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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that
are members of ISO or IEC participate in the development of International Standards through
technical committees established by the respective organization to deal with particular fields of
technical activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other
international organizations, governmental and non-governmental, in liaison with ISO and IEC, also

—+

ake partin the work

The procedures used to develop this document and those intended for its further majdten
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria ne
the different types of document should be noted. This document was drafted in accordance
gditorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documert may be thg
df patent rights. ISO and IEC shall not be held responsible for identifying any or all sucl
rights. Details of any patent rights identified during the development of .the document will h
Ihtroduction and/or on the ISO list of patent declarations received (see-www.iso.org/patents) o
list of patent declarations received (see http://patents.iec.ch).

Any trade name used in this document is information given forcthe convenience of users and
donstitute an endorsement.

Hor an explanation of the voluntary nature of standards, the meaning of ISO specific tel
gxpressions related to conformity assessment, as well*as information about ISO's adherend
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www
iso/foreword.html.

This document was prepared by Joint Technical Committee ISO/IEC JTC 1, Information ted
Subcommittee SC 31, Automatic identification and data capture techniques.

This second edition cancels and replaces the first edition (ISO/IEC 18046-2:2011), which h
echnically revised.

—

The main changes compared to the previous edition are as follows:

— addition of test metheds' for UHF RFID in the 860-930 MHz in Clause 7.

o>y

list of all parts in the ISO 18046 series can be found on the ISO website.

oy

ny feedback or-questions on this document should be directed to the user’s national standard
omplete listingof these bodies can be found at www.iso.org/members.html.
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Introduction

Radio frequency identification (RFID) technology has broad applicability to the automatic identification
and data capture (AIDC) industry in item management. As a wireless communication technique based
on radio frequency technology, the applications cover multiple levels of the industrial, commercial and
retail supply chains. These can include:

— freight containers,

— rety
— trar
— pro
— pro

Perform
RFID sy

The pert
to applig

being supported. Of key concern is the matching of the various performance characteristics to the usg

applicat
for thes
betweer

This dog
clear de
are proy
the test

Of parti
practice
sufficier
be exter

Tiable transport items (R11J,
sport units,
luct packaging, and

luct tagging.

—

ance tests define test methods which deliver results that allow the comparison of differer
btems, interrogators and tags in order to select among them for use in agarticular application

ormance characteristics of devices (tags and interrogation equipment) can vary drastically dule
ation factors as well as the particular RFID air interface (frequeneyymodulation, protocol, etc

L

r
on. Additionally, in an open environment, users of such te¢hnology demand multiple sources
e devices from technology providers. A key challenge is aymethod of evaluating the differences
various technology providers' products in a consistent.and equitable manner.

ument provides a framework for meeting the above noted concerns and challenges. To this endl
finitions of performance as related to user appli€ation of RFID technology in the supply chai
ided. Based on such application-based definitions, test methods are defined with attention t|
parameters required for a consistent evaluation of RFID devices.

<

o=

cular significance, these tests are defined for RFID devices with one antenna. It is commop
to have products with both single and multiple antennae to define an RFID transaction zo

tfor the application. The definedtest methods used are for a single antenna but can equivalentl
ded to equipment with multiple antennae, in order to evaluate performance under conditions

more clpsely matching those of a particular application. However, it is important to exercise care i

multipld
physical
impacts
method

-antenna measurement_since multiple antennae can cause antenna-to-antenna interactions,
packaging limitations, mutual coupling issues, shadowing issues, directivity issues and othdr
even with respect. to/interrogators since these can be limited in size, shape and mountin
for many RFID applications.

Vi
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Information technology — Radio frequency identification

device performance test methods —
Part 2:
T hods for i :

1 Scope

his document defines test methods for performance characteristics of RFID:-interrogat
pecifies the general requirements and test requirements for interrogators which’ are applicab

. U

atasheet.

Normative references

[ NS]

—

he following documents are referred to in the text in such a-way that some or all of thein
onstitutes requirements of this document. For dated references, only the edition cited app
ndated references, the latest edition of the referenced décument (including any amendments)

(el @)

IFO/IEC 18000-2, Information technology — Radio frequency identification for item manage
Rart 2: Parameters for air interface communications-below 135 kHz

]

50/IEC 18000-3, Information technology —-Radio frequency identification for item manage
Rart 3: Parameters for air interface communications at 13,56 MHz

e

arameters for active air interface communications at 433 MHz

IBO/IEC 18000-63, Information. technology — Radio frequency identification for item managq
Rart 63: Parameters for air interface communications at 860 MHz to 960 MHz Type C

]

50/1EC 19762, Information technology — Automatic identification and data capture (AIDC) techi
Harmonized vocabulary

Terms and definitions

(&%)

Hor the purposes of this document, the terms and definitions given in ISO/IEC 19762 apply.

[0 and1EC maintain terminological databases for use in standardization at the following addr

ors and
le to the

election of the devices for an application. The summary of the test reports forms a unified intefrogator

content
lies. For
applies.

ment —

ment —

50/1EC 18000-7, Information technology=— Radio frequency identification for item management +— Part 7:

ment —

iques —

esses:

-+ SO QOnline hrnmlcing p]annrm- available at httns: //vwwwiso.org /obn

— IEC Electropedia: available at http://www.electropedia.org/
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4 Symbols and abbreviated terms

4.1 Symbols

ETHR

ETHR Identification

electromagnetic field threshold

identification electromagnetic field threshold

ETyR Read reading electromagnetic field threshold
Etyr wrife writing electromagnetic field threshold
Epax maximum electromagnetic field exposure
EMax Opeating maximum operating electromagnetic field
Egyryival survival electromagnetic field

IRejection interference rejection

D distance between the tag and the antenna
Prey interrogator receiver sensitivity power level
Phack tag backscatter power

Prx interrogator transmit power

P, power received on the spectrum analyser
fi antenna factor of the reference-afitenna
|AC] loss of cable

F; field strength

Sirectivily sensitivity directivity

G antenna gain

Jisbl frequency-tag side band left

Jrsbr frequency tag side band right

4.2 Abbreviated terms

LM load modulation

EMF electromagnetic field

DUT device under test

MPE maximum permissible human exposure
SAR specific absorption rate

TE test equipment

RF radio frequency

2 © ISO/IEC 2020 - All rights reserved
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RFID radio frequency identification

RTI returnable transport items

UHF ultra high frequency

AIDC automatic identification and data capture
BLF backscatter link frequency

yII unique item identifier

3 Conditions applicable to the test methods

3.1 Number of interrogators to be tested

All measurements defined in this document shall be performed at least on, a single interrog
igher sampling numbers can be required for statistical purposes.

