ETSITS 102 903 vi.1.1 (2011-08)

ETSI7T__ N\

<

Technical Spgcification

Electromagnetic compatibility
and Radio spectrum Matters (ERM);
Compliance tests for cognitive interference mitigation
for use by UHF RFID using Detect-And-Avoid (DAA)
or other similar techniques



2 ETSI TS 102 903 V1.1.1 (2011-08)

Reference
DTS/ERM-TG34-012

Keywords
ER-GSM, radio, RFID

ETSI

650 Route des Lucioles
F-06921 Sophia Antipolis Cedex - FRANCE

Tel.: +334 9294 42 00 Fax: +33 4 93 65 47 16

Siret N° 348 623 562 00017 - NAF 742 C
Association a but non lucratif enregistrée a la
Sous-Préfecture de Grasse (06) N° 7803/88

Important notice

Individual copies of the present document can be downloaded from:
http://www.etsi.org

The present document may be made available in more than one electronic version or in print. In any case of existing or
perceived difference in contents between such versions, the reference version is the Portable Document Format (PDF).
In case of dispute, the reference shall be the printing on ETSI printers of the PDF version kept on a specific network drive
within ETSI Secretariat.

Users of the present document should be aware that the document may be subject to revision or change of status.
Information on the current status of this and other ETSI documents is available at
http://portal.etsi.org/tb/status/status.asp

If you find errors in the present document, please send your comment to one of the following services:
http://portal.etsi.org/chaircor/ETSI_support.asp

Copyright Notification

No part may be reproduced except as authorized by written permission.
The copyright and the foregoing restriction extend to reproduction in all media.

© European Telecommunications Standards Institute 2011.
All rights reserved.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are Trade Marks of ETSI registered for the benefit of its Members.
3GPP™and LTE™ are Trade Marks of ETSI registered for the benefit of its Members and
of the 3GPP Organizational Partners.
GSM® and the GSM logo are Trade Marks registered and owned by the GSM Association.

ETSI


http://www.etsi.org/
http://portal.etsi.org/tb/status/status.asp
http://portal.etsi.org/chaircor/ETSI_support.asp

3 ETSI TS 102 903 V1.1.1 (2011-08)

Contents

INtellectual Property RIGNES.... ..ottt bbb renn e 5
0 Yo (o SRS 5
g1 0 o W Tox 1 o o I OSSR 5
1 o010 PR 6
2 L= £ 101 S 6
21 NOFMEBLIVE FEFEIEINCES ......cueitiiteite ettt sttt ettt e e s et b e s bt eb e st e st e e e s e b e sh e eb e s bt ebeeaeen s e bese e besaeebenaeennennens 6
2.2 INFOrMELIVE FEFEIEINCES. ... ettt ettt e bbbt bt e st e s e et e s bt sh e et e s e bese e besaeebesaeeneennens 6
3 Definitions, symbols and abbreviations ............coeeiiiiiie i e e 7
31 DEfINITIONS. ...ttt ettt e s te e e be e teeateeaeesbeeste e beeatesasesaeesaeesaeeaseenseenseensesraesteentaentenn 7
3.2 SYIMDOIS. ... ettt e bbbt e bt h e s e e bt b e se ekt b e e E e b e b e e R e E e R e e bt R e e bt ne et b e ne e e ere e e ere s 8
33 ADDIEVIBLIONS ...ttt et ettt e et et e et e s e e s teesteesteeabeeasesaeesaeeabeenbeenbe e beenteensesaeesaeesreenneereanrean 8
4 DemoNStration OF PITNCIPIE. ........iitiiere ettt b e n et se e b nr e sn e e nnenne e 8
4.1 FEFOOUCTION ...ttt bbb e bbbt b et e e e se e b e e bt eh e eb e s Rt eb e e aeen s e e e ae e besaeebenneeneennens 8
4.2 MELhOOS OF MEBSUMNEIMENT ...ttt bbb it et se b e s bt eb e s bt e s et e se e besaesbenneeneennens 9
42.1 Unmodulated Signal inthe ER-GSM UL and DL band.............ccoooiieiieii e 9
4.3 RESUILS Of the AEMONSITELION .......eoueeieieee ettt et b ettt e e b e bt ene e e e e s 10
431 Unmodulated Signal inthe ER-GSM DL Dand...........ccovoeiiieiieiieie et 10
5.3.2 Unmodulated Signal inthe ER-GSM UL Dand...........ccoooeiieiieiiese e 13
5 TESE PrOCEAUIES ...ttt b e bt e et h e bt R bt E s e s e e e e e ne e b e e bt e b e ne e b e e e e s 16
51 T (oo (8o 1T o o TP 16
52 Technical requirement SPECITICALIONS ..........coviiriiiierc et s b e eb e neneene s 16
521 GENENAl FEQUITEIMENES. ... ecitieeieeeeeteestees e eteseesee st e saeeteeseeeseesse e teesseessesseesaeesseesaeenseanseaseensansseessennseesenneennes 16
5211 Class A: Interrogators without detection Capabilities..........c.cccvveeerieiieiece e 17
5.2.1.2 Class B: Interrogators with ER-GSM Downlink detection capability.........cccoovevveevicenieneccese e, 17
5.2.1.3 Class C: Interrogators with ER-GSM Uplink and Downlink detection capability..........cccceevvvevvrieenen. 18
52131 Class CL: SIOW UPINK AELECLION.........eccueiieieeiee e eie et steesteete et e st be e e esae e sreesreesneenseenneens 18
52132 Class C2: Fast UPIiNK dEECLION .......ccueeiiiie ettt se e aeenne e ens 18
5222 Operational fTEQUENCY FANGES........coeriiietereeeete sttt ettt e e bt se bt s e bt b e eb e b as bbb e e ebenaeneens 19
52221 ChOiCE Of TIEOUBINCIES ..ottt bbbt b et b et b e e 19
52222 CRENNEL TANGE. ...t bbbt b bbbttt b et b et b e et 19
52223 Testing of operational frEQUENCIES..........cieiiireie e e 19
53 Methods of measurement and limits for transSmitter PAraMELErS ..........ccooireirirrereree s 20
531 Frequency error for mains operated EQUIPIMIENL ..........ueivereeieee e see e seesreesreete e sraesraesreesreesreseesneesnes 20
5311 (D= 1] o] o TP S O PTURURPRRRPIN 20
53.1.2 Method of measurement Of FrEQUENCY EITON ..........oiie i neees 20
53.13 03 TP 21
5.3.2 Freguency stability under |ow voltage CONAITIONS ..........coceeiieiire e 21
5321 (D= 1] o] o TP S O PTURURPRRRPIN 21
5.3.22 Method Of MEASUIEMENT.........ocii ettt ettt et e et e s e e sae e s aeeeaeesbeebeeaseeaeesaeesraesaens 21
5.3.23 LIS ettt et he e s ae e b e et e e aaeeaeeehe e be e te e be e beeteseeaaeeeaeeabeeteereeareeaeeereenreerens 21
533 RAJISLEA POWET (B.1.[0.) «-veteeetertereete sttt ettt sttt et b et b e s ae b e bt b s e e h e e b e et bese et e b e ne et b e se et et e s ene e 21
5331 (D1 {111 (1] ISP 21
5.3.3.2 Method Of MEASUIEMENT.........ocii ettt ettt et e et e s e e sae e s aeeeaeesbeebeeaseeaeesaeesraesaens 22
53321 Radiated MEASUNEIMENT........ectieie ettt ettt e et et e et e e be st e sae e saeesbeebeeareeaeesteaebeenbe e beenseenresanenans 22
53322 CONAUCLEA MEASUINEIMENT. ... ettt ettt ettt st b et ie e se et sr et e s bt b e e e s e neesresbesbeebe e e ennennens 23
5333 03PN 23
534 TranSMItLEr SPECIIUM MIBSK.......eeivieieeiesieseesee st e steeee s e e s e e steesteestesseesseesseesteensessaesseesseenseenseenseensessenssnnsses 23
5341 (D= 1] o] o TP S O PTURURPRRRPIN 23
5342 Method Of MEBSUMEMENT..........coiiiiiee et ee et ettt b sb e s e e e e neen 23
5343 LNl S ettt st e e s te e be et e et e eaeeehe e be e be e be e beeteaaeeaaeeaaeeabeebeereenreeaeeereesreetens 24
535 Unwanted emissions in the SPUMOUS JOMBEIN...........coiiiririiieeieee et 25
5351 D= {1 411 (o] o PSSO OSO SO RRRRPRRR 25
5.35.2 MEthOd Of MEASUIEIMENT ........ccueiitie ettt ettt e e e ee s e s e sae e s be e beeabeeabesaaesteebe e teensesnresnresans 25

