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Intellectual Property Rights

IPRs essential or potentially essentia to the present document may have been declared to ETSI. The information
pertaining to these essential 1PRs, 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 isavailable from the ETS| Secretariat. Latest updates are available on the ETSI Web
server (http://www.etsi.org/ipr).

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

Foreword

This European Standard (Telecommuni cations series) has been produced by ETSI Technical Committee
Electromagnetic compatibility and Radio spectrum Matters (ERM), and is now submitted for a second Public Enquiry
phase of the ETS| standards Two-step Approval Procedure.

The present document is part 1 of a multi-part deliverable covering Radio equipment in the frequency range 402 MHz
to 405 MHz for Ultra Low Power Active Medical Implants and Accessories, as identified below:

Part 1: " Technical characteristics, including electromagnetic compatibility requirements, and test
methods”;

Part 2 "Harmonized EN covering essential requirements of article 3.2 of the R& TTE Directive'.

The present document has been produced by ETSI in response to a mandate from the European Commission issued
under Council Directive 98/34/EC laying down a procedure for the provision of information in the field of technical
standards and regulations.

The present document is intended to become a Harmonized Standard, the reference of which will be published in the
Official Journal of the European Communities referencing the Council Directive on the approximation of the laws of
the Member States relating to electromagnetic compatibility ("the EMC Directive") (89/336/EEC [1] as amended).

The present document is intended to become a Harmonized Standard, the reference of which will be published in the
Official Journal of the European Communities referencing the Council Directive on the approximation of the laws of
the Member Statesrelating to active implantable medical devices (90/385/EEC [6] as amended).

Proposed national transposition dates

Date of latest announcement of this EN (doa): 3 months after ETSI publication
Date of latest publication of new National Standard

or endorsement of this EN (dop/e): 6 months after doa

Date of withdrawal of any conflicting National Standard (dow): 18 months after doa

ETSI
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Introduction

The present document is drafted on the assumption that type test measurements, performed in an accredited test
laboratory will be accepted by the various National Regulatory authorities in order to grant type approval, provided the
National Regulatory requirements are met. Thisisin compliance with CEPT/ERC Recommendation 01-06 [2].

Included are methods of measurement for Ultra Low Power Active Medical Implants (ULP-AMI) and accessories,
fitted with antenna connector and/or integral antenna. Equipment designed for use with an integral antennamay be
supplied with atemporary or permanent internal connector for the purpose of testing, providing the characterigtics being
measured are not expected to be affected.

If equipment, which is available on the market, is required to be checked it should be tested in accordance with the
methods of measurement specified in the present document.

Clauses 1 through 3 provide a general description on the types of equipment covered by the present document and the
definitions and abbreviations used. Clause 4 provides a guide to essential requirements, the number of samples required
in order that type tests may be carried out and any markings on the equipment that the applicant has to provide.

Clauses 5 and 6 provide genera test conditions to be used.
Clause 7 gives the maximum measurement uncertainty val ues.

Clauses 8, 9, 10 and 11 specify the spectrum utilization and safety parametersthat are required to be determined for the
protection of the public. They contain the maximum limits and monitoring system performance specifications that have
been chosen to minimize harmful disturbance to other equipment or services, reduce the potential for disturbance to this
equipment from ambient sources, and protect the public. The clauses provide detail s on how the equipment should be
tested and the conditions that should be applied.

Clause 12 specifies the el ectromagnetic compatibility testing and measurement requirements for insuring the health and
safety of the users of active medical implants and accessories are protected.

Annex A provides normative specifications concerning radiated measurements.
Annex B provides normative specifications for test equipment.

Annex C provides information on the parametersrelevant to the EC Council Directives.

ETSI
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1 Scope

The present document covers, for Ultra Low Power-Active Medical Implants (ULP-AMI) and accessories used in a
Medical Implant Communications Service (MICS), therequired characteristics considered necessary to efficiently use
the avail able spectrum and protect the public. ULP-AMI equipment and accessoriesin the MICS serviceis aunique
new technology, available world wide in the medical field, that will provide high speed communications capability
between individual s with implanted devices and medical practitioners engaged in utilizing these implants for the
purposes of diagnosing and delivering therapy to individual swith various illnesses. The specifications contained in the
present document were devel oped to insure that the health and safety of the patients that are using this equipment under
the direction of medical practitionersis protected. Of particular importance isthe inclusion of spectrum monitoring and
access reguirements (listen before talk protocol) designed to significantly reduce any interference potential between
MICS systems operating in the band or between a MICS system and the primary users of the band. Equipment in the
MICS service consists of active medical implantsthat communicate only to other active medical implants or to external
programmer/control transmitters.

The present document is a specific product standard applicable to active medical implants operating in the frequency
band, 402 MHz to 405 MHz, and other radio devices that are considered to be accessories to active medical implants as
described in Directive 90/385/EEC [6]. It isintended that the present document applies to operation in the band

402 MHz to 405 MHz only and that devices that can aso operate in spectrum outside this band also meet any applicable
requirements for operation in such bands.

The present document contains the technical characteristics for ULP-AMI radio equipment and isreferencing
CEPT/ERC Recommendation 70-03 [3] and annex 12 to that document. It does not necessarily include al the
characteristics, which may be required by a user, nor does it necessarily represent the optimum performance achievable.

It appliesto ULP-AMI devices and accessories operating in the band 402 MHz to 405 MHz:

- for telecommand and telemetry to/from an implant in a patient's body to an external programmer/controller unit;
or

- for telecommand and telemetry to/from an implant to another implant within the human body;
- with or without an integral antenna; and/or
- with an antenna connection provided only for the purpose of connecting an external dedicated antenna.

Compliance with the radiated emissions provisions of the present document is determined using a substitution
technique. However, if calibrated half wave dipole antennas are used to measure theradiated field strength of the
emissions from the EUT, it is permissible to cal culate the erp level s of those emissions to show compliance.

NOTE: If thistechniqueisused, the ground reflected component of the measured field strength needs to be
accounted for. For purposes of computing erp levels, the contribution to the measured level that isdueto
the ground reflected ray is considered to be 5 dB if measurements are performed on an open areatest site
or equivalent.

For non-Harmonized parameters, national regulatory conditions can apply regarding the type of modulation, equipment
marking and the inclusion of an automatic transmitter shut-off facility as a condition of the issue of an individual or
general licence, or, as a condition of use under licence exemption. The extreme temperature and voltage ranges are
fixed and are given in clauses 5.4.1 and 5.4.2 respectively.

The present document covers requirements for radiated emissions above 25 MHz.

Additional standards or specifications may be required for equipment such as that intended for connection to the Public
Switched Telephone Network (PSTN).

ETSI
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2
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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:

access protocol: specification for measuring natural and man-made ambient background levels for the purpose of
providing atechnique for spectrum access that reduces the potential for harmful disturbance to/from other users of the
spectrum

active medical implant: diagnostic or therapeutic device designed to be implanted in a human body containing a power
source and capable of generating radio frequency energy within the 402 MHz to 405 MHz frequency band for the
purpose of providing adigital communications link

artificial antenna: tuned reduced-radiating dummy load equal to the nomina impedance specified by the applicant
assigned frequency band: frequency band within which the device is authorized to operate

channel bandwidth: 3 MHz divided by the system emission bandwidth plus any specified guard band at each channd
edge

conducted measur ements. measurements that are made using a direct connection to the equipment under test

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

emission bandwidth: measured as the width of the signal between the points on either side of carrier centre frequency
that are 20 dB down relative to the maximum level of the modul ated carrier

NOTE: Complianceisdetermined using instrumentation employing a peak detector function and aresolution
bandwidth approximately equal to 1 % of the emission bandwidth of the device under test

fixed station: equipment intended for usein afixed location
full tests: all tests specified in the present document
integral antenna: permanent fixed antenna designed as an indispensable part of the equipment

Least Interfered Channe (LIC): channd, among the available channel s that has the lowest potential for causing
disturbance to or receiving disturbance from other users of the band, determined by measuring the level from both
natural and man-made signal sources in available channds and selecting the channd with the lowest measured ambient
power level or the channd with the lowest measured ambient power level that exceeds the ca cul ated maximum
permissible threshold power level

listen beforetalk: performance requirement, usually in the form of a protocol, that requires a communications system
to determineif the channd it intends to communicate in is occupied by another user and select from the available
spectrum a channd for communication that reduces, to the extent possible, the potential for interference to/from another
user of the spectrum

Medical Implant Communications System (MICS): system specifically for the purpose of providing two way
non-voice digital communications between an external programmer/control transceiver and an active medical implant
transceiver or between active medical implant transceivers placed in ahuman body

Medical Implant Communications System (M1CS) channel: any continuous segment of spectrum that is equal to the
emission bandwidth of the device with the largest bandwidth that is to participate in a MICS communications session

NOTE 1: All medical implant communications systems must be designed to access a minimum of nine channes
evenly distributed across the band.

NOTE 2: Annex 12 to CEPT/ERC/Recommendation 70-03 [3] does not specify a channelling plan for ULP-AMI
devices. It permits aggregation of 25 kHz segments up to a maximum of 300 kHz for each channel
bandwidth.
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Medical Implant Communications System (MICS) session: collection of transmissions that may or may not be
continuous, between co-operating medical implant devices and accessories transferring patient related information in
communications service

Medical | mplant Communications System (MICS) transmitter: transmitter authorized to operate in the ULP-AMI
band from 402 MHz to 405 MHz

Medical Implant Device: apparatus that is placed inside the human body for the purpose of performing diagnostic or
ddivery of therapeutic treatment

Medical Implant event: occurrence or thelack of an occurrence recognized by a medical implant device, or duly
authorized health care professional, that requires theimmediate transmission of data without using the spectrum access
protocol, from amedical implant transmitter in order to protect the safety of the person in whom the medical implant
transmitter has been placed

medical implant programmer/control transmitter: transmitter, operating outside of a human body in the ULP-AMI
frequency band, that is designed to monitor the channd or channdsthe MICS system devices intend to occupy that
selects, a communications channel for alink to amedical implant transmitter based on the use of the LBT access
protocol, and transfers information to/from the implant after initiating the communications link

medical implant transmitter: transmitter operating in the ULP-AMI frequency band, whose frequency of operation is
determined by an associated medical implant programmer/control transmitter, except during a medical implant event,
that is designed to be placed within a human body for the purpose of providing digital communications to/from the
external programmer/control transmitter

mobile station: equipment normally fixed in avehicle and intended to be used at a distance more than 20 cm from a
human body

monitoring system: circuitry in amedical implant programmer/control transmitter that assures conformity with the
Spectrum access protocol requirements

portable station: equipment intended to be carried, attached or implanted in a human body that is operated at a
separation distance less than 20 cm from or internal to a human body

radiated measur ements. measurements, which involve the absol ute measurement of aradiated field

telecommand: use of radio communication for the transmisson of signalsto initiate, modify or terminate functions of
equipment at a distance

telemetry: use of radio communication for indicating or recording data at a distance

threshold power level: ambient signa power level above which the monitoring system shall select spectrum for usein
a MICS communication session according to the next available channd with the lowest level of ambient sgnal power
or leadt interfered channd (L1C). The maximum permitted threshold power level is calculated using the equation

Th, = 10logB(Hertz) -150 (dBm/Hertz) + G (dBi).

Ultra Low Power Active Medical Implant (ULP-AMI): Active medical implant or associated medical implant

programmer/control transmitter that is designed to radiate RF energy in accordance with the provisions of annex 12 to
CEPT/ERC/Recommendation 70-03 [3] and the present document.

wideband: equipment used in the ULP-AMI frequency band with an emission bandwidth = 50 kHz and < 300 kHz

3.2 Symbols

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

dB decibel

E Electrical field strength

Eo Reference electrical field strength, (see annex A)
f frequency

FT Full Test (see clause 3.1)

NaCl Sodium chloride

P Power

R Distance
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Ro Reference distance, (see annex A)

Thp Maximum threshold power level, (see clause 10)
t time

A wavelength

3.3 Abbreviations

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

CW Carrier Wave
EMC ElectroMagnetic Compatibility
EUT Equipment Under Test
LIC Least Interfered Channel (see definitions)
MICS Medical Implant Communications System
PSTN Public Switched Telephone Network
RF Radio Frequency
SRD Short Range Device
ULP-AMI Ultra Low Power Active Medical Implant
VSWR Voltage Standing Wave Ratio
4 Overview of technical requirement specifications

4.1 Essential requirements

4.1.1 Transmitter requirements

All tranamitter requirementsthat are considered as essential are specified in annex C. See clause 8 for requirements and
measurement procedures.

4.1.2 Receiver requirements

Recel ver spurious emissions requirements are considered essential as specified in annex C. See clause 9 for
requirements and measurement procedures.

4.2 Presentation of equipment for testing purposes

Each equipment submitted for testing shall fulfil the requirements of the present document on all frequencies over
which it isintended to operate. Compliance with this requirement should be shown by testing each unit on a frequency
near 403,5 MHz.

