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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
take part in the work.
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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,

— returnable transport items (RTI),

— transpo
— product
— product
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s, interrogators and tags in order to select among them for use in a pa¥rticular applic

ance characteristics of devices (tags and interrogation equipment)can vary drastical

Additionally, in an open environment, users of such technology demand multiple so
rices from technology providers. A key challenge is a method of evaluating the differ
ious technology providers' products in a consistentand equitable manner.

nt provides a framework for meeting the above.noted concerns and challenges. To thi
ons of performance as related to user application of RFID technology in the supply
|. Based on such application-based definjtions, test methods are defined with attent
meters required for a consistent evaludtion of RFID devices.

 significance, these tests are defitiéd for RFID devices with one antenna. It is con
ave products with both single and multiple antennae to define an RFID transaction|
the application. The defined test methods used are for a single antenna but can equiva
to equipment with multiplé;antennae, in order to evaluate performance under cond
matching those of a panticular application. However, it is important to exercise c3
enna measurement since multiple antennae can cause antenna-to-antenna interac
kaging limitations,-mutual coupling issues, shadowing issues, directivity issues and
n with respect-te-interrogators since these can be limited in size, shape and mou
hany RFID applications.

tests define test methods which deliver results that allow the comparison of different
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Information technology — Radio frequency identification

device performance test methods —

Part 2:
Test methods for interrogator performance

1 Scope

This |document defines test methods for performance characteristics of RFID .intern
specifies the general requirements and test requirements for interrogators whieh are app
selection of the devices for an application. The summary of the test reports forms a unified
datagheet.

2 ormative references

The following documents are referred to in the text in suchnaiwvay that some or all of t
consfitutes requirements of this document. For dated references, only the edition cited
undafed references, the latest edition of the referenced document (including any amendme

ISO/IEC 18000-2, Information technology — Radio ‘frequency identification for item ma
Part 2: Parameters for air interface communications-below 135 kHz

ISO/IEC 18000-3, Information technology —~Radio frequency identification for item ma
Part 3: Parameters for air interface communications at 13,56 MHz

ISO/IEC 18000-7, Information technology—— Radio frequency identification for item managem
Parameters for active air interface communications at 433 MHz

ISO/IEC 18000-63, Information &echnology — Radio frequency identification for item ma
Part §3: Parameters for air interface communications at 860 MHz to 960 MHz Type C

ISO/IEC 19762, Information technology — Automatic identification and data capture (AIDC)
Harnlonized vocabulary,

3 Terms and-definitions

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

ogators and
icable to the
interrogator

heir content
applies. For
nts) applies.
hagement —
hagement —
ent — Part 7:

nagement —

echniques —

— ISO Online browsing platform: available at https://www.iso.org/obp

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

4.1 Symbols

Etpr electromagnetic field threshold

ETHR 1dentification  identification electromagnetic field threshold

ETyR Read reading electromagnetic field threshold
ETHR write writing electromagnetic field threshold
Epax maximum electromagnetic field exposure
EMax Operating 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 andlyser
fi antenna factor of the reference antenna
|AC] loss of cable

F; field strength

SDirectivity sensitivity directivity

G antenna gain

Jisbl frequenCy)tag side band left

Jrsbr frequency tag side band right

4.2 Abbr¢viated terms

LM Toad 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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radio frequency identification

returnable transport items

ultra high frequency

automatic identification and data capture
backscatter link frequency

unique item identifier

-2:2020(E)

5 (

5.1

All m
highd

5.2

Unles
[(73 1

5.3
The t

For r;ﬁeasurements of propagative UHF intertogators (see ISO/IEC 18000-63 and ISO/IEC

anec
justif]

For 1
consi

5.4

Whet
shall

5.5

Unles

onditions applicable to the test methods

Number of interrogators to be tested

easurements defined in this document shall be performed at least gh.a single inte
r sampling numbers can be required for statistical purposes.

Test environment

s otherwise specified, testing shall take place in an air ‘eavironment of temperatur
E 5) °F] with relative humidity within the range of 40 %-to 60 %.

