Ujg1 insertion loss: signal generator cable 0,00
Uirg cable factor: signal generator cable 0,50
) insertion loss: signal generator attenuator 0,00
U4 ambient effect 0,00
Uiz3 Stripline: influence of site effects 0,00
Uiog Stripline: characteristic impedance 0,58
U5 Stripline: mutual coupling of the 3-axis probe to its image in the plates 0,29
Ujog Stripline: field strength measurement as determined by the 3-axis probe 0,58
Uio1 random uncertainty (see note in clause A.18 of the present document and note in clause 6.4.7 | 1,17

of TR 102 273-1-1)

ETSI



107 ETSI TR 102 273-1-2 V1.2.1 (2001-12)

The standard uncertainties from table 46 should be combined by RSS in accordance with TR 102 273-1-1 [6], clause 5.
This gives the combined standard uncertainty (Uc 3.ais probe) fOF the receiver sensitivity measurement in dB.

The value of u is calculated as 1,65 dB.

¢ 3-axis probe

5.3.45 Expanded uncertainty for the receiver sensitivity measurement

The combined standard uncertainty of the results of the receiver sensitivity measurement is the combination of the
components outlined in clauses 5.3.1.4 and 5.3.4.4. The components to be combined are U, g1 measurement @9 Ug 3-axis

probe’

Ue = /2,182 +1,65° = 2,73dB

The expanded uncertainty is+1,96 x 2,73 = 5,36 dB at a 95 % confidence level.

6 Wash-up

6.1 Introduction

TR 100 028 [5] gives values of maximum measurement uncertainty for all types of radio measurements and these
values should not be exceeded for any test set-up. However, it isleft to the individual asto how thisis actually
accomplished. More accurate test equipment will enable a more flexible approach whilst still remaining within the
appropriate value, but it does not automatically exclude "less accurate” test equipment.

For this reason individual test equipment parameters are not specified. However, atest equipment performance for a
specific parameter has to be known, and including this value in the specific example will alow rapid assessment of the
suitability for that particular task in relation to the other parameters.

When deciding if test equipment is suitable for making a particular measurement the following points should be taken
into account:

- thetest equipment resolution is appropriate to its uncertainty and is at least an order of magnitude better than the
limits of measurement variation;

- thetest equipment measurement uncertainty is appropriate to the required uncertainty;
- theoveral measurement uncertainty is equal to, or better than that required by the appropriate Standard.

If the uncertainty of a particular parameter of an item of test equipment is known, and if that parameters interaction
within atest configuration is understood, the overall measurement error can be predicted by calculation and hence
controlled.

6.2 Considerations in testing

Performance is normally associated with a particular EUTs actual performance, whereas conformance is whether or not
it conforms to a standard (it meets a minimum requirement). For example, areceiver adjacent channel selectivity is
measured to be 75 dB in a particular test equipment set-up. In another set-up (where it is known that the test equipment
is capable of measuring to 90 dB due to the use of a higher quality signal generator with lower single sideband phase
noise) it is measured as 82 dB.

In the first case (75 dB) the limit of the test equipment has been reached, but the EUT confor ms to the standard
requirement of > 70 dB. In the second case of 82 dB the perfor mance of the receiver has been measured, the EUT till
confor ms to the standard's requirement of = 70 dB but now there is atrue measure of how well it exceeds the
requirement.

Also from this example it can be seen that as measurements approach and in some cases exceed the dynamic range of
the test equipment, measurement uncertainty increases at an alarming rate. Therefore measurement engineers should
avoid approaching the dynamic range limit of the measuring system.
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Another consideration when applying asingle limit (= equal to or greater than; > greater than; < equal to or less than;
< less than), and where the dynamic range of the measuring system is not exceeded, is; is the uncertainty of your
measurement sufficiently small in comparison with the limit?

In this situation the measurement uncertainty may become much less significant when assessing confor mance. For
example: a specification limit is < -30 dBm and the measured result is-60 dBm

+10 dB. The measurement uncertainty is sufficient to give confidence that the measured valueis at least 20 dB below
the specification requirement and the result confor ms to the standard.

Conversely if the result had been 0 dBm the measurement uncertainty is sufficient to give confidence that the measured
valueisat least 20 dB above the specification requirement and the result does not conform to the standard.

In these cases there is no advantage to know the result to within 1 or 0,5 dB, they are in and, more importantly, out of
specification respectively.

Obviously the acceptahility of the uncertainty of measurement has been influenced by the measurement itself. Although
thisargument is true, it tends to be of little value except to highlight that the uncertainty of measurement is critical only
in the boundary condition (i.e. where the result of a measurement is close to the limit).

6.3 Measurement specification

Normally test houses expect the measurement to be well defined and well specified. The least uncertainty is (often
unreasonably) preferred. However it is generally accepted that in the measurement of a quantity, the measuring
equipment should have an associated combined standard uncertainty of an order better than the required limit (in
calibration terms).

For example: If a power measurement is required to the effect "x dB of power was delivered into a50 Q load +0,3 dB"
this measurement is practical, if however it is the required uncertainty for a radiated spurious emission the requirement
(in useful terms) is not-achievable.

A question that we should answer before attempting to make a measurement is: Isit practical to carry out this
measurement to the stated uncertainty limits using the available test equipment and methodology? It would not be easy
to explain why, for example, an equipment had failed by 3 dB when your measurement uncertainty was, when
investigated, found to be +6 dB and the standard required the uncertainty to be within +2 dB.

6.4 Specification limits

Thelast point to consider is that measurement uncertainty and specification limits are completely separate.
Consideration of both should only occur when comparing the suitability of the measurement uncertainty with the
specification limits or during the development of new standards.

For example, comparison of both uncertainty and limit are required when deciding if the uncertainty of the
measurement is sufficiently small in comparison with the specification limit or when deciding if the measured result is
inor out of agiven specification limit.

There are two distinct types of specification limits. One type is the case where thereis only one limit that the measured
value isrequired to exceed. In this case the measurement uncertainty and thereby the quality of the measurement is
especially important if the measured value is close to the limit. The other is the case where the measured value is
required to be within atwo sided interval. In this case the required measurement uncertainty depends on the distance
between the two limits, and care needs to be taken not only in the construction of the test system but also when the
limits are decided during the development of the standard.

Regulators only want to know "Does this EUT conform to the standard or not?', whereas manufacturers usually want to
publicize "not only doesit conform to standard XY Z, but its more than X X% better than the requirement".

Now, in the real world, suppose you are a manufacturer of radios, and are having aradio re-tested by aregulator due to
a suspected non-compliance with a standard. When the radio was first tested it was a comfortable pass, now however, it
is an uncomfortable failure. The original test laboratory says "the one | tested passed, here's al the test results’. The
regulator says "well it's exactly the same radio but it fails now, here's the test results, take it off the market".
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Thereal problem here of course isthat the laboratory and the regulator can both be correct, since the Laboratory cannot
state categorically that the radio passes, as the result when extended by the measurement uncertainty of the laboratory is
above the specification limit. The regulator cannot state categorically that the radio fails as the result when extended by
the measurement uncertainty of the regulator is below the specification limit. It isinteresting to see this argument
develop. What isrequired is an agreed approach to various questions that arise out of this situation:

- did the pass/fail criteriainclude reproducibility?

- did the pasg/fail criteriainclude repeatability?

- did the pass/fail criteriainclude variability of data?

- were uncertainties discussed in the formulation of the limits?

The answersto al these questions are: yes, no and maybe. How will the regulator then address the uncertainty of the
measured test results?

Particularly if the equipment is suspected of non-compliance and is subsequently re-measured, isit correct to apply the
shared risk rule to the Second measurement?

6.5 Conclusions

Before the first document on measurement uncertainty was published by ETSI in 1991, aformal agreement was reached
for treating uncertainty among regulators, manufacturer's and testing laboratories that produced products firstly as
Private Mobile Radios (within RES 02, the "LMR" STC) and later in other areas of the ETSI's endeavours. This
agreement is called the "shared risk".

Under the "shared risk" agreement thereis:

- an agreed method of calculating the measurement uncertainty (so that everyone includes all relevant
information);

- amaximum acceptable value for this uncertainty (stated in the Standard);
- an agreement to use the numerical value of a measurement as the pass/fail criteria

The reason for the expression "shared risk" isthat if the true value of a measurand lies exactly on the limit value all
parties agree to take the risk (and the consequences) that the EUT is outside the specification limits.

This approach provides the following solutions:
- manufacturers have a 50 % chance of a borderline equipment failing when it should have passed,;
- regulators have a 50 % chance of a borderline equipment passing when it should have failed;
- test houses no longer have to admit that they do not know if a borderline equipment passes or fails.

This approach to measurement uncertainty provides alevel playing field to all testing laboratories without giving
arbitrary advantage to those with better or worse equipment and facilities.

The shared risk is only correct however for cases in which a single measurement has been made. If the true valueison
thelimit in severa (n) measurements, the probability of a passis reduced to 0,5" as all measured val ues have to be
within the specification to give a pass; only one outside will give afail but this should be balanced against the measured
parameters genera independence of each other.

Finally, within this documentation, we have laid the foundations of the approach to measurement uncertainty by
tackling the problems from a practical viewpoint. Although some might comment that 0,01 dB is negligible, why have
you included it? The answer is of courseit's 0,01 dB in this case, but in othersit might be larger. It might not be larger
aswell of course, but it is up to the individual to decide thisand assign avalue in his calculations.

The relevant uncertainty contributions have been identified for the test methods and the methods simplified and
improved (i.e. the use of ferrite beads). The verification procedures have been improved and now apply to the basic
1,5 m height of the ETSs.
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This documentation provides a new approach to the calculation of measurement uncertainty based on ISOTAG 4 [7],
modified and extended where necessary. In modelling the sites, differences between ETSI and others have been traced
to the fact that use is made of a sin theta approximation whereas the ETSI approach makes no such assumption.
Differences between MiniNEC and Friis have been linked to the fact that MiniNEC models the balun but Friis does not.
With improvements to the formulae of others and by allowing for the differencesin MiniNEC and Friis, the results of
modelling by any of these methods gave Identical (within 0,2 dB) results.

(optional, unnumbered)
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Annex A:
Uncertainty contributions

This annex contains alist of the uncertainties identified as being involved in radiated tests and gives details on how
their magnitudes should be derived. Numerical and alphabetical lists of the uncertainties are given in tables A.21 and
A.22.

A radiated test, whether a verification procedure or the measurement of a particular parameter, consists of two stages.
For a verification procedure the first stage is to set areference level followed by the second stage which involves a
measurement of the path loss between two antennas. For EUT testing, the first stage is to measure the EUT followed by
the second stage which involves comparing the result to a known standard or reference. As aresult of this methodol ogy
there are measurement uncertainty contributions that are common to both stages of any test, some of which cancel
themselves out, others are included once whilst yet others have to be included twice.

NOTE: For the measurement of some EUT receiver parameters the stages are reversed.

Converting data: In the evaluation of any particular contribution it may be necessary to convert given data (e.g. froma
manufacturer's information) into standard uncertainty. The following will aid any conversions that may be necessary.

Mismatch uncertainties have 'U’ shaped distributions. If the limits are +a the standard uncertainty is: a/v2.

Systematic uncertainties e.g. the uncertainty associated with cable loss are, unless the actual distribution is known,
assumed to have rectangular distributions. If the limits are +a the standard uncertainty is: a/v3.

Therectangular distribution is areasonable default model to choose in the absence of any other information.

For conversion of % to dB, table A.1 should be used (for more information on the derivation of the table see annex C).

Table A.1: Standard uncertainty conversion factors

Converting from standard Conversion factor To standard
uncertainties in ...: multiply by: uncertainties in ...:
dB 11,5 voltage %
dB 23,0 power %
power % 0,043 5 dB
power % 0,5 voltage %
voltage % 2,0 power %
voltage % 0,086 9 dB

Terminology: In thisannex the following phases should be interpreted as follows:

"Freefield test sites": are Anechoic Chambers, Anechoic Chambers with Ground Planes and Open Area Test
Sites.

- "Stripline": refers to the EN 55020 [3] design of two plate open Stripline.
- "Verification": refersto the measurement in which the test site is compared to its theoretical model.
- "Test methods': refersto all radiated tests apart from the verification procedure.

- "Transmitting" and "receiving" antennas. are used in the verification procedure only; all other referencesto
antennas (i.e. substitution, measuring and test) are for test methods.

ETSI



112 ETSI TR 102 273-1-2 V1.2.1 (2001-12)

A.l  Reflectivity

Background: The absorber panelsin clause Anechoic Chambers (both with and without ground planes) reflect signal
levels which can interfere with the required field distribution.

ujm Reflectivity of absorbing material: EUT to the test antenna

This uncertainty only contributes to test methods on free field test sites that incorporate anechoic materials. It is
the estimated uncertainty due to reflections from the absorbing material.

How to evaluate for freefield test sites

Verification: Not applicable.

Test methods: If thetest is part of a substitution measurement the standard uncertainty is 0,00 dB, otherwise the
value from table A.2 should be used.

Table A.2: Uncertainty contribution: reflectivity of absorbing material: EUT to the test antenna

Reflectivity of the Standard uncertainty of the
absorbing material contribution
reflectivity <10 dB 4,76 dB
10 dB < reflectivity < 15 dB 3,92dB
15 dB < reflectivity < 20 dB 2,56 dB
20 dB < reflectivity <30 dB 1,24 dB
reflectivity = 30 dB 0,74 dB

How to evaluate for Striplines
Verification: Not applicable.
Test methods: Not applicable.

ujoz Reflectivity of absorbing material: substitution or measuring antenna to the test antenna

This uncertainty only contributes to test methods on free field test sites that incorporate anechoic materials. It is
the estimated uncertainty due to reflections from the absorbing material.

How to evaluate for freefield test sites

Verification: Not applicable.

Test methods: In a substitution type measurement the reflectivity of the absorber material tends to be nullified
by the substitution methodology. However, there will always be some differences in the radiation patterns of the
EUT and the substitution or measuring antenna and hence the standard uncertainty to alow for this should be
taken as 0,5 dB.

How to evaluate for Striplines
Verification: Not applicable.

Test methods: Not applicable.

ujog Reflectivity of absorbing material: transmitting antenna to the receiving antenna

This uncertainty only contributes to the verification procedures on free field test sites that incorporate anechoic
materials. It is the estimated uncertainty due to reflections from the absorbing material.

How to evaluate for freefield test sites

Verification: The relevant value for this contribution should be taken from table A.3.
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Table A.3: Uncertainty contribution: reflectivity of absorbing material: transmitting antenna
to the receiving antenna

Reflectivity of the Standard uncertainty of the
absorbing material contribution
reflectivity <10 dB 4,76 dB
10 dB < reflectivity < 15 dB 3,92dB
15 dB < reflectivity < 20 dB 2,56 dB
20 dB < reflectivity <30 dB 1,24 dB
reflectivity > 30 dB 0,74 dB

Test methods: Not applicable.
How to evaluate for Striplines

Verification: Not applicable.

Test methods: Not applicable.

A.2  Mutual coupling

Background: Mutual coupling is the mechanism which produces changesin the electrical behaviour of an EUT or
antenna when placed close to a conducting surface, another antenna, etc. These mechanisms areillustrated in
figure A.1. The effects can include de-tuning, gain variations, changes to the radiation pattern and input impedance, etc.

%
/
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Figure A.1: Mutual coupling (Anechoic Chamber illustrated)

ujo4 Mutual coupling: EUT toitsimagesin the absorbing material
This uncertainty contributes to test methods and verification procedures on free field test sites that incorporate

anechoic material. It is the uncertainty which results from the degree of imaging in the absorber/shield of the
chamber and the resulting effect on the input impedance and/or gain of the integral antenna.
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How to evaluate for freefield test sites

Verification: Not applicable.

Test methods: The standard uncertainty is 0,50 dB.
How to evaluate for Striplines

Verification: Not applicable.

Test methods: Not applicable.

uj05 Mutual coupling: de-tuning effect of the absorbing material on the EUT

This uncertainty only contributes to the test methods on free field test sites that incorporate anechoic materials. It
isthe uncertainty of any de-tuning effect due to the return loss of the absorbers.

How to evaluate for freefield test sites

Verification: Not applicable.

Test methods: This value will be 0,00 Hz provided the absorbing panels are more than 1 m away from the EUT
and the return loss of the panelsis above 6 dB (testing should not take place for spacings of less than 1 m). For
return losses below 6 dB, the value should be taken as 5 Hz standard uncertainty.