If equipment is designed to operate with different carrier powers, measurement of each tranamitter parameter shall be
performed at the highest power level at which the transmitter isintended to operate. Additionally, the spurious
emissions shall be measured at each lower power level setting or at the low, middle, and high power settings for
multilevel power control systems.

The applicant shall compl ete the appropriate application form when submitting the equipment for testing. In addition,
the applicant shall declare therange of operating conditions and power requirements, as applicable; to establish the
appropriate test conditions.

Additionally, technical documentation and operating manuals, sufficient to make the test, shall be supplied for all
programmer/control and implant devices.

A human torso simulator and tissue substitute material for active medical implant transmitters shall be supplied
(see clause 6.5) if requested by the test facility.

To simplify and harmonize the type testing procedures between the different testing laboratories, measurements shall be
performed, according to the present document, on samples of equipment defined in clauses 4.2.1t04.2.3.3.
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4.2.1 Choice of model for testing

The applicant shal provide one or more samples of each model or type of transmitter (medical implant and/or
programmer/control transmitters), as appropriate for testing. Any ancillary equipment needed for testing shall be
provided as requested by the testing laboratory.

If an equipment has several optional features, considered not to affect the RF parameters, then the tests need only to be
performed on the equipment configured with that combination of features considered to be the most complex or most
likely to affect the RF parameters, as proposed by the applicant and agreed to by the test Iaboratory.

4.2.2 Testing of equipment with alternative power levels

If equipment is designed to operate with different carrier powers, measurement of each transmitter parameter shall be
performed at the highest power level, according to the present document, on samples of equipment defined in
clause 4.2.1. Spurious emissions tests shall be performed at all power levels.

4.2.3 Testing of equipment that does not have an external 50 Q RF
connector (integral antenna equipment)

4.2.3.1 Equipment with an internal permanent or temporary antenna connector

The meansto access and/or implement the internal permanent or temporary connector shall be stated by the applicant
with the aid of a diagram. The fact that use has been made of theinternal antenna connection, or of a temporary
connection, to facilitate measurements shall be recorded in the test report.

No connection shall be made to any internal permanent or temporary antenna connector during the performance of
radiated emissions measurements, unless such action forms an essential part of the normal intended operation of the
equipment, as declared by the applicant.

4.2.3.2 Equipment with a temporary antenna connector

The applicant may submit one set of equipment with the normal antenna connected, to enable the radiated
measurements to be made. He shall attend the test laboratory at the conclusion of the radiated measurements, to
disconnect the antenna and fit the temporary connector. The testing laboratory staff shall not connect or disconnect any
temporary antenna connector.

Alternatively, the applicant may submit two sets of equipment to the test |aboratory, one fitted with a temporary antenna
connector with the antenna disconnected and the other with the antenna connected. Each equipment shall be used for the
appropriate tests. The applicant shall declare that two sets of equipment areidentical in all respects.

4.2.3.3 Equipment intended to be implanted in a human body
The applicant shall submit the equipment, ahuman torso simulator as described in clause 6.5 and annex A, and a
sufficient quantity of tissue substitute material to fill the test fixture. The applicant and/or test laboratory shall determine

and agree on the arrangement of the equipment antenna and any additional device leads on the implant holding grid
within the fixture as prescribed in annex A.

4.3 Mechanical and electrical design

4.3.1 General

The equipment submitted by the applicant should be designed, constructed and manufactured in accordance with sound
engineering practice and with the aim of minimizing harmful disturbance to other equipment and services.

Transmitters and receivers may beindividua or combination units.
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4.3.2 Controls

Those controlsthat, if maladjusted, might increase the disturbing potentialities of the equipment shall not be easily
accessible to the user.

4.3.3 Transmitter shut-off facility

If the transmitter is equipped with an automatic transmitter shut-off facility or battery-saving feature and it interferes
with testing of the device, it should be made inoperative for the duration of the test.

4.3.4 Marking (equipment identification)

The equipment shall be marked in avisible place. This marking shall be legible and durable. Medical implant

tranamitters shall have a unique el ectronic identification that prevents unauthorized access to the telecommand and
telemetry functions of theimplant.

43.4.1 Equipment identification

The marking shall include as a minimum:

- thename of the manufacturer or his trade mark;

- thetype designation.

4.3.4.2 Regulatory marking

The equipment shall be marked, where applicable, in accordance with CEPT/ERC Recommendation 70-03 [3] or in
accordance with the Directive 1999/5/EC [10]. Wherethisisnot possible due to physical constraints, the marking shall
be included in the user manua. Where the marking in accordance with CEPT/ERC Recommendation 70-03 [3] or
Directive 1999/5/EC [10] isnot applicable, the equipment shall be marked in accordance with the National Regulatory
requirements.

4.4 Declarations by the applicant

When submitting equipment for type testing, the applicant shall supply the necessary information required by the
appropriate application form.

The performance of the equipment submitted for type testing shall be representative of the performance of the
corresponding production moddl.

4.5 Auxiliary test equipment

All necessary test signal sources, test fixtures, specialized test apparatus and set-up information shall accompany the
equipment when it is submitted for type testing unless alternative arrangements are agreed to by the test house and the
manufacturer.

4.6 Interpretation of the measurement results

Theinterpretation of theresults recorded on the appropriate test report for the measurements described in the present
document shall be as follows:

- the measured value relating to the corresponding limit shall be used to decide whether an equipment meetsthe
requirements of the present document;

- the measurement uncertainty value for the measurement of each parameter shall be included in the test report;

- therecorded value of the measurement uncertainty shall, for each measurement, be equal to, or lower than, the
figuresin the table of measurement uncertainty (see clause 7).
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5 Test conditions, power sources and ambient
temperatures

51 Normal and extreme test conditions

Type testing shall be made under normal test conditions, and & so, where stated, under extreme test conditions. It should
be noted that emissionstest on active medical implant devices shall be performed using the human torso simulator with
the tissue substitute material at nominal room temperature. The purpose of the present document isto facilitate testing at
the measurement facility. Measured emission levels are not expected to vary significantly from the nominal temperature
of 37°C.

The test conditions and procedures shall be as specified in clauses 5.2t0 5.4.

5.2 Test power source

The equipment shall be tested using the appropriate test power source as specified in clauses5.2.1 or 5.2.2. Where
equipment can be powered using either external or internal power sources, the equipment shall be tested using the
externa power source as specified in clause 5.2.1 then repeated using the internal power source as specified in
clause5.2.2.

The test power source used shall be stated in the test report.

5.2.1  External test power source

During type tests, the power source of equipment shall be replaced by an externa test power source capable of
producing norma and extreme test voltages as specified in clauses 5.3.2 and 5.4.2 if possible. The internal impedance
of the external test power source shall be low enough for itseffect on the test results to be negligible. For the purpose of
the tests, the voltage of the external test power source shall be measured at the input terminal s of the equipment. The
external test power source shall be suitably de-coupled as close to the equipment battery terminals as practicable. For
radiated measurements any external power leads should be so arranged so as not to affect the measurements.

During tests the test power source voltages shall be within atolerance of < + 1 % relative to the voltage at the beginning
of each test. The value of this tolerance can be critical for certain measurements. Using a smaller tolerance will provide
a better uncertainty value for these measurements.

5.2.2  Internal test power source

For radiated measurements on equipment with an internal power source, fully charged internal batteries should be used.
The batteries used should be as supplied or recommended by the applicant. If internal batteries are used, at the end of
each test, the voltage shall be within atolerance of < + 5 % relative to the voltage at the beginning of each test.

If appropriate, for conducted measurements or where atest fixture isused, an externa power supply at the required
voltage may replace the supplied or recommended internal batteries. This shall be stated on the test report.

For equipment intended to be implanted in a human body that ishermetically sealed it may not be possible to measure
the battery voltage directly or indirectly. For thistype of equipment, it is not necessary to measure the voltage at the end
of each test; however, care shall be taken to ensure that the internal battery supply voltage does not fall below the
manufacturer's specification for normal operating voltage range. For battery operated devices, it is acceptable to read
the battery voltage via telemetry readout.
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53 Normal test conditions

5.3.1 Normal temperature and humidity

The normal temperature and humidity conditions for programmer/control transmitters shall be any convenient
combination of temperature and humidity within the following ranges:

- temperature +15°C to +37°C;
- reativehumidity 20 %to 75 %.

Active medical implant transmitters operate after implant in a human body. Accordingly, the body tendsto serve asan
oven to maintain theimplant temperature near 35°C. Therefore, the normal temperature and humidity conditions for
implant transmitters shall be within the following ranges:

- temperature +36°C to +38°C;

- reativehumidity  does not apply.
When it isimpracticable to carry out tests under these conditions, a note to this effect, stating the ambient temperature
and relative humidity during the tests shall be added to the test report.
5.3.2 Normal test power source

5.3.2.1 Mains voltage

The normal test voltage for equipment to be connected to the mains shall be the nominal mains voltage. For the purpose
of the present document, the nominal voltage shall be the declared voltage, or any of the declared voltages, for which
the equipment was designed.

The frequency of thetest power source corresponding to the ac mains shall be between 49 Hz and 51 Hz.

5.3.2.2 Regulated lead-acid battery power sources

When the radio equipment isintended for operation with the usual types of regulated |ead-acid battery power source,
the normal test voltage shall be 1,1 multiplied by the nominal voltage of the battery (e.g. 6V, 12V etc.).

5.3.2.3 Other power sources

For operation from other power sources or types of battery (primary or secondary), the normal test voltage shall be that
declared by the equipment applicant and agreed by the accredited test laboratory. Such values shall be stated in the test
report.

54 Extreme test conditions

5.4.1  Extreme temperatures

54.1.1 Procedure for tests at extreme temperatures

Before measurements are made, the equipment shall have reached thermal balance in the test chamber. The equipment
shall be switched off during the temperature-stabilizing period.

In the case of equipment containing temperature stabilization circuits designed to operate continuoudly, the temperature
stabilization circuits shall be switched on for 15 minutes after thermal balance has been obtained, and the equipment
shall then meet the specified requirements.

If thethermal balanceis not checked by measurements, atemperature-stabilizing period of at least one hour, or such
period as may be decided by the accredited test laboratory, shall be allowed. The sequence of measurements shall be
chosen, and the humidity content in the test chamber shall be controlled so that excessive condensation does not occur.
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If the equipment is incapable of tranamitting an unmodulated carrier, an actual digital data sequence or a pseudorandom
sequence representative of an actual digital data transmission shall be used to modulate the carrier (see clauses 6.1 and

6.1.1).

54111 Procedure for equipment designed for continuous operation

If the applicant ates that the equipment is designed for continuous operation, the test procedure shall be as follows:

before conducting tests at the upper extreme temperature the equipment shal be placed in the test chamber and
left until thermal balance is attained. The equipment shall then be switched on in the transmit condition for a
period of time specified by the manufacturer to be the maximum time the equi pment will transmit in normal
operation after which the equipment shall meet the specified requirements;

for tests at the lower extreme temperature, the equipment shall be l&ft in the test chamber until thermal balance
is attained, then switched on for aperiod of one minute after which the equipment shall meet the specified
requirements.

54112 Procedure for equipment designed for intermittent operation

If the applicant ates that the equipment is designed for intermittent operation, the test procedure shall be as follows:

before conducting tests at the upper extreme temperature the equipment shal be placed in the test chamber and
left until thermal balance is attained in the oven. The equipment shall then either:

- tranamit on and off according to the applicants declared duty cycle or transmission protocol, as appropriate,
for a period of five minutes or for the duration of an expected communications session as declared by the
manufacturer and agreed by thetest facility; or

- if the applicant's declared on period exceeds one minute, then:

= trangmit in the on condition for a period not exceeding one minute, followed by a period in the off or
standby mode for four minutes; after which the equipment shall meet the specified requirements.

for tests at the lower extreme temperature, the equipment shall be left in the test chamber until therma balance is
attained, then switched to the standby or receive condition for one minute after which the equi pment shall meet
the specified requirements.

54.1.2 Extreme temperature ranges

For tests at extreme temperatures, measurements shall be made in accordance with the procedures specified in
clause 5.4.1.1, at the upper and lower temperatures of one of the following ranges:

Table 1: Extreme temperature ranges

Category | (General): -20°C to +55°C
Category Il (Portable equipment): -10°C to +55°C
Category Il (Equipment for normal indoor use) (see 0°C to +55°C
note 1):

Category IV (Active Medical Implant transmitters) (see +25°C to +45°C
note 2):

NOTE 1: The term "equipment for normal indoor use" is taken to mean that the
room temperature is controlled and the minimum indoor temperature is
equal to or greater than 5°C.

NOTE 2: The term "Active Medical Implant transmitters" refers only to equipment
that is intended to be placed inside a human body during normal
operation.