RF environment

ests shall be performed in a known RF envitonment.
oic chamber is the recommended test environment. The size of the anechoic chanj
ied based on the dimensions of thé\test setup.

heasurement of inductive interrogators, a typical laboratory environment is suffi
deration is given to minimizethe impact of electromagnetic sources that can influenc

Pre-conditioning

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

Default tolerance

s otherwise specified, a default tolerance of +5 % shall be applied to the quantity va

'rogator, but

b (23 +3) °C

18000-7), an
ber shall be

cient, where
b the results.

to be tested

lues given to

specify~the characteristics of the TE (e.g. linear dimensions) and the test method procedures (e.g. TE

adjus

tments).

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

NOTE

5.6

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

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

59 TEIli

nits

TE for surviy
vendor. It sh

5.10 Hum4

High magne
human expo
EC 1999/519

6 Setup

6.1 Testa

The specifig
13,56 MHz 4
in opposite

be +1032 pp

This frequen
convenient v
tag frequeng

For convenig
13,546 MHz
all frequency

ral field maximum level shall be able to handle the maximum level declared by the|pr
hll be ensured that the TE is not limiting the performance measurement.

In exposure to EMF

tic or electromagnetic field strength may exceed the limits of maximum permi
sure to EMF, which should be considered accordingly. FCC guidelines for MPE and S|
/CE are examples for relevant documents.

pf TE for interrogator test

pparatus and test circuits for ISO/IEC 1800033 interrogators

ation for ISO/IEC 18000-3 tags and interrogators specifies an operating frequen

7 kHz. Since both the interrogator and the tag may be shifted by 516 ppm and poten
lirections, it is necessary for the interrogator to function with a tag simulator thaf
m (+14 kHz) relative to the nominal centre frequency of the interrogator under test.

cy adjustment is made using onlythe tag simulator's signal source since there might
Uay to adjust the frequency of theinterrogator being evaluated. The relative interroga
y shift is still achieved usinglthis method.

bnce in setting up the signal source in the tag simulator, use a low carrier frequer
anominal centre frequency at 13,560 MHz, and a high carrier frequency at 13,574 M}
F offset tests.

bduct

5sible
AR or

cy of
tially
may

be no
tor to

cy at
1z for

Unless defined differently.inrthe test description, the set up of all TE shall be in an anechoic chamber

or some oth
propagation

er fully characterized and controlled location that is free from interference source
influences, such as significant signal reflections, absorptions, or blockages.

Unless othern
tag simulato

wise specified, all the tests should be run using a known reference antenna attached 1

s and

o the

r.

The tag simulator used for these tests shall be able to receive interrogator commands and transmit
tag replies 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 output 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 re
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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 received by the
interrogator to confirm that it is able to properly decode and output received tag responses.

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/
IEC 18000-63, ISO/IEC 18000-64 interrogators

The
1SO/1

6.3

The
4339

be shiifted by 20 ppm and potentially in opposite directions, the interrogator needs to fur

tag si
of the

This
convyg
tag fi

For c
433,
for al

The s
locat
refle

Unleg

tag simulator through a splitter/cCombiner of a known loss as shown in Figure 1.

est apparatus and test circuits tfor I5O/1EC 1c000-61, [50/1EC 16000-62, 150/1E
EC 18000-64 interrogator tests are defined in 8.1.

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

specification for ISO/IEC 18000-7 tags and interrogators specifies an”operating f
20 MHz (20 ppm), which is approximately +8,7 kHz. Since both the.Interrogator and

mulator that may be +40 ppm (approximately 17,4 kHz) relative fo the nominal cent
interrogator under test.

frequency adjustment is made using only the tag simulater’s signal source since thet
nient way to adjust the frequency of the interrogator béing evaluated. The relative inf
equency shift is still achieved using this method.

pnvenience in setting up the signal source in the tag simulator, use a low carrier
00 MHz, a nominal centre frequency at 433,920 MHz, and a high carrier frequency at 4
frequency offset tests.

etup of all TE shall be in an anechoig\chamber or some other fully characterized an

tions, absorptions, or blockages.