How to evaluate for Striplines
Verification: Not applicable.
Test methods: Not applicable.

uj% Mutual coupling: substitution, measuring or test antenna to itsimages in the absorbing material

This uncertainty only contributes to test methods on free field test sites that incorporate anechoic material. It is
the uncertainty which results from the degree of imaging in the absorber/shield of the chamber and the resulting
effect on the antenna's input impedance and/or gain.

How to evaluate for freefield test sites
Verification: Not applicable.

Test methods:

for the test antenna only, if it is at the same height for both stages one and two of the test method, then for
any absorber depth the uncertainty is 0,00 dB, otherwise the standard uncertainty is 0,50 dB;

- for substitution or measuring antennas the standard uncertainty is 0,50 dB.

How to evaluate for Striplines
Verification: Not applicable.
Test methods: Not applicable.

ujo7 Mutual coupling: transmitting or receiving antenna to itsimages in the absorbing material

This uncertainty only contributes to verification procedures on free field test sites that incorporate anechoic

material. It is the uncertainty which results from the degree of imaging in the absorber/shield of the chamber and
the resulting effect on the antenna's input impedance and/or gain.
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How to evaluate for freefield test sites
Verification:
- for the transmitting antenna the standard uncertainty is 0,50 dB;
- for the receiving antenna the standard uncertainty is 0,50 dB.
Test methods: Not applicable.

How to evaluate for Striplines
Verification: Not applicable.
Test methods: Not applicable.

Ujos Mutual coupling: amplitude effect of the test antenna on the EUT

This uncertainty only contributes to test methods on free field test sites. It is the uncertainty which results from
the interaction (impedance changes, etc.) between the EUT and the test antenna when placed close together.

How to evaluate for freefield test sites
Verification: Not applicable.

Test methods: Thisis the uncertainty which results from the interaction (impedance changes, etc.) between the
EUT and the test antenna when placed close together. The standard uncertainty should be taken from table A.4.

Table A.4: Uncertainty contribution: mutual coupling: amplitude effect of the test antenna on the EUT

Range length Standard uncertainty of the
contribution
0,62((d;+d,)3/\)< range length < 2(dq+d2)2/A 0,50 dB
range length = 2(d1+d2)2//1 0,00dB
NOTE: d, and d, are the maximum dimensions of the EUT and the test antenna.

How to evaluate for Striplines
Verification: Not applicable.
Test methods: Not applicable.

Ujog Mutual coupling: de-tuning effect of the test antenna on the EUT

This uncertainty only contributes to test methods on free field test sites that incorporate anechoic materials. It is
the uncertainty of any de-tuning effect due to mutual coupling between the EUT and the test antenna.

How to evaluate for freefield test sites
Verification: Not applicable.

Test methods: This value will be 0,00 Hz provided the spacing between the test antenna and EUT is greater than
(d;+d,)2/4. For lesser spacing, the value should be taken as 5 Hz standard uncertainty.

NOTE: d; and d, are the maximum dimensions of the EUT and the test antenna.

How to evaluate for Striplines
Verification: Not applicable.
Test methods: Not applicable.
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ujlo Mutual coupling: transmitting antenna to receiving antenna

This uncertainty only contributes to verification procedures on free field test sites. It is the uncertainty which
results from the change in coupled signal level between the transmitting and receiving antenna when placed

close together.
How to evaluate for freefield test sites
Verification: For ANSI dipolesthe value of this uncertainty is 0,00 dB sinceit isincluded, where significant, in

the mutual coupling and mismatch loss correction factors. For non-ANS| dipoles the standard uncertainty can be
taken from table A.5.

Table A.5: Uncertainty contribution: mutual coupling: transmitting antenna to receiving antenna

Frequency Standard uncertainty Standard uncertainty
of the contribution of the contribution
(3 m range) (10 m range)
30 MHz < frequency < 80 MHz 1,73 dB 0,60 dB
80 MHz < frequency < 180 MHz 0,6 dB 0,00 dB
frequency = 180 MHz 0,00 dB 0,00 dB

Test methods: Not applicable.
How to evaluate for Striplines

Verification: Not applicable.

Test methods: Not applicable.

ujll Mutual coupling: substitution or measuring antenna to the test antenna

This uncertainty only contributes to test methods on free field test sites. It is the uncertainty which results from
the change in coupled signal level between the substitution or measuring and test antenna when placed close

together.
How to evaluate for freefield test sites
Verification: Not applicable.

Test methods: For ANSI dipoles the value of this uncertainty is 0,00 dB since it isincluded, where significant,

in the mutual coupling and mismatch loss correction factors. For non-ANSI dipoles the standard uncertainty can
be taken from table A.6.

Table A.6: Uncertainty contribution: mutual coupling: substitution or measuring antenna
to the test antenna

Frequency Standard uncertainty Standard uncertainty
of the contribution of the contribution
(3 m range) (10 m range)
30 MHz < frequency < 80 MHz 1,73 dB 0,60 dB
80 MHz < frequency < 180 MHz 0,6 dB 0,00 dB
frequency = 180 MHz 0,00 dB 0,00 dB

How to evaluate for Striplines
Verification: Not applicable.
Test methods: Not applicable.
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ujlz Mutual coupling: interpolation of mutual coupling and mismatch loss correction factors

This uncertainty contributes to test methods and verification procedures on free field test sites. It isthe
uncertainty which results from the interpolation between two values in the mutual coupling and mismatch loss
correction factor table (given in the relevant test methods and verification procedures).

How to evaluate for freefield test sites

Verification: The standard uncertainty can be obtained from table A.7.

Table A.7: Uncertainty contribution: mutual coupling: interpolation of mutual coupling
and mismatch loss correction factors

Frequency (MHz) Standard uncertainty of
the contribution
for a spot frequency given in the table 0,00 dB
30 MHz < frequency < 80 MHz 0,58 dB
80 MHz < frequency < 180 MHz 0,17 dB
frequency = 180 MHz 0,00 dB

Test methods: The standard uncertainty can be obtained from table A.7.
How to evaluate for Striplines

Verification: Not applicable.

Test methods: Not applicable.

ujlg Mutual coupling: EUT toitsimagein the ground plane

This uncertainty contributes to test methods on free field test sites that incorporate a ground plane. It isthe
uncertainty which results from the change in gain and/or sensitivity of an EUT when placed close to a ground
plane.

How to evaluate for freefield test sites
Verification: Not applicable.

Test methods: The standard uncertainty can be obtained from table A.8.

Table A.8: Uncertainty contribution: mutual coupling: EUT to its image in the ground plane

Spacing between the EUT Standard uncertainty
and the ground plane of the contribution
For a vertically polarized EUT
spacing<1,25 A 0,15 dB
spacing > 1,25 A 0,06 dB
For a horizontally polarized EUT

spacing < A/2 1,15 dB

Al2 < spacing < 3A/2 0,58 dB
3A/2 < spacing < 34 0,29 dB
spacing = 34 0,15 dB

How to evaluate for Striplines
Verification: Not applicable.
Test methods: Not applicable.
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uj14 Mutual coupling: substitution, measuring or test antenna to itsimagein the ground plane

This uncertainty only contributes to test methods on free field test sites that incorporate a ground plane. It isthe
uncertainty which results from the change in input impedance and/or gain of the substitution, measuring or test
antenna when placed close to a ground plane.

How to evaluate for freefield test sites
Verification: Not applicable.

Test methods: The standard uncertainty can be obtained from table A.9.

Table A.9: Uncertainty contribution: mutual coupling: substitution, measuring
or test antenna to its image in the ground plane

Spacing between the antenna Standard uncertainty
and the ground plane of the contribution
For a vertically polarized antenna
spacing<1,25 4 0,15dB
spacing > 1,25 A 0,06 dB
For a horizontally polarized antenna

spacing < A/2 1,15 dB

Al2 < spacing < 34/2 0,58 dB

3A/2 < spacing < 34 0,29 dB
spacing = 34 0,15 dB

How to evaluate for Striplines
Verification: Not applicable.
Test methods: Not applicable.

Uj15 Mutual coupling: transmitting or receiving antennato itsimage in the ground plane

This uncertainty only contributes to verification procedures on free field test sites that incorporate a ground
plane. It is the uncertainty which results from the change in gain of the transmitting or receiving antenna when
placed close to a ground plane.

How to evaluate for freefield test sites

Verification: For ANSI dipoles the value of this uncertainty is 0,00 dB asit isincluded, where significant, in the
mutual coupling and mismatch loss correction factors. For other dipoles the value can be obtained from
table A.10.

Table A.10: Uncertainty contribution: mutual coupling: transmitting
or receiving antennato its image in the ground plane

Spacing between the antenna Standard uncertainty
and the ground plane of the contribution
For a vertically polarized antenna
spacing < 1,25 A 0,15dB
spacing > 1,25 A 0,06 dB
For a horizontally polarized antenna

spacing < A/2 1,15 dB

AI2 < spacing < 31/2 0,58 dB

31/2 < spacing < 31 0,29 dB
spacing = 34 0,15 dB

Test methods: Not applicable.
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How to evaluate for Striplines
Verification: Not applicable.
Test methods: Not applicable.

A.3  Range length

Background: The range length over which any radiated test is carried out should always be adequate to enable far field
testing. It may also be specified in the relevant testing standard.

NOTE: Rangelength is defined as the horizontal distance between the phase centres of the EUT and the test
antenna.

Over areflective ground plane where a height scan isinvolved to peak the received signal the distance over which a
measurement is performed is not always equal to the range length. Figure A.2 illustrates the difference between range
length and measurement distance.

Range length

>

Figure A.2: Range length and measurement distance

It isimportant to distinguish clearly between these two terms.

uj 16 Rangelength
This uncertainty contributes to test methods and verification procedures on free field test sites. It isthe
uncertainty associated with the curvature of the phase front resulting from inadequate range length between an

EUT and antenna or, alternatively, between two antennasi.e. it should always be equal to or greater than
2 (dy+dy)/A.

NOTE: d; and d, are the maximum dimensions of the antennas.

How to evaluate for freefield test sites

Verification: If ANSI dipoles are used the value is 0,00 dB, sinceit isincluded in the mutual coupling and
mismatch |loss correction factors, otherwise the value should be taken from table A.11.
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Table A.11: Uncertainty contribution: range length (verification)

Range length (i.e. the horizontal distance Standard uncertainty of
between phase centres) the contribution
(d1+d,)?/44 < range length < (d;+d,)2/2/ 1,26 dB
(d1+d,)2/2 < range length < (d;+d,)2/A 0,30dB
(d1+d)?/A < range length < 2(d;+d)?/A 0,10dB
range length > 2(d;+d,)?/ 0,00 dB
NOTE: d; and d, are the maximum dimensions of the antennas.

Test methods: For the EUT to test antenna stage the value should be taken from table A.12. For the substitution
or measuring antenna to the test antenna stage: if ANSI dipoles are used the value is 0,00 dB, since it isincluded
in the mutual coupling and mismatch |oss correction factors, otherwise the value should be taken from

table A.12.

Table A.12: uncertainty contribution: range length (test methods)

Range length (i.e. the horizontal distance Standard uncertainty of

between phase centres) the contribution

(d1+d,)?/44 < range length < (d;+d,)2/2/ 1,26 dB

(d4+d,)2/21 < range length < (d;+d,)2/A 0,30dB

(d4+d,)?/A < range length < 2(d;+d,)?/A 0,10dB
range length = 2(d;+d,)2/A 0,00 dB

NOTE: d; and d, are the maximum dimensions of the EUT and the test

antenna used in one stage and are the maximum dimensions of the
two antennas in the other stage.

How to evaluate for Striplines
Verification: Not applicable.

Test methods: Not applicable.

A.4 Corrections

Background: Inradiated tests the height of the test antennais optimized in each stage of the test, often the heights for
the two stages are different. This leads to different measuring distances and elevation angles and corrections should be
applied to take account of these effects.

u j17 Correction: off boresight angle in elevation plane

This uncertainty only contributes to test methods on free field test sites that incorporate a ground plane. Where
the height of the antenna on the mast differs between the two stages of a particular measurement, two different
elevation angles are subtended between the turntable and the test antenna. A correction factor should be applied
to compensate. Its magnitude should be calculated using figure A.7 according to the guidance given in the test
method. This uncertainty contribution is the estimate of the accuracy of the calculated correction factor and it
only applies when the test antenna has a directional radiation pattern in the elevation plane see figure A.3.

NOTE: Figure A.7 appliesto vertically polarized dipoles and bicones and to both polarizations of LPDAS. For
horns, or any other type of antenna, figure A.7 isinappropriate and the test engineer should provide
specific corrections.
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Antenna

radiation
pattern
Boresight
< l
0dB

Off boresight
angle typ. 390

-3dB

Figure A.3: Off boresight correction

How to evaluate for freefield test sites
Verification: Not applicable.
Test methods:
For any antenna:

- Where the optimized height of the antenna on the mast is the same in the two stages of the test, thisvalue is
0,00 dB.

- For vertically polarized dipoles and hicones where the optimized height of the antenna on the mast is different in
the two stages of the test, the standard uncertainty of the valueis 0,10 dB.

- For horizontally or vertically polarized LPDAs where the optimized height of the antenna on the mast is different
in the two stages of the test, the standard uncertainty of the value is 0,50 dB.

- For any other antenna, after application of a correction specific to that antenna, where the optimized height
of the antenna on the mast is different in the two stages of the test, the standard uncertainty of the valueis
0,50 dB.
How to evaluate for Striplines
Verification: Not applicable.

Test methods: Not applicable.

uj 18 Correction: measurement distance

This uncertainty only contributes to test methods on free field test sites that incorporate a ground plane. Where
the height of the antenna on the mast differs between the two stages of a particular measurement, two different
path losses result from the different measurement distances involved. A correction factor should be applied to
compensate. Its magnitude should be calculated according to the guidance given in the test method. This
uncertainty contribution is the estimate of the accuracy of the calculated correction factor.

How to evaluate for freefield test sites
Verification: Not applicable.
Test methods:

- Where the optimized height of the antenna on the mast is the same in the two stages of the test, thisvalueis
0,00 dB.

- Where the optimized height of the antenna on the mast is different in the two stages of the test, the standard
uncertainty of the valueis 0,10 dB.
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How to evaluate for Striplines
Verification: Not applicable.
Test methods: Not applicable.

A.5 Radio frequency cables

Background: There are radiating mechanisms by which RF cables can introduce uncertainties into radiated
measurements:

- leakage;
- acting as a parasitic element to an antenng;
- introducing common mode current.

L eakage allows electromagnetic coupling into the cables. Because the el ectromagnetic wave contains both electric and
magnetic fields, mixed coupling occurs and the voltage induced is very dependant on the orientation, with respect to the
cable, of the electric and magnetic fields. This coupling can have different effects depending on the length of the cable
and where it isin the system. Cables are usually the longest part of the test equipment configuration and as such,
leakage can make them act as efficient receiving or transmitting antennas that, as a result, will contribute significantly
to the uncertainty of the measurement.

The parasitic effect of the cable can potentially be the most significant of the three effects and can cause major changes
to the antenna's radiation pattern, gain and input impedance. The common mode current problem has similar effects on
an antenna's performance.

All three effects can be largely eliminated by routing and loading the cables with ferrite beads as detailed in the test
methods. An RF cable for which no precautions have been taken to prevent these effects can, simply by being
repositioned, cause different results to be obtained.

u j19 Cablefactor

This uncertainty contributes to test methods and verification procedures. Cable factor is defined as the total
effect of the RF cable'sinfluence on the measuring system.

How to evaluate for freefield test sites

Verification: Inthe direct attenuation stage of the procedure (a conducted measurement) all fields are enclosed
and hence the contribution is assumed to be zero. However in the radiated attenuation stage, the standard
uncertainty for each cable is 0,5 dB provided the precautions detailed in the procedure have been observed. If the
precautions have not been observed the contributions have a standard uncertainty of 4,0 dB (justification for
these valuesis given in annex E).

Test methods: The standard uncertainty for each cableis 0,5 dB provided the precautions detailed in the method
have been observed. If the precautions have not been observed the contributions have a standard uncertainty of
4,0 dB (justification for these valuesis given in annex E).