The range of +25°C to +45°C is the core body temperature variation over
which a human body can survive [12].

For special applications, the manufacturer can specify wider temperature ranges than given as a minimum above. This
shall be reflected in the manufacturers product literature.

Thetest report shall state which range is used.
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5.4.2  Extreme test source voltages

5421 Mains voltage

The extreme test voltages for equipment to be connected to an ac mains source shall be the nomina mains voltage
+ 10 %. For equipment that operates over arange of mains voltages, clause 5.4.2.4 applies.

5.4.2.2 Regulated lead-acid battery power sources

When the radio equipment isintended for operation from the usua type of regulated lead-acid battery power sourcesthe
extremetest voltages shall be 1,3 and 0,9 multiplied by the nominal voltage of the battery (6 V, 12 V, etc.).

For float charge applications using "gel-cel" type batteries the extreme voltage shall be 1,15 and 0,85 multiplied by the
nominal voltage of the declared battery voltage.

5.4.2.3 Power sources using other types of batteries
The lower extreme test voltages for equipment with power sources using batteries shall be as follows:
» for equipment with a battery indicator, the end point voltage as indicated;
» for equipment without a battery indicator the following end point voltages shall be used:
- for the Leclanché or the lithium type of battery:
= 0,85 multiplied by the nominal voltage of the battery;
- for the nickel-cadmium type of battery:
= 0,9 multiplied by the nominal voltage of the battery.

» for other types of batteries or equipment, the lower extreme test voltage for the discharged condition shall be
declared by the equipment applicant.

The nominal voltage is considered to be the upper extremetest voltage in this case.

5.42.4 Other power sources

For equipment using other power sources, or capable of being operated from a variety of power sources, the extreme
test voltages shall be those agreed between the equi pment applicant and the accredited test |aboratory. This shall be
recorded in the test report.

5) General conditions

6.1 Normal test signals and test modulation

The test-modulating signal shall be a digital sgnal that modulates the carrier. It may be dependent upon the type of
equipment under test and the measurement to be performed. Modulation test signals only apply to products with an
external modulation connector. For equipment without an external modul ation connector, normal operating digital
modulation shall be used.
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6.1.1 Normal modulation test signals for data
Normal test signals for data are specified as follows:

D-M2: atest signal representing a pseudorandom bit sequence of at least 511 bitsin accordance with
ITU-T Recommendation O.153 [5]. This sequence shall be continuously repeated. If the sequence
cannot be continuoudly repeated, the actual method used shall be stated in the test report.

D-M3: atest signal shal be agreed between the accredited test |aboratory and the applicant that is
representative of norma tranamitter operation if the above pseudorandom sequence cannot be
used.

For angle modulation, the normal level of thetest signal D-M3 shall produce a deviation value as declared by the
applicant asthe normal operating level.

6.2 Antennas

Equipment operating in the ULP-AMI band shall have an integra antenna, an external dedicated antenna or both. 1f
provision for an external antenna connection is made, the connector shall be a unique type to prevent use of an antenna
other than a dedicated antenna supplied by the manufacturer.

6.3 Artificial antenna

Where applicable, tests may be carried out using an artificial antennathat simulates the actual antenna configuration
specified by the applicant for the specific equipment.

6.3.1 Artificial antenna for transmitters with 50 Q impedance connector

For measurements on transmitters with anormal 50 Q antennaimpedance, tests shall be carried out using an artificial
antenna which shall be a substantially non-reactive non-radiating 50 Q load connected to the antenna connector. The
Voltage Standing Wave Ratio (VSWR) at the 50 Q connector shall not be greater than 1,2:1 over the frequency range of
the measurement.

6.4 Test fixture for non-implanted equipment

With equipment intended for use with an integral antenna, and not equipped with a50 Q RF output connector, a
suitable test fixture may be used as agreed with the accredited test [aboratory.

Thisfixture isa RF coupling device for coupling the integral antennato a50 Q RF terminal at the working frequencies
of the equipment under test. Thisallows certain measurements to be performed using conducted measuring methods.
However, only relative measurements may be performed. The test fixture is normally only required for extreme
temperature measurements and shall be calibrated only with the equipment under test.

The test fixture shall be fully described by the applicant. The accredited test laboratory shall calibrate the test fixture by
carrying out the required field measurements at normal temperatures at the prescribed test site. Then the same
measurements shall be repeated on the equipment under test using the test fixture for all identified frequency
components.

In addition, the test fixture may provide:
- aconnection to an external power supply;

- aconnection to a datainterface.
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The performance characteristics of the test fixture shall be agreed upon with the accredited test laboratory and shall
conform to the following basic parameters:

- thecircuit associated with the RF coupling shall contain no active or non linear devices,
- thecoupling loss shall not influence the measuring results;

- thecoupling loss shall be independent of the position of the test fixture and be unaffected by the proximity of
the surrounding objects or people;

- thecoupling loss shall be reproducible when the equipment under test isremoved and replaced;

- thecoupling loss shall remain substantially constant when the environmental conditions are varied.

6.5 Test fixture for equipment intended to be implanted in a
human body

For measurement purposes, to determine compliance with all emission limits, active medical implants shall be tested in
a fixture that approximates the physical conditions of an implant transmitter placed in a human body. This fixture, a
human torso simulator, with the implant mounted inside, shall be filled with atissue substitute material and placed on
theradiated emissionstest site turntable with theimplant at aheight of 1,5 meters above the ground plane for testing
purposes. The tissue substitute material shall be sufficiently fluid that it will flow around the implant without cresting
any voids. Pleaserefer to annex A for further guidance.

6.6 Test sites and general arrangements for radiated
measurements

For guidance on radiation test sites, see annex A. Detailed descriptions of radiated measurement arrangements are
included in this annex.

6.7 Modes of operation of the transmitter

For the purpose of the measurements according to the present document, there should preferably be a facility to operate
the transmitter in an unmodulated state. The method of achieving an unmodulated carrier frequency or special types of
modulation patterns may also be decided by agreement between the applicant and the accredited test laboratory. It shall
be described in the test report and it may involve suitable temporary internal modifications of the equipment under test.
If itisnot possible to provide an unmodulated carrier then this shall be stated in the test report.

For the purpose of type testing, the normal test signal, see clauses 6.1 and 6.1.1, shal be applied to the input of the
tranamitter under test with the normal input device disconnected, if applicable.
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6.8 Measuring receiver

Theterm "measuring receiver” refers to a selective voltmeter or a spectrum analyser. The bandwidth and detector type
of the measuring receiver is given in table 2. Some measurements specified in the present document require the use of a
measuring receiver with a peak detector function and an adjustable resolution bandwidth capability typical of most
spectrum analysers.

Table 2: Measurement receiver specifications

Frequency: (f) Detector type: Bandwidth (see note):
9 kHz < f < 150 kHz Quasi Peak 200 Hz to 300 Hz
150 kHz < f < 30 MHz Quasi Peak 9 kHz to 10 kHz
30 MHz < f<1 000 MHz Quasi Peak 100 kHz to 120 kHz
1000 MHz < f Peak 1 MHz or = emission
bandwidth

NOTE:  When making emissions measurements of modulated emissions above
1 000 MHz, it is permissible to smooth the analog waveform of the detected
modulation characteristic using a video filter setting approximately equal to the
resolution bandwidth/30 (see ANSI C63.17-1998 [13], clause 6.1.2.2.2).

7 Measurement uncertainty

The accumulated measurement uncertainties of the test system in use for the parameters to be measured should not
exceed those given below, thisisin order to ensure that the measurements remain within an acceptable standard.

Table 3: Measurement uncertainties

RF frequency +1x107
Adjacent channel power +3dB
RF power, conducted +0,75dB
Conducted emission of transmitter +4dB
Conducted emission of receivers +3dB
Radiated emission of transmitter, valid up to 4 GHz +6dB
Radiated emission of receiver, valid up to 4 GHz +6dB
Conducted monitoring test system +4dB
Radiated monitoring test system +6dB
Temperature +1°C
Humidity +5%

For the test methods according to the present document the uncertainty figures are valid to a confidence level of 95 %
calculated according to the methods described in ETR 028 [4].

8 Methods of measurement and limits for transmitter
parameters

In order to conduct transmitter measurements, the manufacturer shall provide ameansfor causing the equipment under test
to operate on a frequency near 403,5 MHz or provide samplesthat have been modified to operate on 403,5 MHz when
activated. Onetechniqueisto use frequency administration commands that place the devicein the correct operating mode.
Wherethetranamitter is designed with an adjustable carrier power, then al transmitter parameters shall be measured using
the highest power level, as declared by the applicant. The equipment shall then be set to the lower carrier power setting(s),
as declared by the applicant, and the measurements for spurious emissions shall be repested (see dause 8.4).
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For active medical implant transmitters, &l emissions measurements reguire the use of the human torso smulator described
in dause A.1.1.3. Clause A.1.1.3 specifies the temperature of the tissue substitute material in the smulator to be 220C to
380C for emission tests. Thistemperature rangeis specified for emissionstestsin order to eiminate the absolute
necessity of preheating and maintaining the temperature of the tissue substitute material at a higher temperature, thus
greatly facilitating conducting the tests. Because the nominal conductivity and didlectric constant characteristics of the
tissue substitute material vary only sightly with temperature from 220C to the nominal temperature of 379C, test results
will not be materially affected by temperature variance of the tissue substitute material. Neither isit expected that the
transmitter emission levels would vary over the limited temperature range from 220C to the nominal temperature of
370C. Based on these considerations, it is reasonable to conduct emission tests with the tissue substitute material at a
temperature within the range of 220C to 38°C. However, if agreed by the testing laboratory and the manufacturer,
emissions tests may be conducted with the tissue substitute material at the nomina temperature of 37+10C.

When making transmitter tests on equipment designed for intermittent operation, the duty cycle of the transmitter if
applicable, as declared by the applicant on the application form, shall not normally be exceeded. However, if itis
necessary to exceed the duty cycle for the purpose of testing, this is permissible aslong as the RF parameters of the
transmitter are not degraded or compromised. The actual duty cycle used shall be stated on the test report form.

Compliance with transmitter output power and spurious emissions limits shall be determined by measuring radiated
fields or using substitution techniques (see clauses 8.3 and 8.4.1.1). For equipment with more than one antenna, either
dedicated or permanently attached, measurements shall be performed with each antenna.

The frequency and drift under extreme conditions shall be measured as defined in clause 8.1. In addition, the adjacent
band or sub-bands spurious emission measurement shall be made as defined in clause 8.4.

8.1 Frequency error

This measurement shall be made for all equipment operating in the ULP-AMI band. If possible, measurements shall be
made with an unmodulated carrier using an artificial antenna. It may be necessary to use atest fixture (see clauses 6.4 and
6.5) connected to an artificial antennafor some equipment. Implant transmitters are not required to use the human torso
simulator for thistest.

8.1.1 Definition

8.1.1.1 Systems with an unmodulated carrier frequency operating mode

The frequency error, also known as frequency drift, is the difference between the nominal frequency as measured on the
devices under test and under normal test conditions (see clause 5.3) and the frequency under extreme conditions (see
clause 5.4).

8.1.1.1.1 Method of measurement

The carrier frequency shall be measured (in the absence of modulation) with the transmitter connected to an artificial
antennaif appropriate. A transmitter without a 50 Q output connector may be placed in the test fixture (see dause 6.4)
connected to an artificid antenna. The measurement shall be made under normal test conditions (see clause 5.3) and
extremetest conditions (see clause 5.4), (extreme temperature and supply voltage Smultaneoudy). Dueto the design of
equipment for various applicationsin this service, asuitable artificial antenna or test fixture may not be available. For this
case, theradiated carrier sgnal from the device may be used for making these measurements.

8.1.1.2 Systems with a modulated carrier frequency

The frequency error, also known as frequency drift, is the difference between the nominal frequency as measured on the
devices under test and under normal test conditions (see clause 5.3) and the frequency under extreme conditions (see
clause 5.4).
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8.1.1.2.1 Method of measurement

The carrier frequency shall be measured (in the presence of modulation) with the transmitter connected to an artificial
antenna if appropriate. A transmitter without a50 Q output connector may be placed in the test fixture (see clause 6.4)
connected to an artificial antenna. The measurement shall be made under normal test conditions (see clause 5.3) and
extreme test conditions (extreme temperature and supply voltage simultaneoudly, see clause 5.4). Due to the design of
equipment for various applications in this service, a suitable artificial antenna or test fixture may not be available. For
this case, theradiated carrier signal from the device may be used for making these measurements. The frequency error
is determined as follows:

- under normal conditions according to clause 5.3 the reference frequency f is measured and recorded;

- under al extreme conditions according to clause 5.4 the frequency f, is measured and recorded.
The absolute value of (f,—f) isthe drift. Thelimit of 100 ppm isrelative to 405 MHz

where:  f = the frequency measured under normal conditions,

fe = the maximum drift frequency under extreme conditions.