s otherwise specified, all the:tests should be run using a known reference antenna atf

18000-63,

requency of
the tag may
ction with a
re frequency

e may be no
errogator to

requency at
133,940 MHz

d controlled

on that is free from interference;seurces and propagation influences, such as significant signal

ached to the
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Interference \i/
[~

& overload
sig. gen. - v’i%)
PA (if required)
Tag simulator &
|mmmm - Interrogator
| (DUT)
| Tag FSK
I| response = modulated
' code gen. RF source
[l Triggnr 1o
: A
|
| Control (&
: monitor
Monitof i| Interrogator computer
computgr H command FSK
Displays interrqgator | receiver
command | decoder : :
— ] | |
Optional |
- == |
Large | Spectrum | |
memory analyzer |
- -
storage | with FSK
o’scope | demod. |

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

A second reference antenna is located in the place of the interrogator at its test location and shpll be
connected tqg a spectrum analyser at the beginning'of testing with the tag simulator's signal sourfe set
to 0 dBm oufput to establish the field strength, Fgiat the test site where the interrogator will be placed.

Calculation ¢f field strength is as follows:

Fe=107 ¢ (P. + f, + |AC|)

where

107 is|dB above 1 uV at 0"dBm,
P, is[the powerreceived on the spectrum analyser,
fa isthe antenna factor of the reference antenna, and

|AC| is[théloss of cable in dB (absolute value).

EXAMPLE  P,=-35dBm,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 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 FSK receiver attached to a storage scope that has sufficient memory depth to

allow the capture of complete interrogator/tag transactions.

The i
and @
the ix

Unleg
the r
This

hterrogator is connected to a control and monitoring computer that allows the issuir
ommand transmissions. This software should also provide a display of decoded-dat3

s otherwise specified, the recommended test distance between the intérfogator's
eference antenna attached to the tag simulator should be 2 m, minimum, with 3
ill provide sufficient distance to ensure far field conditions at the interrogator's loc

g of wakeup
received by

terrogator to confirm that it is able to properly decode and output received tag|responses.

location and
n preferred.
ation yet not

require use of a test site exceeding practical dimensions. A 3 m testsdjstance is recomnended since

this i
have

s a common regulatory test distance and is also a distance at-which many referen
been calibrated for antenna factor. This distance also meets-the far field criteria at a

ce antennae
frequency of

433,920 MHz.

7 Hunctional tests for inductive interrogators as defined in ISO/IEC 18000-2 and
ISO/IEC 18000-3

7.1 |Interrogator sensitivity in Listen mode (Receiving mode)

7.1.1] Purpose

This test determines the minimum level of modulated carrier at the antenna of the interfrogator that
can be detected by its receiver.

7.1.2| Test procedure

The I{M of the tag simulater is set to the nominal level: 0.

The thg simulator js'positioned on the axis of the interrogator's antenna. The distance betjveen the tag
simulator and th&interrogator's antenna (D) is equal to 75 % of the Etyg 1dentification diStange.

The [yM is then-increased from 0 to the level where the interrogator starts to recognize the iflentification
data fromi'the tag simulator.

7.1.3  Testreport

The test report shall give the measured minimum LM. All parameters shall be recorded according to
Table 1.

© ISO/IEC 2020 - All rights reserved


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

ISO/IEC 18046-2:2020(E)

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 Interference rejection (I

- 4=
NCJeCTIon>

7.2.1 Purpose

This test determines the interference rejection ability of the interrogator.
This test defermines the minimum distances between two identical interrogatofsy(same devicgs) at
which the DUT can read the tag without disturbances.
7.2.2 Testprocedure

The waveforym generator shall be set to the required operating frequency of 125 kHz or 134,2 kHz or
13,56 MHz respectively for ISO/IEC 18000-2 or ISO/IEC 18000-3 and‘the waveform generator amplitude
shall be set tp a value below the identification magnetic field threshold. This amplitude is typically|zero.