=

3.2 Test environment

Unless otherwise specified, testing shall take place in an airenvironment of temperature (23
[[73 = 5) °F] with relative humidity within the range of 40 %'to 60 %.

3.3 RF environment

The tests shall be performed in a known RF envitéhment.

Hor measurements of propagative UHF interrogators (see ISO/IEC 18000-63 and ISO/IEC 180
nechoic chamber is the recommended test environment. The size of the anechoic chamber
justified based on the dimensions of the:test setup.

or measurement of inductive intetrogators, a typical laboratory environment is sufficien
nsideration is given to minimize-the impact of electromagnetic sources that can influence thg

4 Pre-conditioning

here pre-conditioning is required by the test method, the identification interrogators to b
shall be conditionedto the test environment for a period of 24 hours before testing.

.5 Defaulttolerance

nless otherwise specified, a default tolerance of +5 % shall be applied to the quantity values
specifyythe characteristics of the TE (e.g. linear dimensions) and the test method procedures
djustments).

htor, but

+3) °C

0-7), an
shall be

t, where
results.

e tested

given to
(e.g. TE

For power values represented in dB or dBm, the tolerance shall be +0,5 dB.

NOTE *0,5 dB is approximately 12 % of the non-logarithmics value.

5.6 Total measurement uncertainty

The total measurement uncertainty for each quantity determined by these test methods shall be stated

in the test report.

NOTE Basic information is given in ISO/IEC Guide 98-3.

© ISO/IEC 2020 - All rights reserved
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5.7 Testresultreporting

Each test result shall be reported with the DUTs tested. For statistical evaluation, optionally, the
minimum value, maximum value, mean value and standard deviation may be reported as well.

5.8 Test communication parameters

All of th
The test

e tests may be carried out for various communication parameters (forward and return link).
conditions shall be recorded in the test report.

59 T

TE for s
vendor.

5.10 H

High m
human ¢
EC 1999

6 Set

6.1 Tgq

The spd
13,56 M
in oppo
be £103

This fre
conveni
tag freq

For conjy
13,546 |
all frequ

Unless d
or some

propainon influen€es,’such as significant signal reflections, absorptions, or blockages.

Unless
tag simu

The tag

limits

(i

rvival field maximum level shall be able to handle the maximum level declared by the pfodud
t shall be ensured that the TE is not limiting the performance measurement.

iman exposure to EMF

hgnetic or electromagnetic field strength may exceed the limits of dnaximum permissible
bxposure to EMF, which should be considered accordingly. FCC guidelinies for MPE and SAR dr
519/CE are examples for relevant documents.

up of TE for interrogator test

st apparatus and test circuits for ISO/IEC 18000-3 interrogators

=

cification for ISO/IEC 18000-3 tags and interrpgators specifies an operating frequency ¢
Hz + 7 kHz. Since both the interrogator and thetag may be shifted by 516 ppm and potentially
ite directions, it is necessary for the interrogator to function with a tag simulator that maly
P ppm (+14 kHz) relative to the nominal ceftre frequency of the interrogator under test.

quency adjustment is made using only the tag simulator's signal source since there might be n
ent way to adjust the frequency of tHe/interrogator being evaluated. The relative interrogator t
hency shift is still achieved using this method.

[ Ne]

(s

benience in setting up the signal source in the tag simulator, use a low carrier frequency 3
IHz, a nominal centre frequency at 13,560 MHz, and a high carrier frequency at 13,574 MHz fqg
ency offset tests.

—

—

efined differently\in‘the test description, the set up of all TE shall be in an anechoic chambe
other fully characterized and controlled location that is free from interference sources and

herwisespecified, all the tests should be run using a known reference antenna attached to thie
laton

stmulator used for these tests shall be able to receive interrogator commands and transmit

tag repl

es in conformance with ISO/IEC 18000-3. The command decoder needs to provide a signal to

trigger a properly timed response from the code generator so that the entire assembly acts as a tag
simulator.

The out

put of the decoder in the tag simulator is also connected to a computer and appropriate

monitoring software so that it can display the tag commands as received from the interrogator being
tested in order to confirm that it is sending correct commands.

The timing of the interrogator's transmitted signal and modulation can be monitored using the output
of the tag simulator's receiver attached to a storage scope that has sufficient memory depth to allow the

capture

of complete interrogator/tag transactions.

© ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=eb9bb5c08764efcd33dec6e930fc698a

ISO/IEC 18046-2:2

020(E)

The interrogator is connected to a control and monitoring computer that allows issuing of wakeup and

command transmissions. This software should also provide a display of decoded data receive
interrogator to confirm that it is able to properly decode and output received tag responses.

d by the

Unless otherwise specified, the recommended test distance between the interrogator's location and
the reference antenna attached to the tag simulator should be 75 % of the maximum working distance

which can be obtained with the interrogator under test and the tag simulator.

6.2 Test apparatus and test circuits for ISO/IEC 18000-61, ISO/IEC 18000-62, ISO/

Vol WaVaVWaVoa NP Na IO LIE L 40000 L A" 2 '
IEE€ 10UUU~00, IDU/ILU 10UUUOT HICTTUgAlUI S

—

he test apparatus and test circuits for ISO/IEC 18000-61, ISO/IEC 18000-62, ISO/IEC"18
50/1EC 18000-64 interrogator tests are defined in 8.1.

et

o

.3 Test apparatus and test circuits for ISO/IEC 18000-7 interrogators

33,920 MHz (+20 ppm), which is approximately +8,7 kHz. Since both the interrogator and the

hg simulator that may be +40 ppm (approximately 17,4 kHz) relative.to the nominal centre fT
f the interrogator under test.

o o o D

—

his frequency adjustment is made using only the tag simuldtor’s signal source since there m
onvenient way to adjust the frequency of the interrogator-being evaluated. The relative interrd
ho frequency shift is still achieved using this method.