The frequencies, f and f, can be determined by a spectrum analyser which is put in "max hold" position with the

transmitting device modulated or unmodulated. For equipment that can only operate in a modulated carrier mode a
reference point, f,, for f and f, can be used and either set on the dope or determined from the averaging of the two

3 dB frequency points. The 3 dB reference point f is determined by (f,.., - fin) / 2, Wheref and f;, arethe
frequencies corresponding to the 3 dB frequencies.

8.1.2 Limit

Thefrequency error for equipment operating in the ULP-AMI band shall not exceed £100 ppm under normal, extreme or
any intermediate set of conditions.

8.2 Emission bandwidth measurement

8.2.1 Definition

The emission bandwidth of the device under test is measured as the width of the sgnal between the points on either sde
of carrier centre frequency that are 20 dB down relative to the maximum level of the modulated carrier. Compliance is
determined using instrumentation employing a peak detector function and aresolution bandwidth approximately equal
to 1 % of the emission bandwidth of the device under test.

8.2.1.1 Method of measurement

The equipment may be directly connected to a spectrum analyser if it hasa50 Q connector or using atest fixture (see
clause 6.4) if needed. If the equipment has an integral antennaor unique connector for a dedicated antennaand cannot be
connected to the spectrum analyser, a Sgnal from the equipment may be coupled to the spectrum analyser using an antenna
connected to the spectrum analyser.

The transmitter shall be operated at its maximum carrier power measured under normal test conditions (see clause 8.3).

The transmitter shall be modulated by the normal test signal (see clause 6.1).
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The output power of the tranamitter, with or without a test fixture, shall be recorded using a spectrum analyser set toa
frequency span of 1 MHz and a resolution bandwidth large enough to accept al major modulation side bands. The
detector function shall be set to peak hold with the video bandwidth setting = the resolution bandwidth. The two furthest
frequencies, one above (f,; gh) and one below (f,,,,), the frequency of the maximum level of the modulated carrier (f.)
wherethesignal level is 20 dB below the maximum level of the modulated carrier shall be determined. If, it isfound
that the resolution bandwidth used was not approximately 1 % of the emission bandwidth, then the resolution
bandwidth will be adjusted and the procedure repeated until the resolution bandwidth used is approximately 1 % of the
emission bandwidth that was measured with that resol ution bandwidth setting. For spectrum analysers that have fixed
values of resolution bandwidth, the setting that is nearest to 1 % of the emission bandwidth is acceptable, provided that
itisnolessthan 0,5 % of the emission bandwidth and no greater than 2 % of the emission bandwidth.

The frequenciest 1, f and f,,, for each device shall be recorded for later use. The difference in frequency between
frignhand fi,,, is the emission bandwidth.

For systems designed to utilize multiple devices in a MICS communications session, the emission bandwidth procedure
shall be repeated for each device intended to operatein a session.

8.2.2 Limits

The maximum permitted emission bandwidth shall be 300 kHz. If two or more devicesthat operatein agiven MICS
communi cations session operatein different portions of the ULP-AMI band, their combined emission bandwidths shall not
exceed 300 kHz. Thislimits spectrum usage to amaximum of 300 kHz in any sngle MICS communications sesson. The
300 kHz limitation may be exceeded briefly due to intermittent transmissions that may occur when operating channel
acquisitions or changes arerequired to maintain & communications session

All emissions from each devicethat fal outsdeits emisson bandwidth but do fall within the 402 MHz to 405 MHz band
shall be attenuated at least 20 dB.

8.3 Effective radiated power of the fundamental emission

This measurement appliesto equipment provided with an integral antenna and to equi pment supplied with a dedicated
antenna. Measurements shall be made with each type of antenna provided by the manufacturer attached to the equipment.

If the equipment is designed to operate with different carrier powers, therated power for each level, or range of levels,
shall be declared by the applicant.

These measurements shall be performed at the highest power level at which the transmitter isintended to operate.

8.3.1 Definition

The effective radiated power isthe power radiated within the emisson bandwidth of the EUT in the direction of the
maximum level under specified conditions of measurementsin the presence of modulation or without modulation as

appropriate.
8.3.1.1 Methods of measurement

On ated Ste, selected from annex A that is appropriate for the EUT, the equipment shall be placed at the specified height
on asupport, asexplained in annex A, and in the position closest to normal use as declared by the applicant. Active
medical implant devices shall be mounted and arranged in the human torso smulator as described in annex A.

Thetest antenna shall be oriented initially for vertical polarization and shall be chosen to correspond to the frequency of
the transmitter. The output of the test antenna shall be connected to the measuring receiver.
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The transmitter shall be switched on if possible, without modulation and the measuring receiver shall be tuned to the
frequency of the transmitter under test. In case of equipment where it is not possible to make the measurement in the
absence of modulation, the measurement shall be carried out by the use of a spectrum analyser using a peak detector
function with aresolution bandwidth setting > the emission bandwidth (see clause 8.2). For this measurement, analog
smoothing of the displayed waveform is permitted using a video filter set to approximately the resolution bandwidth/30
(see clause 6.8). The measurement is made over an interval of time when transmission is continuous and at its
maximum power level. Thetest antenna shall be raised and lowered through the specified range of height until the
maximum signal level is detected by the measuring receiver.

The transmitter shall then be rotated through 360° in the horizontal plane, until the maximum signa level is detected by
the measuring receiver. Thetest antenna shall be raised and lowered again through the specified range of height until a
maximum signal level is detected by the measuring receiver.

The maximum signal level detected by the measuring receiver for vertical polarization shal be noted.
The transmitter shall be replaced by a substitution antenna as defined in clause A.2.3.

The substitution antenna shall be orientated for vertical polarization as noted above and the length of the substitution
antenna shall be adjusted to correspond to the frequency of the transmitter. The substitution antenna shall be connected
to acalibrated signal generator.

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 height to ensure that the maximum signal is
received.

Theinput signal to the substitution antenna shall be adjusted to the level that produces a level detected by the measuring
receiver, that is equal to thelevel noted while the transmitter radiated power was measured.

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

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 for gain variance of the substitution antennarelative to the gain of a dipole.

8.3.2 Limits

The effective radiated power shall not exceed 25 pW.

The measurement shall be carried out under normal test conditions only (see clause 5.3) or as specified in clause A.1.1.3
in the case of active medical implant transmitters.

8.4 Spurious emissions

This measurement appliesto equipment provided with an integral antenna and to equi pment supplied with a dedicated
antenna. Measurements shall be made with each type of antenna provided with the equipment attached to it.

If the equipment is designed to operate with different carrier powers, therated power for each level or range of levels
shall be declared by the applicant.

These measurements shall be performed at all power levels at which the transmitter isintended to operate.

The measurement shall be carried out by the use of a measuring receiver with bandwidth as stated in clause 6.8 and
quasi-peak detector set in accordance with the specification of CISPR 16 [9] section 1 for the bands C and D. For
measurements above 1 000 MHz, the peak value shall be measured using a spectrum analyser with aresolution
bandwidth setting > the emission bandwidth or 1 MHz whichever isless. Analog smoothing of the displayed
modulation is permitted (see clause 6.8).
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84.1 Definition

Spurious emissons are emissions at frequencies other than those of the carrier and sidebands associated with normal test
modulation. Thelevel of spurious emissions shall be measured as.

- ther effective radiated power when radiated by the cabinet and theintegral antenng;

- ther effective radiated power when radiated by the cabinet and any dedicated antenna provided by the
manufacturer.

Measurements shall be made with the transmitter in operating and stand-by modes. Active medical implants shall have
the effective radiated power of their spurious emissions measured using the test fixture specified in clause 6.5.

8411 Method of measuring the effective radiated power of spurious emissions

On ated Ste, selected from annex A that is appropriate for the EUT, the equipment shall be placed at the specified height
on a support, as specified in annex A, and in the position dosest to normal use as declared by the applicant. Active medica
implant devices shall be mounted and arranged in the human torso smulator as described in annex A.

The test antenna shall be oriented initialy for vertical polarization and shall be tuned to each spurious emission
frequency from the transmitter. The output of the test antenna shall be connected to the measuring receiver. The
trangmitter shall have the normal modulation applied (see clause 6.1) and the measuring receiver shall be tuned over the
frequency range 25 MHz to 4 GHz, except for the maximum emission bandwidth measured according to clause 8.2.1.

At each frequency at which a spurious component is detected, the test antenna shall be raised and lowered through the
specified range of heights until a maximum signal level is detected on the measuring receiver. The transmitter 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 signa level. Thetest antenna shall be raised and
lowered again through the specified range of height until a maximum signal level is detected by the measuring receiver.

The maximum signal level detected by the measuring receiver for vertical polarization shal be noted.
The transmitter shall be replaced by a substitution antenna as defined in clause A.2.3.

The substitution antenna shall be orientated for the vertical polarization as noted above and the length of the substitution
antenna shall be adjusted to correspond to the frequency of the spurious emission from the tranamitter. The substitution
antenna shall be connected to a calibrated signal generator. 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 height to ensure that the maximum signal is
received. Theinput signal to the substitution antenna shall be adjusted to the level that produces alevel detected by the
measuring receiver, which isequal to the level noted while the transmitter spurious emissions were measured.

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

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

The maximum signal level detected by the measuring receiver for both vertical and horizontal polarization shall be
noted.

The measure of the effective radiated power for each spurious emission isthe larger of the levels recorded at the input
to the substitution antenna, corrected for any gain variance of the substitution antenna re ative to the gain of a dipole.
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8.4.2 Limits
The power of any spurious emisson shall not exceed the following values given in table 4.
Table 4
State 47 MHz to 74 MHz Other frequencies below Frequencies above
87,5MHz to 118 MHz 1 000 MHz 1 000 MHz
174 MHz to 230 MHz
470 MHz to 862 MHz
Operating 4 nW 250 nW 1pw
Standby 2 nW 2 nW 20 nW

8.5 Frequency stability under low voltage conditions

Thistest isfor battery-operated equipment.

85.1 Definition

The frequency stability under low voltage condition is the ability of the equipment to remain on the nominal operating
frequency when the battery voltage falls below the lower extreme voltage level.
8.5.1.1 Method of measurement

The procedures in clause 8.1 shall be repeated except the measurement shall be made under normal temperature and
humidity conditions (see clause 5.3.1), and the voltage from the test power source shall be reduced bel ow the lower
extremetest voltage limit towards zero. Asthe voltageis reduced, the nominal carrier frequency shall be monitored.

8.5.2 Limits
The equipment shall either:

- remain on thenominal operating frequency, within thelimits stated in clause 8.1.2 whilst the radiated or
conducted power is greater than the spurious emission limits; or

- the equipment shall cease to function below the applicants declared operating voltage.

9 Methods of measurement and limits for receiver
parameters

This clause provides spurious receiver radiation requirements for receivers or receiver sections of transceivers used in
the MICS sarvice. Medical Implant Communications Systems utilize the transmission and reception capability of
programmer/control transceivers and active medical implant transceiversin order to transmit programming control
messages and data streams in a communi cations session. Implant control messages are typically transmitted from the
programmer/control unit to the implant. Data streams are typically transmitted from an implant to a programmer/control
unit. Asthis technology devel ops, it is expected that other forms of information transmission will evolve.

If amodulated signal from a signal generator isrequired to conduct atest for receiver spurious emissions measurements
as specified in this clause, the appropriate test modulation, D-M2 or D-M3, as it relatesto the receive function of the
transceiver under test shall be used as the modulation source. Modulated signal bandwidths of the signal generators
shall be equivalent to the signal bandwidths that are normally used by the MICS equipment. D-M2 is used to simulate
thereception of bit stream information and D-M3 is defined as the control signa and instruction set format that the
MICS equipment is designed to use.
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In order to conduct receiver measurements, the manufacturer shall provide ameansfor causing the equipment under test to
operate on a frequency near 403,5 MHz or provide asample or samplesthat have been modified to operate on this
frequency when activated. Onetechniqueisto use frequency administration commandsthat place the devicein the correct
operating mode.

9.1 Spurious radiation

This measurement appliesto equipment provided with an integral antenna and to equi pment supplied with a dedicated
antenna. Measurements shall be made with each type of antenna provided by the manufacturer that attachesto the
equipment.

The measurement shall be carried out by the use of ameasuring receiver with a bandwidth as stated in dlause 6.8 and
quasi-peak detector set in accordance with the specification of CISPR 16 [9] section 1 for the bands C and D. For
measurements above 1 000 MHz, the peak value shall be measured using a spectrum analyser. Analog smoothing of the
displayed modulation is permitted (see clause 6.8).

91.1 Definition

Spurious radiations from the receiver are components at any frequency, generated and radiated by active receiver circuitry
and the antenna.

Thelevel of spurious radiation shall be measured by:
- ther effective radiated power when radiated by the cabinet and the integral antenna; or

- ther effective radiated power when radiated by the cabinet and any dedicated antenna provided by the
manufacturer.