Exceptionally, where a cable and antenna combination has not been repositioned between the two stages (asin
the case of the test antennain an Anechoic Chamber) and the precautions detailed in the procedure have been
observed, the contribution is assumed to be 0,00 dB. If the combination has not been repositioned but the
precautions have not been observed the contribution is 0,5 dB.

NOTE: Repositioning means any change in the positions of either the cable or the antennain stage two of the
measurement relative to stage one e.g. height optimization over a ground plane.
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How to evaluate for Striplines

Verification: Inthe direct attenuation stage of the procedure (a conducted measurement) all fields are enclosed
and hence the contribution is assumed to be zero. However in the radiated attenuation stage the standard
uncertainty for each cable is 0,5 dB provided the precautions detailed in the procedure have been observed. If the
precautions have not been observed the contributions have a standard uncertainty of 4,0 dB (justification for
these valuesis given in annex E).

Test methods: The standard uncertainty for each cableis 0,5 dB provided that the precautions detailed in the
method have been observed. If the precautions have not been observed the contribution has a standard
uncertainty of 4,0 dB (justification for these valuesis given in annex E).

A.6  Phase centre positioning

Background: The phase centre of an EUT or antenna.is the point from which the device is considered to radiate. If the
deviceis rotated about this point the phase of the signal, as seen by a fixed antenna, does not change. It is therefore
critical to (a) Identify the phase centre of an EUT or antenna and (b) to position it correctly on the test site.

ujzo Position of the phase centre: within the EUT volume

This uncertainty only contributes to test methods. It is the accuracy with which the phase centreis identified
within the EUT.

How to evaluate for freefield test sites
Verification: Not applicable.

Test methods: Only applicablein the stage in which the EUT is measured. If the precise phase centreis
unknown, the uncertainty contribution should be calculated from:

+ the maximum dimension of thedevice
twicetherange length

x100%

Asthe phase centre can be anywhere inside the EUT this uncertainty is assumed to be rectangularly distributed
(see TR 102 273-1-1 [ 6], clause 5.1.2). The standard uncertainty can therefore be calculated and converted to the
logarithmic form (see annex C).

How to evaluate for Striplines
Verification: Not applicable.

Test methods: Not applicable.

uj21 Positioning of the phase centre: within the EUT over the axis of rotation of the turntable

This uncertainty only contributes to test methods. It is the accuracy with which the identified phase centre of the
EUT isaligned with the axis of rotation of the turntable.

How to evaluate for freefield test sites
Verification: Not applicable.

Test methods: Only applicable in the stage in which the EUT is measured. The maximum value should be
calculated from:

+ the estimated offset from the axis of rotation

x100%
range length

Asthis error source can be anywhere between these limits this uncertainty is assumed to be rectangularly
distributed (see TR 102 273-1-1 [6], clause 5.1.2). The standard uncertainty can therefore be calculated and
converted to the logarithmic form (see annex C).
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How to evaluate for Striplines
Verification: Not applicable.

Test methods: Not applicable.

ujzz Position of the phase centre: measuring, substitution, receiving, transmitting or test antenna

This uncertainty contributes to test methods and verification procedures on free field test sites. It isthe
uncertainty with which the phase centre can be positioned.

How to evaluate for freefield test sites
Verification:
For the transmitting antenna the maximum val ue should be calculated from:

+ the estimated offset from the axis of rotation
range length

x100%

For the receiving antennain an Anechoic Chamber the maximum value should be cal cul ated from:

+ theuncertainty with whichtherangelength canbe set
rangelength

x100 %

For the receiving antenna over a ground plane the maximum value should be calculated from:

+ the maximum estimated deflection from vertical of the top of the mast
rangelength

x100%

Asthis error source can be anywhere between these limits this uncertainty is assumed to be rectangularly

distributed (see TR 102 273-1-1 [6], clause 5.1.2). The standard uncertainty can therefore be calculated and
converted to the logarithmic form (see annex C).

Test methods:
For the measuring and substitution antennas the maximum value should be calculated from:

+ the estimated offset from the axis of rotation
range length

x100%

For the test antennain an Anechoic Chamber the maximum value should be calcul ated from:

+ theuncertainty with which therangelength canbe set
rangelength

x100%

For the test antenna over a ground plane the maximum val ue should be calculated from:

+ the maximum estimated deflection from vertical of the top of the mast
rangelength

x100%

Asthis error source can be anywhere between these limits this uncertainty is assumed to be rectangularly

distributed (see TR 102 273-1-1 [6], clause 5.1.2). The standard uncertainty can therefore be calculated and
converted to the logarithmic form (see annex C).

How to evaluate for Striplines
Verification: Not applicable.

Test methods: Not applicable.
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u j23 Position of the phase centre: LPDA

This uncertainty contributes to test methods and verification procedures on free field test sites. It isthe
uncertainty associated with the changing position of the phase centre with frequency of the LPDA.

How to evaluate for freefield test sites
Verification: The maximum value should be calculated from:

+ the maximum dimension of thedevice

- x100%
twicetherange length

Asthis error source can be anywhere between these limits this uncertainty is assumed to be rectangularly distributed
(see TR 102 273-1-1 [ 6], clause 5.1.2). The standard uncertainty can therefore be calculated and converted to the
logarithmic form (see annex C).

Test methods: For the test antenna the contribution is 0,00 dB. For the substitution or measuring LPDA the
maximum value should be calculated from:

+ the length of the LPDA

- x100%
twicetherange length

Asthis error source can be anywhere between these limits this uncertainty is assumed to be rectangularly distributed
(see TR 102 273-1-1 [ 6], clause 5.1.2). The standard uncertainty can therefore be calculated and converted to the
logarithmic form (see annex C).

How to evaluate for Striplines
Verification: Not applicable.
Test methods: Not applicable.

A.7  Stripline

Background: The Striplineis an alternative test site to a free field test site. It is essentialy alarge open transmission
line comprising two flat metal plates between which a TEM wave is generated. The resulting field is assumed to exhibit
aplanar distribution of amplitude and phase.

U Stripline: mutual coupling of the EUT to itsimages in the plates
j24

This uncertainty only contributes to Stripline test methods. It is the uncertainty which results from the imaging of
the EUT in the plates of the Stripline.

How to evaluate for freefield test sites
Verification: Not applicable.
Test methods: Not applicable.

How to evaluate for Striplines
Verification: Not applicable.

Test methods: The magnitude is dependent on the size of the EUT (which is assumed to be placed midway
between the plates). The value of the uncertainty contribution can be obtained from table A.13.
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Table A.13: Uncertainty contribution: s tripline: mutual coupling of the EUT
to its images in the plates

Size of the EUT relative to the plate Standard uncertainty of the
separation contribution
size/separation <33 % 1,15 dB
33 % < size/separation <50 % 1,73 dB
50 % < size/separation <70 % 2,89 dB
70 % < size/separation < 87,5 % (max.) 5,77 dB

uj25 Stripline: mutual coupling of the three-axis probe to itsimage in the plates

This uncertainty only contributes to Stripline test methods. It is the uncertainty which results from the imaging of
the three-axis probe in the plates of the Stripline.

How to evaluate for free field test sites
Verification: Not applicable.
Test methods: Not applicable.

How to evaluate for Striplines
Verification: Not applicable

Test methods: The standard uncertainty is 0,29 dB.

uj26 Stripline: characteristic impedance

This uncertainty only contributes to Stripline test methods. This uncertainty contribution results from the
difference between the free space wave independence (377 Q) for which the EUT has been developed and that
for the Stripline (150 Q).

How to evaluate for freefield test sites
Verification: Not applicable.
Test methods: Not applicable.
How to evaluate for Striplines
Verification: Not applicable.
Test methods: The standard uncertainty is 0,58 dB.

uj27 Stripline: non-planar nature of the field distribution

This uncertainty only contributes to Stripline test methods. It is the uncertainty which results from the non-planar
nature of the field distribution within the Stripline.

How to evaluate for freefield test sites
Verification: Not applicable.
Test methods: Not applicable.
How to evaluate for Striplines
Verification: Not applicable.
Test methods: The standard uncertainty is 0,29 dB.
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ujzg Stripline: field strength measurement as determined by the three-axis probe

This uncertainty only contributes to Stripline test methods. It is the uncertainty which results from using a
three-axis probe to measure the electric field strength within the Stripline.

How to evaluate for freefield test sites
Verification: Not applicable.
Test methods: Not applicable.
How to evaluate for Striplines

Verification: Not applicable.

Test methods: The measurement uncertainty of the three-axis probe is taken from manufacturer's data sheet and
converted to a standard uncertainty if necessary.

szg Stripline: transform factor

This uncertainty only contributes to Stripline test methods. It is the uncertainty with which the transform factor
(i.e. the relationship between the input voltage to the Stripline and the resulting electric field strength between
the plates) is determined.

How to evaluatefor freefield test sites
Verification: Not applicable.
Test methods: Not applicable.

How to evaluate for Striplines

Verification: Not applicable.

Test methods: If the verification procedure results are used, the standard uncertainty is the combined standard
uncertainty of the verification procedure.

ujgo Stripline: interpolation of valuesfor the transform factor

This uncertainty only contributesto Stripline test methods. It is the uncertainty associated with interpolating
between two adjacent transform factors for the Stripline.

How to evaluate for freefield test sites
Verification: Not applicable.
Test methods: Not applicable.
How to evaluate for Striplines

Verification: Not applicable.

Test methods: Where the frequency of test corresponds to a set frequency in the verification procedure, this

contribution to the combined uncertainty is 0,00 dB. For any other frequency, the value of the standard
uncertainty istaken as 0,29 dB.
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ujgl Stripline: antenna factor of the monopole

This uncertainty only contributes to Stripline test methods and the verification procedure. It is the uncertainty
with which the antenna factor/gain of the monopole is known.

How to evaluate for freefield test sites
Verification: Not applicable.
Test methods: Not applicable.

How to evaluate for Striplines
Verification: Not applicable.

Test methods: The standard uncertainty is 1,15 dB.

uj32 Stripline: correction factor for the size of the EUT

This uncertainty only contributes to Stripline test methods. It is the uncertainty due to the EUT being mounted in
the Stripline where the height of the EUT is significant in the E-plane compared to the plate separation.

How to evaluate for freefield test sites
Verification: Not applicable.
Test methods: Not applicable.

How to evaluate for Striplines
Verification: Not applicable.

Test methods. For EUT mounted centrally in the Stripline, values can be obtained from table A.14.

Table A.14: Uncertainty contribution: Stripline: correction factor for the size of the EUT

Height of the EUT Standard uncertainty of the
(in the E-plane) is: contribution
height <0,2 m 0,30 dB
0,2 m < height<0,4 m 0,60 dB
0,4 m < height<0,7m 1,20 dB

uj33 Stripline: influence of site effects

This uncertainty only contributes to Stripline test methods. It is the uncertainty which results from the possible
interaction between the fields of the Stripline and objects in its immediate environment.

How to evaluate for freefield test sites
Verification: Not applicable.
Test methods: Not applicable.

How to evaluate for Striplines
Verification: Not applicable.

Test methods: For any method of field strength measurement, it is assumed that, provided none of the absorbing
panels placed around the Stripline or the Stripline itself are moved either between the verification procedure and
the test or between the measurement on the EUT and the field measurement parts of the test (for monopole or
three-axis probe). The standard uncertainty of the contribution is 0,00 dB. If, however, the arrangement has been
changed, the standard uncertainty of the contribution is 3,00 dB.
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A.8 Ambient signals

Background: Ambient signals are localized sources of radiated transmissions that can introduce uncertainty into the
results of atest made on an Open Area Test Site and in unshielded Anechoic Chambers and Striplines.

U3, Ambient effect

This uncertainty contributes to test methods and verification procedures on free field test sites and in Striplines.
It is the uncertainty caused by local ambient signals raising the noise floor of the receiver at the frequency of test.

How to evaluate for freefield test sites

Verification: The values of the standard uncertainties should be taken from table A.15.

Table A.15: Uncertainty contribution: ambient effect

Receiving device noise floor Standard uncertainty of
(with signal generator OFF) is within: the contribution
3 dB of measurement 1,57 dB
3 dB to 6 dB of measurement 0,80 dB
6 dB to 10 dB of measurement 0,30 dB
10 dB to 20 dB of measurement 0,10 dB
20 dB or more of the measurement 0,00 dB

Test methods: The values of the standard uncertainties should be taken from table A.15.
How to evaluate for Striplines
Verification: The values of the standard uncertainties should be taken from table A.15.

Test methods:. The values of the standard uncertainties should be taken from table A.15.

A.9 Mismatch

Background: When two or more items of RF test equipment are connected together a degree of mismatch occurs.
Associated with this mismatch there is an uncertainty component as the precise interactions are unknown. Mismatch
uncertainties are calculated in the present document using S-parameters and full details of the method are given in
annex D. For our purposes the measurement set-up consists of components connected in series, i.e. cables, attenuators,
antennas, etc. and for each individual component in this chain, the attenuation and V SWRs needs to be known or
assumed. The exact values of the VSWRs (which in RF circuits are complex values) are usually unknown at the precise
frequency of test although worst case values over an extended frequency band will be known. It is these worst case
values which should be used in the calculations. This approach will generally cause the cal culated mismatch
uncertainties to be worse than they actually are.

uj35 Mismatch: direct attenuation measurement

This uncertainty only contributes to verification procedures. It results from the interaction of the VSWRs of the
componentsin the direct attenuation measurement. The direct attenuation measurement refers to the arrangement
in which the signal generator is directly connected to the receiving device (via cables, attenuators and an adapter)
to obtain areference signal level (see figure A.4). Due to load variations (antennas replacing the adapter in the
second stage of the procedure) contributions are not identical in the two stages of the verification procedure.

Signal
generator

cable 1

v

ferrite beads

Figure A.4: Equipment set-up for the direct attenuation measurement
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How to evaluate for freefield test sites

Verification: The magnitude of the uncertainty contribution due to the mismatch in the direct attenuation
measurement, is calculated from the approach described in annex D.

Test methods: Not applicable
How to evaluate for Striplines

Verification: The magnitude of the uncertainty contribution due to the mismatch in the direct attenuation
measurement, is calculated from the approach described in annex D.

Test methods: Not applicable

u j36 Mismatch: transmitting part

This uncertainty contributes to test methods and verification procedures. The transmitting part refersto the signal
generator, cable, attenuator and antenna set-up shown in figure A.5. This equipment configuration is used for:

- thetransmitting part of afreefield test site verification procedure;

- thetransmitting part of a Stripline verification procedure (where the antennain the figure is replaced by the
Stripline input);

- thetransmitting part of the substitution measurement in atransmitter test method;

- thetransmitting part when generating a field in areceiver test method.

Signal cable Attenuator |

generator Nﬂ 10 dB

ferrite beads

Antenna )

Figure A.5: Equipment set-up for the transmitting part

How to evaluate for freefield test sites

Verification: The uncertainty contribution due to the mismatch in the transmitting part is cal culated from the
approach described in annex D.

Test methods: Asfor the verification.
How to evaluate for Striplines

Verification: The uncertainty contribution due to the mismatch in the transmitting part is calculated from the
approach described in annex D.

Test methods: Asfor the verification.

uj37 Mismatch: receiving part

This uncertainty contributes to test methods and verification procedures. The receiving part refersto the antenna,
attenuator, cable and receiving device set-up shown in figure A.6. This equipment configuration is used for:

- thereceiving part of afreefield test site verification procedure;

- thereceiving part of a Stripline verification procedure (where the antennais a Monopole);
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- thereceiving part of the substitution measurement in a transmitter test method;

- thereceiving part when measuring the field in areceiver test method.

L | Attenuator cable Receiving
i 10dB device

ferrite beads

( Antenna

Figure A.6: Equipment set-up for the receiving part

How to evaluate for freefield test sites

Verification: The uncertainty contribution due to the mismatch in the receiving part is calculated from the
approach described in annex D.

Test methods: Asfor the verification.
How to evaluate for Striplines

Verification: The uncertainty contribution due to the mismatch in the receiving part is calculated from the
approach described in annex D.

Test methods: Asfor the verification.

A.10 Signal generator

Background: The signal generator is used as the transmitting source. There are two signal generator characteristics that
contribute to the expanded uncertainty of a measurement: absolute level and level stability.

uj38 Signal generator: absolute output level

This uncertainty only contributes to test methods. It concerns the accuracy with which an absolute signal
generator level can be set.

How to evaluate for freefield test sites
Verification: The standard uncertainty is 0,00 dB.

