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Introduction

[Phillip, here is where we need the history of EMC requirements for NPP’s with a discussion of the issues each document has addressed and the contribution it has made.  At the end I have put some thoughts on what our standard will contribute to prior work.  I left the forward to C63.9 as an example.  Delete it after you have used it for whatever help it gives you.] 

In recent years, the offering of different types of electronic products for use in offices has rapidly increased. The use of electronic products in close proximity to other electronic devices requires that they have a sufficient level of radio frequency (RF) immunity to ensure that they can function as intended in the target environment. While fluorescent lights, microwave ovens, portable wireless devices, nearby commercial radio and TV stations and other RF sources have been part of the EMI environment for a number of years, interference problems with many types of equipment have been exacerbated by the recent dramatic growth in personal RF devices such as cellular telephones, wireless network connections, and cordless telephones. It is common today to have two or more wireless connections actively used in the same 6’ by 8’ office cubicle. Similarly, a conference room may have multiple wireless devices operating simultaneously during a meeting with an active conference call and audio visual equipment being used. Further, traditional mobile phones, laptop computers, PDAs, and other types of products are merging to become multifunctional, often including a wireless transmitter with other functionality. The term “Transmitting Portable Electronic Devices” has been used in several standards to encompass this larger class of RF transmitting devices. Standards for assuring a degree of immunity exist in some global regions, but these have proven insufficient for this new, aggressive RF environment. This standard addresses the need to evaluate the RF immunity of devices for use in the kinds of environments they are likely to experience.

A second distinction of this standard is that it addresses the exceedingly high-quality expectations in today’s office environment. RF interference is unacceptable unless the effect is so small as to be virtually impreceptible. Accordingly, this standard has been written to provide protection sufficient to satisfy these stringent expectations. 

It should also be noted that office equipment like internet protocol (IP) Phones, IEEE Std 802.11
 network connections, PDAs, etc. are used in other than typical office environments like manufacturing plants, warehouses, ships, and even mines. In these environments the problem is compounded because not only can the field strength from an RF emitter become more concentrated, but resultant malfunctions can pose more serious operational problems. 
For office equipment manufacturers this poses new problems as far as the adequate evaluation of product immunity is concerned. The current standard used to evaluate immunity of office equipment, CISPR 24 (which is the basis for EN 55024), is often inadequate to realistically simulate an interference scenario as described above. For example, radiated immunity tests are performed with a spacing of 3 m (or 1 m) between the device and the radiating antenna. In an office environment, the separation between devices is very often just centimeters. Furthermore, the current radiated immunity testing, based on the method described in IEC 61000-4-3, uses amplitude modulated CW signals, and only in specific cases is pulse modulation applied. Modern wireless communication devices use digital modulation which are impulsive signals. These broadband signals pose a different interference potential since the exposure mechanism is very different from the one in a test where a simple CW or amplitude-modulated signal is used. This matter is further compounded by the dependency of the equipment under test (EUT) behavior on the data rate and protocols employed by interfering devices operating in the near area, such as GSM, CDMA, TDMA,       WiFi, and amplitude modulation (AM) devices, as well as by the power of the interferer. 
ANSI/TIA-631-A focuses specifically on the RF immunity requirements for telephone equipment. While this and other existing standards have continuing value they do not address the specific issues or provide the level of protection being addressed in this standard. By some methods of comparison AM is more severe than pulse modulation and it can be argued therefore that testing with AM overstresses a product. However, multiple companies have reported to the committee developing this standard that they have found not all failure conditions are revealed when testing with AM modulation. These reports that motivated the committee to utilize more complex modulations for this standard.
This standard was developed in response to the recognized need for a more suitable immunity standard for electronic office equipment for some environments and users. This standard serves manufacturers, purchasers, and users of office equipment by providing tests and performance targets that will give a reasonable assurance that the RF immunity of office equipment is suitable to withstand the typical RF environments created by portable transmitters. It must be emphasized that no standard can guarantee the interference-free operation of a device. A compromise must be made between design cost (and thus the cost of a product), testing effort, and acceptable performance. This standard represents the consensus compromise opinion of the committee on the proper balance of these competing factors.
This document provides evaluation methods of product immunity to electromagnetic radiation in the range below 10 GHz, and via paths that are not intended to be RF channels. Problems with interference among IR remote controls and plasma displays, for example, or blinding of one RF device by another incompatible but nearby RF device, are outside the scope of this document. 
It is to be noted also that for a test to be acceptable, it need not duplicate an operational environment. Testing that exposes the same flaws, but in different ways, can be acceptable. For practical reasons, it may be desirable, as an example, to use Gigahertz transverse electromagnetic (GTEM) (rarely found in a normal office environment). The test methodology provided in this standard is believed to have been sufficiently validated and can be expected to stress the EUT in a manner that will uncover product vulnerability and reveal the RF immunity of the product.
[Contributions of this standard.]
This standard builds and extends previous work, addressing a number of new issues:
1. Requirements and test techniques above 1 GHz are needed, based on a comprehensive understanding of the basis for them.  What is the upper limit and how is it justified?  What field strengths are needed?  How is equipment to be measured?

2. The impact of real-world modulations is a particular area of interest.  Field reports proivde ample evidence that testing with 80% AM, as is traditionally done, is not adequate to exite all failure modes or accurately evaluate the immunity of equipment to complex modulations.

3. A better integration of EMC requirements into a total quality system is needed.

4. Prior work needs to be revisited in light of the current and emerging EMC environment which advanced plants must be designed to withstand.

Notice to users

Laws and regulations

Users of these documents should consult all applicable laws and regulations. Compliance with the provisions of this standard does not imply compliance to any applicable regulatory requirements. Implementers of the standard are responsible for observing or referring to the applicable regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in compliance with applicable laws, and these documents may not be construed as doing so. 
Copyrights
This document is copyrighted by the IEEE. It is made available for a wide variety of both public and private uses. These include both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the promotion of engineering practices and methods. By making this document available for use and adoption by public authorities and private users, the IEEE does not waive any rights in copyright to this document.
Updating of IEEE documents
Users of IEEE standards should be aware that these documents may be superseded at any time by the issuance of new editions or may be amended from time to time through the issuance of amendments, corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the document together with any amendments, corrigenda, or errata then in effect. In order to determine whether a given document is the current edition and whether it has been amended through the issuance of amendments, corrigenda, or errata, visit the IEEE Standards Association website at http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously.

For more information about the IEEE Standards Association or the IEEE standards development process, visit the IEEE-SA website at http://standards.ieee.org.

Errata

Errata, if any, for this and all other standards can be accessed at the following URL: 
http://standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL for errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/ index.html.

Patents
Attention is called to the possibility that implementation of this standard may require use of subject matter covered by patent rights. By publication of this standard, no position is taken with respect to the existence or validity of any patent rights in connection therewith. The IEEE is not responsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity or scope of Patents Claims or determining whether any licensing terms or conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility. Further information may be obtained from the IEEE Standards Association.
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1. Overview

1.1 Scope

This standard provides test methods and limits for assuring the radio frequency (RF) immunity of instrumentation and control (I&C) systems used in nuclear power plants to general use transmitting portable electronic devices with transmitter power up to 8 watts.

1.2 Purpose

This standard provides test methods and limits for evaluation of the RF immunity of I&C systems used in nuclear power plants. The purpose of the document is to provide the required tests and parameters so that I&C will operate properly in the RF environments anticipated in these plants and particularly the RF environment commonly found in the vicinity of portable transmitters or stationary emitters, e.g., cell phones, wireless sensors, wireless routers.
2. Normative references
The following referenced documents are indispensable for the application of this standard. For dated references, only the edition cited applies. For undated references, the latest edition of the referenced document (including any amendments or corrigenda) applies.

ANSI C63.4-2003, American National Standard Methods of Measurement of Radio-Noise Emission from Low-Voltage Electrical and Electronic Equipment in the Range of 9 kHz to 40 GHz.

ANSI C63.14-1998, American National Standard Dictionary for Electromagnetic Compatibility (EMC), Electromagnetic Pulse (EMP), and Electrostatic Discharge (ESD) (Dictionary of EMC/EMP/ESD Terms and Definitions).