[mill @)

Hor convenience in setting up the signal source in.the tag simulator, use a low carrier freq

= D

br all frequency offset tests.

—

he setup of all TE shall be in an anechoie.chamber or some other fully characterized and cq
pcation that is free from interferencesources and propagation influences, such as significat
eflections, absorptions, or blockages:

- =

—

nless otherwise specified, all the tests should be run using a known reference antenna attach
hg simulator through a splitter/combiner of a known loss as shown in Figure 1.

—

000-63,

he specification for ISO/IEC 18000-7 tags and interrogators specifies,.an“operating freqliency of

tag may

e shifted by 20 ppm and potentially in opposite directions, the interrogdtor needs to function with a

equency

hy be no
gator to

lency at

33,900 MHz, a nominal centre frequency at 433,920'MHz, and a high carrier frequency at 433,940 MHz

ntrolled
nt signal

bd to the
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Interference \i/
[~

& overload
sig. gen. - ed}))
PA (if required)

Tag simulator &
|mmmmmmmm e m e e e - Interrogator
| (DUT)
| o Tag FSK
T—Fespense ®  modulated
I| code gen. RF source
| Trigger In
I A
|
| Control &
: monitor

MIInitor i| Interrogator FSK computer
5 C|° puter : command receiver
isplays| interrogator
confmands | decoder : :
— ] | |
Optional |
- == |
Large | Spectrum | |
memory analyzer I
- -
storage | with FSK
o’scope | demod. |

Figure 1 — Test setup for ISO/IEC 18000-7 interrogator measurements

A seconfl reference antenna is located in the place of thé interrogator at its test location and shall b,
connectgd to a spectrum analyser at the beginning ofjtesting with the tag simulator's signal source se
to 0 dBm output to establish the field strength, F;-at the test site where the interrogator will be placed.

=+ D

Calculatjion of field strength is as follows:

Fe=107 + (P. + f, + |AC]|)

where

107| isdBabove 1 uVat0’dBm,
P, is the powerTeceived on the spectrum analyser,
fa is the antenna factor of the reference antenna, and

|AC|| is the.loss of cable in dB (absolute value).

EXAMPLE®) ' P, =-35 dBm, f, = 22 dB, AC = |-1,2 dB]

Fr=107 + (35 + 22 + 1,2) = 107 + (-11,8) = 95,2dBuV/m

The field strength at 0 dBm reference level shall be used during interrogator sensitivity testing.

The tag simulator used for these tests consists of a code generator conforming to ISO/IEC 18000-7, an
FSK modulated 433,920 MHz signal source, an FSK 433,920 MHz receiver, and a decoder conforming to
ISO/IEC 18000-7. The decoder needs to provide a signal to trigger a properly timed response from the
code generator so that the entire assembly acts as a tag simulator.

6 © ISO/IEC 2020 - All rights reserved
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The step attenuator shown in the diagram allows adjustment over a 100 dB range in 1 dB steps. The
100 dB of output level change can be adjusted solely using the step attenuator or, as a practical matter,

using the level setting capabilities of both the attenuator and the FSK signal source.

The output of the decoder in the tag simulator is also connected to a computer and app
monitoring software so that it can display the tag commands as received from the interrogat
tested in order to confirm that it is sending correct commands.

The timing of the interrogator's transmitted signal and modulation can be monitored using th

ropriate
or being

e output

of the tag simulator's FSK receiver attached to a storage scope that has sufficient memory depth to

llow the capture of complete interrogator/tag transactions.

he interrogator is connected to a control and monitoring computer that allows the issuing off
nd command transmissions. This software should also provide a display of decoded-data rec

the interrogator to confirm that it is able to properly decode and output received tag-responseg.

nless otherwise specified, the recommended test distance between the interrogator's loca
the reference antenna attached to the tag simulator should be 2 m, minimum, with 3 m p1
his will provide sufficient distance to ensure far field conditions at the interrogator’s locatioj

this is a common regulatory test distance and is also a distance at.which many reference a

33,920 MHz.

Functional tests for inductive interrogators.as defined in ISO/IEC 18000
ISO/IEC 18000-3

.1 Interrogator sensitivity in Listen mode (Receiving mode)

.1.1 Purpose

his test determines the minimum Jeyel of modulated carrier at the antenna of the interrogj
n be detected by its receiver.

.1.2 Test procedure
he LM of the tag simulatot is set to the nominal level: 0.

he tag simulator is-positioned on the axis of the interrogator's antenna. The distance betweel
simulator and théinterrogator's antenna (D) is equal to 75 % of the Etyg 1dentification diStance.

he LM is theriincreased from 0 to the level where the interrogator starts to recognize the ident
ata fronithe tag simulator.

1.3\ " Testreport

wakeup
eived by

tion and
eferred.
h yet not

quire use of a test site exceeding practical dimensions. A 3 m test distance is recommended since

ntennae

ave been calibrated for antenna factor. This distance also meets the'far field criteria at a frequency of

2 and

itor that

h the tag

ification

The test report shall give the measured minimum LM. All parameters shall be recorded according to

Table 1.
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Table 1 — Parameters recorded for sensitivity measurement

Test: Interrogator sensitivity in Listen mode (Receiving mode)

Temperature: Humidity:
Interrogator type: Interrogator ID:
Air interface protocol between interrogator and tag:
Test results
LM minimum | XX, XX

7.2 IlJterference rejection (IReiection)

7.2.1 Purpose

This test determines the interference rejection ability of the interrogator.

[

This test determines the minimum distances between two identical interrogators (same devices) §
which the DUT can read the tag without disturbances.

7.2.2 [lest procedure

—

The waveform generator shall be set to the required operating frequency of 125 kHz or 134,2 kHz d
13,56 MHz respectively for ISO/IEC 18000-2 or ISO/IEC 18000-3 and-the waveform generator amplitu
shall be ket to a value below the identification magnetic field threSheld. This amplitude is typically zerg.

The tag pimulator is positioned on the axis of the interrogater’s antenna. The distance between the t
simulatgr and the interrogator's antenna (D) is equal to 75 of the Etyg 1dentification diStance.