Test methods: The uncertainty contribution should be taken from the manufacturer's data sheet and converted
into standard uncertainty if necessary.

How to evaluate for Striplines
Verification: The standard uncertainty is 0,00 dB.
Test methods:

- For cases where the field strength in a Stripline is determined from the results of the verification procedure,
the uncertainty is taken from the manufacturer's data sheet and converted into standard uncertainty if
necessary.

- Where an electric field strength measurement is made in the Stripline this contribution is assumed to be zero.
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Ujgg Signal generator: output level stability

This uncertainty contributes to test methods and verification procedures. It concerns the stability of the output
level. In any test in which the contribution of the absolute level uncertainty of the signal generator contributesto
the combined standard uncertainty of the test i.e. it does not cancel due to the methodology, the contribution
from the output level stability is considered to have been included in the signal generator absolute output level,
Ujzg: Conversely, for any level in which the absolute level uncertainty of the signal generator does not contribute

to the combined standard uncertainty, the output level stability of the signal generator should be included. The
standard uncertainty of the contribution due to the signal generator output level stability is designated throughout
all parts of the present document as U 39. Its value can be derived from manufacturer's data sheet.

How to evaluate for freefield test sites

Verification: The uncertainty contribution should be taken from the manufacturer's data sheet and converted
into standard uncertainty if necessary.

Test methods: The standard uncertainty of the contribution due to the signal generator output level stability is
taken as 0,00 dB asiit is covered by the absolute level uncertainty.

How to evaluate for Striplines

Verification: The uncertainty contribution should be taken from the manufacturer's data sheet and converted
into standard uncertainty if necessary.

Test methods: The standard uncertainty of the contribution due to the signal generator output level stability is
taken as 0,00 dB asiit is covered by the absolute level uncertainty.

A.11 Insertion losses

Test equipment components such as attenuators, cables, adapters, etc. have insertion losses at a given frequency which
act as systematic offsets. Knowing the value of the insertion losses allows the results to be corrected by the offsets.
However, there are uncertainties associated with these insertion losses which are equivalent to the uncertainty of the
[oss measurements.

uj4o insertion loss: attenuator

This uncertainty only contributes to test methods.
How to evaluate for freefield test sites
Verification: Thisvalueis 0,00 dB.
Test methods:

- for the attenuator associated with the test antenna this uncertainty contribution is common to both stage one
and stage two of the measurement. Conseguently, this uncertainty contribution is assumed to be 0,00 dB due
to the methodol ogy;

- for the attenuator associated with the substitution or measuring antenna this uncertainty contribution is taken
either from the manufacturer's data sheet or from the combined standard uncertainty figure of its
measurement.

How to evaluate for Striplines
Verification: The valueis 0,00 dB.
Test methods:

- wherethefield strength in a Stripline is determined from the results of the verification procedure, for the
attenuator associated with the Stripline input this uncertainty contribution is taken either from the
manufacturer's data sheet or from the combined standard uncertainty figure of its measurement.
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- where amonopole or three-axis probe is used to determine the field strength, for the attenuator associated
with the Stripline input this uncertainty contribution is assumed to be 0,00 dB due to the methodology.

- whereamonopoleis used to determine the field strength, for the attenuator associated with the monopole
antennathis uncertainty contribution is taken either from the manufacturer's data sheet or from the combined
standard uncertainty figure of its measurement.

uj41 Insertion loss: cable

This uncertainty only contributes to the test methods.
How to evaluate for freefield test sites

Verification: Thisvalueis 0,00 dB.

Test methods:

- for the cable associated with the test antenna, this uncertainty contribution is common to both stage one and
stage two of the measurement. Consequently, it is assumed to be 0,00 dB due to the methodol ogy.

- for the cable associated with the substitution or measuring antenna, this uncertainty contribution istaken
either from the manufacturer's data sheet or from the combined standard uncertainty figure of its
measurement.

How to evaluate for Striplines
Verification: Thisvalueis 0,00 dB.
Test methods:

- wherethefield strength in a Stripline is determined from the results of the verification procedure, for the
cable associated with the signal generator this uncertainty contribution is taken either from the manufacturer's
data sheet or from the combined standard uncertainty figure of its measurement.

- where amonopole or three-axis probe is used to determine the field strength, for the cable associated with the
signal generator this uncertainty contribution is assumed to be 0,00 dB due to the methodology.

- whereamonopoleis used to determine the field strength, for the cable associated with the monopole antenna
this uncertainty contribution is taken either from the manufacturer's data sheet or from the combined standard
uncertainty figure of its measurement.

u ja42 Insertion |oss: adapter

This uncertainty only contributes to the verification procedures.
How to evaluate for freefield test sites

Verification: Thisuncertainty contribution is taken either from the manufacturer's data sheet or from the
combined standard uncertainty figure of the loss measurement.

Test methods: Not applicable.
How to evaluate for Striplines

Verification: Thisuncertainty contribution is taken either from the manufacturer's data sheet or from the
combined standard uncertainty figure of the loss measurement.

Test methods: Not applicable.
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uj43 Insertion loss: antenna balun

This uncertainty contributes to test methods and verification procedures on free field test sites.
How to evaluate for freefield test sites

Verification: The standard uncertainty of the contributionis 0,17 dB.

Test methods: The standard uncertainty of the contributionis 0,17 dB.
How to evaluate for Striplines

Verification: Not applicable.

Test methods: Not applicable.

A.12 Antennas

Background: Antennas are used to launch or receive radiated fields on free field test sites. They can contribute to
measurement uncertainty in several ways. For example, the uncertainty of the gain and/or antenna factor, the tuning,
etc.

uj44 Antenna: antenna factor of the transmitting, receiving or measuring antenna

This uncertainty contributes to test methods and verification procedures on free field test sites. It isthe
uncertainty with which the antenna factor is known at the frequency of test.

How to evaluate for freefield test sites

Verification: The antennafactor contributes only to the radiated part of this procedure. For ANSI dipolesthe
value should be obtained from table A.16. For other antenna types the figures should be taken from
manufacturer's data sheets. If afigure is not given the standard uncertainty is 1,0 dB.

Table A.16: Uncertainty contribution: antenna: antenna factor of the transmitting,
receiving or measuring antenna

Frequency Standard uncertainty of the
contribution
30 MHz < frequency < 80 MHz 1,73 dB
80 MHz < frequency < 180 MHz 0,60 dB
frequency = 180 MHz 0,30 dB

Test methods: The uncertainty contribution should be taken from the manufacturer's data sheet and converted
into standard uncertainty if necessary. If no valueis given the standard uncertainty is assumed to be 1,0 dB.

How to evaluate for Striplines
Verification: Not applicable.
Test methods: Not applicable.

uj45 Antenna: gain of the test or substitution antenna

This uncertainty only contributes to test methods on free field test sites. It is the uncertainty with which the gain
of the antennais known at the frequency of test.

How to evaluate for freefield test sites

Verification: Not applicable.
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Test methods. For ANSI dipoles the value should be obtained from table A.17. For other antenna types the
figures should be taken from manufacturer's data sheets. If afigure is not given the standard uncertainty is
1,0dB.

Table A.17: Uncertainty contribution: antenna: gain of the test or substitution antenna

Frequency Standard uncertainty of the
contribution
30 MHz < frequency < 80 MHz 1,73 dB
80 MHz < frequency < 180 MHz 0,60 dB
frequency = 180 MHz 0,30 dB

How to evaluate for Striplines
Verification: Not applicable.
Test methods: Not applicable.

Uj46 Antenna: tuning

This uncertainty contributes to test methods and verification procedures on free field test sites. It isthe
uncertainty with which the lengths of the dipoles arms can be set for any test frequency.

How to evaluate for freefield test sites
Verification: The standard uncertainty is 0,06 dB.
Test methods:

- Inthetest antenna case the uncertainty is equal in both stages of the test method so its contribution to the
uncertainty is assumed to be 0,00 dB.

- Inthe substitution/measuring antenna case, the standard uncertainty is 0,06 dB.
How to evaluate for Striplines

Verification: Not applicable.

Test methods: Not applicable.

A.13 Receiving device

Background: The receiving device (a measuring receiver or spectrum analyser) is used to measure the received signal
level either as an absolute level or as areference level. It can contribute uncertainty components in two ways:. absolute
level accuracy and non-linearity. An aternative receiving device (a power measuring receiver) is used for the adjacent
channel power test method.

uj47 Receiving device: absolute level

This uncertainty contributes to test methods where the measurement of field strength isinvolved and the
verification procedures where a range change to the receiving device's input attenuator occurs between the two
stages of the procedure.

How to evaluate for freefield test sites

Verification: The absolute level uncertainty is not applicable in stage one but should be included in stage two if
the receiving device'sinput attenuator has been changed. This uncertainty contribution should be taken from the
manufacturer's data sheet and converted if necessary.

Test methods: Only applicablein the electric field strength measurement stage for a receiving equipment. This
uncertainty contribution should be taken from the manufacturer's data sheet and converted if necessary.
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How to evaluate for Striplines

Verification: The absolute level uncertainty is not applicable in stage one but may be included in stage two if
the receiving device'sinput attenuator has been changed. This uncertainty contribution should be taken from the
manufacturer's data sheet and converted if necessary.

Test methods: Only applicablein the electric field strength measurement stage for areceiving equipment. This
uncertainty contribution should be taken from the manufacturer's data sheet and converted if necessary.

uj48 Receiving device: linearity
This uncertainty only contributes to the verification procedures.

How to evaluate for freefield test sites

Verification: If the receiving devices input attenuator has been changed the value is 0,00 dB. If not, the value
should be calculated from the manufacturer's data sheet e.g.: alevel variation of 62 dB gives an uncertainty of
0,62 dB at alinearity of 0,1 dB/10 dB. The uncertainty should be converted into standard uncertainty, assuming
arectangular distribution in logs.
Test methods: Not applicable.

How to evaluate for Striplines

Verification: If the receiving devices input attenuator has been changed the value is 0,00 dB. If not, the value
should be calculated from the manufacturer's data sheet e.g.: alevel variation of 62 dB gives an uncertainty of
0,62 dB at alinearity of 0,1 dB/10 dB. The uncertainty should be converted into standard uncertainty, assuming
arectangular distribution in logs.

Test methods: Not applicable.

uj49 Receiving device: power measuring receiver

This uncertainty only contributes to the transmitter adjacent channel power test method. There are three types of
power measuring receiver, they are:

- an adjacent channel power meter;

- aspectrum analyser;

- ameasuring receiver with digital filters.
How to evaluate for freefield test sites

Verification: Not applicable.

Test methods: Contributions are the same as for the conducted case, see TR 100 028 [5].
How to evaluate for Striplines

Verification: Not applicable.

Test methods: Not applicable.
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A.14 Equipment under test

Background: There are uncertainties associated with the EUT due to the following reasons:
- temperature effects: thisisthe uncertainty caused by the uncertainty in the ambient temperature;

- degradation measurement: this contribution is a RF level uncertainty associated with the uncertainty of
measuring, 20 dB SINAD, 102 bit stream or 80 % message acceptance ratio;

- power supply effects. thisisthe uncertainty caused by the uncertainty in the power supply voltage;

- mutual coupling to its power leads.

uj50 EUT: influence of the ambient temperature on the ERP of the carrier

This uncertainty only contributes to the ERP test method. It is the uncertainty in the carrier power level caused
by the uncertainty in knowing the ambient temperature.

How to evaluate for freefield test sites
Verification: Not applicable.

Test methods: Only applicable in stage one where the measurement is made on the EUT. The uncertainty
caused is calculated using the dependency function (TR 100 028 [5]) whose mean value is 4 %/°C and whose
standard deviation is 1,2 %/°C. The standard uncertainty of the ERP of the carrier caused by this ambient
temperature uncertainty should be calculated using the appropriate formula of TR 100 028 [5] and then
converted to dB.

For example, an ambient temperature uncertainty of +1 °C, resultsin the standard uncertainty of the ERP of the
carrier of:

o ~\2
J (%) X ((4,0%/°C )?+ (1,2%/° C )?) = 2,41 %, transformed to dB: 2,41/23,0 = 0,1 dB
How to evaluate for Striplines

Verification: Not applicable.

Test methods: Not applicable.

uj51 EUT: influence of the ambient temperature on the spurious emission level

This uncertainty contribution only appliesto the test methods on free field test sites. It is the uncertainty in the
power level of the spurious emission caused by the uncertainty in knowing the ambient temperature.

How to evaluate for freefield test sites
Verification: Not applicable.

Test methods: Only applicable in stage one where the measurement is made on the EUT. The uncertainty
caused is calculated using the dependency function (TR 100 028 [5]) whose mean value is 4 %/°C and whose
standard deviation is 1,2 %/°C. The standard uncertainty of the spurious emission level caused by this ambient
temperature uncertainty should be calculated using the appropriate formula of TR 100 028 [5] and then
converted to dB.

For example, an ambient temperature uncertainty of +1 °C, resultsin the standard uncertainty of the spurious
emission level of:

o 2
J (%) X ((4,0%/° C *+ (1,2%/° C )?) = 2,41 %, transformed to dB: 2,41/23,0 = 0,1 dB.
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How to evaluate for Striplines
Verification: Not applicable.

Test methods: Not applicable.

uj52 EUT: degradation measurement

This uncertainty only contributes to receiver test methods and is the resulting RF level uncertainty associated
with the uncertainty of measuring 20 dB SINAD, 102 bit stream or 80 % message acceptance ratio.

How to evaluate for freefield test sites

Verification: Not applicable.

Test methods: The magnitude can be obtained from TR 100 028 [5].
How to evaluate for Striplines

Verification: Not applicable.

Test methods: The magnitude can be obtained from TR 100 028 [5].

uj53 EUT: influence of setting the power supply on the ERP of the carrier

This uncertainty only applies to the effective radiated power test method and is caused by the uncertainty in
setting the power supply level.

How to evaluate for freefield test sites

Verification: Not applicable.

Test methods: Only applicable in stage one where the measurement is made on the EUT. The uncertainty
caused is calculated using the dependency function (TR 100 028 [5]) whose mean value is 10 %/V and whose
standard deviation is 3 %/V. The standard uncertainty of the ERP of the carrier caused by power supply voltage
uncertainty should be calculated using the appropriate formula of TR 100 028 [5] and then converted to dB.

For example, a supply voltage uncertainty of £100 mV results in the standard uncertainty of the ERP of the
carrier of:

2
\/(O’lTV) X ((10%/V )*+ (3%/V )?) = 0,60 % , transformed to dB: 0,60/23,0 = 0,03 dB.

How to evaluate for Striplines
Verification: Not applicable.
Test methods: Not applicable.

uj54 EUT: influence of setting the power supply on the spurious emission level

This uncertainty only applies to the spurious emissions test method and is caused by the uncertainty in setting the
power supply level.

How to evaluate for freefield test sites
Verification: Not applicable.

Test methods: Only applicable in stage one where the measurement is made on the EUT. The uncertainty
caused is calculated using the dependency function (TR 100 028 [5]) whose mean value is 10 %/V and whose
standard deviation is 3 %/V. The standard uncertainty of the spurious emission level caused by power supply
voltage uncertainty should be calculated using formula (2) of TR 100 028 [5] and then converted to dB.
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For example, a supply voltage uncertainty of £100 mV results in the standard uncertainty of the spurious
emission level of:

2
\/(O'lTV) X ((10%/V )*+ (3% /V )?) =0,06 %, transformed to dB: 0,60/23,0 = 0,03 dB.

How to evaluate for Striplines
Verification: Not applicable.
Test methods: Not applicable.

uj55 EUT: mutual coupling to the power leads

This uncertainty only contributes to test methods. It is the uncertainty which results from interaction (reflections,
parasitic effects, etc.) between the EUT and the power |eads.

How to evaluate for freefield test sites
Verification: Not applicable.

Test methods: The standard uncertainty is 0,5 dB provided that the precautions detailed in the methods have
been observed, i.e. routing and dressing of cables with ferrites. If the precautions have not been observed the
standard uncertainty is 2,0 dB.

How to evaluate for Striplines
Verification: Not applicable.

Test methods: The standard uncertainty is 0,5 dB provided that the precautions detailed in the methods have
been observed, i.e. routing and dressing of cables with ferrites. If the precautions have not been observed the
standard uncertainty is 2,0 dB.

A.15 Frequency counter

uj56 Frequency counter: absolute reading

This uncertainty only contributes to frequency error test methods performed using a frequency counter. It isthe
uncertainty of frequency measurement.