ETSI



4 ETSI TS 102 903 V1.1.1 (2011-08)

5.35.21 Method of measuring the power level in a specified load, clause 5.3.5.2, @) 1).....ccccveiveveerveceniinninne 26
5.35.2.2 Method of measuring the effective radiated power, clause 5.3.5.2, @) ii)...ccecceevceereerecieeeee s 26
5.35.2.3 Method of measuring effective radiated power, clause 5.3.5.2, D).....cccccvveeieevieie e, 28
5353 I 3T £SO R P S 28
536 DOWNTINK QBLECLION. ...ttt b et e bbb e bt e st e e e sn e besbesbe e e ennenneas 28
536.1 (D= 1] oo o O TP RSSO P URURPRRRPIN 28
5.3.6.2 DowWnlinK deteCtion MOUE ..........oiuieuieeeee ettt e s ee st e b e saeese e e e beseesbesneeneeneens 28
5.3.6.3 Method Of MEASUMEMENT..........eoiie ettt sae st e e e seeseesbeseeeneeneeneeneens 29
53631 Method of measuring radiated signalsin the R-GSM band...........cccccvereininiinineeeeeseenes 29
5.3.6.3.2 Method of measuring radiated signalsinthe ER-GSM band ... 30
5.3.6.3.3 Conducted method of measurement for signalsin the R-GSM band ..........c.ccccoovenrnennccnenieenn 31
5.3.6.34 Conducted method of measurement for signalsin the ER-GSM band...........cccccovevvcniceneeceennns 33
53.6.4 03PN 34
537 L o] 1 Qo L= = o o P 34
5371 (D= 1] 0] o TP S T O PTUPURPRRRTIN 34
53.7.2 L0 o] TN (= (= ot 0] 40T [ S 35
53.7.3 Method Of MEBSUMEMENT..........coiiiiiee et ee et ettt b sb e s e e e e neen 35
53731 Method of measuring radiated SIgNAIS........cc.ooeiriieirer s 35
5.3.7.3.2 Conducted method Of MEASUrEMENT ...........coiiieieee et sr e e e 37
5374 0 T (SO SPRRPRSR 38
53741 TESE SEUENCE ...t e s e e e se e e 38
53.74.2 TRFESNOIA TEVEIS.....c.eee ettt a et e e e s e teseesreeneenee e ennas 38
53743 Transmission times for Class CLiNLEITOJALOrS. ..........curerieerereee ettt 38
53.74.4 L0 o] T Qo L= = ot (o] 1 = 39
6 T o e 7 U (o g (S ST 39
6.1 gL doT0 W 1o o BTSSP P TR U RSO 39
6.2 TR I 1= I (- TR 40
6.3 Field test at ashunting area/diStribULION CENEIE.........ccciiiiiieiree e 42
Annex A (informative): Bibliograpny ..o e 43
11 SRR 44

ETSI



5 ETSI TS 102 903 V1.1.1 (2011-08)

Intellectual Property Rights

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

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

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

Foreword

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

Introduction

In order to accommodate the spectrum needs for the increasing number of RFID devices and systems, an extension band
for high power RFID systems in the range between 915 MHz and 921 MHz has been requested. This band is already
used by RFID in several countries worldwide and its designation in Europe would increase its functionality and
simplify the international movement of goods using RFID identification systems. In Europe, part of this new frequency
band will be shared between the primary user ER-GSM and RFID. In order to guarantee an interference-free
coexistence between the two systems, mechanisms have to be implemented by RFID systems to reduce the probability
of interference to an acceptable minimum. These techniques can be either regulatory, or technical mechanisms or
operational restrictions.

This Technical Specification (TS) includes a description of the practical evaluation and the certification test procedure
for the mitigation mechanisms defined in TS 102 902 [3] (Methods, parameters and test procedures for cognitive
interference mitigation towards ER-GSM for use by UHF RFID using Detect-And-Avoid (DAA) or other similar
techniques). The focus in the present document will be on the sensing of the environment and estimation of the isolation
between a RFID high power interrogator and a potential victim ER-GSM terminal. The location based mechanisms
presented in [2] are not part of the present TS. The interference evaluations performed in [2] have shown that RFID
devices will not cause any harmful interference towards the potential ER-GSM victim terminasif the power is below
0dBm (ImW) and the protection distance is larger than 20 m. Since the maximum TX power of RFID tagsin the band
915 MHz to 921 Mhz is below -10 dBm, they do not require any additional mitigation.

The present document follows on from the recommendations contained in TS 102 902 [2]. It begins by describing the
results of a demonstration of principle which was performed by members of STF 397 (Specialist Task Force 397). The
knowledge gained from this work was central to the development of the specifications for the tests. Finally the
document outlines a set of practical tests which are considered necessary in order to finalise the values of certain critical
parameters and to validate that the mitigation techniques function as predicted in an operational environment.

ETSI
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1 Scope

The present document reports on the practical evaluation, demonstrations and certification procedures for the mitigation
mechanisms for RFID systems operating in the band between 915 MHz to 921 MHz as described in [2]. The active
mechanisms covered in this Technical Specification are intended to mitigate against any harmful interference generated
by RFID interrogators towards ER-GSM terminals operated in the band between 918 MHz to 921 MHz.

The report does not cover the location based methods presented in [2] nor doesit include RFID tags operating in the
band with a power levels up to -10 dBm.

2 References

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
reference document (including any amendments) applies.

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

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

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

[1] ETSI EN 302 208 (all parts) (V1.3.1): "Electromagnetic compatibility and Radio spectrum Matters
(ERM); Radio Frequency Identification Equipment operating in the band 865 MHz to 868 MHz
with power levels up to 2 W".

[2] ETSI TS102 902 (V1.1.1): "Electromagnetic compatibility and radio spectrum matters (ERM);
Methods, parameters and test procedures for cognitive interference mitigation towards ER-GSM
for use by UHF RFID using Detect-And-Avoid (DAA) or other similar techniques”.

2.2 Informative references

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

[i.1] ETSI ERM TG34: ERM-TG34#15-04r1: "ETSI tests at a Distribution Centre", September 2006.
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3 Definitions, symbols and abbreviations

3.1 Definitions

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

Cognitive Radio System (CRYS): radio system (optionally including multiple entities and network elements), which has
the following capabilities:

. obtains knowledge of the radio operational environment and established policies and monitors usage patterns
and users needs,

. adjusts dynamically and autonomously its operational parameters and protocols according to this knowledge in
order to achieve predefined objectives, e.g. minimize aloss in performance or increase spectrum efficiency;
and

. learns from the results of its actionsin order to further improve its performance.

Detect And Avoid: (DAA): technology used to protect radio communication services by avoiding co-channel
operation.

NOTE: Before transmitting, a system senses the channel within its operational bandwidth in order to detect the
possible presence of other systems. If the channel is occupied, the system avoids transmission until the
channel becomes available.

Downlink (DL): direction of communication from master to slave, where in the case of atypical RFID system the
direction flows from the interrogator to tag

Dynamic Frequency Allocation (DFA): protocol that allows for changing transmit frequency during operation

Dynamic Power Control (DPC): capability that enables the transmitter output power of a device to be adjusted during
operation in accordance with its link budget requirements or other conditions

fixed: physically fixed, non- moving device; includes temporary installations as well

link adaptation: result of applying al of the control mechanisms used in Radio Resource Management to optimize the
performance of the radio link

Listen Before Talk (LBT): spectrum access protocol requiring a cognitive radio to perform spectrum sensing before
transmitting

location awar eness: capability that allows a device to determine its location to a defined level of precision
master: controls the radio resource changing actions
mobile: physically moving device

radio environment map: integrated multi-domain database that characterises the radio environment in which a
cognitive radio system finds itself.

NOTE: It may contain geographical information, available radio communication services, spectral regulations
and policies, and the positions and activities of co-located radios

Service Level Agreement (SLA): defined level of service agreed between the contractor and the service provider
slave: performs the commands transmitted by the Master
Uplink (UL): direction of communication from Slave to Master

white space: term indicating a part of the spectrum, which is available for aradio communication application at agiven
timein a given geographical area on a non-interfering/non-protected basis with regard to other services with a higher
priority on anational basis

ETSI
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Symbols

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

a
dB
d

fc
A

Q
Af

3.3

pathloss exponent in the Friis Equation

decibel

distance

frequency measured under normal test conditions
centre frequency of carrier transmitted by interrogator
wavelength

omh

frequency offset

Abbreviations

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

BCCH Broadcast Control Channel

BTS Base Transceive Station

DAA Detect and Avoid

DL Downlink

ER-GSM Extended Railways GSM

GSM Global System for Mobile Communication

IM3 third order intermodulation

RBW Resolution Band Width

RF Radio Frequency

RFID Radio Frequency Identification

R-GSM Railways Global System for Mobile communications

RX Receiver

TCH Traffic Channel

TX Transmitter

UHF Ultra High Frequency

UL Uplink
4 Demonstration of principle
4.1 Introduction

The purpose of the initial demonstration of principle was to show the ability of an interrogator to detect the defined
threshold levels for Uplink and Downlink detection. This demonstration of principle was also presented at the ECC
workshop in Mainz in April 2011. The demonstration showed the feasibility of the active mitigation techniques
proposed in [2]. Further information will follow as soon as a more detailed implementation is available.

For demonstrations of UL detection in the future, the effect of possible use of wireless smart metering applicationsin
the band will have to be taken into account. Thisis covered in clause 5 of the present document, which describes the
recognition of specific R-GSM and ER-GSM signal patterns.

The detection process of the ER-GSM Uplink and the Downlink is performed during the power up process of the
interrogator. The method of measurement is similar to the test procedure defined in clause 5.3.6. All measurements are

made as conducted.

ETSI
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4.2 Methods of measurement

The demonstration setup and procedure shows the detection process and the corresponding response of the interrogator.
In the first step, downlink detection of a BCCH is demonstrated. The interrogator, operating in the band between

915 MHz to 921 MHz, monitors the complete R-GSM and ER-GSM bands between 918 MHz to 925 MHz in order to
detect aBCCH. In the initial implementation, due to the non-availability of ER-GSM equipment, the core R-GSM band
between 921 MHz to 925 MHz is monitored. For the initial demonstration of concept an unmodulated signal is used to
show the ability of the interrogator to identify a specific detection threshold.

In the second step the interrogator is configured to detect an unmodulated signal at a specified threshold level in the
ER-GSM uplink band.

4.2.1 Unmodulated Signal in the ER-GSM UL and DL band

Thistest shows that an interrogator is able to detect asignal in the ER-GSM Uplink and Downlink band down to the
defined threshold levels. The demonstration only needs to be done for the lowest defined threshold level.