The tag simylator is positioned on the axis of the interrogatér's’antenna. The distance between the tag
simulator anld the interrogator's antenna (D) is equal to 75% of the Etyg 1dentification diStance.

A second interrogator (identical to the DUT) is positioied near the DUT. The test covers two posifions:
face to face 4nd side by side.

The test configurations are shown in Figure 2.

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

g Tag simulator
|

i

|
——— ;

T
And ot Ll 4 na | DL
= IIII.C)IUSGI.UI 1 N | =AW |
< ol
Face to face

configuration Tag simulator
dl |-
o »

. D2
2" interrogator DUT

Figure 2 — Test configurations

The dialogue between the DUT and the tagsimulator 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 to the tag
simulator.

7.2.3| Testreport

The test report shall give the measured minimum distance between the two identical interjrogators. All
parameters shall-be recorded according to Table 2.

Table 2 — Parameters recorded for interference rejection distance

Test: lnfnrrngnfnr cnncifivify inListenmode (Dnrniving mnrln}

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 EMF generated for the testis similar to the field generated by the DUT (same frequency/modulation/
protocol). The strength of the EMF should be limited to the maximum allowed value (ETSI EN 300 330-
1/2 or 47c13i15[30]).

Exposure time for this test is 1 min for each step of the test. The DUT shall be able to read‘atag|after
each exposufe period.

7.3.3 Tesfireport

The test repprt shall give the measured maximum electomagnetic field exposure, E, ... All paranjeters
shall be recgrded according to Table 3.

Table 3 — Parameters recorded for maximum electomagnetic field exposure

Test: Maximum electromagnetic field exposure (E,,,)
Temperature: Humidity:
Interrogator|Type: Interrogator ID:

Air interface|protocol between interrogator and tag:

Test results

E

max

| XX, XX A/m

7.4 Ratiolbetween field radiated andpower consumption

7.4.1 Purpose

This test detlermines a ratio between the field radiated and the power consumed by the interrogator.

7.4.2 Testiprocedure

The LM of tHe tag simulator is set to the level obtained as a result of test 7.1, interrogator sensitivjity in
Listen mode|(Receiving mode).

The tag simylatoris positioned on the axis of the interrogator's antenna. The distance between the tag
simulator and'the interrogator's antenna (D) isequalto 1 cm, 5 cm, 10 cm, 50 cm and finally 100 dm.

Measurements 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

7.5.1] Purpose
This fest determines the 3D map of the EMF generated by the interrogdtor.

Interfogators should be grouped (as defined below) according te-ETSI EN 300 330-1/2 and #7CFR15[301,
In ordler to ease user comparison, 5 groups are defined:

— (Jlass A interrogator with radiated H-field level betwé&en 80 % and 100 % of the maxinfum radiated
-field allowed by local regulations;

—

— (lass B interrogator with radiated H-field level'between 60 % and 80 % of the maxinum radiated
-field allowed by local regulations;

Yt

— (lass C interrogator with radiated H-field level between 40 % and 60 % of the maxinum radiated
-field allowed by local regulations;

Y

— (Jlass D interrogator with radiated H-field level between 20 % and 40 % of the maxinum radiated
-field allowed by local regulations;

—_

— (lass E interrogator with-radiated H-field level between 0 % and 20 % of the maximum radiated
-field allowed by local regulations.

—_

7.5.2| Test procedure

Measurement-should be performed using test procedures as outlined in ETSI EN 300 B30-1/2 and
47CFR15[30\Fhis test gives a table of field strength measurements.

Measjurements are performed every 1 cm in the normal direction if the value measured ig higher than
i Mancuramantce in athar divactinng arn narfarmad avaryg 1~ for nAacitinne 14
0,15 BA/m—Measurementsinother-directions—areperformed-every1-emfor positions—ir the normal

direction with a measured value higher than 0,15 A/m. Measurements in other directions shall be
performed if the value measured is 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.