How to evaluate for freefield test sites

Verification: Not applicable.

Test methods: The uncertainty of frequency measurement is taken from the manufacturer's data sheet.
How to evaluate for Striplines

Verification: Not applicable.

Test methods: Not applicable.

uj57 Frequency counter: estimating the average reading

This uncertainty only contributes to frequency error test methods performed using a frequency counter. It isthe
uncertainty with which the average frequency can be estimated.

How to evaluate for freefield test sites

Verification: Not applicable.
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Test methods: The standard uncertainty should be taken as 0,33 x (highest frequency - lowest frequency) / 2.
How to evaluate for Striplines

Verification: Not applicable.

Test methods: The standard uncertainty should be taken as 0,33 x (highest frequency - lowest frequency) / 2.

A.16 Salty man and salty-lite

Background: The human body has a significant effect on the electrical performance of abody worn EUT. For test
purposes the artificial human body should simulate the average human body. Two main types of artificial human bodies
are used in testing: Salty man and Salty-lite.

uj58 Salty man/Salty-lite: human simulation

This uncertainty only contributes to test methods on free field test sites. It is the uncertainty which results from
the differences between the average human being and the artificial one used.

How to evaluate for freefield test sites
Verification: Not applicable.

Test methods: The standard uncertainty should be taken from table A.18.

Table A.18: Uncertainty contribution: human simulation

Test Facility Frequency Range Standard Uncertainty
Salty man 30 MHz to 150 MHz 0,58 dB
150 MHz to 1 000 MHz 1,73 dB
Salty-lite in 100 MHz to 150 MHz 1,73 dB
Anechoic Chamber 150 MHz to 1 000 MHz 0,58 dB
Salty-lite in Open Area Test 70 MHz to 150 MHz 1,73dB
Site or Anechoic Chamber with 150 MHz to 1 000 MHz 0,58 dB

Ground Plane

How to evaluate for Striplines
Verification: Not applicable.

Test methods: Not applicable.

uj59 Salty man/salty-lite: field enhancement and de-tuning of the EUT

This uncertainty only contributes to test methods on free field test sites. It is the uncertainty associated with the
variation of the enhanced magnetic field effect produced by the body and the de-tuning of the circuitry of the
EUT with spacing away from the outer surface of the salty body.

How to evaluate for freefield test sites

Verification: Not applicable.

Test methods: The standard uncertainty of this effect is estimated as 1,00 dB.
How to evaluate for Striplines

Verification: Not applicable.

Test methods: Not applicable.
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A.17 Test Fixture

Background: A Test Fixtureisatype of test site which enables the performance of an integral antenna EUT to be
mesasured at extreme conditions.

ujGO Test Fixture: effect on the EUT

Sinceit is proven on the accredited test site that the Test Fixture does not have an adverse effect on the EUT
(e.g. more than a 0,5 dB change in the received level), it is assumed that the maximum uncertainty introduced by
the presence of the Test Fixtureis +0,5 dB. The corresponding standard uncertainty is 0,29 dB.

uj61 Test Fixture: climatic facility effect on the EUT

Sinceit is proven that the climatic facility does not have an adverse effect on the EUT (e.g. morethan a0,5 dB
change in the received level), it is assumed that the maximum uncertainty introduced by the presence of the Test

Fixtureis+0,5 dB. The corresponding standard uncertainty is 0,29 dB.

A.18 Random uncertainty

ui01 Random uncertainty

This uncertainty contributesto all radiated tests. It is the estimated effect that randomness has on the
measurement.

NOTE: Itisimportant to identify whether this value (the random uncertainty) corresponds to the effect of other
uncertainties already taken into account in the calculations (e.g. uncertainties due to the instrumentation)
or whether thisis a genuine contribution of randomness. Obviously there are uncertaintiesin all
measurements, so it has to be expected that performing the same measurement a number of times may
provide a set of different results. When a contribution due to randomness has to be taken into account,
care should be taken to ensure the measurement conditions are kept constant, as far as possible, through
out the repetition of the measurements.

How to evaluate for freefield test sites

Verification: Random uncertainty should be assessed by multiple measurements of the same measurand and
treating the results statistically to derive the standard uncertainty of its contribution.

Test methods: Random uncertainty should be assessed by multiple measurements of the same measurand and
treating the results statistically to derive the standard uncertainty of its contribution.

How to evaluate for Striplines

Verification: Random uncertainty should be assessed by multiple measurements of the same measurand and
treating the results statistically to derive the standard uncertainty of its contribution.

Test methods: Random uncertainty should be assessed by multiple measurements of the same measurand and
treating the results statistically to derive the standard uncertainty of its contribution.
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A.19 Summary, tables and figures

Table A.19: Mutual coupling and mismatch loss correction factors (Anechoic Chamber)

Frequency Range length Frequency Range length
(MHz) 3m (MHz) 10 m
30 27,1 30 25,8
35 24,3 35 23,3
40 21,7 40 20,8
45 19,0 45 18,2
50 16,1 50 15,4
60 9,7 60 9,1
70 2,2 70 1,7
80 0,7 80 0,2
90 0,6 90 0,1
100 0,6 100 0,1
120 0,3 120 0,1
140 0,4 140 0,1
160 0,3 160 0,2
180 0,2 180 0,1

Table A.20: Mutual coupling and mismatch loss correction factors (over a ground plane)

Horizontal Vertical polarization
polarization

Freq. Freq.

(MHz) 3m 10 m (MHz) 3m 10 m
30 27,6 26,0 30 25,2 25,4
35 24,6 23,3 35 22,4 22,9
40 21,8 20,7 40 19,8 20,4
45 19,0 18,1 45 17,2 17,9
50 16,0 15,1 50 14,4 15,1
60 9,5 8,9 60 8,5 9,2
70 2,4 2,8 70 1,6 25
80 0,6 0,8 80 0,0 0,4
90 0,2 0,4 90 -0,2 0,1
100 -0,3 0,0 100 -0,6 0,0
120 -2,3 -1,2 120 -0,6 0,0
140 -1,0 -0,7 140 1,1 -0,1
160 -0,3 0,3 160 0,7 0,0
180 -0,3 0,3 180 0,3 0,0
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Table A.21: Summary table of all contributions (numerical sort)

Description
Ujo1 reflectivity of absorbing material: EUT to the test antenna
Ujo2 reflectivity of absorbing material: substitution or measuring antenna to the test antenna
Ujo3 reflectivity of absorbing material: transmitting antenna to the receiving antenna
Ujog mutual coupling: EUT to its images in the absorbing material
Uios mutual coupling: de-tuning effect of the absorbing material on the EUT
Ujoe mutual coupling: substitution, measuring or test antenna to its image in the absorbing material
Ujg7 mutual coupling: transmitting or receiving antenna to its image in the absorbing material
Ujog mutual coupling: amplitude effect of the test antenna on the EUT
Ujog mutual coupling: de-tuning effect of the test antenna on the EUT
Uj1o mutual coupling: transmitting antenna to the receiving antenna
U1 mutual coupling: substitution or measuring antenna to the test antenna
Uj1o mutual coupling: interpolation of mutual coupling and mismatch loss correction factors
Uj13 mutual coupling: EUT to its image in the ground plane
Uj14 mutual coupling: substitution, measuring or test antenna to its image in the ground plane
U1 mutual coupling: transmitting or receiving antenna to its image in the ground plane
Uje range length
U7  |correction: off boresight angle in the elevation plane
Ujg  [correction: measurement distance
Ugg [cable factor
Uioo position of the phase centre: within the EUT volume
Upy  |positioning of the phase centre: within the EUT over the axis of rotation of the turntable
Ujoo position of the phase centre: measuring, substitution, receiving, transmitting or test antenna
Upo3 position of the phase centre: LPDA
Uing Stripline: mutual coupling of the EUT to its images in the plates
U5 Stripline: mutual coupling of the 3-axis probe to its image in the plates
Uioe Stripline: characteristic impedance
Uo7 Stripline: non-planar nature of the field distribution
Uing Stripline: field strength measurement as determined by the 3-axis probe
Upg  [Stripline: transfer factor
Ujzo Stripline: interpolation of values for the transfer factor
Uj31 Stripline: antenna factor of the monopole
Up  [Stripline: correction factor for the size of the EUT
Ujz3 Stripline: influence of site effects
Ujz4 ambient effect
U35 mismatch: direct attenuation measurement
Uj3e mismatch: transmitting part
U7  |mismatch: receiving part
Uj3g signal generator: absolute output level
Ujzg signal generator: output level stability
Uigo insertion loss: attenuator
U4y  |insertion loss: cable
Ugp  [insertion loss: adapter
Uig3 insertion loss: antenna balun
Ujg4 antenna: antenna factor of the transmitting, receiving or measuring antenna
Ugs  |antenna: gain of the test or substitution antenna
Uge  |antenna: tuning
U7  |receiving device: absolute level
Uigg receiving device: linearity
Uigg receiving device: power measuring receiver
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Description
Ujso EUT: influence of the ambient temperature on the ERP of the carrier
Ujgq EUT: influence of the ambient temperature on the spurious emission level
Usp  |EUT: degradation measurement
Ujs3 EUT: influence of setting the power supply on the ERP of the carrier
Uisg EUT: influence of setting the power supply on the spurious emission level
Uiss EUT: mutual coupling to the power leads
Use  |frequency counter: absolute reading
Uj57 frequency counter: estimating the average reading
Ujsg Salty man/Salty-lite: human simulation
Uisg Salty man/Salty-lite: field enhancement and de-tuning of the EUT
U0 Test Fixture: effect on the EUT
Uig1 Test Fixture: climatic facility effect on the EUT
Uio1 Random (see note in clause A.18 of the present document and note in clause 6.4.7 of TR 102 273-1-1)
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Table A.22: Summary table of all contributions (alphabetical sort)

Description

Ujz4 |ambient effect

Ujg4 antenna: antenna factor of the transmitting, receiving or measuring antenna

Ujgs antenna: gain of the test or substitution antenna

Uise antenna: tuning

Ujg |cable factor

Ujg |correction: measurement distance

Uj;7  |correction: off boresight angle in the elevation plane

Ujs3 EUT: influence of setting the power supply on the ERP of the carrier

Uis4 EUT: influence of setting the power supply on the spurious emission level

Usg |EUT: influence of the ambient temperature on the ERP of the carrier

Us; |EUT: influence of the ambient temperature on the spurious emission level

Usp |EUT: degradation measurement

Uiss EUT: mutual coupling to the power leads

Use |frequency counter: absolute reading

Uis7 frequency counter: estimating the average reading

Ujgp |insertion loss: adapter

uj43 insertion loss: antenna balun

Ujgo |insertion loss: attenuator

U4 |insertion loss: cable

U35 mismatch: direct attenuation measurement

Uiz7 mismatch: receiving part

Uj3e mismatch: transmitting part

Ujog mutual coupling: EUT to its images in the absorbing material

Ujog mutual coupling: amplitude effect of the test antenna on the EUT

Uos mutual coupling: de-tuning effect of the absorbing material on the EUT

Uiog mutual coupling: de-tuning effect of the test antenna on the EUT

Uj13 mutual coupling: EUT to its image in the ground plane

i mutual coupling: interpolation of mutual coupling and mismatch loss correction factors

Ujp;  |mutual coupling: substitution or measuring antenna to the test antenna

Uiop mutual coupling: substitution, measuring or test antenna to its image in the absorbing material

U4 mutual coupling: substitution, measuring or test antenna to its image in the ground plane

Uizo mutual coupling: transmitting antenna to the receiving antenna

Ujg7 mutual coupling: transmitting or receiving antenna to its image in the absorbing material

U1 mutual coupling: transmitting or receiving antenna to its image in the ground plane

U3 position of the phase centre: LPDA

Uioo position of the phase centre: measuring, substitution, receiving, transmitting or test antenna

Uizo position of the phase centre: within the EUT volume

Uy  |positioning of the phase centre: within the EUT over the axis of rotation of the turntable

Uip1 |Random (see note in clause A.18 of the present document and note in clause 6.4.7 of TR 102 273-1-1)

Ujje |range length

Uj47  |receiving device: absolute level

Uigg receiving device: linearity

Uigg receiving device: power measuring receiver

uJ-Ol reflectivity of absorbing material: EUT to the test antenna

Ujo2 reflectivity of absorbing material: substitution or measuring antenna to the test antenna

Ujo3 reflectivity of absorbing material: transmitting antenna to the receiving antenna

Ujsg Salty man/Salty-lite: field enhancement and de-tuning of the EUT

uj58 Salty man/Salty-lite: human simulation

uj38 signal generator: absolute output level

Ujzg signal generator: output level stability
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Description
Uiz1 Stripline: antenna factor of the monopole
Upog Stripline: characteristic impedance
Uj3p  |Stripline: correction factor for the size of the EUT
Uiog Stripline: field strength measurement as determined by the 3-axis probe
Ujz3 Stripline: influence of site effects
Ujzo Stripline: interpolation of values for the transfer factor
Uios Stripline: mutual coupling of the 3-axis probe to its image in the plates
Ujng Stripline: mutual coupling of the EUT to its images in the plates
Ujp7  |Stripline: non-planar nature of the field distribution
Upg |Stripline: transfer factor
Uig1 Test Fixture: climatic facility effect on the EUT
U0 Test Fixture: effect on the EUT
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Figure A.7: Signal attenuation with increasing elevation offset angle
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Figure A.8: Signal attenuation for antenna height on mast
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Annex B:
Calculating means and standard deviations and further
theoretical support

B.1  Properties of distributions

B.1.1 Introduction

When arandom variable x can take any of a continuum of values at a particular instant in time, the probability of it
taking a specific value tends towards zero. It is conventional to describe this situation in terms of a probability density
function p(x).

B.1.2 Mathematical tools and properties

The probability of an occurrence is represented by the area under the probability curve. for example the probability of
the variable x lying between x; and X, is given by:

Xj p(x)dx

X1

Since x assumes avaluein the range -0 to + wand p (x) is the distribution
+00
I ()dx =1

The mean of a continuous random variable probability density function is given by:

+o00

Xm = pr(x)dx

—0o0
Variance

The second moment of a probability density function p (X) about the originis:

+00
=[x

— 00

where x,2n is the mean square value of process x. If the distribution is non-symmetrical, it is usual to take the 2nd

moment about the mean as a measure of dispersion. The second moment is often termed the variance ( 62) of the
probability distribution function, hence:

2= [ix—xm)? Pl
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B.2 Calculations

B.2.1 Rectangular distributions

A
p(x) 1
2A -1
xOF A+ Al- p(x)»= oA
xOF A+ Al- p(x)=10
x>
-A + A

Mean value = 0; Standard deviation = A/v3

In theinterval -A to + A where x occurs with equal probability, i.e. Unknown systematic error distribution are assumed
to be rectangularly distributed: i.e. + A.

If two identical rectangular distributions are combined then a triangular distribution results with the mean value = 0, and
the standard deviation = A/V6.

B.2.2 Gaussian distributions

M (0

1 2
p(x) —U\/z—ﬂexp

\4

<
<
— 00 + o0

Mean value = 0; Standard deviation= o

This function is characterized, for example, by the distribution of random noise, the distribution of a number of
measurements or the combination of a number of stochastic variables.

B.2.3 'U' shaped distributions

Mathematical tools and properties

xOF A+ Al- p(xF 2—1A

xOF A+ Al- p(xE O

1
Th A2—x

i p[x] = 2

7iA

Mean value = 0; Standard deviation = A/ v2

The "U" shaped distribution is used when sine functions are involved. This occurs with mismatch errors, temperature
regulators and other sinusoidal cyclic variations.
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B.3  Reference to theoretical support for the evaluation of
measurement uncertainties, including mathematical
tools and properties of distributions

More detailed theoretical support for the handling of measurement uncertaintiesis provided in TR 100 028-2 [5]

annex D. "Theoretical support for the eval uation of measurement uncertainties, including mathematical tools and
properties of distributions’. The methods proposed there are based on the usage of random variables (and combinations
thereaf).

Theaim of TR 100 028-2 [5] annex D is, in particular, to provide guidance on how to use random variables in support
of the evaluation of measurement uncertainties and to provide methods for handling and combining random variables.

The annex gives the reader a chance to become more familiar with:
- anumber of definitions and properties of distributions;

- theresult of the combination of random variables and how to use all these tools in order to more accurately
evaluate the uncertainties relating to a particular test set up;

- mathematical support using logs and dBs;
- confidence levels.