A secondl interrogator (identical to the DUT) is positioned near the DUT. The test covers two positions:
face to face and side by side.

The testlconfigurations are shown in Figure 2.

8 © ISO/IEC 2020 - All rights reserved
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Side by side
configuration

g Tag simulator

2nd inte}rogator D1

P
<

Face to face
configuration

Tag simulator

v

2" interrogator b2 DUT

Figure 2 — Test configurations

The dialogue between the DUT and the tag.simulator is monitored.

The 2nd interrogator is moved to the DUT until errors are detected in the dialogue between the DUT
and the tag simulator.
The dialogue shall alternate between read commands and write commands from the DUT tq the tag
simulator.
1.2.3 Testreport
The test report shalkgive the measured minimum distance between the two identical interrogators. All
fdarameters shdllbe recorded according to Table 2.
Table 2 — Parameters recorded for interference rejection distance
Test: Interrogator sensitivity in Listen mode (Receiving mode)
Temperature: Humidity:
Interrogator Type: Interrogator ID:
Air interface protocol between interrogator and tag:
Test results

Distance D1 (side by side) XX,XX

Distance D2 (face to face) XX,XX
© ISO/IEC 2020 - All rights reserved 9
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7.3 Maximum EMF exposure (E,,,)

7.3.1 Purpose

This test determines the maximum value of the EMF generated by another interrogator at which the
DUT ceases to operate.

7.3.2 Test procedure

The EMfgenerated for the test s simitarto the field generated by the DU T (same frequency/modutation
protocol). The strength of the EMF should be limited to the maximum allowed value (ETSI EN 300-33(-
1/2 or 4fCFR15[301),
Exposurle time for this test is 1 min for each step of the test. The DUT shall be able to read a'tag aftdr
each expjosure period.
7.3.3 [lestreport
The tesfjreport shall give the measured maximum electomagnetic field exposure;E, ... All parameters
shall be frecorded according to Table 3.
Table 3 — Parameters recorded for maximum electomagnetic field exposure
Test: Maximum electromagnetic field exposure (E,,,)
Tempergture: Humidity:
Interrogator Type: Interrogator ID:
Air interjface protocol between interrogator and tag:
Test resiilts
Eax | XX, XX A/m
7.4 Ratio between field radiated and-power consumption
7.4.1 Purpose
This test determines a ratio between the field radiated and the power consumed by the interrogator.
7.4.2 [lest procedure
The LM pf the tag simulator is set to the level obtained as a result of test 7.1, interrogator sensitivity ip
Listen njode (Receiviig mode).
The tag pimulatoris positioned on the axis of the interrogator's antenna. The distance between the tag
simulatgr and the interrogator's antenna (D) is equal to 1 cm, 5 cm, 10 cm, 50 cm and finally 100 cm.
Measurdments are expressed as follows:

— Measurement of the average power consumption of the interrogator when transmitting during
1 second: P1 in W (Watt).

— Measurement of the field strength: F;in A/m.

The ratio between the field radiated and the power consumed is equal to F¢/P1.

7.4.3 Testreport

The test report shall give the ratio between the field radiated and the power consumed by the
interrogator. All parameters shall be recorded according to Table 4.

10 © ISO/IEC 2020 - All rights reserved
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Table 4 — Parameters recorded for power injected into the antenna

Test: Power injected into the antenna of the interrogator

Temperature: Humidity:
Interrogator type: Interrogator ID:
Air interface protocol between interrogator and tag:
Test results
Ratio (1 cm) XX,XX
Ratio (5 cm) XX, XX
Ratio (10 cm) XX, XX
Ratio (50 cm) XX, XX
Ratio (100 cm) XX, XX

7.5 Field strength distribution

1.5.1 Purpose
This test determines the 3D map of the EMF generated by the interrogator.

Interrogators should be grouped (as defined below) according td ETSI EN 300 330-1/2 and 47CFR15[301,
Ih order to ease user comparison, 5 groups are defined:

+ Class A interrogator with radiated H-field level between 80 % and 100 % of the maximum fadiated
H-field allowed by local regulations;

—+ Class B interrogator with radiated H-field level' between 60 % and 80 % of the maximum fadiated
H-field allowed by local regulations;

—+ Class C interrogator with radiated H-field level between 40 % and 60 % of the maximum fadiated
H-field allowed by local regulations;

-+ Class D interrogator with radiated H-field level between 20 % and 40 % of the maximum fadiated
H-field allowed by local regulations;

+ Class E interrogator withradiated H-field level between 0 % and 20 % of the maximum fadiated
H-field allowed by lo€alregulations.

71.5.2 Test procedure

easurement-should be performed using test procedures as outlined in ETSI EN 300 33041/2 and
7CFR15[30k.This test gives a table of field strength measurements.

easurements are performed every 1 cm in the normal direction if the value measured is higher than

,15<¢AYm. Measurements in other directions are performed every 1 cm for positions in thd normal

ifegction with a measured value higher than 0,15 A/m. Measurements in other directions |shall be
performed if the value measured 1s higher than 0,15 A/m.

7.5.3 Testreport

The test report shall give a table of EMF measurements. This allows the user to estimate the read range
in all directions in front of the interrogator antenna. All parameters shall be recorded according to the
example in Table 5.
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Table 5 — Parameters recorded for power injected into the antenna

Test: Power injected into the antenna of the interrogator

Temperature: Humidity:
Interrogator type: Interrogator ID: Interrogator group:
Air interface protocol between interrogator and tag:
Test results
Other directionsXandY| Y=xx =-1 Y=0 Y=1 Y =xx
X = XX XX, XX XX, XX XX, XX XX, XX XX, XX
X=-1 XX,XX XX, XX XX, XX XX, XX XX, XX
Normal direction - Z: 1
X=0 XX, XX XX, XX XX,XX XX,XX XX, XX
X=1 XX, XX XX, XX XX, XX XX, XX XX, XX
X =xx XX, XX XX, XX XX,XX XX XX XX, XX
Other directions XandY| Y=xx =-1 Y=0 Y=1 Y = xx
X =xx XX, XX XX, XX XX, XX XX,XX XX,XX
Normal|direction - Z: xx X=-1 XX,XX XX, XX XX, XX XX, XX XX, XX
X=0 XX, XX XX, XX XX, XX XX, XX XX, XX
X=1 XX, XX XX, XX XX, XX XX, XX XX, XX
X=xx