ANSI C63.19-2007, American National Standard for Methods of Measurement of Compatibility between Wireless Communications Devices and Hearing Aids.

CISPR 24 Ed. 1.0, Information technology equipment—Immunity characteristics—Limits and methods of measurement.

EN 55024, Information Technology Equipment—Immunity Characteristics—Limits and Methods of Measurement.
 
IEC 61000 4-3 (2002-09), Electromagnetic Compatibility for Electrical and Electronic Equipment—Part 4: Testing and Measurement Techniques—Section 3: Radiated, Radio Frequency, Electromagnetic Field Immunity Test.
 

IEC 61000-4-20 (2003-01), Electromagnetic compatibility (EMC)—Part 4-20: Testing and measurement techniques—Emission and immunity testing in transverse electromagnetic (TEM) waveguides.
IEEE Std 269™-2004, IEEE Standard Methods for Measuring Transmission Performance of Analog and Digital Telephone Sets, Handsets, and Headsets.
, 

IEEE Std 299™-2006, IEEE Standard for Measuring the Effectiveness of Electromagnetic Shielding Enclosures.

IEEE Std 1309™-2005, IEEE Standard Method for the Calibration of Electromagnetic Field Sensors and Field Probes, Excluding Antennas, from 9 kHz to 40 GHz.

IEEE Std 1329™-1999, IEEE Standard Method for Measuring Transmission Performance of Handsfree Telephone Sets.

UKAS LAB34, edition 1, The Expression of Uncertainty in EMC Testing, August 2002.

3. Definitions, acronyms, and abbreviations
For the purposes of this standard, the following terms and definitions apply. The Authoritative Dictionary of IEEE Standards Terms, [B2]
 and ANSI C63.14-1998
 should be referenced for terms not defined in this clause.

3.1 Definitions

The ANSI C63.14-1998 and The Authoritative Dictionary of IEEE Standards Terms [B2] definitions apply throughout this document, unless otherwise noted below. The definitions contained in this subclause take precedence if duplicate definitions are available. 
3.1.1 far-end: The receiving terminal of a communications channel.

3.1.2 near-end: The energized terminal of a communications channel.

3.1.3 semi-anechoic enclosure: An RF shielded enclosure in which the conductive walls and ceiling are treated with absorber material so that these surfaces have low RF reflection characteristics. 

Note that for radio frequency applications, the enclosure is shielded against RF ingress or egress. 
3.2 Acronyms and abbreviations
AM
amplitude modulation

ANSI
American National Standards Institute

AWS
Advanced Wireless Services

CDMA
code division multiple access

CFR
Code of Federal Regulations

CODEC
Coder-Decoder

CW
Carrier Wave

dB
decibel

dB SPL
decibels referenced to a sound pressure level

dB SPL (A)
dB SPL, A-Weighted

dBrnC
decibels relative to noise, C-Weighted (see glossary for C-message noise)
EMC
electromagnetic compatibility

EMI
electromagnetic interference

EUT
equipment under test

FCC
Federal Communications Commission

GSM
Global System for Mobile

GTEM
Gigahertz transverse electromagnetic

I&C
Instrumentation and control

iDEN®
, 

Integrated Digital Enhanced Network

IEC
International Electrotechnical Commission

IEEE
Institute of Electrical and Electronics Engineers

IQ
in-phase and quadrature

P
transmitter power (Watts)

PCS
personal communications services

PDA
personal digital assistant

QAM
quadrature amplitude modulation

RETP
receive electrical test point

RF
radio frequency

SETP
send electrical test point

SPL
sound pressure level

TDMA
time division multiple access
TEM
transverse electromagnetic

TX
transmitter

UMTS
universal mobile telecommunications system
VSWR
voltage standing wave ratio
WCDMA
wideband code division multiple access
WiFi
wireless fidelity
4. General test conditions

4.1 Ambient conditions

All tests in this standard shall be performed at the manufacturer’s recommended normal operating temperature and humidity and, if important, at a nominal barometric pressure. 
The ambient conditions shall meet the following requirements:

·  Ambient temperature: 23 °C ± 5 °C

·  Relative Humidity (RH):
5% < RH < 80% (non-condensing)
·  Acoustic Ambient Noise:
> 10 dB below the measurement level, where applicable

Ambient conditions outside of the recommended range may be used if it can be shown that the test results are not materially affected by the ambient conditions.

4.2 Power supply voltage

The equipment under test (EUT) shall be powered within ±15% of its nominal supply voltage.

If the EUT is battery powered, a fresh battery of the type specified by the manufacturer shall be used during the immunity test. The battery should be within ±5% of its rated voltage under no-load conditions.

5. RF test signals and environment
When testing to this standard the EUT shall be exposed to RF environments meeting the requirements of this clause.

The preferred method of RF illumination is plane wave exposure performed in an anechoic or semi-anechoic chamber complying with the requirements and following the procedures of IEC 61000-4-3 but as modified by this standard. Alternate procedures are near-field scanning using an illuminating probe or antenna, such as the planar dipole (see B.5) and Gigahertz transverse electromagnetic (GTEM) illumination. If a dispute about test results arises, the test method agreed upon by the disputing parties shall prevail. If no agreement on a test method can be reached the result using a semi-anechoic chamber test shall prevail.
When using the preferred method, illuminate the EUT as defined in IEC 61000-4-3 at 10 V/m then, in the frequency ranges specified in Table 1, with the defined modulation illuminate the EUT with a 30 V/m field.
When using the near-field illumination method, a radiating antenna or probe is moved over a surface 25.0 ±1.0 mm
 from a plane defined by the surface of the EUT and attached cables, exposing it to the required modulation and field strength. Typically, for reasons of test time, a coarse scan is first performed. The coarse scan uses larger physical step sizes and frequency increments. It may use higher exposure levels to help identify RF sensitive areas. Following the coarse scan, a final scan is performed of sensitive areas identified in the coarse scan. The final scan will use smaller physical steps and frequency increments to correctly assess a product’s RF immunity.
Annex A provides the minimum requirements of this standard, which is that a product demonstrates a minimum level of immunity over the entire frequency band specified and enhanced RF immunity in the mobile phone transmit bands. A specifying authority may develop their own profile and require it but using the test methods of this standard. However, a claim of compliance to this standard shall mean a product meets the immunity requirements when stressed using the parameters specified in Annex A applied using the IEC 61000-4-3 test method as modified in this document.
5.1 RF modulation
The following four categories of RF test modulation exist:

· Recreated modulation of transmitting devices 

· Actual modulation from transmitting devices

· Abstracted modulations, using the salient characteristics of transmitting devices

· Generalized modulation

The preferred method of this standard is recreated modulation. Recreated modulations are recordings or recreations of an RF transmitter that are fed to an RF generator capable of reproducing the RF transmission. This method is preferred by this standard because, when performed with a bandwidth and sampling rate sufficient to fully capture and recreate the original transmission, it reproduces the fine structure and exact parameters of actual transmitters. They are superior to testing with actual transmitters because although they are derived from the signals of actual transmitters, they can be reproduced more repeatedly and under controlled conditions. Such modulations are often obtained by using a RF vector signal analyzer to record the signals of actual transmitting devices.
 The signal is usually saved as an In-phase and Quadrature (IQ) file that can then be reproduced by a RF vector signal generator. The files of recorded transmissions may be shared between laboratories in order to assure lab-to-lab signal modulation repeatability of tests. Annex C provides further guidance on recording and data file structures.
Actual transmitting devices could be used to test the RF immunity of products. This, however, has limitations. Many transmitters vary their transmission in ways that the user cannot control. Power management may automatically adjust the RF transmission power without any user intervention or notification. The form of the transmission may vary by the data being transmitted. Also, the transmission may change depending upon the level of speech activity due to discontinuous transmission. Further, it is very difficult for multiple labs to have the same test devices; therefore it is hard for them to perform the same test in a repeatable fashion.