9.1.1.1 Method of measuring the effective radiated power of spurious emissions

On ated Ste, selected from annex A that is appropriate for the EUT, the equipment shall be placed at the specified height
on a support, as specified in annex A, and in the position dosest to normal use as declared by the applicant. Active medica
implant devices shall be mounted and arranged in the human torso smulator asdescribed in dause A.1.1.3.

The test antenna shall be oriented initially for vertical polarization and shall be tuned to each spurious emission
frequency from the equipment receiver. The output of the test antenna shall be connected to the measuring receiver. The
equipment receiver shall be switched on and the measuring receiver shall be tuned over the frequency range 25 MHz

to 4 GHz.

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

The maximum signal level detected by the measuring receiver for vertical polarization shal be noted.
The equipment receiver shall be replaced by a substitution antenna as defined in annex A, clause A.2.3.

The substitution antenna shall be orientated for vertical polarization as noted above and the length of the substitution
antenna shall be adjusted to correspond to the frequency of the spurious emission from the equipment receiver. The
substitution antenna shall be connected to a calibrated signal generator. 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 height to ensure that the maximum signal isreceived.

Theinput signal to the substitution antenna shall be adjusted to the level that produces a level detected by the measuring
receiver that is equal to the level noted while the equipment receiver spurious emissions were measured.

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

ETSI



29 Draft ETSI EN 301 839-1 V1.1.1 (2001-07)
The measurement procedure shall be repeated with the test antenna and the substitution antenna oriented for horizontal
polarization and the power level recorded.

The measure of the effective radiated power for each spurious emission isthe larger of the two power levels recorded at
the input to the substitution antenna, corrected for any gain variance of the substitution antennareative to the gain of a
dipole.

9.1.2 Limits

The power of any spurious emisson, radiated or conducted, shall not exceed the values given be ow:
- 2nW bdow 1 000 MHz;
- 20 nW above 1 000 MHz.

10 Methods of measuring and requirements for
monitoring systems

Manufacturers of MICS systems operating in the ULP-AMI band share the 402 MHz to 405 MHz band with other
manufacturers on an equal basisin order to protect the safety and health of the patients these systems are designed to
serve. To accomplish thisgoal, medical implant programmer/control transmitters need to incorporate a mechanism for
monitoring the spectrum that the MI1CS devices intend to occupy. The following clauses set forth a "listen before
tranamitting” requirement designed to minimize the possibility of disturbance among MICS devices and to other users
of the band. The use of such atechnique was envisioned in the ITU-R Recommendation SA.1346 [8] that determined
that MI1CS operations could be compatible with exigting usersin the band and prove to be a feasible communications
service. Annex A of ITU-R Recommendation SA.1346 [8] addresses the need for a mechanism to minimize the
potential for disturbance to MICS devices from the existing users of the band. The provisions of this clause shall not be
used to extend range of spectrum occupied over space or time for the purposes of denying fair access to spectrum to
other MIC systems. For example, the Medical Implant Event provision for emergency transmission shall not be used for
routine spectrum access.

The measurement processes generally described bel ow are written for conducted test arrangements and should be
applicable to any system submitted for testing or for post market surveillance purposes. If equipment does not permit-
conducted tests to be performed, the equivalent conditions can be established using radiated signa techniques. If
radiated sgnal techniques are used, the monitoring system antenna shall be oriented in the direction of maximum
reception of the radiated broadband and CW RF disturbing fields and theradiated broadband and CW RF disturbance
fields should be aligned to produce the maximum RF voltage in the monitoring system antenna.

Out-of-operating-region disturbance can be generated by using either a source capable of generating wideband
disturbance with square spectral notches having a variable width that can be adjusted to the emission bandwidth of the
EUT or using a disturbance source that can generate a sufficient number (approximately 2 x 3 000/emission bandwidth
in kHz) of independently-controlled CW signals across the ULP-AMI band to block access to the band except for a
notch or notches equal to the emission bandwidth of the EUT. Depending on an individual manufacturer's
implementation, frequency administration commands may be used in performing some or all of thetestsin this clause.

NOTE: If frequency administration commands are used, care needs to be taken to insure the effect of any
monitoring System antenna gain relative to an isotropic antenna.is accounted for.

Depending on the specific implementation of an individual manufacturer, some modification of these procedures may
be required. In this case, the test facility and the manufacturer should agree on any modification of the monitoring
system measurement procedure. When the test facility and the manufacturer agree that a modified procedure or
procedures arerequired to test a system or component of the system due to a specific implementation of the MICS
system, a showing that the MICS system meets the technical parameter under investigation usng the modified
procedure is acceptablein lieu of using out-of-operating region interference or administrative commands to show
compliance.

ETSI



30 Draft ETSI EN 301 839-1 V1.1.1 (2001-07)

MICS communications sessions shall beinitiated by a programmer/control transmitter except for a communications
session resulting from a medical implant event (see clause 3.1). Non routine sessions initiated by a medical implant
event are not required to use the access protocol specified in this clause. Before amedical implant programmer/control
tranamitter initiates a MICS communi cations session, the requirements as stated specifically in clauses 10.1, 10.2, 10.3,
10.4, 10.5 and 10.6 shall be met. The monitoring system antenna used to determine the power leve of any ambient
signals shall be the antenna normally used by the programmer/control transmitter for a MICS communi cations session.
A MICS communications session may beinitiated by a medical implant device if amedical implant event occursin
which case the provisions of this clause are not required to be met.

10.1  Monitoring system threshold power level

The monitoring system threshold power level, Thp shall not be greater than the calculated level given by the equation,
10logB(Hertz) - 150 (dBm/Hertz) + G (dB;), where B is the emission bandwidth of the MICS communication session

tranamitter having the widest emission bandwidth and G isthe medical implant programmer/control transmitter
monitoring System antenna gain relative to an isotropic antenna.

A manufacturer may elect to use athreshold power levd that is below the permitted maximum level or the manufacturer
may elect to only use the least interfered channd method of channd selection.

It isnot necessary to measure the actual threshold power level of a MICS system, however, it shall be determined that
the system uses the LI C selection process if no channel is available with an ambient power level at or below the
calculated threshold power level. Thistest shows the system has sufficient sensitivity to recognize and accurately
compare the ambient signalsto the calculated threshold power level.

10.1.1 Measurement procedure using out-of-operating-region disturbance

Calculate the threshold power level for the EUT using the formula above and the emission bandwidth determined in
clause 8.2 and record the value as Thp. For purposes of calculating the threshold power level, the manufacturer may

specify or the test facility may measure the monitoring system antenna gain above isotropic as agreed between the
manufacturer and the laboratory facility. Using a disturbance source, generate the spectrum pattern shown in figure 1
with the EUT operating region centred on f.. The width of the spectral notch shall be twice the emission bandwidth

measured in clause 8.2. Verify that the EUT will transmit and that it transmits only on f.. If it transmits on a frequency
other than f, narrow the notch until it transmits only on f.. Raise the level of the out-of-operating-region disturbance by
20 dB and determine that the EUT transmits on f.. Set the notch width, if necessary, to the point where the EUT
transmitsonly on f.. Lower thelevel of the out-of-operating-region disturbance by 20 dB but do not readjust the notch
width. Verify that the EUT transmits only on f.. This process minimizes the effects of the monitoring system filter
bandwidth on the following measurement. Using a CW signal source, inject asignal with frequency, f. at alevel 6 dB
below the calculated threshold level. Determineif the EUT transmits on f... If the EUT transmitson f, cease
transmission and raisethe level of the CW signal one dB. Determineif the EUT transmitson f.. This process is repeated
until the EUT does not trangmit on f, but does transmit on achannel in the out-of-operating-region disturbance area.
Note the level of the CW signal source.
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Figure 1: ULP-AMI Band
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10.1.2 Measurement procedure using frequency administration commands

Using frequency administration commands, force all channels in the out-of-operating-region above, to have a
recognized ambient power level equivalent to 3 dB above the calculated threshold power level. Using a CW signal
source, inject asignal at f; at alevel 6 dB below the calculated threshold power level and determine if the EUT

transmitson f.. The EUT should trangmit on f... If the EUT transmits on f, cease transmission and raise the level of the
CW signal one dB. Determineif the EUT transmitson f.. This process is repeated until the EUT will not transmit on f,,
but does transmit on a channdl in the out-of-operating-region disturbance area. Note the level of the CW signal source.

10.1.3 Results based on above test procedure

Using theleve of the CW signa source noted in either clause 10.1.1 or clause 10.1.2, subtract 4 dB and record the
power level. Compare the recorded power level with the calculated threshold level for the EUT. The recorded power
level shall be less than or equal to the calculated threshold power level.

10.2  Monitoring system bandwidth

The intent of thisrequirement isto insure that the EUT measures the power in a bandwidth that is equal to or greater
than the emission bandwidth of the transmitter with the widest emission that it will participate with ina MICS
communications session. If an EUT is capable of adjusting its monitoring system bandwidth to correspond to differing
emission bandwidths of devices participating in a MI1CS communications session, this procedure shall be repeated for
each emission bandwidth the EUT can use for communication. In order to insure the monitoring system bandwidth
requirement is met; the operation of the EUT shall be restricted to a single system carrier frequency within the
ULP-AMI band using frequency-administration commands, out-of-operating-region disturbance, or other techniques
agreed upon by thetest facility and the manufacturer. When using out-of-operating-region disturbance, care should be
taken to insure that the generated disturbance does not cause errors in measurement due to the dope of the monitoring
system bandwidth filter.

10.2.1 Measurement procedure using out-of-operating-region disturbance

The emission bandwidth of the device with the greatest bandwidth shall be used or if the programmer/controller
monitoring system bandwidth is adjustable to correspond to the emission bandwidth of each device, the following
process shall be repeated for each emission bandwidth. Using a disturbance source, generate the spectrum pattern
shown in figure 2 with the EUT operating region centred on f. The width of the spectral notch shall be twice the

emission bandwidth measured in clause 8.2. Verify that the EUT transmits only on f... If it transmits on afrequency
other than f, narrow the notch until it transmits only on f.. A CW signal at frequency f.. shal beinjected at alevel
sufficient to block operation on the channel with centre frequency f.. Verify that the EUT does not transmit on f. and
does trangmit on a frequency f; in the out-of-operating-region disturbance area. Stop communications and initiate anew

request for a communications link while reducing the CW signal level in one-dB stepsto alevel where the EUT just
transmits on f, and record the level as P,. The CW frequency shall be adjusted to f,,,, see clause 8.2.1.1, and its

amplitude increased sufficiently to just cause the EUT to transmit on a frequency in the out-of-operating frequency
region, f;, and the level recorded at P,,. The CW signal level shall be reduced to P, and its frequency shall be adjusted to

fhigh_ Stop communications and initiate anew request for acommunications link and verify the EUT transmits on
frequency f ., see clause 8.2.1.1. Increase the amplitude of the CW signal sufficiently to cause the EUT to transmit on a
frequency in the out-of-operating frequency region, f;, and record the level as P.. During the above process, asthelevels
are stepped it may be necessary to allow the system to scan the entire band in order to select the specified operating
frequency.

Subtract P, from P, and record the difference as D 1.

Subtract P, from P, and record the difference as D 2.
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Figure 2: ULP-AMI Band

10.2.2 Measurement procedure using frequency administration commands

The procedure above is used with the exception that out-of-operating-region disturbance generating equipment is not
used to force the EUT to operate on asingle channdl. The EUT operation is controlled through use of frequency
adminigtration commands that force the unit to recognize levels 3 dB above the threshold power level (see clause 10.1)
for all channels except the intended operating channel. A CW signd is utilized in amanner similar to the processin
clause 10.2.1 to determine the difference levels, D 1 and D 2.

10.2.3 Results based on above test procedure

The monitoring system bandwidth measured at its 20 dB down points shall be equal to or greater than the emission
bandwidth of the intended transmission.

Using the procedure above, the requirement ismet if D 1 and D 2 areless than or equal to 20 dB.

10.3  Monitoring system scan cycle time and minimum channel
monitoring period

The intent of these requirementsisto ensure that when the monitoring system updates the detected power levelsin the
ULP-AMI band, it scansthe ULP_AMI band at arate less than or equal to 5 seconds and that the monitoring period on
each channd is 10 ms or longer in order to detect transmissions that may have silent periods between data bursts that
areless than 10 msin duration.