Step 1 The measurement receiver is connected to the input of a power splitter. One input of the power
splitter is connected to asignal source A. The other input is connected to a 50 Q resistor. Signal
source A is adjusted to produce an un-modulated continuous carrier with its frequency tuned to
919,2 MHz. The signal is adjusted to give alevel at theinput to the measuring receiver that is3 dB
above the appropriate threshold limit taken from table 3 in clause 5.3.6.4. A diagram of the test
configuration is shown at figure 1.

Signal
Source A

Measuring Power

Receiver Splitter

50 Ohm
resistor

Figure 1: Calibration for conducted measurement

ETSI
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Step 2: The measuring receiver is replaced by the interrogator. The 50 Q resistor is replaced by the
measuring receiver. A diagram of the test configuration is shown at figure 2.

Signal
Source A

Power
Splitter

Interrogator |

Measuring
Receiver

Figure 2: Conducted measurement of signal detection

Step 3: With signal source A switched off the interrogator is powered on.

Step 4: The interrogator should switch automatically to scan mode. The transmission from the interrogator
shall be monitored. The interrogator shall start transmission at a frequency of 920,1 MHz.

Step 5: The power supply to the interrogator is turned off.

Step 6: With signal source A switched on the interrogator is powered up. The interrogator shall switch
automatically to scan mode. The frequency of transmission from the interrogator shall be
monitored.

Step 7: The frequency of transmission of the interrogator should be at 916,5 MHz, which shows that the

interrogator has successfully detected the signal from source A.

In the second demonstration the signal source A istuned to a frequency of 875 MHz and the threshold level in the
interrogator is set to the value defined in table 5 of clause 5.3.7.4.2. This demonstration should show the capability of an
RFID interrogator to detect signalsin the uplink band of the ER-GSM system.

4.3 Results of the demonstration

4.3.1 Unmodulated Signal in the ER-GSM DL band

In the first part of the test the capability of the interrogator to detect a continuous unmodulated signal in ER-GSM
downlink band was shown. Initially the interrogator was powered on while the signal source simulating the ER-GSM
downlink signal was turned off. After power up the interrogator performed the downlink detection. No ER-GSM
downlink signal was detected. In accordance with the specified test method, the interrogator started transmission at
920,1 MHz.

ETSI
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mwmw@wwmw 4

Figure 3: Reader transmission at 920,1 MHz, no ER-GSM downlink signal
The interrogator was then turned off. The signal source simulating the ER-GSM downlink signal was powered on. The

signal source was adjusted to give alevel at the input to the interrogator that is 3 dB above the appropriate threshold
limit taken from table 3 in clause 5.3.6.4.

ETSI
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Figure 4. Signhal source at 919,2 MHz with a power level of -83 dBm
The interrogator was powered on again. After power up the interrogator performed the downlink detection. The

interrogator detected the downlink signal at afrequency of 919,2 MHz. In accordance with the specified test method,
the interrogator started transmission at 916,5 MHz.

ETSI
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D A PV Y VO R

Figure 5: Interrogator transmission at 916,5 MHz and ER-GSM downlink signal at 919,2 MHz

This demonstration successfully showed that the interrogator is able to detect signalsin the ER-GSM downlink band
with power levels down to the defined threshold level.

5.3.2 Unmodulated Signal in the ER-GSM UL band

In the second part of the test the capability of the interrogator to detect a continuous unmodulated signal in the ER-GSM
uplink band was shown. Initially the interrogator was powered on while the signal source simulating the ER-GSM
uplink signal was turned off. After power up the interrogator performed the uplink detection. No ER-GSM uplink signal
was detected. In accordance with the specified test method, the interrogator started transmission at 920.1 MHz.

ETSI
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Figure 6: Reader transmission at 920,1 MHz, no ER-GSM uplink signal
Theinterrogator was then turned off. The signal source simulating the ER-GSM uplink signal was switched on. The

signal source was adjusted to give alevel at the input to the interrogator that is 3 dB above the appropriate threshold
limit taken from table 5 in clause 5.3.7.4.2.

ETSI
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Figure 7: Signhal source at 875 MHz with a power level of -77 dBm
The interrogator was powered up again. After power up the interrogator performed the uplink detection. The

interrogator detected the uplink signal at a frequency of 875 MHz. In accordance with the specified test method, the
interrogator started transmission at 916,5 MHz.

ETSI
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Figure 8: Interrogator transmission at 916,5 MHz and ER-GSM uplink signal at 875 MHz

This demonstration successfully showed that the interrogator is able to detect signalsin the ER-GSM uplink band with
power levels down to the defined threshold level.

5 Test procedures

5.1 Introduction

In this clause the conformance test procedures for the active mitigation techniques proposed in [2] will be presented.

5.2 Technical requirement specifications

5.2.1 General requirements

The present document describes test methods to ensure the co-existence of RFID and ER-GSM Systemsin the
frequency range between 915 MHz and 921 MHz. To achieve co-existence an interrogator should comply with the
following requirements:

. The interrogator/interrogator antenna should be at least 20 m away from arailway track.

ETSI
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. Interrogators shall transmit on any of the high power channels specified in clause 5.2.2.2.1 at power levels up
to the limit specified in clause 5.3.3.3. Interrogators shall transmit preferably on either of the high power
channels with centre frequencies of 916,5 MHz and 917,7 MHz. The channels located at frequencies of,
918,9 MHz and 920,1 MHz shall be used either when the channels at 916,5 MHz and 917,7 MHz are
unavailable or when the use of the channels 918,9 MHz or 920,1 MHz improves the performance of the RFID
system. When interrogators use either of the channels 918,5 MHz or 920,1 MHz they shall use appropriate
mitigation techniques as defined in the present document.

. Interrogators using only the high power channels with the centre frequencies 916,5 MHz and 917,7 MHz do
not need to implement the additional mitigation techniques described below. Thus no tests related to the
mitigation techniques are needed and only the spectrum requirements have to be met.

. In apreferred method of operation tags, which are activated by an interrogator transmitting in a high power
channel, shall respond in the adjacent low power channels. This technique is called the dense interrogator
mode. It has the benefit of separating the frequencies of transmission of the interrogators and tags, allowing
multiple interrogators to share the same channel thereby improving system performance. It a'so minimizes the
generation of inter-modulation products, which may disrupt the behaviour of tags.

Each interrogator shall be so configured as to ensure that its length of transmission is no greater than is necessary to
perform the intended operation. According to their capabilities, interrogators can be categorized into three different
classes:

e  ClassA: Interrogators without Detection Capabilities
. Class B: Interrogators with ER-GSM Downlink Detection Capability
. Class C: Interrogators with ER-GSM Uplink and Downlink Detection Capability

To demonstrate compliance with a specific class, the interrogator shall fulfil the requirements defined in table 1.

Table 1: Interrogator classes

Compliance required in
Class Description accordance with specified
clauses
Interrogators without Detection Capabilities 5.3.1,5.3.2,5.3.3,5.3.4and 5.3.5
Interrogators with ER-GSM Downlink Detection 5.3.1,5.3.2,5.3.3,5.3.4, 6.3.5 and
B A

Capability 5.3.6

c1 Interrogator with ER-GSM Downlink and Slow Uplink 5.3.1,53.2,53.3,5.34,5.3.5,53.6

c Detection Capability and 5.3.7

c2 Interrogator with ER-GSM Downlink and Fast Uplink 5.3.1,5.3.2,5.3.3,5.3.4,5.3.5,5.3.6

Detection Capability and 5.3.7
5.2.1.1 Class A: Interrogators without detection capabilities

Interrogators according to class A shall only transmit at centre frequencies of 916,5 MHz and 917,7 MHz. Class A
interrogators shall demonstrate this with the tests defined in clauses 5.3.1, 5.3.2, 5.3.3, 5.3.4 and 5.3.5.

5.2.1.2 Class B: Interrogators with ER-GSM Downlink detection capability

An interrogator complying with class B requirements shall perform a scan for the presence of a BCCH within the
complete ER-GSM and R-GSM band across the frequency band 918,2 MHz to 924,8 MHz immediately on power up.
There are 33 potential BCCH channels available located at centre frequencies between 918,2 MHz and 924,8 MHz with
a spacing of 200 kHz. The detection threshold shall be in accordance with the limits defined in clause 5.3.6.4 measured
at the centre frequency of each BCCH channel. To detect the presence of a BCCH, the interrogator shall recognize the
pattern of its signal measured at the centre of a BCCH channel at a constant power level above the threshold for
duration of at least 50 ms.

An interrogator shall not transmit on the RFID channels located at 918,9 MHz and 920,1 MHz while it continues to
detect more than three BCCHs in the R-GSM band. If the number of detected BCCHs in the R-GSM band is three or
less, the interrogator is allowed to transmit on all available RFID channels. If an interrogator detects the presence of a
BCCH in the ER-GSM channel it shall not operate on the RFID channels 918,9 MHz and 920,1 MHz.
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Scanning for BCCH by stationary interrogators shall be repeated at least once every 24 hours. A mobile interrogator
shall repeat scanning at least every 15 minutes.

Class B interrogators shall demonstrate compliance with the tests defined in clauses 5.3.1, 5.3.2, 5.3.3, 5.3.4, 5.3.5,
5.3.6and5.3.7.

5.2.1.3 Class C: Interrogators with ER-GSM Uplink and Downlink detection capability

5.2.1.3.1 Class C1: Slow Uplink detection

A class C1 interrogator may transmit a continuous signal on any of the high power channels for a period not exceeding
the limit defined in clause 5.3.7.4.3. At the end of the transmission the interrogator may transmit again for the same
period on the same channel provided that it is still available.