Recorded waveforms also have possible limitations. If the recorded waveform does not encapsulate changes in EUT behavior, like output power adjustments, or other changes like those discussed in the previous paragraph, then the test will be incomplete and not truly realistic. Further, the fidelity of the recording and playback must be sufficient to recreate the salient features of the transmission. If the recording or recreation lacks adequate fidelity, then the test may be deficient.
An abstracted modulation of a Global System for Mobile (GSM) signal might be a simple pulse modulation of 217 Hz and 1/8 duty cycle. Abstracted modulations at times are more easily created. However, their effectiveness is dependent upon having a correct understanding of the critical parameters of the actual transmitted signal. If the critical parameters are not captured, then the test results may not predict well the actual field performance of a product. It is not permissible to use this method for the purposes of this test standard.
Generalized modulations, such as 1 kHz of 80% amplitude modulation (AM), are the traditional method for RF immunity testing. These have been used with the belief that they adequately stressed a product and identified the immunity to a wide variety of RF transmissions. However, some manufacturers have reported that these modulations do not excite all the failure modes of their products. Therefore, this standard calls for the use of real-world waveforms.
 
Annex A provides a test profile that includes the use of the GSM signal as a test for the cellular bands. In the U.S., the dominant transmission protocols used in the cellular and personal communications services (PCS) bands are GSM and code division multiple access (CDMA). The GSM signal demodulates more energy into the audio band and therefore is far more likely to cause interference than the CDMA signal. Therefore, it was chosen as the test waveform for those bands.

A specifying authority may construct its own profile to this standard by defining the frequency bands, modulations, and field strength to be used during the testing. It may want to obtain recordings of the waveforms to be used and provide those to assure that all laboratories will perform the test using exactly the same test signal.
5.2 Field strength
See Table A.1 for field strengths by frequency band.
5.3 Frequency test increments

The frequency range shall be tested with frequency steps no larger than 10% of the lower frequency of each frequency step for the coarse scan and 1% for the final scan. Stated a different way, assuming a test is performed starting at the lowest frequency and ascending in frequency, the next frequency step shall be 10% of the current frequency for coarse scans and 1% for final scans. The EUT shall be exposed at each frequency step for a time long enough to incorporate the operating cycle of the EUT.
5.4 Physical distance and step size

A set of planes shall be defined, 25.0 mm ±2 mm distance from the leading point of each face of a device. The intended faces to be tested are the top of the EUT and each side. It is not intended to require testing of the bottom of the product. A scan shall be performed on each face for two orthogonal polarizations of the antenna.
The scan of each face shall use geometric step sizes of 25% of the shortest wavelength of the band being scanned or smaller. For the coarse scan, steps of 50% of the shortest wavelength of the band may be used (see Figure 1). In this paragraph, band means the frequency range being tested at each tuned dipole position. For example, if a test is run using two scans, one using a dipole to test from 824–849 MHz and a second scan using a different dipole to test to 1850–1915 MHz, then two different step sizes may be used. The step size for the scan that sweeps each location from 824–849 MHz shall be ≤ 8.8 cm, 25% of the wavelength of 849 MHz, and the step size for the scan from 1850–1915 MHz shall be ≤ 3.9 cm, 25% of the wavelength of 1915 MHz.
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Figure 1—Physical scanning step sizes
5.5 Cables

One scan shall include a length of each cable from the EUT to a distance of one half of a wavelength, for the lowest frequency in the band being scanned, with the radiating elements of the illuminating antenna oriented for maximum coupling with the cable. 
When scanning cables, the two polarization requirements of 5.4 do not apply. Testing with the antenna cross polarized to the cable makes little sense and therefore is not required. When testing cables, the antenna is oriented in parallel with the cable to maximize coupling. This is the only polarization required.
5.6 Operating modes

The EUT shall be tested in its most sensitive operating mode. If the most susceptible operating mode is not known and cannot be determined by engineering analysis, then it shall be determined by exploratory testing.

If testing in multiple operating modes is required and the EUT cannot exercise all its data paths or exhibit all its possible failure mechanisms in a single operating mode, the test shall be repeated in as many operating modes as are required to fully evaluate the RF immunity of the EUT. Testing in multiple operating modes is required when it cannot be determined which mode is the most sensitive to RF exposure or where multiple modes may be equally prone to failure. A common example is the need to test in handset, headset, and handsfree mode to fully evaluate the audio paths in a product.
6. Acceptable EUT performance levels

The EUT shall meet the following performance levels during exposure to the required RF levels.

6.1 Near-end noise

If an EUT has a telephone type handset, while in handset mode, the sound pressure level at the handset shall not exceed 40 dB(A).

If an EUT can have a headset, while in headset mode, the sound pressure level at the headset shall not exceed 40 dB(A).

If the EUT has a speakerphone, the sound pressure level measured 25 cm
 in the direction of maximum acoustic output from the speaker shall not exceed 46 dB(A).
 This requirement applies whether the EUT is operating in speakerphone mode or not in speakerphone mode. The EUT may be monitored at distances other than 25 cm with corresponding adjustments made in the noise threshold. The threshold for other distances can be determined by transmitting a tone that produces a sound pressure of 46 dB(A) at 25 cm and then measuring the sound pressure at the desired monitoring distance. 
6.2 Far-end noise

The interference at the far end of a voice connection shall not exceed 30 dBrnC.

6.3 Operational performance degradation
The EUT shall not reset, lose data, change LED state, blank or change its display (which makes information unreadable or loses information), disconnect a call, or display any ongoing disruption of its operation during the test.

The EUT may display momentary, self-correcting, transient events during the test.

7. EUT monitoring methodology
This clause provides guidance on monitoring the EUT during a test to assure that it meets the required performance level.
7.1 General guidance

When planning a test for an EUT, the possible performance degradation mechanisms shall be reviewed and a plan created for detecting if any of the types of performance degradation listed occur during testing. Typically a monitor is provided and checked at each step of the testing process. However, some failure modes, e.g., those that are non-recoverable, may be checked by the test personnel at the end of the test. 
7.2 Telephony devices

If the EUT provides telephony service, both the near-end and far-end of the connection shall be monitored during the test.

7.2.1 Near-end monitor

Monitoring of the near-end is accomplished by measuring the sound pressure produced by the receive transducer. Two methods are available for monitoring the near-end noise. In the first method, although the EUT is in the RF chamber, the acoustical measurement must be accomplished outside of the RF test chamber by means of a specially calibrated acoustical measurement setup. The acoustic output of the EUT is conducted to the measurement instrumentation outside the test chamber using a tube or other acoustic transmission channel. In the second method, a RF hardened transducer, e.g., microphone, monitors the acoustic level and transmits its readings to the instrumentation outside of the chamber. 
In the first method, with the instrumentation outside the chamber, described below, the telephony device is placed in the operating mode to be tested, i.e., powered in the off-hook condition with the receive transducer active. If the telephony device has a mute function for the operating mode being tested, the mute function may be activated as long as it does not disconnect the microphone and other potentially sensitive circuits and thus obviate the purpose of the test.
 The EUT, while muted, shall expose the same potentially sensitive circuits and components to the RF as would be exposed during normal use. So, as one example, it is not acceptable to use a mute function if that function disconnects a microphone from the circuit.
For an analog telephone, a battery feed circuit without a line length simulator is used to power the telephone.

For a digital telephone, a digital connection is made to a reference Coder-Decoder (CODEC).

The acoustical measurement setup delivers the acoustical signal to a measuring microphone outside the RF test chamber. This setup consists of tubing between the point of acoustic pickup and the measuring microphone. The acoustic transmission line “tubing” shall follow the guidance of B.9. The tubing is tightly acoustically coupled to the measuring microphone. When the mode being tested is the handset mode, the point of acoustic pickup is at the receiver of the handset. The tubing is tightly acoustically coupled to the handset receiver. When the mode being tested is the speaker mode, the point of acoustic pickup is 25 cm from the speaker. 
7.2.1.1 Monitor normalization

The acoustical measurement setup for either method shall be normalized as follows. 
The EUT handset receive frequency response and the speaker receive frequency response of the telephony device shall be measured according to IEEE Std 269-2004 and IEEE Std 1329-1999, respectively. If required, the measurement shall be performed in an anechoic chamber. Not all EUTs require testing in an anechoic chamber, but rather may be characterized in other environments. The receive frequency response is the conversion ratio of the electrical input to the acoustical output as a function of frequency. The electrical input signal is applied at the battery feed circuit or at the reference CODEC, as appropriate, for the analog telephone or the digital telephone. The sound output pressure of the handset is measured in the appropriate Ear Simulator for the EUT.
 