For a concise summary of results for different combinations of distributions (as calculated in TR 100 028-2 [5]
clause D.3) seetable B.1, taken from TR 100 028-2 [5] clause D.3.12.
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Table B.1 Combination of distributions — Summary

ETSI TR 102 273-1-2 V1.2.1 (2001-12)

Operations relating to random variables Equations (1) Resulting distribution Mean value Standard deviation Clause
Addition of a constant value H=F+a h(z)=f(z-a) mp=m+a 0,=0; D.3.1
One At - - — -
random variable Mult!pl!catfon by pos. const. H=(\)F h(z)=(1/N)f(z/N) mp=Am; 0,=A0; D.3.2
Multiplication by neg. const. H=(-\)F h(z)=-(L/\)f(z/\) mp=Am; 0,2=N%07? D.3.2
Inverse function H=1/F h(z)= f(1/z) | 22 m, =l (f(z) / z) dz Gh2+mh2:j (f(z) / z2) dz D.3.7
Sum H=F+G h(z)=lg(z-x)f(x)dx mu=mgm, chzch2+cg2 (note 3) |D.3.3
Two independent variables H=AF+uG h(Z)=J(LAR)F/A)g((z-x) ) dx mp=Amg+pm, 0,2=N\20,2+ p?0 g 2 D.3.4
random variables non independent variables H=AF+uG h(z)=(1/(Ak+W))g(z/(Ak+L)) mM,=(Ak+p)m, 0, 2=(Ak+p)?0,? D.3.4.6
where F=kG
Subtraction H=F-G h(z)=lg(x-z)f(x)dx mp=m;-mgy Gh2:0f2+0g2 D.3.5
Multiplication H=FG h(z)=I(1/ | x | )g(z/x)f(x)dx mp=m¢ my 0,2+my 2=(02+m?)(0,2+m ?) D.3.6
Division H=F/G h(z)=l g(x/z) (| x |/ z2) f(x)dx my=m; (| (9(2) / 2) dz) o 2+m, 2=(o+mPA)((g(2)/z3)dz)  |D.3.7
' Using Logs H=Log(F) h(z)=e? f ( e?) m,,= | Log(x) f(x) dx 0,2= (I Log?(x) f(x) dx ) - m,2 D.3.8
Using Logs Linear terms 3dB  [H=101og(F)  |h(z)=1071%(Log(10)f(10#1%)/10)  |my=I 10 log(x)f(x)dx op’=(] (10log(x))*f(x) dx) - m;>  |D.3.8.4.1
POWers [48"3 finear terms  |H= 10 (F/10) h(z)=10(f(10log(z)))/(zLog10) m, =] e(/10) Log10 f(x)qix 0,2=(I(e®10Log10)2f(x)dx)-m 2 |D.3.8.4.2
Linear terms >dB  |H=20 log(F) h(z)=1072%(Log(10)f(107/2%)/20) m;,=/ 20 log(x)f(x)dx 0,2=(] (20log(x))?f(x) dx) - m,2  |D.3.8.4.1
Volts  [g8 "> linear terms  |H= 10 (F/20) h(z)=20((20l0g(z)))/(zLog10) m, =] e(20) Log10 f(x)qix 0,2=(I(e®29L0g10)2f(x)dx)-m 2  |D.3.8.4.2
Using a function One variable H=g(F) h(2)=(fg1@2)) 1 g'(aX(2) |) my,= I g(x) f(x) dx 0,2= (I g?(x) f(x) dx ) - m2 D.3.9
Two variables H=g(F, K) h(2)=I((k(Y(z, X))/ | da/dy f(x)dx m=llgxy)fdx ky)dy  |o,,2=(llg?(x,y)f(x)dx k(y)dy)-m, 2 |D.3.11
Substitutions t replaces x in a distribution X = K(t) X(X) =2 T(t) = X(k(1)) |K'(D)] See clause D.9.3 See clause D.9.3 D.3.10.3
Reciprocals y=g(x)® x=k(y) See clause See clause D.3.10.5 D.3.10.5
D.3.10.5

NOTE 1: The symbol | stands for: f

00

00

NOTE 2: The effect of the sign of a multiplicative constant has been highlighted. Great care is recommended with regard to possible effects on the validity of these expressions due to
signs and possible zeros of expressions used above. Functions like g are supposed to be monotonous; for more details, please refer to the appropriate clause.
The equations are related to independent variables, unless otherwise stated.
The lines in bold italic correspond to those used more often. Table 1, see clause 5.2 of TR 102 273-1-1, provides first order approximations corresponding to entries for

conversions found in table B.1.
NOTE 3: TR 100 028 [5] and TR 102 273 use this formula extensively.

ETSI




152 ETSI TR 102 273-1-2 V1.2.1 (2001-12)

Annex C:
Mathematical transforms

This annex shows how direct methods can be used to transform distributions. Other methods (less specific) for
transforming (or converting) distributions are presented in clause D.3.9 of TR 100 028 [5].

C.1  Principles of derivation of formulas when
transforming from log to linear

When transforming from one co-ordinate system to another the following applies.

The probability of an event being within an interval isthe same no matter which scale on the co-ordinate system you
look at:

p1(X) P2 (X)
A A

—\

dB
>

A B A
A/% corresponds to A dB and B/% corresponds to B dB

%

\4

/ /

B

B B’
[pigax=" [pata)arn
A Al

which also means that:
+00 +00
[Piac= [patxn =1
Based on this, the converted distribution can now be derived.

C.1.1 A rectangular distribution in logarithmic terms converted to
linear terms

In this example arectangular distribution in logarithmic terms is converted to linear terms:

A p(x)

1
X)) =~ for —A<x<A
p(x) 2 A

=0 for all other values of x
dB P(x)

A

AX1 X2 0 +A
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The probability of x being in the interval between x; and x, is:
X2
Jaro=l i 2x4)
—aX=| ——Xo ——— X
2A 2A 2A
X1

1
= ﬁ(XZ - Xl)

Inlog terms. Therefore in linear terms this becomes:

X2

102
1
jpz(xl)dx = ﬁ(XZ - Xl)

X X
= P,| 1020 | - P, 1020

X2
where Py(x) = Ipz(x) or in other words P2{1020] :%

Substituting P, = K/ Log,g gives

X
K/Logm[lO?OJ =K/ X=X

20 2A
k! =19
A
10 _ 10
KLOglO(X)_ ALn(10) ()
A dLn(x): 1
ax X
(=it
P2 = ALn(10) x
P,
A
A 1 IA >
10 20 1020

From p, (X) the mean value x,,, and the standard deviation can be found.
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Genera formula: X, = I Xp, (x)dx
C 1 C
Xm = JK—xdx: jde
X
B B

Xm =[KX| §=K(C-B)

-A A

10 B=1020 : (C=1020

where K = ———;
ALn(10)

+o00
Then the standard deviation o can be found. The general formulais: o2 = I (x - xm)2 p(x)dx

—00

0% = (x—xm)2 K%dx

W e, 0O

C

= _[(sz +x2 —2xmx)5dx
X
B

C 2
:J.( );m +Kx—2xijdx

B

c
2
= { KxmZLn(x) +% —2Xpm Kx}
B

K(xmz(Ln(C) ~Ln(B) +%(C2 - Bz) ~2xm(C ‘B)D

As K(Ln(C)-Ln(B)) =1
Therefore

1
02 = X2 ~2xK(C-B) + k(c? -8?)

and X, = K(C-B) hence:

02 =K2(Cc-B)? -2k2(C -B)? +%K(C2 -8?)
1 (~2_r2\_y2 2

:EK(C -82)-K2(c-B)

therefore:

o= \/O,SK(CZ -82)-K?(c-B)°

This procedure can (in principle) be applied to any conversion of any distribution.
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C.1.2 A triangular distribution in logarithmic terms converted to
linear terms

In the same way as with the rectangular distribution the conversion from logs to linear terms are made:

A
P (x) 1 p1(X):%(A+x)for 0>x>-A
A A
Dl(X):%(A—x)for A>x>0
A
AN S dB p1 (x) =0 for all other values of x
-A X1 X2 N

In the negative interval:

X2

. 1, x X | x? &
Jorgoc = (e {Kﬁ}
X

X1

X X2 X X2 X at
242 -+ | =p|102 | -P,) 102
A 2A° A 2A

X 2
P 1020 :1+X_
A 2

Solution: K;Log(y) + Kz(LOQ(Y))Z

X
KlLog{lozoJ =Ky o=2

200 A
20
K, =22
17A
2
x 2
K,| Log 1020 || =—
2A2
2 2
K2 X2: Xz
20° 2A
202 1
2_L:_Kl2
2AZ 2

Logs converted to Ln:

20
17 ALn(10)

Ro(y) = Kaln(y) +2 KZ(Ln(y))”
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dpP| Ln
) _ Lz )
dy y y
-A
Ln on
Kyt +K2 W) for 102 <ys<1
y
and
A
Ln o
Kyt - Kfﬂ for 1< y<1020
y y
—A A
B=1020 and C =1020
Mean vaue:
1 c
1 2Ln(x)j j‘( 1 ZLn(x)]
Xm = || Ki=+K{—=|xdx+ || K;=—-K{——=|xdx
m .[[lx 1 ax x ™1 ax
B 1

= j(Kl + Klan(x))dx + J‘(Kl -K{ Ln(x))dx

C 1 C
= J Ky + K72 Jln(x)dx -K? I Ln(x)dx
B B 1

:[le]g + Klz[an(x) —x]lB —Klz[an(x) —x]lC

= Ky(C-B) +K{ 1-K#(BLn(B) -B) -KZ(CLn(C) C) {1

= K,(C-B)-2K{ —KfB(_k—l— j - Kfc(ki— j
1 1

= Kq(C-B) —2KZ +K;B +K{ xB —K,C +K7C
Xm=KZ(B+C-2)

Standard deviation:

+o00

o? = I(x - xm)2 p(xX)dx

— 00

- ].(x - xm)z{Kli + KlanT(X)jdx + T(x - xm)z(Kli —K? Ln(x)jdx

1

< 1 Ln(x) r
= j(x—xm)2K1;+J(x —xm)2K12 . dx —I(x —xm)ZKl
B 1

B
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+x? —2xmx) K12 Ln)Ex) dx

X | =

C 1 C

2 Ln(x)
=K I(x +X —2xmx) + j( +X —2xmx) K{ . dx —I
B 1

B

- (j[[xmiK +Kyx - 2xmK1]dx+ K J'[ 2 Ln() +xLn(x) - meLn(X)]dX—KlZC[ > Ln)E )+an( ) - 2Xan(x)jdx

X
B

11
o= \/Kf(4xm -5 +Z(BZ +C2) ~2x,(B +c)j %2

C.1.3 A rectangular distribution in linear terms converted to
logarithmic terms

In this example arectangular distribution in linear termsis converted in to logarithmic terms

N
7

p(x) 1
C-B B=1-A
K _;
7on
C=1+A
Linear~,
Bx1 X2 1 C
Xo 20 Log X,
jKldX = Ipz(Y)dy
Xy 20 Log xq
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(K2X2 - Kle) = p2(20 LOg Xz) - p2(20 LOg Xl)

In other words: Ky X = p2(20 Log(x)) , the solution: py(x)= K310K2X where K, :2_% =

lel = K310K220L09(X1) = K3X1 Now K3 = Kl pZ(X) - K310K2X — ngKan(IO)X
Ln(10
Then KZ = ( )
20
Ln(10
Now KI:L, K, = ( )
C-B 20

d
P2(x) = pdz)gx) = KK pe2¥

Kz =K1Kz

+o00

Check: jpz(x) =1

—00

20Log(1+A) 20Log(1+ Al
| ngKZXdX = g{esz} (A
20Log(1- A K2 20Log(1- A

= %(eKzzoLog(HA) _ eK220Log(1—A)j
2

1 Ln(t0) x20x Log(1+A) Ln(t0) x20 xLog(1-A)
=—|e 2 -e 20

:2—1A((1+ A)-(1-A) =1

Mean Value:

C=1+A B=1-A

20Log C
IxK3eK2de
20Log B
20Log C
= K3L<ixeK2X —izeKZX}
2 K5

20Log B

r 20Log C
= & eKZX(X —ij:|

K2 20Log B
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_ :_Zg[c(Kzzomg(c) ~1)-B(K,20Log(B) -1

Xon = %[C(Ln(C) ~1)-B{Ln(B) - )]
Standard deviation:

o? = j(x - xm)2 p(x)dx

20Log(1+A)=E
o? = I(sz +x2 —2xmx) KgeK2%dx
20Log(1- A)=D
2 E E o3 E
= —Xm K3 eKZX + &EKZX{XZ —ﬁ —%J — ZnK eKZX(X—ij
K> o K2 Ky K3 5 Ko K2/ |,
K
Now IxeKX =ieKX(x +ij and IxzeKX :ier(x2 _ +ij and —2 =K,
K K K K K2 K,
o= [Ky Zb{xmz +i2 +2ﬁj +(1+ A)(EZ _2E —2me) -(1- A)(Dz -2 —2mej
Ks Ko Kz K2

The four curvesin figure C.1 give the relationship between the standard deviation of different distributionsin
logarithmic units (dB) and the standard deviation of the same distributions when converted to linear units (%). The
curves for the rectangular distribution and the triangular distributions are based on the formulas derived previoudly in
this annex whilst the curves for the U-distribution and the Normal distribution are based on computer simulations.

As can be seen from figure C.1 the curves coincide for standard deviations less than 1,5 dB.
Thisindicates that for small standard deviations the actual shape of the distributions is of no importance.

For larger standard deviations the standard deviations of the converted distributions differ; and the larger the standard
deviation, the larger the difference. In other words the shape of the distribution starts to influence the conversion, but as
can be seen from the figure, the difference is small compared to the magnitude as long as the standard deviationis
below 2,5 to 3 dB.

The curves indicate that for small standard deviations the relationship can be approximated by a straight line given by
the constant factor = 11,5 %/dB.

This approximation can also be derived mathematically from the first order approximation for the function 10%/20
(giving the conversion between dB and %):

X

1020 =1+ X xIn(10)
20

The factor =0,115129 gives the first order conversion.

In(10)
20
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C.2 Conversion factors

80 I I
— Gaussian log to linear
~ Rectangular log to linear
0 H 7 Triangular log to linear
~ 7 7 U-Distribution log to linear -
R
60 —
~7 P
S
50 <> //
=
oz
40 =
o
7
30 e
20 /
10
0

0,5 1 1,5 2 2,5 3 35 4 4,5
Figure C.1: Standard deviations

Figure C.1 shows that if the standard deviation of a distribution in logarithms is smaller than 2,5 dB to 3,0 dB
(resembling errorsin the region of 5 dB to 6 dB), the following formulais a good approximation:

Olin = 115x cyIog
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Annex D:
Mismatch uncertainties

D.1 Introduction

Mismatch uncertainties are calculated in the present document using S-parameters.

A two-port network connects a generator and aload with reflection coefficients og and g respectively. Input and
output wave amplitudes a; and a,, b; and b, exist at the planes shown in figure D.1. The performance of this two-port
network can be specified in terms of four complex quantities known as S-parameters where:

b; = S193 + Spp&
by = Sy181 + Sy

a
ﬁ> ez
©
rG Two-port r L

<" 2>

Figure D.1: Two-port network

The corresponding matrix of the network can be described by an S-parameter (Sfor scattering) matrix:

5= |:S_Ll 512}
1 S»

Where S, is the complex reflection coefficient at port 1 when port 2 is perfectly terminated (and vice versa). S, isthe

complex transmission coefficient (or gain) from port 1 to port 2 when both ports are perfectly terminated (and vice
versa). For passive, linear networks S,; = Sp».

From the definition of Sparametersit is easy to see that mismatch lossis covered by the transmission coefficients. In
other wordsiit is of no importance whether the attenuation of a network is caused by power dissipation in the network or
by reflection at the input.

Toillustrate this consider an ideal filter (ideal meansit islossless). All of the filtering is due to reflections at the input,
asinanided filter, no power can be dissipated inside itself. Therefore if aloss (or gain) has been measured, the
mismatch loss has already been taken into account and only the mismatch uncertainty remains. Therefore no correction
due to mismatch loss is required.

D.1.1 Cascading networks

If two networks are cascaded the resulting network S-parameter matrix is a combination of the two original
Sparameters. First each individual S-parameter matrix needs to be transformed to a T-matrix (T for transformation).