Interrogators complying with class C1 shall be capable of detecting the downlink transmission fromaBCCH in
accordance with the specification in clause 5.2.1.2. If aclass C1 interrogator detects a downlink transmission from a
BCCH Channel in the ER-GSM or R-GSM band, detection of an ER-GSM uplink is mandatory. The detection of the
uplink shall be performed within £300 kHz of the uplink frequency corresponding to the RFID transmit channels
located at either 918,9 MHz or 920,1 MHz. The detection threshold shall be in accordance with the limits defined in
clause 6.3.7.4 at the centre frequency of the corresponding ER-GSM uplink channels. For uplink detection the
interrogator shall detect the protocol sequence as defined in clause 5.3.7.4. If no uplink signal is detected

within +300 kHz of the corresponding ER-GSM uplink channels, the interrogator can transmit on the RFID channel in
the corresponding ER-GSM downlink band. Thisis 45 MHz above the ER-GSM uplink channel as a consequence of
the duplex spacing between UL and DL. (e.g. if the BCCH of a base station operates at a frequency of 920 MHz, the
Mobile will transmit at a frequency of 875 MHz. The nearest high power RFID channel islocated just 100 kHz below
the BCCH of the base station.) Channels within +300 kHz of the centre frequency of transmission of an interrogator on
which no uplink signal is detected shall be monitored continuously by the interrogator. Any signal above the threshold
level on an uplink channel within +300 kHz shall be detected by the interrogator within 4 s of its transmission. If an
uplink signal is detected within the specified frequency range, the interrogator shall register as blocked the channel on
which the transmission occurred and shall not use the channel again until it isno longer occupied. A channel can be
considered unoccupied once it is no longer possible to detect the BCCH transmission.

Class Cl interrogators shall demonstrate compliance with the tests defined in clauses 5.3.1, 5.3.2, 5.3.3, 5.3.4, 5.3.5,
6.3.6 and 5.3.7.

5.2.1.3.2 Class C2: Fast Uplink detection

Interrogators complying with class C1 shall be capable of detecting the downlink transmission from aBCCH in
accordance with the specification in clause 5.2.1.2. If aclass C1 interrogator detects a downlink transmission from a
BCCH Channel in the ER-GSM or R-GSM band, detection of an ER-GSM uplink is mandatory. The detection of the
uplink shall be performed within £300 kHz of the uplink frequency corresponding to the RFID transmit channels
located at either 918,9 MHz or 920,1 MHz. The detection threshold shall be in accordance with the limits defined in
clause 5.3.7.4 at the centre frequencies of the corresponding ER-GSM uplink channels. For uplink detection the
interrogator shall detect the protocol sequence as defined in clause 5.3.7.4. If no uplink signal is detected within

+300 kHz of the corresponding ER-GSM uplink channel, the interrogator can use the RFID channel. (Thisis45 MHz
above the ER-GSM uplink channel as a consequence of the duplex spacing between UL and DL. e.g. If the BCCH of a
base station islocated at a frequency of 920 MHz, the Mobile communicates at a frequency of 875 MHz.) Channels
within £300 kHz of the centre frequency of transmission of an interrogator on which no uplink signal is detected shall
be monitored continuously by the interrogator. Any signal above the threshold level on an uplink channel within

+300 kHz shall be detected by the interrogator within 50 ms of itsinitialisation. If an uplink signal is detected within the
specified frequency range, the interrogator shall register the channel in which the transmission occurred as blocked and
shall not use the channel again until it is no longer occupied. A channel can be considered unoccupied if it is not
possible to detect the transmission specified in clause 5.3.8.4.2 in the channel for a continuous period of 1 second.

Class C2 interrogators shall demonstrate compliance with the tests defined in clauses 5.3.1, 5.3.2, 5.3.3, 5.3.4, 5.3.5,
5.3.6 and 5.3.7.
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5.2.2.2 Operational frequency ranges

5.2.2.2.1 Choice of frequencies

Interrogators shall operate within the band 915 MHz to 921 MHz in any one of the four specified high power channels
asillustrated in figure 9. The band width of each high power channel shall be 400 kHz and the centre frequency of the
lowest channel shall be 916,5 MHz. The remaining three high power channels shall be spaced at equal interval's of

1 200 kHz. Tags should preferably respond in the dense interrogator mode within the adjacent low power channels.
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Figure 9: Diagram of channel plan
5.2.2.2.2 Channel range

When submitting equipment for testing, the provider shall state the frequencies of the channels on which the
interrogator will operate. The provider shall also confirm that the interrogator shall operate on each of the declared
channels without any change to the circuit or trimming of discrete components.

Trimming is an act by which the value (in this case relating to frequency) of a component is changed within the circuit.
This act may include the physical alteration, substitution (by components of similar size and type) or
activation/de-activation (viathe setting of soldered bridges) of components.

5.2.2.2.3 Testing of operational frequencies

Figure 9 shows the centre frequencies of the four high power channels permitted for use by interrogators at levels up to
4'W er.p. within the band designated for RFID. Full (FT) and Limited (LT) Tests, as defined in clause 3.1 in [1], shall
be carried out in the applicable channels at the frequencies shown in figure 10.

ETSI



20 ETSI TS 102 903 V1.1.1 (2011-08)

6 MHz

FT FT

LT LT

1,2 MHz 1,2 MHz 1,2 MHz

915 MHz 916,5 MHz 917,7 MHz 918,9 MHz 920,1 MHz 921 MHz

Legend: LT: Limited tests, see clause 3.1 in [1].
FT: Full tests, see clause 3.1 in [1].

Figure 10: Tests on a single sample for equipment
within the band 915,0 MHz to 921,0 MHz

5.3 Methods of measurement and limits for transmitter
parameters

Where the interrogator is designed with an adjustable carrier, then al transmitter parameters specified in clause 6.3 shall
be measured at the highest power level. The equipment shall then be set to the lowest carrier power setting and the
measurements for spurious emissions shall be repeated (see clause 6.3.5).

During all tests care should be taken to ensure that no IM 3 products above the corresponding threshold level are
generated by the measurement equipment.

5.3.1 Frequency error for mains operated equipment

5311 Definition

The frequency error, known as frequency drift, is the difference between the frequency of the device under test
measured under normal test conditions (see clause 5.3 in[1]) and the frequency measured under extreme test conditions
(seeclause 5.4in[1]).

5.3.1.2 Method of measurement of frequency error

The measurements shall be made with the interrogator set to transmit a continuous un-modulated carrier and performed
at each of the applicable frequencies specified in clause 5.2.3.

a  Under normal test conditions:

- The signal transmitted by the interrogator shall be connected by suitable means to the input of a
frequency counter. The frequency displayed on the frequency counter shall be recorded.

b)  Under extreme test conditions:

- For each combination of extreme voltage and temperature (see clause 5.4 in [1]) the frequency displayed
on the frequency counter shall be recorded. Four values shall be measured.
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53.1.3 Limits

The maximum permitted frequency drift, defined as the absolute value of fe-f, shall not exceed £10 ppm relative to the
nominal centre frequency of each of the applicable channels, where:

o f=thefrequency measured under normal test conditions (see clause 5.3.1.2, a)).
. fe = the maximum frequency drift as measured in clause 5.3.1.2, b).
NOTE: Where multiple interrogators are co-located, tighter [imits may be necessary to avoid unacceptable beat
tones.
5.3.2 Frequency stability under low voltage conditions

Thistest is for battery operated equipment. The measurement shall be made under normal temperature and humidity
conditions (see clause 5.3.1in [1]).

5321 Definition

The frequency stability under low voltage conditions is the ability of the equipment to remain within its permitted
frequency limits when the battery voltage falls below the lower extreme voltage level.

5.3.2.2 Method of measurement
Step 1: Aninterrogator shall be set up to transmit a continuous un-modulated carrier. The signal
transmitted by the interrogator shall be connected by suitable means to the input of a frequency
counter.
Step 2: The frequency displayed on the frequency counter shall be recorded.
Step 3: The voltage from the test power source shall be reduced below the lower extreme test voltage limit

towards zero. Whilst the voltage is reduced the carrier frequency shall be monitored.

5.3.2.3 Limits
The equipment shall either:

. transmit with a carrier frequency within the limits of £10 ppm whilst the radiated or conducted power is below
the spurious emission limits; or

. automatically cease to function below the provider's declared operating voltage.
NOTE: Where multiple interrogators are co-located, tighter [imits may be necessary to avoid unacceptable beat
tones.
5.3.3 Radiated power (e.r.p.)

This measurement applies to equipment with an integral antenna and to equipment supplied with an external antenna.
Both radiated and conducted methods of measurement are permitted. Where the conducted method is used, the
conducted power shall be adjusted to take into account the gain of the antenna and be stated as e.r.p.

If the equipment is designed to operate with different carrier powers, the provider shall declare the rated power for each
level or range of levels.

5.33.1 Definition

The effective radiated power is the product of the power supplied to the antenna and its gain relative to a half wave
dipole in the direction of maximum gain in the absence of modulation.
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Method of measurement

These measurements shall be performed with an un-modulated carrier at the highest power level at which the
transmitter is intended to operate.

For both methods of measurement the measuring receiver shall be set up in accordance with the requirements of

clause 6.6 in [1].

53321

Radiated measurement

This measurement shall be carried out under normal test conditions only (see clause 5.3 in[1]).

Step 1:

Step 2:

Step 3:

Step 4.

Step 5:

Step 6:

Step 7:

Step 8:

Step 9:

Step 10:

Step 11:

Step 12:

Step 13:

Step 14:

On atest site, selected from annex A in [1] the interrogator shall be placed at the specified height
on a support, as specified in annex A in [1], and in the position closest to normal use as declared
by the provider.

A test antenna shall be oriented initially for vertical polarization and shall be chosen to correspond
to the carrier frequency of the interrogator. The output of the test antenna shall be connected to a
measuring receiver.