10.3.1 Measurement procedure using out-of-operating-region disturbance

10.3.1.1 Scan cycle time

Using a disturbance source generate the spectrum pattern shown in figure 2 with the EUT operating region centred on
f.. The width of the spectral notch shall be twice the emission bandwidth measured in clause 8.2. Increase the level of

the out-of-operating-region sufficiently high to prevent operation under any circumstances on achannel other than f.
Adjust the width of the notch as necessary to allow transmission on f.. A CW signal at frequency f_ shall beinjected at
alevel equal to the out-of-operating-region disturbance level. Verify that communications do not occur on f.. If

communication occurs, increase the out-of-operating-region disturbance level and repeat the process until
communi cations does not occur on f ..
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Placethe EUT in astate whereiit is seeking to initiate a communications session to amedical implant transmitter. At the
sametimethe EUT is placed in this state, remove the CW signal and measure the time period between the removal of
the CW signal and the beginning of transmission of the EUT. Record the time period and repest this process a sufficient
number of times to establish a pattern for the cycle time. Record the time period each time the process is repeated, to

10.3.1.2 Minimum channel monitoring period

In order to determine that the channel monitoring period conforms to the requirement, the set-up is smilar to the above.
Using a disturbance source generate the spectrum pattern shown in figure 2 with the EUT operating region centred on
f.. The width of the spectral notch shall be twice the emission bandwidth measured in clause 8.2. Increase the level of

the out-of-operating-region disturbance sufficiently high to prevent operation under any circumstances on a channel
other than f . as specified by the manufacturer. Verify that the EUT transmits on f. and adjust the width of the notch as

necessary to allow transmission only on f...

Using a CW signal source set tof,,, inject asignal at alevel 3 dB above thelevel that just prevents the EUT from

accessing any channel in the ULP-AMI band. The CW signal source should then be modulated with a 0,1 ms pulse
whose repetition frequency can be adjusted to 100 Hz corresponding to a silent period between pulses of 9,9 ms. Place
the EUT in a state where it is seeking to continuoudly initiate a communications session to amedical implant. The EUT
shall not initiate a communications session. This condition should be monitored for several minutesin order to make
surethe EUT isnot able to initiate a communications session. This test assures that the EUT monitoring period is at
least 10 mslong. Monitoring for several minutes is necessary because channel monitoring and subsequent transmission
isavariable function related to the band scanning cycle period of the EUT and the 100 Hz repetition rate of the 0,1 ms
pulse.

10.3.2 Measurement procedure using frequency administration commands

The procedure above is used except that out-of-operating-region disturbance generating equipment is not used to force
the EUT to operate on a single channel. The EUT operation is controlled through use of frequency adminigtration
commands that force the unit to operate only on the intended operating frequency, f.. A CW signal isutilizedina

manner similar to the processin clause 10.3.1.1 to record the cycle time periods, t, t;, t, €C.
A CW pulse modulated as specified in clause 10.3.1.2 is used to insure that the minimum channe monitoring period is
at least 10 mslong. When this signal is applied the EUT shall not be able to initiate a communications session.

10.3.3 Results based on above test procedure

10.3.3.1 Scan cycle time

Within 5 s prior to initiating a communications session, circuitry associated with a medical implant programmer/control
trangmitter shall monitor all the channelsin the ULP-AMI band.

Therequirement ismet if all values of t, t;, t, t,,, €tc., arelessthan or equal to 5 seconds.

10.3.3.2 Minimum Channel Monitoring Period
Each MICS channd shall be monitored for a minimum of 10 msduring each scan cycle of 5 seconds or less duration.

Conformity with this requirement is shown if, during testing, the EUT is unable to access spectrum and initiate a
communi cations session when the CW signal, modulated as specified in clause 10.3.1.2, isinjected on f...
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10.4 Channel access based on ambient levels relative to the
calculated access threshold level, Thy

MICS programmer/control transmitters are permitted to initiate a M1CS communi cations session to an implant
tranamitter immediately on any channel where the ambient signal level is bel ow the maximum permitted threshold
power level, Thp, referenced to the emission bandwidth of the MICS device with the widest emission bandwidth that

will participate in a MICS communications session initiated by the EUT. If no channd is available with an ambient
power level at or below the maximum permitted Thp, spectrum access is permitted based on the channel with the lowest

ambient power level referred to asthe LIC or "least interfered channd™. If the manufacturer chooses not to use the
threshold power level provisions, spectrum accessis permitted based on the LIC referenced to the emission bandwidth
of the MICS device with the widest emission bandwidth that will participatein a MICS communications session
initiated by the EUT. Once aMICS session is established, it may continue as long asthe silent period in two-way
communication between co-operating devices does not exceed 5 s.

10.4.1 Access based on lowest ambient level above Th, using
out-of-operating-region disturbance

Using a disturbance source generate the spectrum pattern shown in figure 3 with the EUT operating region centred on
f.. The width of the spectral notches centred on f. and on the LIC channel shall be twice the emission bandwidth

measured in clause 8.2. Verify that the EUT transmitson f... If it transmits on a frequency other than f, narrow the
notch until it transmitsonly on f.. A CW signal at frequency f shall be injected at alevel 3 dB below the calcul ated
threshold power level, Thy,. Initiate a communications session and determine that transmission occurs on f.. Cease

transmission and increase the CW signal level by 9 dB. Initiate a communications session and determine that
transmission occurs on the centre frequency of the LI1C channel indicated in figure 3. In setting up the L1C channd, it
should be determined if the programmer/control transmitter uses a predetermined channellization plan. If it usesa
predetermined channellization plan, the centre frequency of the LIC channel should coincide with the centre frequency
of one of its channels. If the system does not employ a predetermined channdling plan, this step is not necessary.
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Figure 3: ULP-AMI Band
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10.4.2 Access based on lowest ambient level above Th, using frequency
administration commands

The procedure in clause 10.4.1 is used except that out-of-operating-region disturbance generating equipment is not used
to force the EUT to operate on asingle channel. The EUT operation is controlled through use of frequency
adminigtration commands that force the out-of-operating-region ambient levels, the LIC channel level, and the intended
operating frequency, f, channel level to be recognized by the system. A CW signal at frequency f, shall beinjected at a
level 3 dB below the access threshold, Thp. Initiate a communications session and determine that transmission occurs on
f.. Increasethe CW signal level by 9 dB. Initiate a communications session and determine that transmission occurs on

the centre frequency of the LI1C channel selected by the frequency administration commands.

10.4.3 Results based on above test procedure

The EUT shall access and trangmit on the least interfered channel (L1C) after the CW signal at frequency, f., has been
increased by 9 dB from itsinitial level of 3 dB below the calculated access threshold.

10.5 Discontinuation of MICS session if a silent period greater
than or equal to 5 seconds occurs

MICS systems shall cease transmission in the event the communications session is interrupted for a period of 5 sor
more.

10.5.1 Measurement procedure

Using either of the proceduresin clauses 10.4.1 or 10.4.2, establish a communications link from the programmer/control
transmitter to a medical implant device in the LIC channel by setting the CW signal source at frequency, f., to alevel

that is 9 dB aboveitsinitial value of 3 dB below the cal culated access threshold. Verify that the medical implant is
communicating with the programmer/control transmitter on the LIC channel. Reduce the CW signa generator leve to
3 dB below the cal cul ated access threshold and immediately turn off or block the channd for a period of time grester
than 5 seconds. Measure and record the time required for the programmer/control transmitter to end its transmission
(i.e. the EUT ceasesto try to continue transmission or re-establish transmission) in the LIC channel. Enable the medical
implant transmitter. The communications session should not restart in the previous LI1C channel. The
programmer/control transmitter may restart the session on f...

10.5.2 Results based on above test procedure

Emission from the programmer/control transmitter on theinitial LIC channel shall ceasein an amount of time less than

or equal to 5 seconds after the medical implant transmitter isturned off or blocked and the session should not restart on

theinitial LIC channél. If thetime recorded aboveis less than or equal to 5 seconds and communication does not restart
on theinitial LIC channel, the requirement is met.

10.6  Use of pre-scanned alternate channel

At thetime a channd for operation isinitially selected and accessed, it is permissible for the monitoring system to select
one additional channel for alternate operation for useif the initially selected channel becomes unavailable due to
blockage of the channel from unknown disturbing ambient signals. The procedures in this clause determine if the
system uses this feature and, if so, if it complies with the requirements for alternate channd sdection. MICS
programmer/controllers that do not use the alternate channd provision are required to meet the other provisions of the
access protocol.
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It is necessary to conduct atest to determineif the alternate channel provision isused. Thetest set-up in clause 10.4.1 or
10.4.2 may be used. Using asignal from the CW source on f_ at alevel 3 dB below the calculated access threshold

level, establish a communications link from the programmer/control transmitter to amedical implant on frequency f; as

indicated in figure 3. Thiswill permit the system to place in memory a channel, designated asthe LIC channdl in
figure 3, asthe alternate channd. Verify that the programmer/control and medical implant transmittersarein
communication. Open an additional channel, designated asLIC, with an ambient level 12 dB below thelevel of the out

of operating region interference level. Increase the CW signal source operating on f, sufficiently high to block the

communi cations session and measure the time required for the programmer/control transmitter to initiate a new
communications link on the aternate channdl.

If the programmer/controller transmitter does not access spectrum or accesses LIC, the system does not use the

provision for use of a pre-scanned alternate channel and no further tests are necessary. If the programmer/control
tranamitter accesses the designated alternate channel it uses the alternate channel provision and tests to determine
compliance with the following requirements must be made:

1) Before tranamitting on the alternate channd, the channdl must be monitored for a period of at least 10 ms.
2) The detected power level during this 10 msor greater monitoring period must be no higher than 6 dB above the
power level detected when the channd was chosen as the alternate channel.

10.6.1 Measurement procedure for alternate channel selection using
out-of-operating-region disturbance

Set up the disturbance signals as shown in figure 4.
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Figure 4: ULP-AMI Band
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Using the procedure in 10.4.1, establish a communications link from the programmer/control transmitter to amedical
implant device on the intended operating frequency, f., asindicated in figure 4 with the CW signal source operating on

frequency f. at alevel 3 dB below Thp. Thiswill permit the system to place in its memory the ambient power levelsin
the LIC, and LIC, channels. Verify that the programmer/control transmitter and medical implant transmitter arein
communication on the channel with centre frequency f.. Using a CW signal source operating on f,, inject asignal at a
level sufficient to block operation on the channel with centre frequency, f.. Verify that the EUT establishes anew
communications session on the LIC, channel. Reduce the CW signal source power level to its previous value, initiate a
new communications session, and verify communications session operation is on the channel with centre frequency f..
This allows mapping into memory the ambient power levelsin the LIC, and LIC, channels. With the system operating,
using a CW signal source operating on f, inject asignal at alevel sufficient to block operation on f.. Simultaneously
with theinjection of thishigh level CW signal on f_, inject asignal source on the centre frequency of the L1C, channel

that is modulated with a 0,1 millisecond pul se whose repetition frequency can be adjusted to 100 Hz corresponding to a
slent timeinterval between pulses of 9,9 ms. The amplitude of this signal should be 6 dB above the cal culated access
threshold levd, Thp. The programmer/control transmitter shall establish a new communications link to the medical

implant on the L1C, channel. Record the time difference between applying the high level CW signal and the
programmer/controller trangmitter signal appearing on LIC; as T,. T1 should always be much less than the maximum
band scanning cycle time; ton recorded in clause 10.3.1.1. Repeat the above process and establish communication on f .
Inject a CW signal on f.. high enough to block operation on f, and simultaneously inject the pulse-modulated signal on
LIC, asabove except the amplitude of the signal should be 12 dB above Thp. This condition should be monitored for
several minutes, or until anew session isinitiated in L1C,. The programmer/control transmitter shall not establish a
connection on LIC, or in the out-of-operating-region disturbance portions of the band. Repeat thislast process at least

5 timesto 10 times to insure that random variables associated with applying signals and session activation sequences do
not permit access to occur in the LIC,; channel. If access occurs on LIC,, record the time difference between the

application of the high level CW signal and channd accesson LIC,as T,, T, €tc.

10.6.2 Measurement procedure for alternate channel selection using
frequency administration commands

The procedure in clause 10.6.1 is used except that out-of-operating-region disturbance generating equipment is not used
to force the EUT to operate on asingle channel. The EUT operation is controlled through use of frequency
administration commands that force the out-of-operating-region ambient levels, the LIC; and LIC, channel levels, and

the intended operating frequency, f, channd level to be recognized by the system. Disturbances from the CW signal

and pulse modul ated sources are injected in amanner similar to clause 10.6.1. With the 0,1 millisecond pul se modulated
signal at alevel of 6 dB above Thy, in the LIC, channel, the programmer/controller transmitter shall access LIC,. With

the pulse-modulated signal at aleve of 12 dB above Thp, the programmer/controller shall not access spectrum except in
the LIC, channel. Thislast process should be repeated 5 to 10 timesto insure access on LIC, does not occur. Record the
time differentials as above.