T:i{ 1 -Szz}
S| Su -deS
Where det Sisthe determinant of S

Then the resulting T matrix is calculated.
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For example:
Network C
® Network Network
( A B
Figure D.2: Cascading networks
S-parameters
_| oA oA _|=8B11 12
S = Sp1 S S5 = Seu1 S
Saz1 Saz Sg21 Sg22
Which gives:
Tz FAM TA12} T, = |:TBll TBlZ}
Tazn  Tax Te2r  Te22

The T-matrix for the resulting (combined) network (c) is then:

Tc=TaTg
TATs = FAn Tar2 }|:TBll TBlZ}
Ta2r Taz | Te2r Te22

_ {TAHTBn * Tam2Te2r TanTeiz * TMZTBZZ}
Ta21Te11 + TazoTe2r  Ta21Te12 + Ta2 Te22

From the resulting T back to S parameters:

1 |:T21 -det T:|

S=_—
Tl -Tp

From these general methods some useful formulas can be derived:

Applying the methods on the two A and B, T, is found:

= 1 |: 1 'SA22:|
S
Sa21| Sa11 - detSp

_ 1 |: 1 - SA22 :|
Sa21Sa11 - Sa115a22 + Sa12Sa21

In the same way Ty is found:

:;{ 1 ~Se22 }
Sp211SB11  SB11SB22 * SB12SR21

The combination therefore is:

_F—All TA12}|:T811 TBlZ}
Tgor Te22
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_ 1 { 1 - Sa2 }{ 1 -Sg22
Sp21S821 | Sa11 - Sa115a22 + Sa12Sa21 | Se11 - SB11SB22 + SB12SB21
__ 1 I SpoSe11 - Sg22Sn22( Se12S821 ~ SB115822)
Sa21S821 | Sar1 + Se11(Sa21Sa12 — Sa11Saze) - Sa11Se22(Sa21Sa12 — Sa11Saz2)(Se21Se12 —SB11S822)
Which gives:
1-S\r»S
Ty = . A252 B11
A215B21
Teor = Saa1 + Se11(Sa21Sm — Sa1Saz)
Co1 = S S
A215B21
_~Sgxn - SA22(58125321 - 53115522)
Tep = 5.5
A215B21
Teyy = ~ Sp1Sp22 +(Sa21Sa12 ~ Sm1Sa22)(Se21Se12 ~Sp11SE22)
Sa21SB21
SC_|:SC’.L1 %z}_i{tcm —detTc}
X1 | tgg| 1 -top

Sopp = 21 _ SpiSea1 , Saunt Sp11(Sa21Sa12 ~ Sa11Sa22) o St Sp11(Sa21Sa12 ~Sa11Sa22)
11 1-Sp2eSen Sa21Ss21 1-Sa22Se11

_ Sa1 * Sp11Sa215a12 ~ Se11Sa115a22
&y = =
1-Sp2Sp11

_ SAll(l_ SAZZSBll) +Sp115a21SA12

Sl
1-Sp20Se11
Se115A21SM12
S =St e @)
1-Sp20Se11
Sy =L = SAnSE2L @

tc;1  1-Sa»Senn

Scq, istheinput reflection coefficient of the combined network and Sc, is the forward transmission coefficient. For
symmetry reasons Sc,, and Sc,, can be derived directly from Scy; and Scy:

SaoSp19S
Styp = Spop +- 2ot DAL ®3)
1-Sa2Sg11
Sp105
&\12 - - Al12°B12 (4)
Sp22Se11

From formulait can be seen that now the reflection coefficient in the connection between the two networks becomes
part of the total transfer function: the denominator 1 - Sy, Sz11-

This causes the mismatch uncertainty as only the magnitudes of S,,, and S31; are known, the phase of the product is
unknown.
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The two worst case values of theterm 1 - Sy5, Sgq @€ 1+ [Spo0|X[Sgq4] and 1 - [Syyo|%[Sgq1]- The magnitude of the
denominator is the magnitude of the sum of two vectors as shown in figure D.3 (where the circle of radius Sy»»>Sz14 IS
normally much smaller than 1).

A Imaginary e

Figure D.3: Vector summation

As can be seen from figure D3 the denominator can be anywhere in the circle with the radius |Sy,,|X[Sg14]. It can aso be
seen that there are angles for which the argument of the denominator is 1. The magnitude of the denominator is:

\/(1+ acosg)? +(asin §? =1+a2 cos? g+ 2acos p+a sin?

where;

a= [Sppl*ISg1l

\/1+ az(si n? g+ cos’ (p) +2ac0s @ (asSinfg+ cos?p= 1)

J1+a? +2acosg(since a<<1: a2 = 0 and 1+2a cos@= (1+a cos@)?:

V(L+ acos@2 =1+ acosyp

The mismatch error magnitude is a cospwhere @is unknown (random). This function has the U distribution described
in annex B.

From the formula for Scq4 and Sc, it can also be seen that the resulting input (or output) reflection coefficientisa

combination of the reflection coefficient of network A and a contribution from the reflection coefficient of network B
connected at the far end of the network.

For apassive linear network (like attenuators, cables and passive filters) S;, = S,;. In other words the transmission
coefficient and therefore the attenuation is the same in both directions.

In this case the resulting input reflection coefficient is S;; (which isthe input reflection coefficient when the output is

perfectly terminated) plus the reflection coefficient of the network connected to the output times the transmission
coefficient squared (and with the mismatch in the connector at the far end expressed by the denominator of the second
term of the formula).

This also showsthat if two components with poor VSWRs are connected together, it does not minimize the mismatch
uncertainty to use a perfect cable between the two components. The resulting input reflection coefficient of the cable
and the component is merely the reflection coefficient of the component phase shifted by the length of the cable.
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From the formulas for Sc,; and Sc,, it can be seen that the resulting transmission coefficient (S, / S;,) of the combined

network is the individual transmission coefficients multiplied and combined with the mismatch in the connection
between the two networks (as expressed by the denominator).

D.1.2 Mismatch uncertainty calculations

Having discussed the individual uncertainty components of the test equipment an analysisisrequired, when they are
connected together, to determine the combined standard uncertainty contribution. From the formulas derived in annex D
the uncertainties due to mismatch can be assessed.

A measurement set-up where absolute RF levels are important parts of the measurement often consist of some RF
modules connected in series, see figure D.4. (Cables, attenuators, filters, combiners, amplifiers, etc.)

S S

12 B12
RF SAll SBll RF
source % é-% é-? é-» ''''''''''''' @9 é load
G \S\ﬁ A22 S\ﬂ B22 L
'A21 B21

Figure D.4: Typical network

For each individual component in this chain, transmission coefficients and reflection coefficients (or VSWRs) needsto
be known or assumed. Often the transmission coefficients are well known from data or measurements.

The exact values of the reflection coefficients VSWRs (which in RF circuits are complex values) are normally not
known as they do not have direct influence on the measured results. Even if the magnitude is known, generally, the
phase is unknown.

More often worst case values are known. Thiswill generally cause the cal culated mismatch uncertainties to be more
conservative (or worse) than they actualy are.

The uncertainty due to mismatches of the RF level at the RF load (which can be an antenna, a detector, an EUT) ina
network like the one shown in figure D.5 can be calculated in the following ways:

The ssimplest case for assessing the uncertainty due to mismatch is a generator connected to aload through a coupling
network.

Coupling

network Load

>

>

Generator

Figure D.5: Generator to load through a coupling network

For the purpose of the calculations the generator is modelled as a perfect generator (output reflection coefficient = Q)
connected to a network with an output reflection coefficient equal to the actual generator output reflection coefficient.
(Also the network only has a forward transmission of 1,0 and a backwards coefficient of 0,0).

In the same way the load is modelled as a network connected to a perfect matched load. Also with aforward
transmission coefficient of 1,0 and a backwards coefficient of 0,0. The set-up of figure D5 now appears as shown in

figure D.6.
0 0 /o "G Sy /5! Spo 'y /il 0o 0
Perfect Generator Coupling Load Perfect
generator éé network 9 network 9 network éé load

ST

Figure D.6: Perfect generator to perfect load through a coupling network
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The Smatrices for each component infigure D.6 is:

Generator network: 00 O’O} (S
: 10 a
: EN 512}
Coupling network:
pling S1 S (S
: o 00
Load network: 10 0,0} ()
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The total transmission from the generator to the load can then be characterized by the combined network of the three

components.

Asthe input and output reflection coefficients of the combined network is zero, the forward and reverse transmission
coefficients of the network fully describes the RF signal flow between the generator and the load, including all

mismatch uncertainties.

The forward transmission coefficient is calculated as follows:

The S-parameter matrix for the combined network is:

EEEE

9= S S Using formulas (1), (2), (3) and (4) the resulting matrix is:

I S11Sc215612
S0 = Sen * 1-S2251

= 0+M =0 (formulal)
1+ 06 xS

Se1S1 _ 1xSy
1-S»S1 1-m;:Su

S (formula 2)
1-ps5n

Sél:

Se2251512

/ =
S22 =St 1-S62251

=Sy +% (formula 3)

| _ Se12Si2 - _0%Sp _
Spp = - o5 1- oS =0 (formula4)

0 0
s'=|_sy 5y, + 262172
1-pcSn 1-pcSn

Now only S,/ needs to be calculated:

/
_ SuS

Il
SZl - /
1-5S511
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1-pcSu

- 26PLS25
1-p.Sp + 1- 26Sy

1

" (1- ssu (1= A5 + A5 LSS

From the formulait can be seen that there are three mismatch contributions: One at each end of the coupling network
(characterized by the brackets in the denominator of (5)) and one caused by direct interaction between the generator and
the load. It is also seen that this direct interaction is depending on the transmission coefficients of the network. The

greater the attenuation the less the interaction.
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If the coupling network between the source and the load consists of more than one component there will be more
contributions to the mismatch uncertainty, unless the coupling network has been measured as one component. Mismatch
uncertainty at the connections between the individual components in the network.

For all network consisting of two components A and B, figure D.7.

Generator

>

Coupling
network A

>

Coupling

network B Load

>

Figure D.7: Generator to load through two coupling networks

Theinput and output reflection coefficients are calculated using formulas (1) and (3):

agoa
Sy :all+;)11 1581
~apby

_ agbyobyy
S22 =bzt 1-aphy

(6)

(1)

and the transmission coefficients are calculated using formulas (2) and (4)

a

Sy = _21b21
1-aphy
a

S = _12b12
1-aphy

b1y

©)

9)

_la ap _ b1o
A_L"21 a22} ° th bzz}

For the purpose of calculating mismatch uncertainties the derived S-parameters are put into formula (5):

a1y

(1‘ azzbn)[l ~ P (311

_byjagpay
1-azby

(19)

P PLA2131201001

o522
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From formula (10) it can be seen that there are 4 mismatch uncertainty contributions:

Mismatch uncertainty between A and B: * agobyq
Mismatch uncertainty at the generator: + 0 (311 + MJ
1-agbyy
Mismatch uncertainty at the |oad: + 0 (bzz + M}
1-agphy

P PLA1812010bx1
1-agybyy

In the three later cases the denominator form of 1- ayybq4 can beignored asthe average is 1. Therefore it does not

contribute to the mismatch uncertainty. Furthermore the two formulas with brackets consist of components which are
not correlated. These components needs to be treated individually. This gives the following contributions:

Mismatch uncertainty due to direct interaction between the generator and the load: +

Mismatch uncertainty between Aand B:  *ay, X by
Mismatch uncertainty at the generator:  +psxaq and g x byg xappXay
Mismatch uncertainty at theload: g x by, and  +g X @y X by, X by

Mismatch uncertainty due to the direct interaction between the generator and the load:

* P X O X 81X 8y X by X by

D.2  General approach

A general method for the calculation of the total mismatch uncertainty of a network consisting of any number N of
components between the generator and the load is as follows:

Each individual component is characterized by its S-parameter matrix

ST S"12} ,
g= AP i(n)
{321 S | T

The generator reflection coefficient is S g),, and the load reflection coefficient is S p,,4)11; the mismatch uncertainty is
the combination of all possible products of the form:

S|22 X &11 X S(|+1)12 X S(|+1)21 X S(|+2)12 Xeveenn X S(J'Z)lz X S(J'Z)Zl X S(J'l)lz X S(J'l)zl

(i (n) and (1§ (n+1) and i (j-2)

D.3  Networks comprising power combiners/splitters

In some tests power combiners/splitters are involved either to combine the signals from several signal sources or to split
the signals to several detectors or measuring instruments. Under these circumstances there may be mismatch uncertainty
contributions from the other branches of the splitters/divider as well as those from the branch of interest. If thereisa
high isolation between some of the ports, this can normally be ignored. It plays, however, avital part whereisolation
between input portsis needed. (i.e. between generators to avoid third order intermodulation). Consider the network
shown in figure D.8.
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‘ Port 1 Port 3 ‘

Generator )‘( cogmpbci)rr;[er ﬂ( Load
| Port 2 |
Load

Figure D.8: Three port combiner

Su Sz Si3
The 3 port combiner is characterized by the Smatrix S=|Sy; S, Sp
S Sz Sss
Based on the general formulaB = S x A, where:
by
B =| b, | where b, isthe output signal from port n,
P3|
ay]
A=|a, | wherea, istheinput signal to port n, and
133

each port n is connected to areflection coefficient g, the transfer function from the generator connected to port 1 to the
load connected to port 3 can be derived.

For alinear and symmetrical network (where §,, = S, for al S) the transfer function (formula5) is
P2 % Si2(Se1 XSip X1 +Sp(L =S X)) +Su((d S X)L S *2) S5 9 D)
(1-Su x)(L-Sp *03) =S %A *o)(L Su xS *0) S5 1 B) 2 B(S: S A Sl S A

As can be seen in the following the 3. port (in this case port 2) adds to the mismatch uncertainty between the generator
and the load connected to port 3.

If all reflection coefficients except S,, and p, are 0,0 formula 5 is reduced to the following: (formula 6)

P2 X S12 X Sgp +S31(1-Spp X)) _ Sy (1+ P2 X512 XS5 6)
(1=S2 % p,) Sz (1~ % 02)

If the denominator second order uncertainty is disregarded in formula 6 an additional mismatch uncertainty contribution

appears. p, x % . As can be seen S,, does not directly contribute.
1

This mismatch component has a u-shaped distribution like the conventional mismatch uncertainty contributions. If all
reflection coefficients except p; and o, are 0,0 formula’5 is reduced to the following: (formula 7)

831(1+/02X512x%2)
P2 % S12(S31 % Si2 X1 +S30) +San(1 =S X1 X)) _ P X S1p XSzp +S31 _ St )
(1~ S x o1 % p2) (1~ Sf X o1 % 0s) (1~ S X o1 % 0s)

In the nominator we see the term already found in formula 6. In addition to this there is a contribution from the
denominator: sz X 0 X 0o
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In the same way if only o, and p, are different from 0,0:

P2 X Sp XSz
1 e —l& —oc
P2 X Spp ><332 +331 = 831( i S31 : (8)
(1~ S * 02 % 3) (1~ S5 * 02 % 03)

giving the mismatch uncertainty contribution: 8322 X 0y X O3

From these 3 additional mismatch contributionsit can be concluded that in networks comprising combiners or splitters,
all other ports than the portsin the main path can contribute to the mismatch uncertainty in the main path.

If al other ports are connected to perfect terminations, they do not contribute, and the network can be regarded as one
path.

If, however, the other ports (n) are connected to reflection coefficients g, different from 0,0, these reflection

coefficients contributes to the total reflection coefficient at both the input and the output of the combiner, thereby
combining to the total mismatch uncertainty in the main path.

X
But in addition there is a contribution which is not the usual combination of two reflection coefficients: o, x Sin *Sho ,

So

where port i isthe input port, port o is the output port, and port nis any of the other ports.

It contains only one reflection coefficient and some transmission coefficients. As the transmission coefficients can be
very high (closeto 1 or even higher if amplifiers are involved) this contribution can be dominating. It can cause much
bigger mismatch uncertainty than the sum of the rest of the components, and it can cause lack of isolation between
ports, where isolation is needed.

It should be noted that there are such mismatch uncertainty contributions from all ports except the two ports in the main
path.