The interrogator shall be set to transmit continuously, without modulation, on one of the high
power channels shown in figure 10. The measuring receiver shall be positioned in the far field as
defined inannex A in [1] and tuned to the frequency of the transmission under test.

The test antenna shall be raised and lowered through the specified heights until the maximum
signal level is detected by the measuring receiver.

Theinterrogator shall then be rotated through 360° in the horizontal plane, until the maximum
signal level is detected by the measuring receiver.

The test antenna shall be raised and lowered again through the specified heights until the
maximum signal level is detected by the measuring receiver. The maximum signal level detected
by the measuring receiver shall be noted.

The antenna of the interrogator shall be rotated in the horizontal plane in both directions to
positions where the signal at the measuring receiver is reduced by 3 dB. The total angle of rotation
(which isthe horizontal beamwidth of the antenna) shall be recorded.

The interrogator shall be replaced by a substitution antenna as defined in clause A.1.5in [1]. The
substitution antenna shall be connected to a calibrated signal generator. The substitution antenna
shall be orientated for vertical polarization and the length of the substitution antenna shall be
adjusted to correspond to the frequency of transmission of the interrogator. If necessary, the setting
of the input attenuator of the measuring receiver shall be adjusted in order to increase the
sensitivity of the measuring receiver.

The test antenna shall be raised and lowered through the specified heights to ensure that the
maximum signal is received.

Theinput signal to the substitution antenna shall be adjusted to give alevel at the measuring
receiver that is equal to the radiated power previously measured from the interrogator, corrected
for any change to the setting of the input attenuator to the measuring receiver.

Theinput level to the substitution antenna shall be recorded as power level, corrected for any
change of input attenuator setting of the measuring receiver.

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

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

With the interrogator fitted into a suitable test fixture, the relative change of the effective radiated
power between normal and extreme test conditions (see clauses 5.4.1 and 5.4.2 in [1] applied
simultaneously) shall be compared. Any increase in the radiated power under extreme test
conditions shall not cause the level to exceed the limit specified in clause 5.3.3.3.
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5.3.3.2.2 Conducted measurement

Where an interrogator is fitted with an external antenna connector it is permissible to measure the conducted power. In
this case the provider shall declare the maximum gain and beamwidth(s) of the external antenna(s) at the time that the
equipment is presented for test.

Step 1. The transmitter shall be configured to operate on one of the high power channels shown in
figure 10 and shall be connected to an artificial antenna (see clause 6.2 in [1]). The carrier or mean
power delivered to this artificial antenna shall be measured under normal test conditions (see
clause5.3in[1]).

Step 2: The measurement shall be repeated under extreme test conditions (see clauses 5.4.1 and 5.4.2in
[1] applied simultaneousdly).

Step 3: The recorded value shall be corrected for each of the antenna gains and be stated in e.r.p. To
calculate the alowed conducted power with a circularly polarized antenna, the following formula
shall be used:

Where:
Pc = interrogator conducted transmit power in dBm;
G, = antenna gain of acircular antennain dBic;
C, =total cablelossin dB.
Step 4: Where the interrogator switches between multiple transmitter outputs, the power level shall be

measured at each output.

5.3.33 Limits

The effective radiated power on each of the four high power channels specified in figure 10 shall not exceed 36 dBm
er.p.

5.34 Transmitter spectrum mask

5.34.1 Definition

The transmitter spectrum mask defines the limits within the range fc £ 1 000 kHz for the average power of all
modulated signalsincluding all side bands associated with the carrier.

5342 Method of measurement

The RF output of the equipment shall be connected to a spectrum analyser viaa 50 Q connector. In the case of
equipment with an integral antenna, the equipment shall be placed in the test fixture (see clause 6.3 in [1]) and the test
fixture shall be connected to the spectrum analyser. M easurements shall be made on the declared channels of operation
of the interrogator on those channels requiring full tests as defined in figure 10.

Step 1. The interrogator shall be operated at the carrier power measured under normal test conditionsin
clause 5.3.3. The attenuator shall be adjusted to give an appropriate display on the spectrum
analyser screen.

Step 2: The interrogator shall be configured to generate a succession of modulated transmit pulses. Each
transmit pulse shall be modulated by the normal test signal (see clause 6.1 in [1]). The length of
each transmit pulse shall be not less than 10 ms and not greater than 50 ms. The interval between
successive transmit pulses shall be not less than 1 ms and shall not exceed 10 ms.
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Step 3: The output power of the interrogator, with or without a test fixture, shall be measured using a
spectrum analyser, which shall be set to the following values:

- Resol ution bandwidth: 1kHz

- Video bandwidth: Equal to the RBW
- Sweep Time: AUTO
- Span: 2MHz
- Trace mode Max hold sufficient to capture all emissions
- Detection mode Average
Step 4: For frequenciesinside fc + 1 000 kHz the measured val ues are the absolute values. The absolute

levels of RF power shall be compared to the spectrum mask at figure 11 (see note).

Step 5: Where the interrogator includes multiple transmitter outputs, al of the outputs shall be connected
via a suitable combiner network to the spectrum analyser. With the interrogator set up asin step 1
and configured to transmit the test signal described in step 2 while in its operational mode, the
spectrum mask shall be measured at the spectrum analyser. The measured values shall be adjusted
to compensate for the attenuation of the combiners and compared to the spectrum mask at
figure 11.

NOTE: If for any reason the spectrum is measured with a resolution bandwidth other than 1 kHz, the
mesasured val ues may be converted to the absolute values using the formula:

1kHz
MEASURED

B =A+10 log

Where:
- A isthe value at the measured resolution bandwidth;
- B isthe absolute value referred to a 1 kHz reference bandwidth; or

use the measured value, A, directly if the measured spectrum is a discrete spectral line (a discrete
spectrum line is defined as a narrow peak with alevel of at least 6 dB above the average level
inside the measurement bandwidth).

534.3 Limits

The absolute levels of RF power at any frequency shall not exceed the limits defined in the spectrum mask envelope at
figure 11 in which the X axis shall bein linear frequency and the Y axis shall be scaled indBm e.r.p.
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Figure 11: Spectrum mask for modulated signals

5.3.5 Unwanted emissions in the spurious domain

5.3.5.1 Definition

Spurious emissions are emissions at frequencies other than those of the wanted carrier frequency and its sidebands
associated with normal test modulation.

5.3.5.2 Method of measurement

Spurious emissions shall be measured at frequencies outside the band fc = 1 000 kHz where fc is the carrier frequency
of the interrogator. The level of spurious emissions shall be measured as.

either:
a i) their power level inaspecified load (conducted spurious emission); and

ii) their effective radiated power when radiated by the cabinet and structure of the equipment (cabinet
radiation); or

b) their effective radiated power when radiated by the cabinet and the integral antenna, in the case of equipment
fitted with such an antenna and no external RF connector.
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5.35.2.1 Method of measuring the power level in a specified load, clause 5.3.5.2, a) i)
This method applies only to equipment with an external antenna connector.

Step 1: The interrogator shall be connected to a 50 Q power attenuator. The output of the power attenuator
shall be connected to a measuring receiver. The interrogator shall be set up to generate a
succession of modulated transmit pulses (see clause 8.4.2 of [1]).

In the event that the carrier signal from the interrogator is too high for the dynamic range of the
measurement receiver, a notch filter may optionally be connected between the measurement
antenna and the measurement receiver to attenuate the carrier signal. This may be used for
measurements at greater than 4 MHz from the carrier. The filter shall have aloss of less than 3 dB
at +2 MHz from fc.

Step 2: The measuring receiver, (see clause 6.6 of [1]) shall be tuned over the frequency range of 30 MHz
to 5 GHz. For each of the frequency ranges specified in figure 12, the measuring receiver shall be
set to the following values:

a) Resolution bandwidth:  In accordance with the figure 12
b) Video bandwidth: Equal to the RBW
c) Sweeptime: Auto
d) Span: As defined by the relevant frequency rangesin figure 12
€) Trace mode: Max hold sufficient to capture emissions
f)  Detection mode: Average
A
RBW RBW RBW RBW RBW
=100 kHz ‘ =10 kHz ‘ ‘ =10 kHz ‘ =100 kHz ‘ =1 MHz ‘
] | | | ]
Mz 4000 Kz 000k 1000 kHz 4000 Kz 1Ghz 5 GHz
NOTE:  See clause 5.3.4 for the frequency range fc - 1 000 kHz to fc + 1 000 kHz.
Figure 12 Resolution bandwidths for spurious emissions
Step 3: At each frequency outside the band defined by fc + 1 000 kHz at which a spurious component is
detected, the power level shall be recorded as the conducted spurious emission level delivered into
the specified load.
Step 4: The measurements shall be repeated with the interrogator on stand-by.
Step 5: The measurements shall be adjusted to give the output power of the interrogator with its declared

antennain e.r.p.

5.3.5.2.2 Method of measuring the effective radiated power, clause 5.3.5.2, a) ii)
This method applies only to equipment with an external antenna connector.

Step 1: On atest site, selected from annex A, the interrogator shall be placed at the specified height on a
non-conducting support and in the position closest to normal use as declared by the provider.

Step 2: The antenna connector of the interrogator shall be connected to an artificial antenna
(seeclause 6.2 of [1]).
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Step 4:

Step 5:

Step 6:

Step 7:

Step 8:
Step 9:

Step 10:

Step 11:
Step 12:

Step 13:

Step 14:

Step 15:

Step 16:
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A test antenna shall be orientated for vertical polarization and the length of the test antenna shall
be chosen to correspond to the instantaneous frequency of the measuring receiver. The output of
the test antenna shall be connected to a measuring receiver.