10.6.3 Results based on above test procedure

Systems using the aternate channel provision shall monitor the alternate channel for at least 10 ms prior to transmitting
on the alternate channel. The detected power level during this minimum 10 millisecond monitoring period shall be no
higher than 6 dB above the power level detected when the channd was chosen as the alternate channel. Successful
completion of the test using the procedure in either clause 10.6.1 or clause 10.6.2, isindicated by ability to establish a
connection on the LIC,; channd in atimeinterval much less than the scan cycle time with the pulse modulated signal at
an amplitude of 6 dB above the calculated threshold power level. With the pulse modulated signal amplitude at 12 dB
above the calculated threshold power level, access on LIC, isnot permitted and access on LIC, is permitted only after

the entire ULP_AMI band isre-scanned.
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Systems using this provision are not alowed to select more than one alternate channd. In this case the desired dternate
channel isdefined as LIC;. For any occurrences of access on the channed designated as LIC,, subtract the recorded

timeT,, T,,, €tc., from T,. In all cases the difference between the two should be approximately equal to or greater than

the scanning cycle time for the system. If the difference is short compared to the scan cycle time, the system is not
re-scanning the entire band before accessing the LIC, channd, which is unacceptable. Any operation in the

out-of-operating-region area is not acceptable.

11 Safety issues related to non-ionizing radiation

In order to insure the safety and well being of a patient that has an active medical implant placed within his body, it is
necessary to determine that industry standard limits for non-ionizing radiation are met. Active medical implants have
the potential, in some implementations, to produce Specific Absorption Rate (SAR) levels that exceed the generally
recognized limitsfor this type of exposure. The International Commission on Non-lonizing Radiation Protection [11]
(ICNIRP) has published guidelines for exposure reated to the environment and exposure categories for RF devices for
frequencies up to 300 GHz. Further information can aso be found in the Council Recommendation 1999/519/EC [15]
published in the Official Journal L199, 30/07/1999 p.0059-0070.

12 Electromagnetic compatibility

Equipment covered by the present document incorporate UHF transceivers for the purpose of providing atelemetry link
from amedica device external to the human body to a medical device internal to the human body such as a pacemaker,
defibrillator or other medical implant. The specification in this clause isintended to cover electromagnetic compatibility
requirements for the radio sections and bring the radio sectionsin line with requirements that apply to the medical
section of the device. Device classifications, i.e life supporting or non-life supporting, are determined using the
definitions contained in EN 60601-1-2 [7]. Special considerationsrelated to compatibility testing for theradio sections
are st forth below. Medical sections of this equipment will continue to be covered by the applicable medical standards.

The Active Implantable Medical Devices Directive, 90/385/EEC [6] references for safety issues (including
electromagnetic compatibility requirements), CEN standard EN 45502-1 [14], Active implantable medical devices.
Compatibility requirements, emissions and immunity, in EN 45502-1 [14] for the non-implantable parts of an active
implantable medical device are covered by EN 60601-1-2 [7] (see clause 5 of EN 45502-1 [14]) while requirements for
the active implantable medical device are covered using a hazard analysis approach (see clause 27 of EN 45502-1 [14]).
Thehazard analysisis required for the active implantable medical device to show that no harm will be caused to the
patient by susceptibility to electrical influences due to external electromagnetic fields. Compliance is determined by
review of the hazard analysis documentation provided by the manufacturer. Clause 27 of EN 45502-1 [14] does not
address or provide guidance for radio sections that are part of active implantable medical devices.

Ultra-Low Power Active Medical Implant Communications programmer/controllers and implants are always operated
in close proximity to each other because of their ultra-low power output. In this case, it can be assumed that under any
condition of operation of the telemetry link, the e ectromagnetic ambient environment of the programmer/controller (the
non-implantable part of an active implantable medical device that operates under the provisions of the present
document) and the active medical implant will be the same. Requiring theradio and medical sections of the
programmer/controller and the active medical implant to meet the same compatibility requirements will thus maintain
the protection and safety of the patient. Thereforeiit isintended that radio systems used in programmer/controllers shall
meet the requirements imposed by clause 36, Electromagnetic Compatibility, of EN 60601-1-2 [7] and radio systems
used in active medical implants shall meet the same requirements in vitro. Necessary modifications of procedures,
equipment configurations and performance criteria to enable radio sections covered by the present document to show
compliance with the requirementsin EN 60601-1-2 [7] have been included in the present document. The provisions of
this clause are limited to the radio sections of medical devices that operate under the present document.
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12.1  Method of measurement for electromagnetic compatibility

12.1.1 Programmer/Controller

Radio systems used in programmer/controllers are subject to the el ectromagnetic compatibility requirementsreferenced
in clause 36, Electromagnetic Compatibility, of EN 60601-1-2 [7]. During testing atelemetry link may be initially
established. It is acceptable during the course of testing for the telemetry link to drop out. A simulator may be used in
lieu of an implant if agreed to by the manufacture and the test facility. A receiver exclusion zone extending from

381,8 MHz to 425,2 MHz shall be used. Additional requirements and/or test procedures are either specified in

EN 60601-1-2 [7] or cross-referenced in EN 60601-1-2 [7] to other recognized standards.

12.1.2  Active implantable medical device

EN 60601-1-2 [ 7] doesnot addresstheissue of & ectromagnetic compatibility requirements for adeviceto beimplanted in
ahuman, asthey would be addressed for conventiona radio systems. Therefore, additiona guidance has been provided in
the present document relating to equipment set up and procedures. Generally radio telemetry operation of medical implants
occurs only after implantation in the patient and active medical implants useinternal batteries for their power source.
Under these circumstances, in order to Smulate actual usage conditionsto the extent possible, an in vitro processis
required.

For emissions measurements use atest site, sdected from annex A, which isappropriate for the EUT. The equipment shall
be placed at the specified height on asupport, as specified in annex A, and in the position closest to normal use as declared
by the applicant. Active medical implant devices shall be mounted and arranged in the human torso smulator as described
in dause A.1.1.3 usng the specified tissue substitute material. Emissons measurements will then be performed using
standard measurement techniques asrequired by clause 36 of EN 60601-1-2 [7].

For immunity measurements use atest ste, seected from annex A, which isappropriate for the EUT. The equipment shall
be placed at the specified height on a support, as specified in annex A, and in the position closest to normal use as declared
by the applicant. Active medical implant devices shall be mounted and arranged in the human torso smulator as described
incdause A.1.1.3, or larger container for conducted di sturbance test when needed, using the specified tissue substitute
material. Sincethese devices are battery operated and are internal to the human body, only immunity from e ectromagnetic
fields needs to be addressed. Immunity from e ectromagnetic fiel dsis addressed ether asaradiated fiedld immunity
requirement or as a conducted disturbance immunity requirement. The conducted test isto account for induced voltages
resulting from incident dectromagnetic radiation on leads attached to the unit. Thelatter test requiresthe coupling of RF
energy at the specified frequency and level to leads attached to the device. For an implant that requires the application of
RF energy to leads attached to it, the arrangement for coupling the RF to the leads and the in vitro environment for the
implant will be agreed between thetest facility and the manufacturer. The conducted disturbance level as specified in

EN 60601-1-2[7] will be adjusted to account for absorption of theincident € ectromagnetic energy by body tissue at each
frequency tested. For the conducted disturbancetest to be applicable, thetip-to-tip separation distance of any two leads, as
they would be placed in atypical medical application, shall be equal to or greater than 1 metre. Accordingly, active
medical implantsin which thelead placement in atypical medical application would not result in atip to tip separation
distance of 1 meter or more between any two leads, as specified by the manufacturer, do not require testing to show
compliance with a conducted disturbance requirement.

The following procedure shall be used for al radiated field immunity testing. Sdect a suitable test site from annex A,
which isappropriate for the EUT. The equipment shall be placed at the specified height on asupport, as specified in
annex A, and in the podition closest to normal use as declared by the applicant. Active medical implant devices shall be
mounted and arranged in the human torso smulator as described in clause A.1.1.3 using the specified tissue subgtitute
material. Using a suitable test antennaiinitialy set for vertical polarization, thetorso simulator shall be illuminated with
an electromagnetic field whose level is specified in clause 36.202.2.1 of EN 60601-1-2 [7]. Thetorso simulator shall be
rotated to the position where the implant contained in the smulator is closest to the radiating antenna and shall remain
fixed. During testing, atdemetry link will initially be established. It is acceptable during the course of testing for the
telemetry link to drop out. A simulator may be used in lieu of a programmer/controller if agreed to by the manufacture
and the test facility. The pre-programmed therapeutic operation of theimplant shall be monitored. A receiver exclusion
zone extending from 381,8 MHz to 425,2 MHz shall be used. Requirements and test conditions as stated in clause
36.202.1 shall be utilized to the extent possible except as noted above. If requirements conflict, the requirementsin the
present document shall take precedence. This process will then be repeated with the test antenna set for horizontal
polarization.
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12.2 Requirements

12.2.1 Programmer/controller

Under any condition of exposure to the environments that were used as a basisfor the requirements of this clause, as
reflected in EN 60601-1-2 [7], the health and safety of the operator and the implanted individual (patient) needs to
always be maintained. Thisrequirement is met if during exposure to the test conditions specified in clause 36 of

EN 60601-1-2 [7] the programmer/controller meets the criteria specified in EN 60601-1-2 [7] and other referenced
standards. For telemetry link operation, it is acceptable for the telemetry link to drop out aslong as datais not received
and incorrectly decoded by the programmer/controller or corrupted programming information isnot transmitted to and
decoded by the implant.

12.2.2  Active implantable medical device

For active medical implants, therapeutic operation during exposure to the levels specified in clause 36.202 of

EN 60601-1-2 [7] shall be ddlivered per pre-programmed parameters. Minor changes in delivered therapy are
acceptable provided the changes conform to the manufacturers intended operation. For telemetry link operation, itis
acceptable for the telemetry link to drop out during testing aslong as programming information is not received and
incorrectly decoded by the implant and corrupted data is not transmitted to and decoded by the programmer/controller.

ETSI



41 Draft ETSI EN 301 839-1 V1.1.1 (2001-07)

Annex A (normative):
Radiated measurements

A.1  Test sites and general arrangements for
measurements involving the use of radiated fields

A.1.1 Outdoor test site

The outdoor test site shall be on areasonably level surface or ground. For measurements at frequencies 25 MHz and
above, a conducting ground plane of at least 5 m diameter shall be provided at one point on the site. In the middle of
this ground plane, anon-conducting support, capable of rotation through 360° in the horizontal plane, shall be used to
support the test samplein its standard position, at 1 m above the ground plane. The test site shall be large enough to
allow the erection of ameasuring or tranamitting antenna at a distance of A/2 m or 3 m whichever isgreater. The
distance actually used shall be recorded with the results of the tests carried out on the site.

Sufficient precautions shall be taken to ensure that reflections from extraneous objects adjacent to the Ste do not
degrade the measurement results according to the specification of CISPR 16-1 [9].

Equipment under test

High pass filter (may not be necessary
Spectrum analyzer or measuring receiver

Test antenna 2 \/‘l

PR

Figure A.1

ETSI



42 Draft ETSI EN 301 839-1 V1.1.1 (2001-07)

A.1.1.1 Standard position

The standard position for all programmer/control transmitters used in the Medical Implant Communications Service,
except for equipment that is intended to be worn on a person or implanted in a human body shall be as follows:

- for equipment with an integral antenna or dedicated antenna, it shall be placed in the position closest to normal
use as declared by the manufacturer;

- for equipment with arigid or semi-rigid external antenna, the antenna shall be vertical;
- for equipment with non-rigid external antenna, the antenna shall be extended vertically upwards by a
non-conducting support.
A.1.1.2 Equipment in close proximity to the human body but external to it
The following provisions apply to equipment designed to be externa to but in very close proximity to a human body.

For programmer/control equipment intended to be worn close to the body or hand held, the non-conducting support
may, at therequest of the applicant be replaced with a simulated man, if appropriate. The use of the simulated man shall
be stated in the test report.

The simulated man for equipment externa to the body shall consist of an acrylic tube, filled with sat water (1,5 g NaCl
per litre of distilled water). The tube shall have alength of 1,7 m £ 0,1 m and an internal diameter of 300 mm + 5 mm
with sidewall thickness of 1,5 mm + 0,5 mm.

To reduce the weight of the smulated man it may be possible to use an adternative tube that has ahollow centre of
200 mm maximum diameter.

The sample shall be fixed to the surface of the smulated man, at the appropriate height for the equipment.

The following provisions apply to equipment designed to be implanted in a human body.

A.1.1.3 Active medical implant equipment

Equipment intended to be implanted in ahuman body shall be tested in a simulated man constructed as follows in order
to simulate operation of theimplant under actual operation conditions as shown in figure A.2.