8 Fuictional tests for interrogators as defined in ISO/IEC 18000-6 and in

particular ISO/IEC 18000-63
8.1 Receiver sensitivity for UHF interrogators using wave propagation
8.1.1 Purpose
This tesf determines the interrogator receiver sensitivity power level, P, .., which is typically reportefd
in dBm. [The test procedure is described for the most commonly used document, ISO/IEC 18000-63, byt
the prinfiple may be used for ISQ/IEC 18000-61, ISO/IEC 18000-62 and ISO/IEC 18000-64 as well.
8.1.2 [lest procedure
ISO/IEC| 18000-63 provides several parameters that may result in variations of the interrogatdr
receiver|sensitivity. £6rthat reason, the parameters as shown in Table 6 and Table 7 shall be specified
for the tpst and recotded. For parameter guidance, the recommended values in Table 6 and Table 7 maly
be used,
Table 6 — Interrogator settings of ISO/IEC 18000-63 protocol parameters
Parameter Recommended value Description
Tari 12,5 pus As in ISO/IEC 18000-63
M 4 As in ISO/IEC 18000-63
RTcal 31,25 ps (2,5 x Tari) Asin ISO/IEC 18000-63
TRcal EU: 66,66 ps (= 2,133 x RTcal) Asin ISO/IEC 18000-63
FCC: 83,34 ps (= 2,667 RTcal)
DR 64/3 As in ISO/IEC 18000-63
BLF 320 kHz Value calculated from TRCal and DR as defined in ISO/
(FCC: 256 kHi2) IEC 18000-63
12 © ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=eb9bb5c08764efcd33dec6e930fc698a

ISO/IEC 18046-2:2020(E)

Table 6 (continued)
Parameter Recommended value Description
TRext 1 (use Pilot Tone) Asin ISO/IEC 18000-63
Pry EU: 33 dBm erp Interrogator transmit power including G, if applicable.
FCC: 36 dBm eirp All tests shall be performed at the highest power level of
DUT. Users shall be aware that maximum threshold values
can vary according to local radio regulations.
Test with lower power values are recommended in par-
ticular, if there is an application need.
1 EU: 866,3 MHz Interrogator operating frequency
FCC: 915 MHz
Dthers Other parameters that are of relevancefor the intgrrogator
Hor all other regions, the setting of TRcal, D, Pry and f shall be aligned as mughds possible to the above
egxamples.

Table 7 — Test conditions

Parameter Recommended value Description
bR 90 % Pass success rate'- Relative number of successful feads by
the interrogator
N 100 Number of'test round repetitions for a particular s¢tting
BLF . +20 % Allowedwvariation of BLF
BLF, N 9 Number of steps for BLF variation
PSar +90° Allowed variation of phase shift
PSyarN 9 Number of steps for phase shift variation

he test setup shall be as in Figure 3 er-Figure 4 and shall use TE such as a tag emulator or similar

dntenna

TEwith

T

gquipment that conforms to ISO/IEEC'18000-63 in respect to all parameters that have an inppact on
fderformance tests and that furtherallows a controlled variation of the BLF. Optionally, a phasg shifter
may be used as well. For the contactless test setup, the distance, D, shall be selected to ensure|that the
test is performed in the farield, unless a near field test is intended. If a near field test is performed,
then this shall be noted in the test report.

DUT with
antenna

rigure o — Lontactiess test setup

TE with DUT
Attenuator Phase shifter .

contact variable variable without

inferface antenna

Figure 4 — Contact test setup

For the test, an interrogator shall start to inventory tags. The use of a select command is optional and
the command shall be ignored for the test.

© ISO/IEC 2020 - All rights reserved
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The interrogator shall use one of the following sequences:

a) Query - Various Commands - ACK - ReqRN

b) Query - Various Commands - ACK

Various Commands may consist of one or more of the following commands: QueryRep and QueryAdjust.

A reception of a tag response by the reader shall be evaluated as successful as follows:

Rea

Rea

NOTE

understdod the response to the ACK command (i.e., the UIL)

In order] to facilitate interrogator testing, a tag emulator may choose to always use thefirst slot but is
not reqyired to do so.

The test|device shall generate an RN16 that varies and is chosen randomly.

The 96-bit UII shall take the form 0x00FF33CC55AA77889966BB44. However;if the DUT only accepts
certain UII range, then the content of the UIl may be amended accordingly.

The rec
respons

For a cdntact test, the emitted power and measurements of.the received power are specified at thie
input/output of the reader.

For a co

plane ofl the antenna's maximum gain. The received’power is measured at the same plane as powdr
equivalgnt to using a unity-gain receiving antenna (0 dB).

Tests may be performed for various combinations of the parameters in Table 6.

It shall He confirmed that the interrogatoralways checks for the correctness of the CRC received as paf
of the response to the ACK command‘en receipt of the correct UlI, and the correct parsing and verifying

of the a

manufadturer statement or by detecting a different reader reaction when an UIIl with correct CRC an
an UII wiith incorrect CRC ar€ presented to the interrogator.

If, durin
test sha

The test|procedure, contains the following steps:

1Y)
2)
3)
4)
5)

6)

7)

14

Setyp testeonfiguration with DUT and TE.

Sel

der sends qu_RN with correct Handle

Her sends ACK with the correct RN16

This test method can lead to incorrect results, as the tag (TE) cannot verify whethercthe readg

—

(Y]

pived power, P, is specified as the power of the two (left.and right) side bands of the tag
e according to Annex A, which would be detected by a receiver with carrier filtered.

tactless test, the emitted power is specifiedsas the linear component of an EIRP value at thie

(i

fcompanying CRC of the tag'response. This confirmation may be provided by an interrogatd

==

g the test, the interrogator reports a received UlI that has not been issued by the TE then thgt
| be interpretéd/as a complete failure, as the reader obviously did not correctly verify the CRC

ctinterrogator parameters

Setup interrogator transmit power value.

Eva

luate tag response for N Query commands.

If the success rate of step 4) is higher than SR, then decrease the TE backscatter power and continue
with step 4).