Using the same EUT, the measurements of paragraph two of this subclause shall be repeated, but with the EUT in its RF test position in the RF test chamber with the RF off. The same electrical input signal as in paragraph two is applied at the battery feed circuit or at the reference CODEC, as appropriate, for the analog telephone or the digital telephone, respectively. The tubing arrangement described above shall be used to deliver the sound pressure to the measuring microphone. The measuring microphone measures the sound output pressure.

For each operating mode, the receive frequency response measured in paragraph three of this subclause shall be subtracted from the receive frequency response measured in paragraph two of this subclause to obtain the correction factor as a function of frequency.

It shall be verified that the acoustical noise in the RF chamber does not affect the acoustical measurements. A procedure analogous to that of 10.1.1 may be used to accomplish this check. 
For the speaker mode, the EUT should be positioned as far as possible from other objects in the chamber. It shall be verified that moving objects within the chamber do not affect the acoustical measurements.

When the EUT is monitored during an RF immunity test, the correction factor for the operating mode as a function of frequency that was obtained in the calibration described above shall be added to the measured sound pressure. 
7.2.2 Far-end monitor

Monitoring of the far-end is accomplished by an electrical measurement of the audio signal outside of the RF test chamber. The telephony device shall be placed in the operating mode to be tested, i.e., powered in the off-hook condition with the transmit transducer active. 
For an analog telephone, an analog feed circuit per IEEE Std 269-2004, without a line loss simulator, is used. The measurement is made across a 600 Ω termination.

For a digital telephone, a digital connection shall be made to a reference CODEC. If the digital output can be accessed, the digital code may be referenced; it is preferred that the measurement be made using the digital output of the CODEC. Alternately, the measurement may be made at the analog output of the reference CODEC. 
8. Anechoic and semi-anechoic chamber test procedure

IEC 61000-4-3 provides the internationally recommended test method for anechoic and semi-anechoic chamber testing. An RF immunity test shall be performed to IEC 61000-4-3. This clause provides additional guidance to IEC 61000-4-3, as it applies to this type of testing, describing the test facility, equipment, and procedures to be used when performing these measurements in a semi-anechoic chamber with antenna illumination of the EUT.

Different methods of scanning are offered, each with advantages and disadvantages. The selection of the most appropriate test method will depend primarily on the size, shape, and number of cables of the EUT but also, to a lesser degree, on the test facilities and equipment used. 
8.1 Test setup and validation

The method for applying radiated electromagnetic fields to an EUT shall be in accordance with IEC 61000-4-3. This test shall be performed inside a shielded semi-anechoic enclosure. A calibration of the defined test plane shall be done before the EUT is tested. The EUT and associated cabling should not be in the electromagnetic field during calibration. Figure 2 depicts the field calibration performed before introducing the EUT to the test setup.
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8.1.1 Calibration method 

The calibration method is per IEC 61000-4-3. The uniform field may be reduced for small EUTs following the guidelines of IEC 61000-4-3 clause 6.2. 
8.2 RF immunity test procedures

8.2.1 Prescreening

The EUT shall be pre-screened using a coarse, preliminary scan, to identify points of RF sensitivity and sensitive areas. The pre-screening shall be conducted so that maximum RF field intensity couple into the EUT and associated attached cable(s) The side of the EUT determined to be most sensitive to RF shall be oriented toward the antenna during the test. The method of pre-screening, EUT orientation and rationale for that orientation shall be recorded in the test report. The face of the EUT determined by pre-screening to be most sensitive to RF shall be placed facing the radiating antenna. 
8.2.2 Test method

The EUT should setup per the requirements of IEC 61000-4-3. Hence, tabletop EUTs are mounted on a   0.8 m high test table and arranged so that its enclosure is co-incident with the test plane. EUT wiring and cable harnesses shall be routed away from the Section 1 test area in a parallel manner along the front edge of the test table in such a manner that a minimum length of 1 m is exposed to the test field. Any excess cable shall be either non-inductively bundled at the rear of the test table or dropped to the floor of the chamber and run to any support or ancillary equipment that is mounted outside the test chamber. 
The EUT enclosure shall be tested on all sides, four sides for a rectangular EUT, and two antenna polarizations in each plane. Each plane is tested by orientating the transmitting antenna between vertical and horizontal polarizations. 
The exact placement of the EUT and its cabling shall be photographed and recorded in detail in the test report to aid repeatability. Photographs should be taken and included in the test report to record the exact placement of the EUT and cables during the test. This requirement also applies to pre-screening.
9. Near-field test procedure
This clause describes the test facility, equipment, and procedures to be used when performing measurements with a dipole in close proximity to the EUT.

Testing by use of dipole illumination in the near-field has two significant advantages. First, it requires much lower power to achieve the target field strength. This represents a significant savings in test equipment cost. Second, near-field dipole illumination of this kind is very similar to the kind of environment created by real devices. In the near-field, the E-Field and H-Field do not have a constant relationship but rather are determined by the characteristics of the source. Near-field exposure recreates this condition. A third advantage is that the lower power testing poses less of a risk of interference to the terrestrial networks operated by local service providers.
In the test described in this clause, a dipole is energized and moved over the surface of a plane at a defined distance from the EUT. For example, the dipole is moved vertically a fixed distance from the center of rotation of the EUT and horizontally over the top of the EUT. In addition, the dipole is rotated so as to present two orthogonal orientations for each plane scanned.
 
Near-field scanning does not require that the test be performed in an RF shielded chamber. The lower power used in near-field scanning may allow the test to be performed in an open environment. When near-field or exploratory testing is performed outside of a RF shielded environment, there is a risk of interference with the terrestrial networks operated by local service providers. Before performing such a test, it shall be determined if it is required to obtain permission from the local licensee or from a regulatory authority, e.g., FCC.
9.1 Test setup and validation

This subclause describes the test facility, equipment, and procedures to be used when performing measurements with a dipole in close proximity to the EUT.
9.1.1 Check for RF interference to test equipment

The procedure in this subclause is performed to assure that the instrumentation that will be monitoring the EUT is not itself susceptible to the RF. Hence, this procedure is performed to assure that when a response is recorded during the test, it is, in fact, coming from the EUT.

a) Setup the test equipment as intended for the test. 
b) With the RF off, record the readings on any monitoring instrumentation. 
c) Illuminate the dipole and perform the scans over planes, the frequency ranges and power levels intended for the test. 

d) Record the highest reading from the monitoring instruments.

The monitor instrumentation shall not exceed 10 dB below the limit to be measured and 20 dB below the limit should be provided. If the instrumentation does not meet this requirement, additional isolation shall be provided.

9.1.2 Device support and check for reflections

The EUT shall be supported in such a way that there are no significant RF reflecting objects within a distance of at least two wavelengths at the frequency of measurement,
 or at a distance such that the total reflections from these objects is kept at least 20 dB below the desired direct test signal. If RF absorber is used, the separation distance may be reduced, so long as the effect of reflections is at least 20 dB below the desired test signal strength. The purpose of a two-wavelength distance to the nearest significant RF reflective object is to maintain at least a 20 dB reflection loss due to these objects. If it is not practical to measure the reflection loss, then the two-wavelength spacing rule may be used. Support structures such as expanded foam and very low dielectric constant plastics may be used for supporting the EUT. 

A check for reflections may be made. To check for reflections, standing waves, or other influence from nearby objects, an isotropic probe is attached to the illuminating dipole at the distance the EUT will be placed. The illuminating dipole and the probe are moved so that the probe and dipole maintain a fixed relationship. Perform the intended scans and compare the results. 
The RF ambient shall be >20 dB below the intended test field strength. If the RF ambient is within 20 dB of the intended test field strength, further isolation of the test environment shall be provided.