In the event that the carrier signal from the interrogator istoo high for the dynamic range of the
measurement receiver, a notch filter may optionally be connected between the measurement
antenna and the measurement receiver to attenuate the carrier signal. This may be used for
measurements at greater than 4 MHz from the carrier. Thefilter shall have aloss of lessthan 3 dB
at +2 MHz from fc.

The interrogator shall be set up to generate a succession of modulated transmit pul ses as described
in step 2 of (see clause clause 8.4.2 of [1]).

The measuring receiver (see clause 6.6 of [1]) shall be tuned over the frequency range 30 MHz to
5 GHz, but excluding the band defined by fc 2500 kHz. The measurements shall be performed
with the measuring receiver set to the following values:

a) Resolution bandwidth: In accordance with the figure 12

b) Video bandwidth: Equal to the RBW

c) Sweeptime: Auto

d) Span: As defined by the relevant frequency rangesin figure 12
€) Trace mode: Max hold sufficient to capture emissions

f)  Detection mode: Average

At each frequency at which a spurious component is detected, the test antenna shall be raised and
lowered through the specified heights until a maximum signal level is detected by the measuring
receiver.

The interrogator shall then be rotated through 360° in the horizontal plane, until the maximum
signal level is detected by the measuring receiver and the test antenna height shall be adjusted
again for maximum signal level.

The maximum signal level detected by the measuring receiver shall be noted.
The interrogator shall be replaced by a substitution antenna (see clauses A.1.4 and A.1.5in [1]).

The substitution antenna shall be orientated for vertical polarization and calibrated for the
frequency of the spurious component detected.

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

The frequency of the calibrated signal generator shall be set in turn to the frequency of each of the
spurious components detected. If necessary the input attenuator setting of the measuring receiver
shall be adjusted in order to increase the sensitivity of the measuring receiver.

The test antenna shall be raised and lowered through the specified range of heights to ensure that
the maximum signal is received. (When atest site according to clause A.1.1 is used, the height of
the antenna need not be varied.)

Theinput signal to the substitution antenna shall be adjusted to give alevel at the measuring
receiver, that is equal to the level noted while the spurious component was measured, corrected for
any change to the setting of the input attenuator of the measuring receiver.

Theinput level to the substitution antenna shall be recorded as a power level, corrected for any
change of input attenuator setting of the measuring receiver.

The measurement shall be repeated with the test antenna and the substitution antenna orientated
for horizontal polarization.
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Step 17: The measure of the effective radiated power of the spurious componentsis the larger of the two
power levels recorded for each spurious component at the input to the substitution antenna,
corrected if necessary for the gain of the substitution antenna.

Step 18: If applicable, the measurements shall be repeated with the interrogator on standby.

5.3.5.2.3 Method of measuring effective radiated power, clause 5.3.5.2, b)
This method applies only to equipment without an external antenna connector. The method of measurement shall be

performed according to clause 5.3.5.2.2, except that the interrogator output shall be connected to the integral antenna
and not to an artificial antenna.

5.3.5.3 Limits

Thelevel of any spurious emission, conducted or radiated, outside the frequency range fc + 1 000 kHz shall not exceed
the values given in table 2.

Table 2: Spurious emission limits in e.r.p.

State 47 MHz to 74 MHz Other frequencies Frequencies

87,5 MHz to 118 MHz below 1 000 MHz above 1 000 MHz
174 MHz to 230 MHz
470 MHz to 862 MHz
Operating 4 nW (-54 dBm) 250 nW (-36 dBm) 1 uW (-30 dBm)
Standby 2 nW (-57 dBm) 2 nW (-57 dBm) 20 nW (-47 dBm)

5.3.6 Downlink detection

5.36.1 Definition

Downlink detection is necessary to demonstrate that an interrogator is able to detect the presence of aER-GSM Base
Station. To avoid interference between an active interrogator and the TCH of an ER-GSM Base Station, the interrogator
shall detect the presence of a BCCH within the complete frequency band between 918 MHz and 924,8 MHz. Thisisthe
band used by R-GSM and ER-GSM systems for their down link.

5.36.2 Downlink detection mode

The manufacturer shall demonstrate that immediately after power-up, the receiver associated with an interrogator shall
first monitor for the presence of BCCHs within the frequency band 918 MHz to 925 MHz (ER-GSM and R-GSM
bands). The detection capability of the interrogator shall be tested according to clause 5.3.6.3.

The interrogator shall not operate on RFID channels 918,9 MHz and 920,1 MHz when it detects the presence of asingle
BCCH in the ER-GSM band. An interrogator shall not operate using the RFID channel 918,9 MHz and 920,1 MHz
when more than three BCCH channels have been detected in the R-GSM band between 921 MHz to 925 MHz. A
detected BCCH is defined as a BCCH received with a power level above the given threshold defined in clause 5.3.6.4.

Detecting the presence of aBCCH shall be performed each time an interrogator is switched on. If afixed interrogator is
dedicated for permanent operation, detection shall be repeated at least once every 24 hours. A mobile interrogator shall
perform a detection at least once every 15 minutes. Thistiming constraint shall be declared by the manufacturer in
accordance with the type of interrogator.
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5.3.6.3 Method of measurement

Thistest is designed to verify that the interrogator is able to detect the presence of a R-GSM Base Station . The
measurement shall be carried out under normal conditions.

5.3.6.3.1 Method of measuring radiated signals in the R-GSM band

Step 1: A measurement antenna shall be positioned at a known point on atest site selected from annex A
in [1] and connected either to a measurement receiver or spectrum analyser.

Step 2: A second antenna shall be positioned at a distance of 3 m from the measurement antennain its
direction of maximum gain. The antenna shall be connected to a combiner which adds the signals
coming from 4 connected signal sources A, B, Cand D.

Step 3: Signal source A shall be set to transmit a continuous carrier and its frequency tuned to 921,2 MHz.
The signal from signal source A shall be adjusted to give alevel at the measurement receiver that
is 3 dB above the appropriate threshold limit taken from table 3. The limit selected shall
correspond to the tabulated threshold level associated with the maximum transmitted power of the
interrogator under test.

Step 4: Signal source B shall be set to transmit a continuous carrier and its frequency tuned to 922,2 MHz.
The signal from signal source B shall be adjusted to give alevel at the measurement receiver that
is 3 dB above the appropriate threshold limit taken from table 3. The limit selected shall
correspond to the tabulated threshold level associated with the maximum transmitted power of the
interrogator under test.

Step 5: Signal source C shall be set to transmit a continuous carrier and its frequency tuned to 923,2 MHz.
The signal from signal source C shall be adjusted to give alevel at the measurement receiver that
is 3 dB above the appropriate threshold limit taken from table 3. The limit selected shall
correspond to the tabulated threshold level associated with the maximum transmitted power of the
interrogator under test.

Step 6: Signal source D shall be set to transmit a continuous carrier and its frequency tuned to 924,2 MHz.
The signal from signal source D shall be adjusted to give alevel at the measurement receiver that
is 3 dB above the appropriate threshold limit taken from table 3. The limit selected shall
correspond to the tabulated threshold level associated with the maximum transmitted power of the
interrogator under test.

During calibration only one signal source shall be active at any time.

SEGEL
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Combiner
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Signal
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Figure 13: Calibration of field levels for R-GSM Downlink detection
Step 7: The measurement antenna and receiver shall be replaced by the interrogator under test. The

antenna of the interrogator shall be orientated so that its direction of maximum gain is aligned with
the antenna of the four signal sources.
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The measurement antenna and receiver shall be positioned at a convenient distance from the
interrogator in accordance with the layout in figure 14. The sensitivity of the measurement
receiver shall be adjusted to measure transmissions from the interrogator while not detecting
transmissions from the signal sources A, B, Cand D.
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5.3.6.3.2
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Figure 14: Radiated measurement of R-GSM Downlink detection

With signal sources A, B, C and D switched off, the power supply to the interrogator shall be
switched on. After power up the interrogator shall automatically switch to scan mode.

The transmission from the interrogator shall be monitored. The interrogator transmission shall hop
through all the available high power channels in the frequency range between 915 MHz and
921 MHz.

The supply voltage of the interrogator shall be switched off.

With signal sources A, B, C and D switched on the power supply to the interrogator shall be
switched on and the interrogator should automatically switch to scan mode. The frequency of
transmission from the interrogator shall be monitored.

If the frequency of transmission from the interrogator lies always below 918 MHz, the interrogator
has successfully detected the signals from sources A, B, C and D. If transmission by the
interrogator is also detected within the band from 918 MHz to 921 MHz, the interrogator has
failed to detect the signals from sources A, B, C and D.

Method of measuring radiated signals in the ER-GSM band

A measurement antenna shall be positioned at a known point on atest site selected from annex A
in [1] and connected either to a measurement receiver or spectrum analyser.

A second antenna shall be positioned at a distance of 3 m from the measurement antennain its
direction of maximum gain. The antenna shall be connected to asignal source A.

Signal source A shall be set to transmit a continuous carrier and its frequency tuned to 918,2 MHz.
The signal from signal source A shall be adjusted to give alevel at the measurement receiver that
is 3 dB above the appropriate threshold limit taken from table 3. The limit selected shall
correspond to the tabulated threshold level associated with the maximum transmitted power of the
interrogator under test.

Figure 15: Calibration of field levels for ER-GSM Downlink detection
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Step 5:

Step 6:

Step 7:

Step 8:
Step 9:

Step 10:

5.3.6.3.3
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The measurement antenna and receiver shall be replaced by the interrogator under test. The
antenna of the interrogator shall be orientated so that its direction of maximum gain is aigned with
the antenna of the signal source.

The measurement antenna and receiver shall be positioned at a convenient distance from the
interrogator in accordance with the layout in figure 16. The sensitivity of the measurement
receiver shall be adjusted to measure transmissions from the interrogator while not detecting
transmissions from the signal source A.