Rep

ort the P, value as the lowest received P, according to Annex A, where the measured

success rate was higher than or equal to SR.

Optionally vary BLF according to Table 6 and continue with step 4).
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8) Optionally vary the phase shift according to Table 6 and continue with step 4).

8.1.3 Testreport

The test report shall show the minimum received power of the tag that is detectable by the interrogator
as P..,, the actual used values from Table 6 and Table 7 and the applied phase shift and BLF variation. If

rcv’

there is no statement of phase shift or BLF variation, then this shall imply that these parameters have
not been verified.

graph.

Table 8 — Test report example — Protocol parameters and conditions

Test: receiver sensitivity
for UHF interrogators
Parameter Value

Tari 22,52 us
M 4
RTcal 71,15 ps
TRcal 83,256
DR 64/3
BLF 256,25 kHz
TRext 0
Py 26,55 dBm
f 915 MHz
SR 90 %
N 100
BLF, ., 0 %
BLF, N n.a.
PSvas 0-345°
PS,.n 24

Table 9= Test report example — Transmit power and receiver sensitifity

BLF /kHz | Phase/° Pyy/dBm | P, /dBm
256252 0 26,55 -52,44
256252 15 26,45 -58,99
256252 30 26,45 -59,15
256252 45 26,45 -57,99
256252 60 26,45 -55,28
256252 75 26,45 -56,72
256250 90 26,50 -58,31
256252 105 26,55 -58,21
256252 120 26,65 -58,95
256252 135 26,65 -57,79
256252 150 26,66 -53,28
256252 165 26,75 -49,36
256252 180 26,41 -54,63

© ISO/IEC 2020 - All rights reserved 15


https://standardsiso.com/api/?name=eb9bb5c08764efcd33dec6e930fc698a

ISO/IEC 18046-2:2020(E)

Table 9 (continued)
BLF /kHz | Phase/° Pyyx/dBm | P../dBm
256252 195 26,35 -57,40
256252 210 26,35 -58,56
256252 225 26,44 -56,14
256252 240 26,54 -54,16
256245 255 26,55 -56,68
A sYASYA Z/U 40,00 =20,U4
256252 285 26,64 -54,66 QQ,Q
256252 |300 26,65 -58,25 )
256252 |315 26,65 57,45 COQ/
256252 330 26,65 -52,58 Qb‘
256252 |345 26,65 51,03 N
C
-49, 0: Example = N E]
0] O\\Q} =L
5040 %)
-50.40- s\\ Iﬁ
-51.40- O [
1 &
- 4Q \)
-52.00 - \ -
—_— .53 -
41 4 A
-56
-57.40-
i sttt [ |
N T —
ol )
'59 -WFF@TFWWWWWW CEH{H’FIEQUEHCY (HZ)
0 25 50 100 125 150 175 200 225 250 275 300 325 350
(\ Phase (deg)
N4
%&?\ Figure 5 — Test graph example

8.2

Inductive UHF interrogators

The special case of functional tests for inductive interrogators as defined in ISO/IEC 18000-63 shall
follow 8.1, whereas the antennae for the TE and DUT shall be changed to antennae that utilize inductive

coupling.

16
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9 Functional tests for 433,920 MHz propagative interrogators as defined in ISO/
IEC 18000-7

9.1 Identification electromagnetic field threshold (Etyg 1dentification) @Nd frequency
tolerance

9.1.1 Purpose

s—testdete nes—the nagne eld eshold level required e—interrogator for
thg identification when using an ISO/IEC 18000-7 interrogator functioning in Master-Slaye mode
(Interrogator Talks First or ITF).

The identification electromagnetic field threshold, Etyg 14entifications 1S the minimum lelectromagnetic
fleld arriving at the interrogator that allows the interrogator to identify a tag reliably. For the jpurpose
df this test, “reliably” means 10 reads out of 10 sequential read attempts.

9.1.2 Testprocedure
To determine interrogator sensitivity, the following procedures shallbe‘performed:

1) Testshall be run based on the test apparatus and test setupstoutlined in 6.2. Set the tag sinpulator's
frequency to 433,920 MHz. Begin by placing the tag simulator's antenna to vertical polarization.

) Setthe tag simulator's attenuator to 30 dB to providec/the’interrogator with a moderate sighal level.
Confirm that the interrogator reads the tag simulator response at this level.

3) Increase the tag simulator's attenuator by 1 dB,step until the interrogator does not read the tag
simulator response.

4) Decrease the attenuator setting until thesinterrogator reads the tag simulator response 10 times
out of 10 attempts.

5) Record this attenuator level in thetbox provided for attenuator setting for vertical polarizafion.

€q) Convert the attenuator setting into dBuV/m by subtracting this setting from the field $trength
level at 0 dBm measuredyin‘6.2. Place this into the Etyg 1gentification (ABUV/m) box in the|vertical
polarization column.

7) Repeat steps 2 through 4 with the tag simulator's antenna horizontally polarized.

g) Record this attemnuator level (unsigned) in the box provided for attenuator setting under th¢ column
for horizontal polarization.

9) Convertithe unsigned attenuator setting into dBuV/m by subtracting the setting from the field
strength level at 0 dBm measured in 6.2. Place this into the Eqyg 1gentification (dBHV/m) b¢x in the
hdérizontal polarization column.

D ake, place

cd cP & dilC Jquen
the data into the boxes provided

asing the centre frequ 0 4
for 433,940 MHz instead of 433,920 MHz.

11) Repeat steps 2 through 9 after decreasing the centre frequency to 433,900 MHz. In this case, place
the data into the boxes provided for 433,900 MHz instead of 433,920 MHz.

12) The measurements in steps 1 through 11 shall be performed on all interrogators. The Eyg

Identification Value shall be the greatest EMF strength noted out of all measurements.

If one interrogator is clearly lower in sensitivity than all others, i.e. it requires more signal before it will
respond, then it should be removed from the tests and replaced with another interrogator.
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9.1.3 Testreport

The test report provides data recorded for the system's lower, nominal, and upper tolerance limits. The
environmental conditions and communication parameters shall be recorded according to the example
in Table 10.