9.2 Test scans and positions
In the test described in this clause, a dipole is energized and moved over the surface of a plane at a defined distance from the EUT. The dipole is moved vertically, using one of two scanning methods and horizontally over the top of the EUT. The dipole is rotated by 90° around an axis normal to the surface being scanned to present two polarizations of RF exposure.
It should be noted that the tip of a dipole is dominated by the E-Field and its center by the H-Field. As the dipole is moved over a product, the center will be exposing the product to high H-Fields, while the tips will be presenting high E-Fields. Depending on the nature of the sensitive circuit within the EUT, it may respond more strongly to one or the other of these field components.

Two methods of scanning the vertical surface of the product are provided. In the first method, a set of planes is defined, following the major contours of the product, and a scan is performed 25.0 mm ±1.0 mm from each plane (see Figure 3). In the second method, a circle is drawn around a product with the EUT defining the diameter of the circle, and a scan is performed 25.0 mm ±1.0 mm from the circle (see        Figure 4). 

When using scanning method one, a set of planes shall be defined using the major contours of the product. The dipole is then moved across a surface 25.0 mm from the surface of the product. 
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Figure 3—Scan method 1
Vertical scans are conducted over a set of planes

In the second method, the EUT is rotated, and the dipole is vertically at several positions around the product. For the vertical scan, in which the product is rotated, a circumference shall be defined that encompasses the product. The dipole shall be located 25.0 mm beyond this circumference. Note that when the portion of the product that touches the circumference is facing the dipole the dipole, will be 25.0 mm from the EUT surface. As the EUT is rotated, its distance from the dipole may be farther away. The dipole shall scan positions separated by 60° around the circumference of the circle around the product. 
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Figure 4—Scan method 2
Vertical scans are conducted around the circumference of the EUT

For both scan methods the scan over the top of the EUT is performed by moving the dipole in a horizontal plane 25.0 mm above the highest point on the EUT. For the scan in which the dipole is moved horizontally over the surface of the product, the dipole shall be oriented in each of two orthogonal orientations as it scans the EUT.

For both methods the width of the scan, both vertical and horizontal, shall expose the edges of the product to both the dipole tip and center.

For both methods a coarse, preliminary scan may be performed in which the dipole is moved in larger physical steps and using larger frequency steps. After the preliminary, pre-screening scan, the dipole shall be returned to the position(s) and orientation(s) of maximum response, and a more detailed scan performed. 
9.3 Transmit power
For the near-field test procedure, the power into the dipole may be used for determining the field strength. The relationship between RF power into the dipole to field strength is assumed to be that of a dipole radiator with a 3 dB margin added to account for dipole VSWR and other variables. 
Equation (1) shall be used to determine the power into the dipole, in Watts, from the required field strength, in V/m:

Field Strength (V/m) = (30 × Power (W)/r2)1/2 × 1.74
(1)
where

Power (W) – Net power into the dipole

r – Intended distance between the dipole and EUT in m

The factor of 1.74 is the linear value for 2.4 dB of dipole antenna gain added to 3 dB margin, 2.0 in linear units, to compensate for VSWR and other variables.

Therefore, the Power into the dipole is calculated from Equation (2):
Power (W) = (Field Strength (V/m) / 1.74) 2 × r2 / 30 × 2.0
 (2)
The calculated power must be adjusted when dipoles are used above or below their resonance frequency to adjust for the difference in antenna efficiency.
A directional coupler may be used to measure the forward and reverse power, in order to determine the required net power.
9.4 Test modulation

The test modulation shall be as defined in the test profile. Preferably waveform files, recording actual transmitters that have been identified as worst-case interferers will be used in defining the test profile.
9.5 RF immunity test procedure

a) Place the EUT in the intended test position and connect all necessary monitors and support equipment.

b) Place the dipole in position for the vertical scan of the EUT.

c) Perform the coarse scan and identify area(s) of maximum response.

d) Scan the area(s) of maximum response using the required physical and frequency step sizes. Scan through the required frequency range. 
e) Raise or lower the dipole so that at least one tip and the center of the dipole traverse the height of the product. Scan the frequency range at each step during the vertical scan.

f) Rotate the EUT through each of the required 120° rotations, repeating the dipole vertical scan at each position.

g) Change the dipoles polarization and repeat steps c) and f).

h) Move the dipole for the horizontal scan over the top of the product.

10.  GTEM test procedure
This clause describes the test facility, equipment, and procedures to be used when performing these measurements in a GTEM.
10.1 Test setup and validation

10.1.1 Check for RF interference to test equipment

Set up the equipment as illustrated and described in 10.2. With the EUT and RF off, record the sound pressure level or other monitoring instrumentation levels. Then, with the EUT still off, apply the RF with the maximum RF forward power that will be used in the test plus 3 dB; go through the frequencies that will be used for the test applying the required modulation at each frequency. Record the readings from all monitor instrumentation to be used during the test. 
The overall sound pressure level or other monitor instrumentation shall not exceed 10 dB below the limit to be measured, and preferably there shall be less than 3 dB change from ambient during this system check, indicating that the system is immune to interference. If there is an increase in recorded sound pressure level or peaks appear in the monitoring instrumentation, additional isolation shall be provided. 
The monitor instrumentation shall not exceed 10 dB below the limit to be measured and 20 dB below the limit should be provided.

10.1.2 Device support and check for reflections

The EUT shall be supported in such a way that there are no significant RF reflecting objects within a distance of at least two wavelengths at the longest wavelength (lowest frequency) of measurement, or at a distance such that the total reflections from these objects is kept at least 20 dB below the desired direct test signal. EUT support structures such as expanded foam and very low dielectric constant plastics are often used to achieve this specification. The purpose of a two-wavelength distance to the nearest significant RF reflective object is to maintain at least a 20 dB reflection loss due to these objects. If it is not practical to measure the reflection loss, then the two-wavelength spacing rule may be used. 
A check for reflections may be made when calibrating the field uniformity. To check for reflections, standing waves, or other influence from nearby objects, move the isotropic probe one-quarter wavelength relative to the structure. Rescan the frequency band, and compare the results. 
The RF ambient and, if acoustic noise is being monitored, the noise floor shall be >20 dB below the intended test field strength. If the RF ambient is within 20 dB of the intended test field strength, further isolation of the test environment shall be provided.

10.2 RF immunity test procedures
RF immunity test procedures are as follows:
a) Place the EUT and any monitoring devices in the test position.
b) Other than the EUT and accessories required for the test, no objects that could distort the RF field shall be present in the test volume. 

c) Monitoring of the near-end noise from the EUT shall be consistent with the guidance and methods described in 7.2.1.


NOTE—Measurements should be made to ensure that the background noise level of the test configuration is at least 10 dB lower than the lowest interference level to be measured. 

d) If the EUT has a volume control, it shall be adjusted to a reference test volume, which shall be recorded in the test report. Any other controls on the EUT shall be set to positions giving the widest frequency response and the maximum acoustic output.

e) With the acoustical coupling described in 7.2.1, the input-output response of the EUT shall be measured at 1000 Hz. From the input-output response curve, determine the output obtained at input level threshold of the limit. If the EUT has more than one channel to be monitored during the test, determine the path loss, if applicable, and the level at which the threshold set by the limit is attained. 

f) With the EUT in an initial or reference orientation, sweep the frequency through the frequency band being tested. The EUT response at all frequency steps may be recorded and later analyzed to identify those that exceed the limit.
NOTE—Measurement results from EUT with automatic signal processing (ASP) characteristics or other non-linear processing should be interpreted with care, as the interference signal may activate these systems in an unpredictable way. If a “test mode” is provided for programmable EUTs, it should be used during the test.

g) Rotate the EUT to a second test position, orthogonal to the first test position and repeat step f).

h) Repeat the measurement with the EUT in each operating mode provided, if the EUT has more than one operating mode and the most sensitive mode of operation is not known.

11. Measurement uncertainty

Most treatments of measurement uncertainty address only the uncertainty of the instrumentation chain.  However, in addition to these factors there is uncertainty introduced from two other areas.  The first is the test setup variability of the EUT.  Particularly for complex equipment, especially where significant wires are involved, the EUT can be setup for test in a very wide variety of ways.  Variations in the EUT setup can result in variations in the test results.