© ISO/IEC 2020 - All rights reserved 11
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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 directions Xand Y| 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 Xand Y| Y=xx =-1 Y=0 Y=1 Y 9xx
X =xx XX,XX XX, XX XX, XX XX, XX XX[XX
Normal direction - Z: xx X=-1 XX,XX XX, XX XXoxx 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 Functipnal tests for interrogators as defined.in ISO/IEC 18000-6 and in
particular ISO/IEC 18000-63
8.1 Receiyer sensitivity for UHF interrogators using wave propagation
8.1.1 Purpose
This test defermines the interrogator-ré€ceiver sensitivity power level, P, .., which is typically repprted
in dBm. The ftest procedure is described for the most commonly used document, ISO/IEC 18000-6B, but
the principlg may be used for ISQ/IEC 18000-61, ISO/IEC 18000-62 and ISO/IEC 18000-64 as well
8.1.2 Testprocedure
ISO/IEC 18(00-63 provides several parameters that may result in variations of the interrogator
receiver senpitivity, For that reason, the parameters as shown in Table 6 and Table 7 shall be spefified
for the test and recorded. For parameter guidance, the recommended values in Table 6 and Table 7 may
be used.
Table 6 — Interrogator settings of ISO/IEC 18000-63 protocol parameters
Parameter Recommended value Description
Tari 12,5 pus Asin ISO/IEC 18000-63
M 4 Asin 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
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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.
f EU: 800,3 MHzZ Interrogator operating irequency
FCC: 915 MHz
Others Other parameters that are of relevance for th¢ interrogator
For a|l other regions, the setting of TRcal, D, Pyy and f shall be aligned as much'as possible|to the above
examples.
Table 7 — Test conditions
P3rameter Recommended value Description
SR 90 % Pass success raté./ Relative number of succesgful reads by
the interrogator
N 100 Number ¢ftest round repetitions for a particular setting
BLF,), +20 % Allowed variation of BLF
BLF |~ 9 Number of steps for BLF variation
PS,ar +90° Allowed variation of phase shift
PS,..N 9 Number of steps for phase shift variation

The tlest setup shall be as in Figure 3 ot“Figure 4 and shall use TE such as a tag emulatpr or similar
equigment that conforms to ISO/IEG, 18000-63 in respect to all parameters that have gn impact on
performance tests and that further allows a controlled variation of the BLF. Optionally, a phase shifter
may be used as well. For the contactless test setup, the distance, D, shall be selected to engure that the
test ip performed in the far field, unless a near field test is intended. If a near field test i$ performed,
then this shall be noted in the test report.

antenna

TE‘'with

DUT with
antenna

Figure 3 — Contactless 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:

— Reader sends Req_RN with correct Handle

— Reader

NOTE THis test method can lead to incorrect results, as the tag (TE) cannot verify whetheg-the yeader
understood the response to the ACK command (i.e., the UIL)

In order to fhcilitate interrogator testing, a tag emulator may choose to always use the first slot put is
not required to do so.

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

The 96-bit U[I shall take the form 0x00FF33CC55AA77889966BB44. However, if the DUT only accé¢pts a
certain Ull rhnge, then the content of the UIl may be amended accordingly.

The receivedl power, P,.,, is specified as the power of the two (left and right) side bands of tHe tag
response acqording to Annex A, which would be detected by a receiver with carrier filtered.

For a contadt test, the emitted power and measurements df the received power are specified gt the
input/output of the reader.

For a contactless test, the emitted power is specified @s the linear component of an EIRP value at the
plane of the|antenna's maximum gain. The receiveéd power is measured at the same plane as gower
equivalent t¢ using a unity-gain receiving antenna (0 dB).

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

It shall be copfirmed that the interrogateralways checks for the correctness of the CRC received a$ part
of the respmrse to the ACK command-on receipt of the correct Ull, and the correct parsing and verifying
of the acconjpanying CRC of the tag response. This confirmation may be provided by an interrogator
manufacturgr statement or by detecting a different reader reaction when an UII with correct CR(C and
an UII with ipcorrect CRC are'presented to the interrogator.

If, during the test, the interrogator reports a received Ull that has not been issued by the TE thenp that
test shall befinterpretéd-as a complete failure, as the reader obviously did not correctly verify the |CRC.