Table 10 — Parameters recorded for Eqyg 1dentification M€asurement

Test: Identification electromagnetic field threshold (E1yg 1dentification) at c€ntre frequency and +40 ppm

e Q0 LL L fal
Tempeu tuare— C© TTOMTAITY 70

Interrogator protocol: Interrogator UII:

Forward link
Deviatign (kHz): 50 kHz, nominal |Data rate: 27 kbps Data coding: Manchester, coding
Command: Collect with UDB

Return link

Data ratp: 27 kbps |Data coding: Manchester coding

Test results
Centre frequency fc + 40 ppm fc - 40'ppm
433,920MHz 433,940 MHz 433,900 MHz
Attenuator setting: dB Attenuator setting: dB Attenuator setting: dB
E1pR 1derification* dBUV/m ETpR 1dentification* dBUV/m E1pR 1dentification: dBUV/M
ID: ID: ID:

9.2 Re¢ading/writing electromagnetic field threshold (Eqyg geaq/write) and frequency
tolerance

9.2.1 Purpose

readingjor writing. To successfully read /write tag data, the command shall be transmitted correctly b
the intefrogator with maximum antenna output power. Maximum limitations can be found in applicab
regulatipns. The reading/writing electromagnetic field threshold, Etyg pead/writer 1S the minimum
electromagnetic field at the interriogator that allows tag reading/writing.

This tegt determines the electromagnetic figld threshold level at the interrogator that allows a ta‘E

9.2.2 [lestprocedure

Tests shpll be run at sighal source set as specified in 6.2. The electromagnetic field of the signal sourde
shall be|set below the-level that allows an interrogator to read the tag simulator's response to a read
or write|interrogatér command, then it shall be increased to a level where it is possible to read the tag
simulatqr's ID and‘to read or write the memory contents. For this test, the tag simulator's memory shajl
be any available memory that permits both reading and writing.

To detelmine electromag
procedures shall be performed:

1) Testshall be run based on the test apparatus and test setups outlined in 6.2. Set the tag simulator's
frequency to 433,920 MHz. Begin by placing the tag simulator's antenna to vertical polarization.

2) Setthe tag simulator's attenuator to 30 dB to provide the interrogator with a moderate signal level.
Confirm that the interrogator reads the tag simulator's response at this level.

3) Increase the tag simulator's attenuator by 1 dB step until the interrogator does not read the tag
simulator’s response.
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4) Decrease the attenuator setting until the interrogator reads the tag simulator's response 10 times

out of 10 attempts.

5) Record this attenuator level (unsigned) in the box provided for attenuation setting for
polarization.

vertical

6) Convert the unsigned attenuator setting into dBuV/m by subtracting this setting from the field
strength level at 0 dBm measured in 6.2. Place this into the Etyg gead/write (dBHV/m) box in the

vertical polarization column.

T Repeat steps Z through 4 with the tag simulator s antenna horizontally polarized.

column for horizontal polarization.

q) Convert the unsigned attenuator setting into dBuV/m by subtracting the setting from
strength level at 0 dBm measured in 6.2. Place this into the Eqyg pead/waite’(dBuV/m) bg
horizontal polarization column.

10) Repeat steps 2 through 9 after increasing the centre frequency to 433,940 MHz. In this ca
the data into the boxes provided for 433,940 MHz instead of 433,920 MHz.

[u=y

1) Repeat steps 2 through 9 after decreasing the centre frequencyto 433,900 MHz. In this ca
the data into the boxes provided for 433,900 MHz instead,0f433,920 MHz.

12) The measurements in steps 1 and 11 shall be performed on all interrogators. The Eqpyg r
shall be the greatest electromagnetic field strengthinoted out of all measurements.

—

espond, then it should be removed from the tests‘and replaced with another interrogator.

9.2.3 Testreport

—

he test report provides data recorded for the system's lower, nominal, and upper tolerance lin
gnvironmental conditions and communication parameters shall be recorded according to Tablg

Table 11 << Parameters recorded for Eqyp peag Measurement

gd) Record this attenuator level (unsigned) in the box provided for attenuation setting”upder the

the field
X in the

se, place

se, place

.q vValue

If one interrogator is clearly lower in sensitivity than,all others, i.e. it requires more signal befofre it will

hits. The
b 11.

Test: Identification electromagnetic field threshold (Eyg reaq) at centre frequency and £40 ppm
Temperature: °C Humidity: %
nterrogator protocel: Interrogator UII:
Forward link
Deviation (kHZ):'50 kHz, nominal |Data rate: 27 kKbps Data coding: Manchester cpding
Command: Collect with UDB
Return link
Data rate: 27 kbps | Data coding: Manchester coding
Testresults
Centre frequency fc + 40 ppm fc - 40 ppm
433,920 MHz 433,940 MHz 433,900 MHz
Attenuator setting: dB Attenuator setting: dB Attenuator setting: dB
E1pR Read/write: dBUV/m E1pR Read/write: dBUV/m E1iR Read/write* dBUV/m
ID: ID: ID:
© ISO/IEC 2020 - All rights reserved 19


https://standardsiso.com/api/?name=eb9bb5c08764efcd33dec6e930fc698a

ISO/IEC 18046-2:2020(E)

9.3 Sensitivity directivity (Spjrectivity)

9.3.1 Purpose

This test determines the interrogator's sensitivity to various orientations, such as azimuth and
elevation (see Figure 6). This, of course, is a determination of the directivity of the interrogator.
It shall be determined under all conditions for which the interrogator is designed. This may include
the interrogator being mounted on a metal surface such as the wall of a metal building. A sheet metal
reflector of 50 cm x 50 icm can be used to simulate this situation so that the assembly can be rotated

conveni¢mtly AT IITETTOZatoT Ay 150 DE USEd Ol A e tal 0T WOOUEIT pOIe WITETe a IMoTe omidirectional
pattern fan be expected.