Antenna

Figure 16: Radiated measurement of ER-GSM Downlink detection

With signal source A switched off, the power supply to the interrogator shall be switched on. After
power up the interrogator shall automatically switch to scan mode.

The transmission from the interrogator shall be monitored. The interrogator transmission shall hop
through all the available high power channelsin the frequency range between 915 MHz and
921 MHz.

The supply voltage of the interrogator shall be switched off.

With signal source A switched on the power supply to the interrogator shall be switched on and
the interrogator should automatically switch to scan mode. The frequency of transmission from the
interrogator shall be monitored.

If the frequency of transmission from the interrogator lies always below 918 MHz, the interrogator
has successfully detected the signal from source A. If transmission by the interrogator is also
detected within the band from 918 MHz to 921 MHz, the interrogator has failed to detect the
signal from source A.

Conducted method of measurement for signals in the R-GSM band

Where the interrogator is fitted with an external antenna connector, the measurement may be made using power

splitters.
Step 1.

The measurement receiver is connected to the input of a power splitter. Four inputs of the power
splitter are connected to asignal sources A, B C and D. The other input is connected to a 50 Q
resistor. A diagram of the test configuration is shown at figure 17.
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Figure 17: Calibration of field levels for Conducted R-GSM Downlink detection

Step 2: Signal source A shall be adjusted to produce an un-modulated continuous carrier with its
frequency tuned to 921,2 MHz. The signal shall be adjusted to give alevel at the input to the
receiver of the interrogator that is 3 dB above the appropriate threshold limit taken from table 3.
The limit selected shall correspond to the tabulated threshold level associated with the maximum
transmitted power of the interrogator under test. The level of the signal from the signal source A
shall be adjusted for any loss in the power splitters to give the corrected signal received by the
interrogator.

Step 3: Signal source B shall be adjusted to produce an un-modulated continuous carrier with its
frequency tuned to 922,2 MHz. The signal shall be adjusted to give alevel at the input to the
receiver of the interrogator that is 3 dB above the appropriate threshold limit taken from table 3.
The limit selected shall correspond to the tabulated threshold level associated with the maximum
transmitted power of the interrogator under test. The level of the signal from the signal source B
shall be adjusted for any loss in the power splitters to give the corrected signal received by the
interrogator.

Step 4: Signal source C shall be adjusted to produce an un-modulated continuous carrier with its
frequency tuned to 923,2 MHz. The signal shall be adjusted to give alevel at the input to the
receiver of the interrogator that is 3 dB above the appropriate threshold limit taken from table 3.
The limit selected shall correspond to the tabulated threshold level associated with the maximum
transmitted power of the interrogator under test. The level of the signal from the signal source C
shall be adjusted for any loss in the power splitters to give the corrected signal received by the
interrogator.

Step 5: Signal source D shall be adjusted to produce an un-modulated continuous carrier with its
frequency tuned to 924,2 MHz. The signal shall be adjusted to give alevel at the input to the
receiver of the interrogator that is 3 dB above the appropriate threshold limit taken from table 3.
The limit selected shall correspond to the tabulated threshold level associated with the maximum
transmitted power of the interrogator under test. The level of the signal from the signal source C
shall be adjusted for any loss in the power splitters to give the corrected signal received by the
interrogator.

Step 6: The measuring receiver is replaced by the interrogator. The 50 Q resistor is replaced by the
measuring receiver. A diagram of the test configuration is shown at figure 18.
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Step 8:
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Step 10:

Step 11:

5.3.6.3.4
Step 1:

interrogator
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Figure 18: Conducted measurement of R-GSM Downlink detection

With signal sources A, B, C and D switched off the power supply to the interrogator shall be
switched on. After power up the interrogator shall automatically switch to scan mode.

The transmission from the interrogator shall be monitored. The interrogator transmission shall hop
through all the available high power channelsin the frequency range between 915 MHz and
921 MHz.

The power supply to the interrogator shall be switched off.

With signal sources A, B, C and D switched on the power supply to the interrogator shall be
switched on and the interrogator should automatically switch to scan mode. The frequency of
transmission from the interrogator shall be monitored.

If the frequency of transmission from the interrogator lies always below 918 MHz, the interrogator
has successfully detected the signals from sources A, B, C and D. If transmission by the
interrogator is also detected within the band from 918 MHz to 921 MHz, the interrogator has
failed to detect the signals from sources A, B, C and D.

Conducted method of measurement for signals in the ER-GSM band

The measurement receiver is connected to the input of a power splitter. One input of the power
splitter is connected to asignal sources A. The other input is connected to a 50 Q resistor.
A diagram of the test configuration is shown at figure 19.

Measuring Power

Receiver Splitter

50 Ohm
Resistor

Figure 19: Calibration of field levels for Conducted ER-GSM Downlink detection
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Step 2: Signal source A shall be adjusted to produce an un-modulated continuous carrier with its
frequency tuned to 918,2 MHz. The signal shall be adjusted to give alevel at the input to the
receiver of the interrogator that is 3 dB above the appropriate threshold limit taken from table 3.
The limit selected shall correspond to the tabulated threshold level associated with the maximum
transmitted power of the interrogator under test. The level of the signal from the signal source A
shall be adjusted for any loss in the power splitters to give the corrected signal received by the
interrogator.

Step 3: The measuring receiver isreplaced by the interrogator. The 50 Q resistor is replaced by the
measuring receiver. A diagram of the test configuration is shown at figure 20.

Figure 20: Conducted measurement of ER-GSM Downlink detection

Step 4: With signal source A switched off the power supply to the interrogator shall be switched on. After
power up the interrogator shall automatically switch to scan mode.

Step 5: The transmission from the interrogator shall be monitored. The interrogator transmission shall hop
through all the available high power channelsin the frequency range between 915 MHz and
921 MHz.

Step 6: The power supply to the interrogator shall be switched off.

Step 7: With signal source A switched on the power supply to the interrogator shall be switched on and

the interrogator should automatically switch to scan mode. The frequency of transmission from the
interrogator shall be monitored.

Step 8: If the frequency of transmission from the interrogator lies always below 918 MHz, the interrogator
has successfully detected the signal from source A. If transmission by the interrogator is also
detected within the band from 918 MHz to 921 MHz, the interrogator has failed to detect the
signal from source A.

5.36.4 Limits

The minimum permitted levels for the threshold of the receiver in the interrogator whilein the "detect" modeis
specified in table 3.

Table 3: Levels of receiver threshold

[ Threshold (e.rp.) | <-86 dBm

5.3.7 Uplink detection

53.7.1 Definition

Thistest is necessary to demonstrate that a Class C interrogator is able to detect the presence of an ER-GSM Mobilein
the ER-GSM uplink band and to estimate the isolation between the RFID interrogator and the terminal to be protected.
To avoid interferences between an active interrogator and the ER-GSM mobile, the interrogator shall detect the
presence of atransmission by an ER-GSM mobile in the relevant ER-GSM UL channels. In table 4 the relevant
ER-GSM UL channels are given for the two high power RFID channels where an active mitigation mechanismis
needed. The given separation frequency Af shall be used to determine the required detection threshold givenin table 5.
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Table 4: RFID high power channels and the corresponding ER-GSM DL channels
to be protected and UL channels to be measured

RFID high power channel frequency B Erlaferliggels ol ER-GSM UL channel to be checked
918,6 MHz (Af = 300 kHz) 873,6 MHz
918,9 MHz 918,8 MHz (Af = 100 kHz) 873,8 MHz
919,0 MHz (Af = 100 kHz) 874,0 MHz
919,2 MHz (Af = 300 kHz) 874,2 MHz
919,8 MHz (Af = 300 kHz) 874,8 MHz
920,0 MHz (Af = 100 kHz) 875,0 MHz
920,1 MHz 920,2 MHz (Af = 100 kHz) 875.2 MHzZ
920,4 MHz (Af = 300 kHz) 875,4 MHz
5.3.7.2 Uplink detection mode

The manufacturer shall demonstrate that when the interrogator has detected at |east one BCCH channel in the frequency
band 918 MHz to 921 MHz (ER-GSM) or more than 3 BCCH channels in the frequency band 921 MHz to 925 MHz
(R-GSM) and isin the RF off state, its receiver shall monitor for the presence of an active ER-GSM terminal at the
frequencies given in table 4. For the purpose of the tests the ER-GSM UL pattern given in figure 24 shall be used.

If for agiven RFID high power channel the corresponding ER-GSM UL channels given in table 4 are free, the
interrogator is allowed to operate on that specific channel. A check for the presence of an ER-GSM UL signal shall be
performed immediately prior to each transmission of an interrogator.

Two methods for uplink detection should be considered:
e  Slow Uplink Detection (interrogator class C1)
o Fast Uplink Detection (interrogator class C2)

For slow uplink detection the interrogator shall detect the presence of an ER-GSM uplink signal within 4 s of its
initialisation. If the ER-GSM UL frequency bands corresponding to the specific RFID high power channel are occupied,
the interrogator shall avoid transmission on the corresponding Downlink channel until it no longer detects the presence
of aBCCH signal.

For fast uplink detection the interrogator shall detect the presence of an uplink signal within 50 ms of itsinitialisation. If
the corresponding ER-GSM UL frequency bands given in table 4 are occupied by an ER-GSM Mobile, the interrogator
shall not transmit on the corresponding Downlink channels until the uplink signal is no longer detected.

5.3.7.3 Method of measurement

Thistest is designed to verify that the interrogator is able to detect the presence of an ER-GSM Mobile. The
measurement shall be conducted under normal test conditions.

5.3.7.3.1 Method of measuring radiated signals

Step 1: A measurement antenna shall be positioned at a known point on a test site selected from annex A
in [1] and connected either to a measurement receiver or spectrum analyser.