The test progedure.contains the following steps:

1) Setup testconfiguration with DUT and TE.

2) Select interrogator parameters.

3) Setup interrogator transmit power value.

4) Evaluate tag response for N Query commands.

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

6) Report the P, value as the lowest received Py, according to Annex A, where the measured
success rate was higher than or equal to SR.

7) 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
there is no statement of phase shift or BLF variation, then this shall imply that these parameters have
not been verified.

Table 8, Table 9 and Figure 5 show an example test report and and corresponding example test 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 83,25 s
DR 64/3
BLF 256,25 kHz
TRext 0
Py 26,55 dBm
f 915 MHz
SR 90 %
N 100
BLF, ., 0 %
BLF 5y n.a.
PS§./ 0-345°
PS,arN 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 =5915
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
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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
256252 270 26,55 -58,04
206282 288 26 64 -84 66
256252 300 26,65 -58,25 ‘],Q
256252 315 26,65 -57,45 ‘],Q
256252 330 26,65 -52,58 f],
256252  |345 26,65 51,03 b@)
AN)
-49.00 ( 0: Example :-N:U E]
-49.50-] Q l
-5000- \Q/
. o) =
ra
-51.00-
-51.50-] L O
52.00- <(
52,50~ Tari () [253u |
r-.-53m_ |
é — RTcal (5) |T1.15u
Jﬂf -54.50 -1
E o Divide Ratio| |64/3
-55.50- Encoding | | M4
56.00 [
56.50- T4 (s)| 0
57.50
58.00- 3LF Reader (Hz) | | 256.25k |
sl @ BLF Tag (Hz) | [256.25k
-bgm—
-ng L ‘l“"l"fl\%l""l""!""l""l"l‘lll"l""l“"l"'I"" CEH{EI'FTEqUEﬂCYa"Z) 915M
0 25 50 100 125 150 175 200 225 250 275 300 325 350 |
Pad, Phase (deg)
\J
N

Figure 5 — Testgraph 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.
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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

This test determines the electromagnetic field threshold level required at the interrogator for
tag identification when using an ISO/IEC 18000-7 interrogator functioning in Master-Slave mode
(IntefTrogator TalkS FITSTOT ITF ).

The identification electromagnetic field threshold, Etyg 14entifications 1S the minimumeledtromagnetic
field arriving at the interrogator that allows the interrogator to identify a tag reliably. For|the purpose
of thiks test, “reliably” means 10 reads out of 10 sequential read attempts.

9.1.2] Testprocedure
To determine interrogator sensitivity, the following procedures shall’beperformed:

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 moderatg signal level.
(Jonfirm that the interrogator reads the tag simulatorresponse 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 the interrogator reads the tag simulator response 10 times

dut of 10 attempts.

5) Hecord this attenuator level in the box provided for attenuator setting for vertical polgrization.

6) (onvert the attenuator setting into dBuV/m by subtracting this setting from the field strength
level at 0 dBm measuregd i 6.2. Place this into the Etyg 1gentification (AdBUV/m) box inf the vertical
golarization column.

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

8) Hecord this attenuator level (unsigned) in the box provided for attenuator setting undejr the column
fpr horizontalpolarization.

9) (onvert-the 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) box in the
Horizontal polarization column.

10) Repeat steps 2 through 9 after increasing the centre frequency to 433,940 MHz. In this case, place
the data into the boxes provided 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 Test

report

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

Temperature:

°C Humidity: %

Interrogator protocol:

Interrogator Ull:

Forward link

Deviation (k

1z): 50 kHz, nominal

|Data rate: 27 kbps Data coding: Manchester codi

Command: C

pllect with UDB

Return link

Data rate: 27|kbps |Data coding: Manchester coding

Test results
Centre frequency fc + 40 ppm fc - 40,ppm
433,920 MHz 433,940 MHz 433,900 MHz

Attenuator s

ptting: dB

Attenuator setting: dB Attenuator setting: dB

ETHR Identifica

Lon: dBuV/m

E'THR 1dentification: 4BUV/M E'THR 1dentification: dBUV/m

ID:

ID: ID:

9.2 Reading/writing electromagnetic field threshold (Eqyg reaq/write) and frequency

tolerance

9.2.1 Pury

This test de
reading or w
the interrog
regulations.
electromagn

9.2.2 Tesfjprocedure

Tests shall b)
shall be set

DOSe

termines the electromagnetic field threshold level at the interrogator that allows

itor with maximum antenn@output power. Maximum limitations can be found in appl

e run at signal source set as specified in 6.2. The electromagnetic field of the signal s
below the)level that allows an interrogator to read the tag simulator's response to a

or write inte
simulator's |

riting. To successfully read/write tag data, the command shall be transmitted correc

The reading/writing électromagnetic field threshold, Etyr peaq/write 1S the min
etic field at the interrogator that allows tag reading/writing.

rrogator command, then it shall be increased to a level where it is possible to read t
dnd'to read or write the memory contents. For this test, the tag simulator's memory

a tag
tly by
cable
mum

burce
read
le tag
shall

be any availahle'memory that permits both reading and writing

To determine the electromagnetic field threshold (Etyg pead/write): the following measurement
procedures shall be performed:

1y

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.

2)

Confirm that the interrogator reads the tag simulator's response at this level.

3)

simulator’s response.

18
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4) Decrease the attenuator setting until the interrogator reads the tag simulator's response 10 times

(0]

ut of 10 attempts.

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

p

olarization.

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

\Y

ertical polarization column.

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

8)
g

9) (
S|
h
10) F
t

11) H
t

12) 1
S|

If ond
respq

9.2.3

The t
envin

ecord this attenuator level (unsigned) in the box provided for attenuation settin
olumn for horizontal polarization.

onvert the unsigned attenuator setting into dBuV/m by subtracting the setting f1

orizontal polarization column.

epeat steps 2 through 9 after increasing the centre frequency to 433,940 MHz. In th
he data into the boxes provided for 433,940 MHz instead of 433,920 MHz.

epeat steps 2 through 9 after decreasing the centre frequercy to 433,900 MHz. In th
he data into the boxes provided for 433,900 MHz instead.0f433,920 MHz.

he measurements in steps 1 and 11 shall be performed on all interrogators. The E
hall be the greatest electromagnetic field strengthmoted out of all measurements.

interrogator is clearly lower in sensitivity than all others, i.e. it requires more signal
nd, then it should be removed from the tests'and replaced with another interrogator.

Test report

st report provides data recorded for the system's lower, nominal, and upper tolerang
onmental conditions and communication parameters shall be recorded according to

Table 11 —~Parameters recorded for Eqyp peag Measurement

g under the

om the field

trength level at 0 dBm measured in 6.2. Place this into the Eryg peaq/wiieg (dBuV/m) box in the

s case, place

s case, place

HR Read Value

before it will

e limits. The
[able 11.

1

est: Identification electromagnetic field threshold (E;yg reaq) at centre frequency and

+40 ppm

Temp

erature: °C Humidity: %

Inter

Fogator protocol: Interrogator UII:

Forward link

Devi:

tion (kHz): 50 kHz, nominal |Data rate: 27 kKbps Data coding: Manches

ter coding

Cominand: ¢Collect with UDB

Return link

Data rate: 27 kbps | Data coding: Manchester coding

Test results
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:
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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
conveniently. An interrogator may also be used on a metal or wooden pole where a more omnidirectional
pattern can be expected.

0-360 Deg Reader Polarization and Directivity
Azimuth Evaluation Setup
b
Lo |
/ S - +
P (R - S I VN
'-.\ ~ K}—r 0 Deg +/-Elevation | <X

Representative Reader

Figure 6 — Measurement setupfor sensitivity directivity, Sp; ectivity

9.3.2 Tesfjprocedure

To determirje the sensitivity directivity of an interrogator, Sp;.eciiviry the following measurgment
procedures ghall be performed:

1) Testshall be run based en-the test apparatus and test setups outlined in 6.2. Set the tag simulator's
frequengy to 433,920.MHz. Begin by placing the tag simulator's antenna to vertical polarization.
Adjust the interrogator to the azimuth or elevation angle being evaluated.