9.3.2 [lest procedure

To detefmine the sensitivity direetivity of an interrogator, Sp;.eciiviry the following measurement
procedulres shall be performed:

1y

2)

3)

4)

5)

6)

7)

20

0-360 Deg Reader Polarization and Directivity
Azimuth Evaluation Setup
1D |
o =z 1

—_— \
A -
[ 4 e 3 : %} TAG
L K}—r 0 Deg +/-Elevation | Wy

Representative Reader

Figure 6 — Measurement setup.for sensitivity directivity, Sp; ectivity

Test shall be run based.on the test apparatus and test setups outlined in 6.2. Set the tag simulator|s
frequency to 433,920"MHz. Begin by placing the tag simulator's antenna to vertical polarization.
Adjust the interrogater to the azimuth or elevation angle being evaluated.

Set the tag sifpulator's attenuator to 0 dB to provide the interrogator with a full signal leve].
Confirm that\the interrogator reads the tag simulator response at this level.

Adjystthetag simulator's attenuator until the interrogator does not read the tag simulator respons
propérly.

D

Decrease the attenuator setting until the interrogator reads the tag simulator response 10 times
out of 10 attempts.

Record this attenuator level (unsigned) in the box provided for attenuation setting for vertical
polarization.

Convert the unsigned attenuator setting into dBuV/m by subtracting this setting from the
field strength level measured in step 4. Place this into the E;yg xx° (dBuV/m) box in the vertical
polarization column.

Repeat steps 2 - 4 with the tag simulator's antenna horizontally polarized.
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8) Record this attenuator level (unsigned) in the box provided for attenuation setting under the

column for horizontal polarization.

9) Convert the unsigned attenuator setting into dBuV/m by subtracting the setting from the field

strength level measured in step 4. Place this into the E;yg xx° (dBpV/m) box in the ho
polarization column.

rizontal

10) Repeat steps 2 through 9 after at every 15° increment from 0° to 345° in azimuth, while the
elevation is fixed at 0°. Record the appropriate Epyr xx° (dBuV/m) values in the box for azimuth

angle in the test report.

azimuth is fixed at 0°. Record the appropriate Eryg xx° (dBpV/m) values in the bex-for e
angle in the test report.

12) The measurements in steps 1 and 11 shall be performed on all interrogators. Sp;rectivity
graphed for azimuth and elevation for each interrogator on a common graph;

If one interrogator is clearly lower in sensitivity or shows extreme ditectivity or nulling
gdroblems compared to others, then it should be removed from the tests’and replaced with
hterrogator.

—

9.3.3 Testreport

—

he test report provides data recorded for the unit's ifopmal operating situation. Record
ccording to Table 12.

o8]

Table 12 — Parameters recorded for Sp; ¢ iyiry Measurement

11) Repeat steps 2 through 9 after at every 15° increment from 0° to +90° in elevation, while the

levation

shall be

pattern
another

results

Test: Sensitivitydirectivity (Sp;rectivity)
Mounting material:
Temperature: Humidity:
Interrogator protocol: Interrogator UII:
Forward link
Deviation-: 50 KHz Data rate: 27 kbps Data coding:.Manchester
nominal coding
Command: Collect with UDB
Return link
Datarate: kbps |Data coding:
Test results: Azimuth at 0° elevation
Azimuth (°) Attenuator setting (dB) Sensitivity (dBuV/m)
0 ESurvival
15
345
Test results: Elevation at 0° azimuth
Elevation (°) Attenuator setting (dB) Sensitivity (dBpV/m)

0

15

90
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9.4 Interference rejection (Ipgjection)

9.4.1 Purpose

This test determines the interference rejection ability of the interrogator.

9.4.2 Testprocedure

An inter

rogator is placed in the test setup, and the tag simulator's level is set to 3 dB above the Etyg reaq

level as
that hav}

A secon
used for
the two

antennag should also be equal in gain and separated from each other by at least one~wavelength t

reduce i

First an
20dBb
interrog

The intg
simulatq
for the 1

To deter

modulated interference signal, the following measurement{procedures shall be performed:

1) Test
pold
inte

2) Set
Con

3) Rea
the

4) Adjyst the level of the uimodulated interfering source to 20 dB or more below the Etyg peaq leve]l.

ETermined I MeasuUrements reported i 9.2, 1 IS provides the INterTogator Wit Teceive [evels
e a 3 dB margin.

l signal source acts as an interference signal and is attached to an antenna equivalentito thg
the tag simulator. The recommended test distance between the interrogator's location an
source antennae should be the same and at minimum 2 m, with 3 m preferred. The-two sourd

O O =+

hteractions between them.

unmodulated/modulated signal from the interference source is set{to 433,920 MHz an{d
plow the Eqpr reaq l€vel. This should still allow the tag simulator résponses to be read by the
ator.

rference level is then increased until the interrogator is_no-longer able to decode the talg
r's signal. This is considered the interrogator's on channet{y.;..tion 1€vel. This test is repeatefd
st adjacent channels (+250 kHz) and 2nd adjacent channels (iSJOO kHz).

mine the interference rejection of the interrogator<in the presence of the unmodulated and

shall be run based on the test apparatus and'setup outlined in 9.2 using two identical verticgl
rized reference antennae. One antenna connects to the tag simulator. The other connects to thie
rference signal source as shown in Figure 6.

he tag simulator's attenuator level tothe Eqyp peaq Setting for the interrogator being evaluatedl.
firm that the interrogator reads(thetag simulator response 10 out of 10 times.

djust the attenuator level ta.3\dB below that of the Eqyp reaq level. This increases the level intp
nterrogator by 3 dB.

Confirm that the interrdgator still reads the tag simulator's signal 10 out of 10 times.

5) Incrlease the level,of the unmodulated interfering source by 1 dB steps until the interrogator can np
longer read 10olit of 10 read attempts from the tag simulator.

6) Recprd thesvalue 1 dB lower than this level as the co-channel rejection (unmodulated) level.

7) Repgatsteps 2 through 5 with the interference source 250 kHz higher in frequency (433,170 MHz).
Receréd—the—valve—1—dBlewer—than—thislevelas—theupper st adjacentchannel rejectio
(unmodulated).

8) Repeat steps 2 through 5 with the interference source 500 kHz higher in frequency (433,420 MHz).
Record the value 1 dB lower than this level as the upper 2nd adjacent channel rejection
(unmodulated).

9) Repeat steps 2 through 5 with the interference source 250 kHz lower in frequency (433,670 MHz).

Record the value 1 dB lower than this level as the lower 1st adjacent channel rejection
(unmodulated).
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