The second area of uncertainty is manufacturing variation.  The EUT is a representative sample of a population of devices.  The variability of the population must be comprehended if the immunity experienced in the installed environment is to meet required levels.

For this standard an assessment of all three contributors to evaluation shall be provided, that coming from the instrumentation chain, EUT setup and manufacturing variance.  In order to assure the delivery of the required levels of immunity the total measurement uncertainty shall be added to the immunity measured and the sum used when determining compliance with the limit.
All uncertainty calculations, estimates shall be in accordance with NIST policy stated in Appendix E to NIST Technical Communications Program, Subchapter 4.09 of the Administrative Manual, as reproduced in Appendix C of NIST Technical Note (TN) 1297, 1994 Edition [1]
.  The NIST policy is based on ISO Guide to the Expression of Uncertainty in Measurement [2] (here after called the GUM).  The U.S. version of the GUM is ANSI/NCSL Z540-2, American National Standard for Expressing Uncertainty — U.S. Guide to the Expression of Uncertainty in Measurement, 1997 [3].  Either the GUM or Z540-2 shall take precedence in the event of disputes.  However, the Guide is explained in TN 1297
.
12. Glossary

Annex A 
(normative)
Illumination profile

This annex provides the minimum immunity required to claim compliance with this standard. A product shall first demonstrate an RF immunity of ≥ 10 V/m when tested using IEC 61000-4-3 or the near-field scanning method described in this document.
 In addition, the EUT shall also meet the RF immunity levels specified in Table A.1 when tested using the procedures of this standard. Table A.2 lists the minimum test frequencies that shall be tested. 

Higher levels of protection are required in the frequency bands allocated for mobile device transmission, which is the reason for the requirements of this annex.
 Field experience or knowledge of particular issues in a specific type of environment may lead to applying additional requirements to assure adequate RF immunity in other bands.

The RF level is based on the CW signal before modulation is applied. After the proper RF exposure level is determined, the required modulation is applied for the test.

Table A.1—Test modulation and field strength

	Frequency range
(MHz)
	Test modulation
	Field strength
(V/m)
	Test
method

	824–849
	Recreated Modulation pattern as in 5.1a
	30
	ANSI C63.9

	1850–1915
	Recreated Modulation pattern as in 5.1 a
	30
	ANSI C63.9


aThe modulation scheme used shall be recorded and justified in the test report.
Table A.2—Standard test frequencies
	Step
	Frequency [MHz]
	Frequency [MHz]

	1
	824.00
	1850.00

	2
	832.24
	1868.50

	3
	840.56
	1887.19

	4
	848.97
	1906.06

	5
	N/A
	1915.00


Annex B 
(normative)
Test equipment specifications 

B.1 General

Other than as specified in this document, the RF-test equipment, test configuration and test procedures as specified in IEC 61000-4-3 and IEC 61000-4-20 shall apply.
B.2 Analog phone DC feed circuit

IEEE Std 269 shall be followed for guidance on building and using an analog phone DC feed circuit. 

The general-purpose DC feed circuit from IEEE Std 269 is shown in Figure B.1. Since the parameters of the feed circuit affect transmission performance, they should be recorded as part of the test setup. If available, parameters should be obtained from the applicable performance specification. If not, the following values should be used:

C ( 50 microfarads

L ( 5 henries (each)

R = 400 Ω, including resistance of inductors

V = 50 volts

A = ammeter used to measure current drawn by the telephone under test. Alternatively, the current can be fixed by a current source, regardless of the R value.

In some cases, ground loops may occur when connecting test equipment to the receive electrical test point (RETP) or send electrical test point (SETP). The insertion of a high quality 1:1 audio transformer can usually prevent this. If used, this transformer shall be included during calibration and when determining the loss of the feed circuit.
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Figure B.1—General purpose DC feed circuit for 2-wire analog telephone
B.3 Anechoic or semi-anechoic chamber

The anechoic or semi-anechoic chamber shall meet the field uniformity requirements of IEC 61000-4-3 and be of a suitable size to be able to maintain a calibrated field.
NOTE—Additional absorber may be required to damp any reflections in unlined chambers.
The isolation shall be sufficient to separate the test environment from the external environment. Shielding effectiveness shall be measured per IEEE Std 299-2006.

B.4 Antennas

Field generating antennas shall be capable of handling the power required to establish the field strengths required.

B.5 Planar dipoles
A planar dipole fabricated on a low loss printed circuit board, such as that shown in Figure B.2 and Figure B.3, may be used when testing to this standard. Such a dipole has the advantages of being readily implemented, very robust, and cost effective. The planar dipole is pictured in Figure B.2. Construction information is provided for a design in the drawing of Figure B.3, and Equation (B-1) should be used for other bands. 
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Figure B.2—Front and back sides of planar dipole 
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Figure B.3—Dimensions of dipole (in mm)

To adapt this design for other bands, the dipole arm length that determines the resonant frequency can be calculated using the Equation (B-1):
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LFreespace = Length of dipole arm for tuning in freespace in mm. Shown as “L”.

An alternate form of the equation is:
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In this form of the equation, ƒ is the frequency in MHz and LFreespace is again in mm.

For all frequencies above 700 MHz, the dimensions of the broadband balun (the tapered microstrip section) remains constant.

B.6 GTEM

The GTEM shall meet the requirements of ANSI C63.4 over the frequency range required for this document.

NOTE—ANSI C63.4-2003 is limited to evaluations below 1 GHz. Until such time as the standard’s upper frequency range is extended, the same methods and criteria shall be used when evaluating a GTEM for use above 1 GHz.

B.7 Isotropic field probes
An isotropic field probe measuring system shall be capable of covering the frequency and power ranges required and be calibrated to IEEE Std 1309-2005.

B.8 RF signal generator
RF signal generators shall cover the frequency range required for the test. They shall have a bandwidth and sampling rate sufficient to recreate the recorded waveform or create it directly.

Power amplifiers shall be capable of providing modulated and unmodulated signals at the frequency and power required. Harmonics generated by the power amplifier shall be at least 15 dB below the carrier level.
B.9 Acoustic transmission line 

Several methods are available for providing an acoustic transmission line from the EUT to the measurement instrumentation. Undamped transmission line commonly has unacceptably large variation in its transmission loss over frequency. Adding a 1500 Ω damper is recommended to significantly smooth the loss response as a function of frequency. A 1 m damped acoustic transmission line, commonly called a damped “long horn,” is recommended for larger separations. This device is constructed of 600 mm of 2 mm tubing that connects to the EUT. At the end away from the EUT, a     680 Ω damper is inserted to smooth the transition to a 400 mm length of 3 mm tubing. At the end of the  3 mm tubing, a 330 Ω is inserted and transitions to an 18 mm length of 4 mm tubing. The 4 mm tubing then connects to the ear coupler and measurement instrumentation (see Figure B.4).
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Figure B.4—Construction of 1 m damped "Long Horn" acoustic transmission line

Annex C 
(normative)
Recording waveforms 
C.1 IQ recordings
RF signals can be received, recorded, and recreated in a number of ways. Converting RF signals to a digital format for storage and recreation has a number of advantages. Vector signal analyzers and generators typically store and recreate RF signals using in-phase and quadrature (IQ) data format.

The IQ format records a real and imaginary component for each sample of the RF signal. IQ data can be conceived using the mathematical concept of a complex plane, which is represented geometrically by a real axis and an orthogonal imaginary axis. The real part of a complex number can be represented by a displacement along the x-axis, and the imaginary part by a displacement along the y-axis. This complex plane is sometimes called the Argand plane, named after Jean-Robert Argand. Any complex number can be represented using this complex plane. For RF waveforms it means that any waveform, no matter how complex, can be accurately represented using IQ values.

Vector signal generators and analyzers use a process called quadrature digital upconversion or downconversion, respectively. I and Q pairs are recorded or input to recreate the recorded signal. The recording is the baseband representation of the signal and the upconversion or downconversion move the baseband signal to its RF carrier frequency or extracts the baseband signal from the carrier frequency. 

The sample rates of the IQ data must meet the Nyquist requirement of being at least twice the bandwidth of the baseband signal.