2) Set the [tag simulator's attenuator to 0 dB to provide the interrogator with a full signal [level.
Confirm|that the interrogator reads the tag simulator response at this level.

d' i . A N 1] dndn. A Fa-a n | . d A a | b 1l b - ) .
3) A ]ustt T Udg STIMUIAtOT S atteITUatoT UITtT CITE IITET TOZdatoT doUTs Mot eau e tag SIItator response

properly.

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

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

6) Convert the unsigned attenuator setting into dBpuV/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.

7) 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° (dBuV/m) box in the horizontal
polarization column.

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.

11) Repeat steps 2 through 9 after at every 15° increment from 0° to +90° in elevation, while the
azimuth is fixed at 0°. Record the appropriate E;pyp xx° (dBuV/m) values in the box for elevation
ngle in the test report.

12) The measurements in steps 1 and 11 shall be performed on all interrogatofs. Sp;,c. shall be

. i . ivity
raphed for azimuth and elevation for each interrogator on a common graphy

If ong interrogator is clearly lower in sensitivity or shows extreme digectivity or nulling pattern
problems compared to others, then it should be removed from the test$ and replaced With another
interrogator.

9.3.3] Testreport

The test report provides data recorded for the unit's noymal operating situation. Refcord results
according to Table 12.

Table 12 — Parameters recorded for Sp; ¢ iyiry Measurement

Test: Sensitivity directivity (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
Data'rate: 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 interrogator is placed in the test setup, and the tag simulator's level is set to 3 dB above the Etyg reaq
level as determined in measurements reported in 9.2. This provides the interrogator with receive levels
that have a 3 dB margin.

A second siJnal source acts as an interference signal and is attached to an antenna equivalent t(L that
used for the tag simulator. The recommended test distance between the interrogator's lgeation and
the two souilce antennae should be the same and at minimum 2 m, with 3 m preferred. The two spurce
antennae shpuld also be equal in gain and separated from each other by at least one/wavelength to

reduce interpctions between them.

First an unodulated/modulated signal from the interference source is set to 433,920 MH%z and
20 dB below the Etyg reaq level. This should still allow the tag simulator responses to be read Hy the

interrogator

The interference level is then increased until the interrogator is no”longer able to decode the tag

simulator's 4ignal. This is considered the interrogator's on channel-lg
for the 1st adljacent channels (*250 kHz) and 2nd adjacent channgels (=

eiection 1€vel. This test is reppated
500 kHz).

To determinle the interference rejection of the interrogatotin the presence of the unmodulate¢ and

modulated ipiterference signal, the following measurementprocedures shall be performed:

1y

2)

3)

4)

5)

6)

7)

8)

9)

22

Test shall be run based on the test apparatus and.sétup outlined in 9.2 using two identical vefrtical
polarized reference antennae. One antenna connects to the tag simulator. The other connects fo the
interfer¢nce signal source as shown in Figure-6.

Set the thg simulator's attenuator level to the Eqyg reaq Setting for the interrogator being evalyated.
Confirm|that the interrogator reads.the'tag simulator response 10 out of 10 times.

Readjusf the attenuator level to(3,dB below that of the E;yg peaq 1€vel. This increases the level into
the intefrogator by 3 dB.

Adjust the level of the unmbodulated interfering source to 20 dB or more below the Etyg peagllevel.
Confirm|that the interrogator still reads the tag simulator's signal 10 out of 10 times.

Increasq the levelefthe unmodulated interfering source by 1 dB steps until the interrogator can no
longer read 10 sut'of 10 read attempts from the tag simulator.

Record thevalue 1 dB lower than this level as the co-channel rejection (unmodulated) level.

Repeat steps 2 through 5 with the interference source 250 kHz higher in frequency (433,170 MHz).
Record the value 1 dB lower than this level as the upper 1st adjacent channel rejection
(unmodulated).

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).

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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