Step 2: A signal source A shall be positioned at a distance of 3 m from the measurement antennain its
direction of maximum gain.

Step 3: Signal source A shall be set to transmit a modulated sequence as defined in figure 24 and its
frequency selected at random from the list of uplink frequenciesin table 4. Signal source A shall
be adjusted to give alevel at the measurement receiver that is 3 dB above the appropriate threshold
limit taken from table 5. The limit selected shall correspond to the tabulated threshold level
associated with the maximum transmitted power of the interrogator under test.
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Figure 21: Calibration of field levels for Uplink detection

The measurement receiver shall be replaced by the interrogator under test. The antenna of the
interrogator shall be orientated so that its direction of maximum gain is aligned with the signal
source A.

The measurement receiver shall be positioned at a convenient distance from the interrogator in
accordance with the layout in figure 22. The sensitivity of the measurement receiver shall be
adjusted to measure transmissions from the interrogator while not detecting transmissions from the
signal source A.
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Figure 22: Radiated measurement of Uplink detection

With signal source A switched off the supply voltage of the interrogator shall be switched on.
After power up the interrogator shall automatically switch to scan mode.

The interrogator shall be configured to operate on the interrogator channel corresponding to the
chosen ER-GSM UL frequency given in table 4. The transmission from the interrogator shall be
monitored.

Signal source A shall be switched on.
For a Class C1 Interrogator:

The signal source shall transmit the defined sequence described in clause 5.3.7.4.1 for a duration
of 5's. The frequency of transmission from the interrogator shall be monitored. After the period
specified in table 6 has passed, the interrogator shall have detected the presence of the mobile.

For aClass C2 Interrogator:

The signal source shall continuously transmit the defined sequence described in clause 5.3.7.4.1.
The frequency of transmission from the interrogator shall be monitored. After the period specified
in table 6 has passed the interrogator shall have detected the presence of the mobile.

If the interrogator switches to another channedl, it has successfully detected the signal from source
A. If the interrogator continues to transmit at the frequency chosen in step 7, it has failed to detect
the signal from source A.

Signal source A should be switched off. The transmission of the interrogator shall be monitored.
The Class C2 interrogator shall return to the originally chosen transmit channel.
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Conducted method of measurement

Where the interrogator is fitted with an external antenna connector, the measurement may be made using power

splitters.
Step 1:

Step 2

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

The external antenna connector of the interrogator shall be connected to a power splitter. One
input of the power splitter shall be connected via an attenuator to a measurement receiver. The
other input shall be connected to signal source A. A diagram of the test configuration is shown at
figure 23.

 pam

Figure 23: Conducted measurement of Uplink detection

Signal source A shall be set to transmit a modul ated sequence as defined in figure 24 and its
frequency selected at random from the list of uplink channelsin table 4. Signal source A shall be
adjusted to give alevel at the measurement receiver that is 3 dB above the appropriate threshold
limit taken from table 5. The limit selected shall correspond to the tabulated threshold level
associated with the maximum transmitted power of the interrogator under test. The level of signal
from the signal source shall be adjusted for any loss in the power splitters and for the antenna gain
of the interrogator to give the corrected signal received by the interrogator.

With signal source A switched off, the interrogator shall be switched on. After power up the
interrogator shall automatically switch to scan mode.

A check shall be made to verify that the interrogator is transmitting on the channel corresponding
to the chosen ER-GSM UL frequency.

Signal source A shall be switched on.
For a Class C1 Interrogator:

The signal source shall transmit the defined sequence described in clause 5.3.7.4.1 for a duration
of 5s. The frequency of transmission from the interrogator shall be monitored. After the period
specified in table 6 has passed, the interrogator shall have detected the presence of the mobile.

For a Class C2 Interrogator:

The signal source shall continuously transmit the defined sequence described in clause 5.3.7.4.1.
The frequency of transmission from the interrogator shall be monitored. After the period specified
in table 6 has passed, the interrogator shall have detected the presence of the mobile.

If the interrogator switches to another channel it has successfully detected the signal from source
A. If the interrogator continues to transmit on the originally chosen channel, it has failed to detect
the signal from source A.

Signal source A should be switched off. The transmission of the interrogator shall be monitored.
For a Class C1 Interrogator:

Theinterrogator shall not return to the originally chosen RFID channel.

For a Class C2 Interrogator:

The interrogator shall return to the originally chosen RFID channel.
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53.7.4 Limits

53.74.1 Test sequence

Theinterrogator shall detect the test sequence from the signal source as defined in figure 24.

GSM Burst
(0,577ms)

&

J e
., J

TDMA-Frame
(4,6ms)
L ),
Y
Test sequence
(8 GSM Burst equal to 8 coded and
interleaved Speech bursts)
LI (I AL
Test Sequence repeated every 90ms)
Figure 24: UL ER-GSM test pattern
5.3.7.4.2 Threshold levels

The minimum permitted levels for the threshold of the receiver in the interrogator when set to the "detect” mode are
defined in table 5.

Table 5: Levels of receiver threshold (e.r.p.)

ER-GSM Offset |Threshold
High Power Transmission 100 kHz -80 dBm
(0,5W to 4 W) 300 kHz -34 dBm
Low Power Transmission (0O 100 kHz -71 dBm
W to 0,5 W) 300 kHz -25 dBm
5.3.7.4.3 Transmission times for class C1 interrogators

This transmission timing applies to the two upper high power channels for Class C1 interrogators only. For Class C2 no
transmission time limits apply in the upper two channels.

The manufacturer shall declare that the measured length of transmission is no greater than is required to read the tags
present in the field and to verify that there are no additional tags present. The maximum time for transmission is defined
infigure 25. After each transmission time the interrogator shall listen for an uplink signal.
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Figure 25: Repeated transmissions
where;
. the duration of A shall not exceed 4 s;
. the duration of B shall be not less than 100 ms.
5.3.7.4.4 Uplink detection time

Table 6: Uplink detection time

Interrogator Class Uplink detection time
Slow Uplink Detection (Class C1) 4s
Fast Uplink Detection (Class C2) 50 ms
6 Field evaluation test
6.1 Introduction

During the initial investigation on interference at the start of the project, some missing data and simulation models were
identified. The main issue was the modelling of the interference potential from a RFID interrogator towards an
ER-GSM terminal and the potential signal levels received by an RFID interrogator from an ER-GSM system (BTS DL
signal and ER-GSM terminal UL signal). No channel and pathloss models currently exist to simulate this scenario. In
particular the positioning of an ER-GSM terminal at avery low height above the ground and the installation of RFID
interrogators at dock doors have not been considered in any previous investigations on compatibility.

The results from an initial investigation on interference [i.1] between RFID and ER-GSM showed a significantly higher
attenuation than the worst case conditions (Line-of-sight) assumed in [2]. In order to predict realistic probabilities of
interference between a RFID interrogator and an ER-GSM terminal, suitable interference and path loss models are
needed. These models can then be used to determine the detection thresholds required by the proposed mitigation
mechanisms for both UL and DL detection.

In order to obtain accurate information, measurements should be made under realistic field conditions based on typical
operational scenarios. The tests proposed in this clause should permit realistic estimates to be made of the interference
potential between RFID interrogators and ER-GSM terminals.

This clause proposes a two step approach for the field tests, which has the benefit of reducing the workload. With
assistance from DB, initial testing will be performed close to a RFID manufacturer. For this step no additional railway
equipment will be required and no measurements on trains will be necessary. Thus this step will consume only limited
resources and itstiming is more flexible. The results from step 1 will subsequently be verified in step 2 which will
comprise tests at a Deutsche Bahn shunting area or at a distribution centre such asillustrated in figure 26.
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Figure 26: Loading gate position in relation to R-GSM equipped rail way track
Metro EECC Neuss, Germany

6.2 Initial field test

Step 1 will be performed at alocation close to an RFID manufacturer. This will use a portal system equipped with a
RFID interrogator, which will form areference. The portal will be positioned in arealistic industrial environment and
thus the results for path loss and interference should also be valid for ER-GSM. A typical RFID portal systemis
depicted in figure 27.
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192.168.155.200

Figure 27: Typical RFID portal system

The portal system will be positioned in away that is representative of its use in areal distribution centre and thus will
generate redistic interfering signals. The investigation will be carried out using the worst case interference scenario
identified in [2]. All other scenarios will lead to lower probabilities of interference.

Investigation of the propagation characteristics will be carried out across the frequency range 850 MHz to 960 MHz.
These results will be used in later investigations. Measurements will be made using different transmitter parameters and
will be carried out at different distances. The following list specifies the parameters to be measured:

° Polarization: circular, horizontal and vertical

. Distance from portal antenna: 10 m, 20 m, 50 m, 100 m, 200 m, 500 m and 1 000 m Additional distances will
beincluded if considered appropriate during the tests

. Ground conditions: concrete dry and wet, grassland, rail tracks
o ER-GSM antenna height over ground: 1 mand 2 m

During these tests the propagation in both the X and Y planes should be measured. The results of the path loss
measurements should lead to a better understanding of the interference potential of an RFD interrogator towards an
ER-GSM system. Furthermore, the measurements should assist in the definition of realistic threshold levels for the
mitigation mechanisms proposed in [2]. Following these tests a more detailed test plan will be prepared for the second

step.
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6.3 Field test at a shunting area/distribution centre

Based on the results of field measurements carried out at a RFID manufacturer, further tests will be performed at a
railway distribution centre or a DB shunting area These measurements will use the set up values derived from the tests
in the first step as an initial reference point. This approach should significantly reduce the resources required to
undertake the second step.

During these tests asimilar set of parameters will be evaluated as presented in clause 5.2. The principal focus will be
directed at the most critical scenario identified during the first step.
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