C.2 Data file structure

Data files for recorded RF signals have three logical components. There is no single standard industry recognized format. It is therefore helpful to record data files in a way that supports conversion to alternate formats. Many manufacturers of vector instruments provide conversion utilities.

Using a file format that can be easily read and converted by a wide variety of users is very helpful. Text files meet this criterion, but they can be difficult to manipulate. XML is another alternative that is easily read by a wide variety of users but is more amenable to manipulation and data conversion. 

The data file has three logical components. The first is the metadata, the information about the information in the file, its structure and the types of the data elements in the file. The second component is the information about the recording, what was recorded, the type of signal being recorded, the original carrier frequency, the sampling rate and other useful information. The third component is the actual IQ data. 

Data files following these guidelines allow for conversion to a variety of formats and use in vector instruments from different manufacturers.

The following provide a few guidelines (not requirements) to be considered when selecting a file format:

While metadata is not required it is strongly encouraged because of the value it provides.

It is helpful if the Metadata is in ASCII, and may be either included in the file, or a separate file. Separate files probably work better if the IQ vectors are stored in binary format, but of course a single file means that the metadata cannot become separated from the IQ vectors.

Metadata includes the following: 

a) The length of the metadata. This would be especially helpful if the metadata was included in the same file as the IQ vectors. 

b) IQ Data format (i.e., Is the data is stored as I,Q,I,Q… or I,I…,Q,Q…?) 

c) Type of delimiters (such as a comma between ASCII values) 

d) Sample rate 

e) What units the IQ data are stored as. Some possibilities for this include: 

· Normalized (no units) to an arbitrary value 

· Constellation units (another form of normalization) 

· Volts (and related, such as mV) 

· Undefined (not normalized to anything specific) 

Other metadata is allowed, such as the RF center frequency 

It is recommended that IQ vectors be stored as ASCII, or IEEE floating point values (either 4 byte or      8 byte versions).
Annex D 
(informative)
Comparison of test methods
This annex provides a discussion comparing and contrasting the different methods of RF illumination allowed in this standard (see Table D.1). This material may prove helpful in selecting the appropriate alternate method of RF illumination for a particular EUT.

Table D.1—Test method comparison
	
	Near-field illumination
	Anechoic or Semi-anechoic chamber
	GTEM

	Test positions
for complete evaluation
	Surface survey of four sides and top of EUT
	≥3
	≥3

	Field uniformity
	Highly variable
	–0 to +6 dB
	–0 to +6 dB

	Required RF power
	Low
	High
	Moderate

	Typical test time
	Variable
	4 h  to 12 h
	2 h to 4 h


If the EUT is tested in accordance with IEC 61000-4-3 at 3 V/M or 10 V/M the additional time in either a semi-anechoic chamber or GTEM can be estimated as follows: 10 Frequencies × 1 minute dwell time × 2 antenna polarizations (V/H) × 4 EUT sides, which amounts to about 80 minutes.

Annex E 
(informative)
Testing of mobile phone headsets 

Headsets and similar accessories that are intended to be directly connected to mobile transmitters are often subjected to higher levels of RF exposure than most other types of office equipment. This annex suggests elevated field strengths to use when evaluating these devices (see Table E.1).
E.1 Field strength

Table E.1—RF field strength requirements

	Equipment category
	Field strength
(V/m)

	Cellular TX Band
824 – 849 MHz
	90

	PCS TX Band
1850 – 1920 MHz
	90


Annex F 
(informative)
RF Immunity—Frequency range and field strength 
F.1 Use scenario

This standard has been written with a primary focus on the typical home and office environments. It is recognized that there are other use scenarios and types of environments. Also, some homes and offices represent extreme cases in various ways. It was the intent of the committee to provide recommendations that would give high levels of protection for most common types of home and office environments. The utility of this standard for use scenarios and environments that are significantly different is left to the judgment of the engineer responsible for providing protection to such environments.
F.2 Frequency range

The rationale for the frequency ranges selected in this standard is based on the spectrum assignment of the frequency bands and how commonly the transmitters in the various services can be found operating near office equipment in typical home or office environments.

The committee concluded that the most common interference situation was cell phones in either the traditional cellular band or the PCS band transmitting near office equipment. Accordingly, the handset’s transmit bands for those devices are set apart for special protection.

The committee realizes that there are both other common transmitters and more powerful transmitters in use. However, the coincidence of these other classes of devices being used in close proximity to office equipment was judged to be significantly less frequent.
F.2.1 U.S. cellular system

This subclause presents the U.S. cellular system frequency plan. For the purposes of this document, high levels of immunity are required in the spectrum regions allocated for mobile device transmission. It is in these frequency bands that mobile devices have the potential for creating high field strengths in close proximity to office equipment.

F.2.2 CMRS bands in the U.S.
In the U.S. most commercial mobile radio services (CMRS) are provided through systems operating in the 800 MHz and 1900 MHz bands. These bands are commonly called the cellular bands for 800 MHz and the personal communications services (PCS) band, for the 1900 MHz service (see Figure F.1 and Figure F.2). Each band is broken into blocks with paired transmit and receive frequencies, separated by a guard band. Through auctions, licenses have been assigned to service providers for each block in the various geographic areas of the U.S.

These bands are regulated by the Federal Communications Commission (FCC) under FCC Part 22 (47CFR22) for the cellular band and FCC Part 24 (47CFR24) for the PCS band. To a lesser but important degree, FCC Part 90 (47CFR90), private land mobile services, are also used.

New spectrum has been identified and the service rules are currently being written by the FCC for third generation cellular networks. These services are being called Advanced Wireless Services (AWS) by the FCC (see Figure F.3). A major feature of AWS services is that they are designed to provide high voice/data integration and support many enhanced data services. As third generation networks are deployed, transmitting data of the type contemplated in this report will become increasingly easy. An important criterion in selecting a solution is to assure that the solution adopted will seamlessly move one third generation networks as they are deployed.
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Figure F.1—Band plan for U.S. cellular band
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Figure F.2—Band plan for U.S. PCS band
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Figure F.3—Band plan for U.S. AWS Band
F.3 New and emerging services

Several new services are in the process of being approved or deployed. Table F.1 lists those of most interest for this standard.

Table F.1—New services
	Band
	Frequency
	Transmit power
	Service

	Land Mobile
	698–746, 747–762, and 777–792 MHz Bands
	3 W
	Mobile / Fixed

	Advanced Wireless Services 
|(AWS)
	1710–1755 MHz
	1 W
	Mobile (IMT / 3G)

	Advanced Wireless Services 
|(AWS)
	2155–2175 MHz
	1 W
	Mobile (IMT / 3G)

	Mobile
	2.5–2.689 GHz
	2 W
	Mobile (IMT/3G)

	Land Mobile
	3650–3700 MHz
	1 W/25 MHz
	Broadband wireless

	Land Mobile
	4940–4990 MHz
	2 W
	Public safety


F.4 Field strength

This standard has been prepared to provide protection from mobile transmitters of up to 8 watts of RF power. The committee selected ~30 cm (approximately 1’) as a target protection distance for cell phones and ~70 cm (approximately 2.5’) as a target protection distance for 8 watt transmitters (see Table F.2). 

Table F.2—Calculated field strengths from a dipole radiator

[image: image15.emf]RF Power (Watts) W 0.1 0.5 1 2 4 8

RF Power (dBm) dBm 20.0 27.0 30.0 33.0 36.0 39.0

Dipole Radiator

(assumed 2.4 dBi Gain)

Distance / Field Strength cm inches V/m V/m V/m V/m V/m V/m

13.00 5.1 18.3 40.8 57.8 81.7 115.5 163.4

25.00 9.8 9.1 20.4 28.9 40.8 57.8 81.7

30.00 11.8 7.6 17.0 24.1 34.0 48.1 68.1

50.00 19.7 4.6 10.2 14.4 20.4 28.9 40.8

75.00 29.5 3.0 6.8 9.6 13.6 19.3 27.2

100.00 39.4 2.3 5.1 7.2 10.2 14.4 20.4

Nominal Protection Distance V/m cm cm cm cm cm cm

10.0 22.8 51.1 72.2 102.1 144.4 204.2

30.0 7.6 17.0 24.1 34.0 48.1 68.1

90.0 2.5 5.7 8.0 11.3 16.0 22.7


An immunity of 30 V/m has proven to be generally effective in providing the protection from RF interference desired.
Annex G 
(informative)
RF Immunity—Modulation characteristics 
Previous immunity standards have specified testing with the RF carrier modulated with 1 kHz AM. With advancements in modern communications equipment and the increased population density of portable RF transceivers, simple tone modulation immunity testing has proven not to simulate actual performance. This increased difference in laboratory test results and application performance can be explained by the nature of the modulation characteristics.
G.1 Modulation characteristics of radio services

These modulations are a selection of the dominate or most interfering modulations used in each frequency band (see Table G.1).