Imagine an ideal 3 port hybrid combiner with atransfer function of c dB between the two input portsand 3 dB from
each port to the output. If the output of the hybrid combiner is connected to a load with reflection coefficient 0,1 the
effective isolation between the two input portsis:

01x4/2 x4/2
2

Therefore the matching of the unused portsis very important. In these cases the mismatch uncertainty between the input
port and the output port (e.g. port 1 to port 3 of a combiner) are then calculated as follows:

=01414 =17 dB

1) all the"norma" mismatch uncertainty contributions are found;
2) the reflection coefficients connected to port 2 are taken into account;
3) Inaddition to thisthere is an extra uncertainty component.

NOTE 1. This uncertainty component is not anormal mismatch component, it is calculated from: p, xS,, XS3,/S;;.
Where p, isthe reflection coefficient of the network connected to port 2 of the combiner. If aresistive

combiner - for instance with an attenuation of 6 dB between the ports - isinvolved, thislast contribution
can be adominant oneif o, is big.

NOTE 2: Thiscontribution isin the numerator of the transfer function, whereas the "normal” uncertainty
contributions come from the denominator. The formula shown is consistent with the fact that if S3;

approaches zero this uncertainty will grow to be greater than one, and the combiner will act as areflection
measuring bridge.
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EXAMPLE: A 6 dB resistive combiner has asignal generator (1) connected to port 1 and a second signal
generator (2) connected to port 2 (both input ports). The combiner port 3 (the output port) is
connected to an EUT. The signal generator and combiner reflection coefficients are 0,2 and the
EUT has areflection coefficient of 0,8. The mismatch uncertainty is calculated as follows:

The standard uncertainty of the mismatch between the signal generator 1 and combiner input:

0,2x0,2x100

J2

The standard uncertainty of the mismatch between the combiner output and the EUT:

uj generator 1 and combiner = % =2,828%

0,2x0,8 %100
u . = e T 9 =1131%
j combiner and EUT \/E

The standard uncertainty of the mismatch between the signal generator 1 and the EUT:

" _0,2x08x05% x100
j generator 1 and EUT ﬁ

% =2,828%

The standard uncertainty of the mismatch between the signal generator 1 and signal generator 2:

0,2x0,2 x0,5% x100

V2

The standard uncertainty of the mismatch between the signal generator 2 and the combiner:

Uj generator 1 and generator 2 = % = 0,707 %

0,2x0,2x100

V2

The additional component is calculated as:

Uj generator 2 and combiner = % =2,828%

_0,2x0,52 x100

Ui odditi = % =7,071%
j additional component 0,5x \/E

The combined standard uncertainty of the mismatchis;

\/2:8282 +11312 + 2,8282 + 0,7072 + 2,8282 + 2,8282 + 7,0712 % = 14,50%

An extreme situation would be if all the components - except the load on port 2 - were exactly 50 Q; in this case the
only mismatch component would be the additional component (7 %).

Figure D.9 shows the distribution where all reflection coefficients are 0,1 and al transfer functions are 0,5 (ssmulated
200 000 000 times). The standard deviation based on the simulation is found to be 3,687 1 %. The calculated standard
deviation is 3,754 1 %. (The difference is due to that some second order components are disregarded in the calculation).
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172

3,6871

6,0800

U95: min = -5,9600 and max

Figure D.9: Distribution from the simulation

The formulae shown are also applicable to non symmetrical networks. Instead of the squared terms the products of the

transfer coefficients in both directions must be used.

Example:

Load 2

Generator —{ S; S S3 S S—{Load 1

Figure D.10: Example path between the generator and load
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Pc=02=Sgp MA1=0333  p,=02
All possible contributions are:

Contributions in the main path between

Uj generator and input of §; ~ W% =0,707%
Uj output of S, and input of S, ZW% =0,212%
Uj output of S, andinput of S; = W% =0,297%
Uj output of S; andinput of S, :w% =0,396%
Uj output of S, andinput of S = W% =0,566%
Uj output of S; and load1 = 010~ 0\’/353 X100, - 2,35%

_ 0,20x 0,06 x 0,7942 x100

Uj generator and input of S, = 7 % =0,535%

_0,05x%0,07 x 0,8912 x100
Uj output of S,andinputof S; — \/E

% =0,157 %

_ 0,06x0,08x0,708% x100

Uj output of S, andinputof S, = NG % =0,170 %

_ 0,07x0,10x1,0% x100
uj output of Szandinputof S5 — ﬁ

% =0,495 %

2
0,08 x 0,333 x0,944“ x100
Uj output of S, and load1 = 2 % =1,68 %

0,20% 0,07 x 0,794 x0,891% x100
Uj generator and input of S; = 2 % =0,495 %

_ 0,05%0,08x0,8912 x0,708% x100

Uj output of S, andinput of S, = 72 % =0,113%

_ 0,08x0,10x0,708% x1,0> x100
Uj output of S,andinputof S — \/E

% =0,284 %

0,07 x0,333x1,0% x0,944% x100
Uj output of S;andload1 = 72 % =147 %

2 2 2
0,20x 0,08 x0,794“ x0,891° x0,708“ x100
Uj generator and input of S, = 7 % =0,284 %
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_ 0,05x0,10%0,891% x0,708 x1,0° x100

Uj output of S, andinput of S = NG % =0,141%

2 2 2
0,06% 0,333 x 0,708~ x1,0° x0,944“ x100
Uj output of S, and load1 = 7 % =0,631%

_ 0,20%0,10x0,7942 x0,891% x0,708 x1,0% x100

Uj generator and input of S5 = 72 % =0,355 %

2 2 2 2
0,05x%0,333x0,891° x0,708° x1,0° x0,944“ x100
Uj output of S, and load1 = 2 % =0,418 %

2 2 2 2 2
0,20x% 0,333x0,794° x0,891° x0,708“ x1,0° x0,944“ x100
Uj generator and load 1 = 72 % =1,053 %

Contributions from the network connected to the 3™ port of S3:

Contributions:

_ 0,06%x0,10x 0,708 x100

Uj output of S, andinput of S5 = 2 % =0,212 %

_ 0,10x 0,08 x0,708% x100
Ujinput of Sgandinputof S, — ﬁ

% =0,284 %

_ 0,05%0,1x0,891% x0,708% x100

Ujoutput of S andinput of S5 = 7 % = 0141%
Uj output of S, andload2 = 000x0.20 O,i/()%sz x050° x100 % =0,106 %

Ujinput of S;andinputof S5 = 010010~ 0’\7/%82 x10° ><100% =0,354 %
Ujload2andinputof S, = 0.20x0,08 O'E:%Z x0,708” x100 % =0,142 %

U gererator anclinputf S, = 0,20x 0,10 x 0,794 32,8912 x0,7082 X100, 0 264 04
Uj output of S; and load 2 = 0,05 020> 0’8912:/(50’7082 x050° X100 % =0,070 %

_ 0,0%0,333x0,708% x1,0° x0,944° x100

Uji = % =1,052 %
jinput of Sgandload1 \/E

_ 0,20%0,10x0,50° x0,708% x1,02 x100
Ujload 2andinput S ~ \/E

% =0177 %

2 2 2 2
0,20x% 0,20 x0,794“ x0,891° x0,708“ x0,50“ x100
Uj generator and load 2 = 72 % =0177 %

0,20x 0,333 % 0,50° x0,708% x1,0° x0,944° x100
Ujload 2and load1 = 72 % =0,526 %
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Contributions from the 3'd port:

T _ 010x0,708? x100
j contribution fromSg 0,708 x \/E

% =5,01%

N _ 0,20x050% x0,708% x100
j contribution fromload 2 0,708><\/E

% =2,50 %

The root sum of the squares of all these componentsis 6,90 %.

As can be seen from the cal cul ations the major contributions to the mismatch uncertainty is from the reflection

coefficients connected to the 3" port of the network. This means that the matching of that port is of great importance to
keep the uncertainty low.

Alternatively the total insertion loss and the reflection coefficients at the generator and at load 1 should be measured
with S5 and load 2 connected. This would minimize the mismatch uncertainty.

These formulations can now be applied to the actual circuits encountered during testing.
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Annex E:
Antenna cabling measurements

E.1 Introduction

Thisisadiscussion of the results of testing a vertically polarized biconic antenna over a ground plane with differing RF
cable configurations.

E.2  Experimental measurements

When the antennaiis vertically polarized the antenna cable lies parallel to the axis of the antenna elements and
maximum coupling results. In the horizontally polarized case the cableis perpendicular to the axis of the antenna
elements and minimum coupling occurs. To avoid the complication of a ground reflected wave, the tests were carried
out using a monopole as a source.

E.2.1 Measurement procedure

The configurations were:
- thereceive antenna RF cable hanging freely from the antenna, see figure E.1 (a);

- the RF cable running 2 m perpendicular to the axis of the elements, behind the antenna, and then allowed to hang
freely from the support, see figure E.1 (b);

- the RF cable, dressed with ferrites every 15 cm, running 2 m perpendicular to the axis of the elements, behind
the antenna, and then allowed to hang freely from the support, see figure E.1 (c).

These measurements were carried out over a frequency range of 30 MHz to 300 MHz with the receiving biconic
antenna at two heights on the mast, 1 and 4 m respectively.

E.2.2 Discussion of results

The overall effects are shown in figures E.2 and E.3. The graphs represent the total effect of three individual
components:

- baun balance;

NOTE 1: Anantenna (usually abalanced device) is normally connected to a coaxia cable (unbalanced), with or
without impedance matching. However, the inner and outer conductors of the coaxial line do not couple
to the antenna in the same way and a net current flows in the outer sheath, or shield, of the coaxia cable.
The amount of current is determined by the shields impedance to ground, the higher the impedance the
less current flow. A balun isthe device that is used to transform from a balanced to an unbalanced line
and can be helpful at increasing the shield impedance. The ability of the balun to match the impedance of
the antennato the coaxial line at all frequencies of interest is also critical to the relative level of the shield
current. A good match gives negligible shield current whilst a bad match will increase it to significant
proportions.
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Figure E.1: Test configurations for the cable tests

- paraditic effects of the cable.

NOTE 2: Whether the antennaiis receiving or transmitting asignal, the signal will energize the free falling cable
behind the antenna, which can act as a parasitic element i.e. it couples to the antenna either reflecting or
directing the incident energy. Because the incident wave contains both electric and magnetic fields, mixed
coupling occurs on the antenna cable. The induced voltage is very dependant on the relative orientations
of the cable and the electric and magnetic fields. The antenna and parasitic element behave as coupled
circuits with self and mutual impedance depending on their lengths and spacing. The phase angle of the
induced shield current relative to the antenna depends on the position of the cable and on its effective
length. Asthe major effect of thisisaddition and subtraction of the wanted signal brought about by the
phase differences, the placement of the cable can be critical to reducing itsimpact on the measurement
configuration. Cable positioning is only a problem when coupling can occur. If the cables are positioned
correctly minimal coupling will result. The presence of the parasitic element also loads the antenna and as
aresult the antennas input impedance is reduced.
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Figure E.2: Standard uncertainties of the results, antenna 1 m above the ground plane-cable
leakage caused by the efficiency of the cable screening

NOTE 3: Cable leakage probably has the |east effect on the measured results except in extreme cases of signal
attenuation, (i.e. excessive antenna factors equivalent to losses of over 60 dB. An example of thisisthe
antenna factor of aloop antenna at 10 Hz being in the order of 70 dB, or detecting a magnetic field by the
voltage it induces which is subjected to an attenuation of 51,5 dB). If the cable screening is not
sufficiently high, serious measurement errors can result.

Whilst some good results are seen with no cable routing or loading at 1 m above the ground plane, this configuration
was the worst at 4 m. The standard uncertainty of the signal variation for all the cable positions varies between 0,5 dB
and 7 dB, depending on the frequency and height above the ground. Taking the cable, axially, 2 m back from the
antenna before allowing it to fall improves the variation in standard uncertainty to between 0,5 dB to 4 dB. Taking the
cable back 2 m and placing ferrite clamps every 15 cm resulted in the standard uncertainty remaining below 0,5 dB at
all frequenciesand at 1 m and 4 m above the ground plane. These results are summarized in table E.1.

Table E.1: Summary of the standard deviations

Height Free hanging Routing 2m Routing 2 m & ferrites
1m up to 4,2 dB up to 0,5 dB up to 0,5 dB
4m up to 7 dB up to 3,6 dB up to 0,5 dB
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Figure E.3: standard uncertainties of the results, antenna 4 m above the ground plane
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Annex F:
Near-field/far-field measurements

F.1 Introduction

Initial discussions concerning the near and far-field parameters of antennas created many possible assertions about the
effects on measurements. There are currently two accepted methods of determining the far-field boundary A/2 (often
used incorrectly on broadband antennas) and 2d2/A (which only considers the situation of a point source and a receive
aperture of appreciable size). A further method which has been proposed in the present document is 2(d;+d,)2/A (which

considers the situation of a source and areceive aperture both of appreciable size).

Traditionally, A/2 is used for the far-field parameter, but was based on the fact that for the dipole 2d2/4 gives A/2 for a
half wavelength tuned dipole.

2
4 4
2 2 4
2d7 andwhend=i 2 = =4
A 2 A A 2

A graphical representation of the problem that resultsin having three definitionsis shown in figure F.1 for the example
of abicone of length 1,315 m approximately over a 3 m range.

Near-field

Far-field

According toM2

Far-field According to 2(d; +d2)2/ A Near-field
|
Far-field According to 2d2/ A Near-field
| \
o o o o O O O o o o o o o o O O o
™ < n O N~ 0 O O o o o o o O O O O
— N ™ < o O N~ 0 O ‘C_>|
Frequency (MHz)

Figure F.1: Comparison of formula for "far-field" conditions for the measurement
between two 1,315 m bicones (3 m range length)

The unshaded areas in figure F.1 reveal the far-field distance for the three formulas. As can be seen they are completely
different:

- A2 (this abbreviated form takes no account of structure size) determines all measurements below 50 MHz arein
the near-field and all measurements above 50 MHz arein the far-field. Thisis exactly the opposite of the other
two determinations,

- 2d%/] determines all measurements below 260 MHz are in the far-field and all measurements above 260 MHz
arein the near-field;

- 2(dq+d,)?/ A determines all measurements below 65 MHz are in the far-field and all measurements above
65 MHz arein the near-field.
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F.2  Experimental measurements

A series of measurements were carried out to try to determine the appropriate formulato use to calculate the far-field
condition. These tests are outlined below.

F.3 Measurement procedure

Using an Anechoic Chamber, two biconic antennas were mounted, one on the turntable and one mounted on the mast,
as shown in figure F.2. The range length between the bicones was set to 0,6 m between the axis of the antenna (thisis
the axis perpendicular to the central axis of the chamber), and a frequency sweep was made from 30 MHz to 300 MHz
using a1l MHz step size. At each frequency the received level was recorded.

The range length between the bicones was increased in 0,1 m steps and the frequency sweep was repested, recording the
received level at each frequency. This procedure was repeated until the range length was 3,0 m. A graph of all the
results (received level and frequency) is shown in figure F.3.

( 0,6t03,0m

\J

Figure F.2: Measurement set-up

F.4 Discussion of results

Figure F.3 isaplot of the received signal level without any corrections for antenna factor, hence the general shape of
the graph. Each plot represents the received level at a given separation, the separations incrementing from 0,6 m
(generally the highest received level) to 3,0 m (generally the lowest received level).

Figure F.4 isaplot of those parts of the plots of received level (see figure F.3) that fall within the criteria of
2 (dy+d,)%/ A and are therefore all in the far-field.

Different subsets of the same data are used to obtain the standard uncertainty. As can be seen, the only qualifying
measurements lie between 30 MHz and 65 MHz and range lengths of 1,4 mto 3,0 m. Some 316 data points are shown
and these have been compared to the theoretical received levels and standard deviations calculated. The same
calculation has been performed for the other formulations of far-field and the results are tabulated in table F.1. It can be

seen that the fit of 2(d;+d,)%/A (maximum 0,25 dB) is very much lower than 2d%/A for which 809 data points have been

used. At first glance the A/2 formulation seems reasonable but only 54 data points qualified and the result is not
considered representative.
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Table F.1: Comparison of formula

Formula: 2(d1+d)2/A 2d2/\ N2
Standard uncertainty 0,247 dB 1,39 dB 0,38 dB
Expanded uncertainty (Ugs) 0,484 dB 2,72 dB 0,74 dB
NOTE:  Different, but overlaying, subsets of the same data (i.e. that displayed in figure F.3)
have been used to obtain standard uncertainties.
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