A v

| | Plastic Grid
o |
| T T -

76 cm ' -5 K/¢
N.___>Z:‘ Implant w/ant
| :\ and leads

38cm o V\i fixed to grid

e [ cylinder filled with tissue

‘ ) substitute material

Figure A.2

ETSI



43 Draft ETSI EN 301 839-1 V1.1.1 (2001-07)

An appropriate simulator for testing medical implant transmitters consists of a cylindrical Plexiglas container with a
sizeof 30 cm £ 0,5 cm by 76 cm = 0,5 cm with a Sdewall thickness of 0,635 cm = 0,05 cm. It shall be completdy filled
with amaterial that is sufficiently fluid that it will flow around the implant without any voids. The dielectric and
conductivity properties of this material shall match the dielectric and conductivity properties of human muscle tissue at
403,5 MHz. Smple sdine solutions do not meet the dielectric and conductivity requirements for use as a substitute for
human tissue. All emissions measurements will be made using the above specification with the tissue substitute material
at anominal temperature between 22°C and 38°C. Thistemperature will facilitate testing because it istypical of
ambient conditions at many test sites. A mounting grid for the implant inside the container shall be provided that
permits the radiating e ement or e ements of the implant to be positioned vertically and horizontally. The grid should
also support any additional implant leads associated with the therapeutic function of the implant in a fixed repeatable
manner such that they do not influence the measurement. The implant antenna shall be mounted 6 cm + 0,5 cm from the
sidewall and centred vertically within the container. When switching from vertical to horizontal positioning, it may be
necessary to reposition the antenna to maintain a separation of 6 cm = 0,5 cm from the sidewall of the test fixture along
itslength. Implant leads will be coiled and placed away from the implant antenna while maintaining anomina 6 cm
from the sdewall. The above fixture shall be placed on aturntable such that the implant transmitter will be located at a
nominal 1,5 m height above ground and at a 3 m distance from the measurement antenna. Radiated emissions
measurements shall then be performed to insure compliance with the applicable technical specifications.

A formulafor a suitable tissue substitute material is defined in the paper "Simulated Biological Materials for
Electromagnetic Radiation Absorption Studies' by G. Hartsgrove, A. Kraszewski, and A. Surowiec as published in
"Bioel ectromagnetics 8:29-36 (1987)".

A.1.2 Test antenna

The test antennais used to detect the radiation from both the test sample and the substitution antenna, when the siteis
used for radiation measurements. Where necessary, it may be used as a transmitting antenna, when the siteis used for
the measurement of receiver characteristics provided itsradiation characteristics are smilar to the antenna normally
used with the medical device.

This antennais mounted on a support such as to allow the antenna to be used in either horizontal or vertical polarization
and for the height of its centre above ground to be varied over therange 1 m to 4 m. Preferably a test antennawith a
gain characteristic smilar to a dipole antenna should be used. The size of the test antenna al ong the measurement axis
shall not exceed 20 % of the measuring distance.

For receiver and transmitter radiation measurements, the test antenna is connected to a measuring receiver, capable of
being tuned to any frequency under investigation and of measuring accurately therelative levels of signalsat itsinpui.
For receiver radiated sensitivity measurements, the test antennais connected to asigna generator.

A.1.3 Substitution antenna

When measuring in the frequency range up to 1 GHz the substitution antenna shall be a A/2 dipole, resonant at the
operating frequency, or a shortened dipole, calibrated to the A/2 dipole. When measuring in the frequency range above
4 GHz, ahorn radiator shall be used. For measurements between 1 GHz and 4 GHz, either aA/2 dipole or ahorn
radiator may be used. The centre of this antenna shall coincide with the reference point of the test sample it has replaced
including the torso simulator if used. Thisreference point shall be the volume centre of the sample when itsantennais
mounted inside the cabinet, or the point where an externa antennais connected to the cabinet.

The distance between the lower extremity of the dipole and the ground shall not be less than 0,3 m.

The substitution antenna shall be connected to a calibrated signal generator when the siteis used for spurious radiation
measurements and transmitter effective radiated power measurements. The substitution antenna shall be connected to a
calibrated measuring receiver when the siteis used for access protocol measurements and the measurement of receiver
sengitivity.

The signal generator and the receiver shall operate at the frequencies under investigation and shall be connected to the
antenna through suitable matching and balancing networks, as appropriate.

NOTE: Thegain of ahorn antennais generally expressed relative to an isotropic radiator.
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Figure A.3: Indoor site arrangement (shown for horizontal polarization)

A.1.4 Optional additional indoor site

When the frequency of the signals being measured is greater than 80 MHz, use may be made of an indoor test site. If
thisalternative site is used, this shall be recorded in the test report.

The measurement site may be a laboratory room with aminimum area of 6 m by 7 m and at least 2,7 m in height.

Apart from the measuring apparatus and the operator, the room shall be as free as possible from refl ecting objects other
than thewalls, floor and ceiling.

The potential reflections from the wall behind the equipment under test are reduced by placing a barrier of absorbent
material in front of it. The corner reflector around the test antennais used to reduce the effect of reflections from the
opposite wall and from the floor and ceiling, in the case of horizontally polarized measurements. Similarly, the corner
reflector reduces the effects of reflections from the sidewallsfor vertically polarized measurements. For the lower part
of the frequency range (bel ow approximately 175 MHz), no corner reflector or absorbent barrier isneeded. For practical
reasons, the A/2 antennain figure A.3 may be replaced by an antenna of constant length, provided that thislength is
between A/4 and A at the frequency of measurement, and the sensitivity of the measuring system is sufficient. In the
same way, the distance of A/2 to the apex may be varied.

The test antenna, measuring receiver, substitution antenna and calibrated signal generator are used in away similar to
that of the general method. To ensure that errors are not caused by the propagation path approaching the point at which
phase cancellation between the direct and the remaining reflected signals occurs, the substitution antenna shall be
moved through a distance of +0,1 min the direction of the test antennaaswell asin the two directions perpendicular to
thisfirst direction.

If these changes of distance cause a sgnal change of greater than 2 dB, the test sample should be re-sited until a change
of lessthan 2 dB is obtained.
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A.2 Guidance on the use of radiation test sites

For measurements involving the use of radiated fields, use may be made of atest sitein conformity with the
requirements of clause A.1. When using such atest site, the following conditions should be observed to ensure
consistency of measuring results.

A.2.1 Measuring distance

Evidence indicates that the measuring distance isnot critical and does not significantly affect the measuring results,
provided that the distance is not less than A/2 at the frequency of measurement, and that the precautions described in
this annex are observed. Measuring distances of 3 m, 5m, 10 m and 30 m arein common use in European test
laboratories.

A.2.2 Test antenna

If performing substitution measurements, different types of test antenna may be used, since the substitution technique
reduces the effect of the errors on the measuring results. If performing radiated field strength measurements, a
calibrated A/2 dipole antenna shall be used.

Height variation of the test antenna over arange of 1 mto 4 mis essentid in order to find the point at which the
radiation is at a maximum.

Height variation of the test antennamay not be necessary at the lower frequencies below approximately 100 MHz.

A.2.3 Substitution antenna

Variations in the measuring results may occur with the use of different types of substitution antenna at the lower
frequencies bel ow approximately 80 MHz. Where a shortened dipole antennaiis used at these frequencies, details of the
type of antenna used should be included with the results of the tests carried out on the test site. Correction factors shall
be taken into account when shortened dipol e antennas are used.

A.2.4 Artificial antenna

The dimensions of the artificial antenna used during radiated measurements should be small in relation to the sample
under test.

Where possible, a direct connection should be used between the artificial antenna and the test sample. In cases whereiit
IS hecessary to use a connecting cable, precautions should be taken to reduce the radiation from this cable by, for
example, the use of ferrite cores or double-screened cables.

A.2.5 Auxiliary cables

The position of auxiliary cables (power supply and microphone cables etc.), which are not adequately de-coupled, may
cause variationsin the measurement results. In order to get reproducible results, cables and wires of auxiliaries should
be arranged vertically downwards (through a hole in the non-conducting support), or as specified in the technical
documentation supplied with the equi pment.

Care shall be taken to ensure that test cables do not adversely effect the measuring result.
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A.3  Further optional alternative indoor test site using an
anechoic chamber

For radiation measurements, when the test frequency of the sgnals being measured is greater than 30 MHz, use may be
made of an indoor test site being awell-shieded anechoic chamber smulating a free space environment. If such a
chamber is used, this shall be recorded in the test report.

The test antennas, measuring receiver, substitution antenna and calibrated sgna generator are used in away similar to
that of the general method, clause A.1. In the range 30 MHz to 100 MHz, some additional calibration may be necessary.

An example of atypical measurement site may be an e ectrically shielded anechoic chamber being 10 m long,

5 m broad and 5 m high. Walls and ceiling should be coated with RF absorbers of 1m height. The base should be
covered with absorbing material 1 m thick and a wooden floor, capable of carrying test equipment and operators. The
construction of the anechoic chamber is described in the following clauses.

A.3.1 Example of the construction of a shielded anechoic
chamber

Free-field measurements can be simulated in a shielded measuring chamber where the walls are coated with RF
absorbers. Figure A.4 shows the requirements for shielding loss and wall return loss of such aroom. As dimensionsand
characteristics of usual absorber materias are critical below 100 MHz (height of absorbers < 1 m, reflection attenuation
< 20 dB) such aroom is more suitable for measurements above 100 MHz. Figure A.5 shows the construction of an
anechoic shielded measuring chamber having abase area of 5 m by 10 m and a height of 5 m.

Ceilings and walls are coated with pyramidal formed RF absorbers approximately 1 m high. The base is covered with
absorbers forming a non-conducting sub-floor or with specia ground floor absorbers. The available internal dimensions
of theroom are 3 m x 8 m x 3 m, so that a maximum measuring distance of 5m length in the middle axis of thisroom is
available.

At 100 MHz, the measuring distance can be extended up to a maximum of 2A.

The floor absorbers reduce floor reflections so that the antenna height need not be changed and floor reflection
influences need not be considered.

All measuring results can therefore be checked with simple cal culations and the measurement uncertainties have the
smallest possible values due to the simple measuring configuration.

A.3.2 Influence of parasitic reflections in anechoic chambers

For free-space propagation in the far field condition the correlation E = Eo (Ro/R) is valid for the dependence of the
field strength E on the distance R, whereby Eo isthereference field strength in the reference distance Ro.

Itisuseful to usethis correlation for comparison measurements, asall constants are eliminated with theratio and
neither cable attenuation, nor antenna mismatch, or antennadimensions are of importance.

Deviations from theideal curve can be seen easily if the logarithm of the above equation is used, because the ideal
correlation of field strength and distance can then be shown as a sraight line and the deviations occurring in practice are
clearly visible. Thisindirect method more readily shows the disturbances due to reflections and is far |ess problematical
than the direct measurement of reflection attenuation.

With an anechoic chamber of the dimensions suggested in clause A.3 at low frequencies up to 100 MHz, thereareno
far field conditions and therefore reflections are stronger so that careful calibration is necessary; in the medium
frequency range from 100 MHz to 1 GHz the dependence of the field strength on the distance meets the expectations
very well.
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A.3.3 Calibration of the shielded RF anechoic chamber
Careful calibration of the chamber shall be performed over therange 30 MHz to 1 GHz.
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Figure A.4: Specification for shielding and reflections
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Annex B (normative):
Technical performance of the spectrum analyser

The specification of the spectrum anayser shal include the following requirements:

It shall be possible, using a resolution bandwidth of 1 kHz, to measure the amplitude of asigna or noise a alevel 3 dB
or more above the noise level of the spectrum analyser as displayed on the screen, to an accuracy of +2 dB in the
presence of a signal separated in frequency by:

a) 10 kHz, at alevel 90 dB above that of the signal to be measured for 25 kHz and 20 kHz channd separations; and
b) 6,25kHz, at alevel 80 dB above that of the signal to be measured for a 12,5 kHz channel separation; and
¢) 5kHz a alevel 80 dB above that of the signal to be measured for a 10 kHz channel separation.

The reading accuracy of the frequency marker shall be within +2 % of the channel separation.

The accuracy of relative amplitude measurements shall be within £1 dB.

The spectrum analyser shall have a resolution bandwidth setting of 1 MHz or greater.

It shall be possible to adjust the spectrum anayser to allow the separation, on the display, of two components with a
frequency difference of 1 kHz.
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Annex C (normative):

Clauses of the present document relevant for compliance
with the essential requirements of relevant EC Council
Directives

C.1  Compliance with 89/336/EEC (EMC Directive)

Table C.1: Clauses of the present document relevant for compliance
with the essential requirements of relevant EC Council Directives

Clause/clause number and title Corresponding article of Council Qualifying remarks
Directive 89/336/EEC

8.4  |Spurious emissions 4(a) Applies to all transmitters

9.1 [Spurious radiations 4(a) Applies to all receivers

C.2 Compliance with 90/385/EEC (AMD Directive)

Table C.2: Clauses of the present document relevant for compliance
with the essential requirements of relevant EC Council Directives

Clause/clause number and title Corresponding article of Council Qualifying remarks
Directive 90/385/EEC
12 Electromagnetic 3 Inclusive of all systems contained in
compatibility each device
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