Table G.1—Modulations used by different radio services

	Frequency range
(MHz)
	Modulation
characteristics
	Common services

	
	
	Service
	Modulation
	Typical power
(W)

	698–915
	Pulse Modulation with 217 Hz repetition rate and 1/8 duty cycle


	GSM

GPRS

EDGE
	TDMA with GMSK, 8PSK
	2

	
	
	iDEN
	TDMA with
	2

	915–1710
	Various
	Various other services

	1710–1980
	Pulse Modulation with 217 Hz repetition rate and 1/8 duty cycle
	GSM

GPRS

EDGE
	TDMA with GMSK, 8PSK
	1

	
	
	CDMA 2000

1xRTT

EV-DO
	DSSS, QPSK
	1

	
	
	UMTS
3GPP w/ HSDPA
	WCDMA, BPSK
	1

	
	
	Various other services

	
	
	

	1980–2400
	Various
	
	
	

	2400–2475
	Various
	ISM Band
	FHSS, DSSS
	1

	
	
	Bluetooth®
	FHSS, GMSK 
	.01

	
	
	WiFi
	DSSS, CCK, OFDM
	.1

	
	
	WiMAX
	BPSK, QPSK, 16QAM, 64QAM
	.1

	2475–3650


	Various
	
	
	

	
	
	UWB
	DS & OFDM
	

	
	
	Various other services

	3650–3700
	OFDM
	WiFi
	DSS, CCK, OFDM
	

	
	
	WiMAX
	BPSK, QPSK, 16QAM, 64QAM
	

	4940–4990
	OFDM
	
	
	

	5150–5350
	OFDM
	WiFi
	DSS, CCK, OFDM
	

	
	
	WiMAX
	BPSK, QPSK, 16QAM, 64QAM
	

	5470–5850
	OFDM
	WiFi
	DSS, CCK, OFDM
	

	
	
	WiMAX
	BPSK, QPSK, 16QAM, 64QAM
	

	5850–5900
	Various
	WiFi
	DSS, CCK, OFDM
	.1

	
	
	WiMAX
	BPSK, QPSK, 16QAM, 64QAM
	.1

	5900–6000
	Various
	
	
	


G.2 Amplitude modulation

In amplitude modulation (AM) systems, the modulation audio is applied to the transmitter radio frequency carrier such that the total power of the transmitted signal is varied directly as the power of the modulating signal. 
For example, with a carrier of 10V/m and 80% modulation of 1 kHz, the peak-to-peak voltage of the transmitted modulated wave is given by Equation (G-1).
 Vpk – pk(mod) = modulation depth × Vpk – pk(unmodulated) + Vpk – pk (unmodulated) 
 
               (G-1)
Therefore:

Vpk – pk(mod) = 80% × 10V/mpk – pk(unmodulated) + 10V/mpk – pk (unmodulated) = 18 V/m
  or a 5.1 dB increase over the CW.

Modulation at 80% increases the instantaneous power requirement by a factor of 5.1 dB. This means that the RF power amplifier used to produce the transmitted wave should be overrated by about 6 dB. 
In addition, the spectrum of a purely modulated AM signal would consist of the carrier frequency at constant amplitude with an upper and lower sideband signal spaced ±1 kHz from the carrier and varying at a sinusoid 1 kHz rate. Ideally no other frequency components would be present. However, in practice the circuitry in RF equipment has non-linear transfer characteristics. This results in added sideband components and a reduction of the amplitude of the signals at ±1 kHz since the total modulation power has not changed. Thus if only the 1 kHz component is measured for the immunity testing, the effects of RF power amplifier non-linearity is to reduce the effective modulation index for the 1 kHz tone. 
G.3 Pulsed amplitude modulation

In pulse modulation (PM) systems, the modulation is applied to the transmitter radio frequency carrier such that the total power of the transmitted signal is a direct function of the effective duty cycle of the pulse envelope. The RF spectrum of a pulse modulation system would consist of a complex set of RF components about the carrier frequency. For example, with a 100 Hz pulse rate and 100 μs pulse duration, the RF components are spaced every 100 Hz above and below the carrier with a sine X/X amplitude function. The first amplitude null would occur at 1/tp or the duration of the pulse or 10 kHz. That is, the RF components would have about the same amplitude over a 5 kHz bandwidth around the center frequency. However, significant spectral components can extend well into the 100s of kHz.
An effect of complex RF spectrum energy radiation on systems is that demodulated RF components above and below the audio band may permeate throughout the system because of non-ideal filtering components and multiple clock signals within the system. Thus the lower demodulated frequencies may pass from section to section because of internal series resistance of bypass capacitors and printed circuit board trace resistance. The higher demodulated frequencies can pass from section to section because of mutual inductance of the printed circuit traces and sympathetic pulling and mixing of system oscillators.
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Figure � SEQ Figure \* ARABIC �2�—Example of general test equipment configuration
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� The numbers in brackets correspond to those of the bibliography in � REF _Ref163317132 \r \h ��Annex H�.


� Information on references can be found in Clause 2.





� The following information is given for the convenience of users of this standard and does not constitute an endorsement by the IEEE of these products.


� iDEN is a registered trademark of Motorola, Incorporated.


� To obtain the required precision a robotic movement mechanism may be required.


� When recording transmissions a capture bandwidth shall be used that is greater than the 6 dB bandwidth of the transmission. The sampling rate shall meet the Nyquist criteria for the fastest variation in the transmission.


� Transmissions from actual devices may have varying characteristics. For example, a transmission may be more interfering during ringing than while a call is in progress or other events, such as transitions from idle to active, may have particular characteristics. As these nuances are identified, recorded waveforms may be made that capture the transmission states that are of greatest interest or are most problematic.


� See the definition for sound pressure level in the glossary in Clause 12 (definition 5).


� 25 cm has been selected as the measurement distance for speakerphones to allow testing in smaller RF test chambers, e.g., GTEM and mini-reverb chambers. The monitoring distance may be adjusted to be more or less than 25 cm with appropriate adjustment to the required limit.


� The value for speakerphone is determined using an assumption that a typical user will be 50 cm from a speakerphone and expect the same level of performance as when using a handset or headset, less than 40 dB(A) of audible interference.


� The purpose of allowing a mute function is to eliminate pollution of the test results by environmental acoustic noise. 


� See IEEE Std 269-2004 for guidance on selection of the appropriate ear simulator.


� It should be noted that the tip of a dipole is dominated by the E-Field and its center by the H-Field. As the dipole is moved up and down a product, the center will be exposing the product to high H-Fields while the tips will be presenting high E-Fields. Depending on the nature of the sensitive circuit within the EUT, it may respond more strongly to one or the other of these field components.


� For 698 MHz the wavelength is 43 cm, so the separation distance is 86 cm. If testing is done only in the cell phone bands, the lowest frequency is 824 MHz, 36.5 cm; the separation distance is 73 cm.


�Numbers in square brackets identify documents listed in the reference section.


� Definitions are from The Authoritative Dictionary of IEEE Standards Terms � REF _Ref136882686 \r \h ��[B2]� unless otherwise noted.


� IEEE Std 1309-2005 provides guidance on calibrating probes for use in determining field strengths. Probes calibrated to        IEEE Std 1309-2005 can be used for both IEC 61000-4-3 and near field scanning. Further guidance on near field scanning is contained in ANSI C63.19.


� For the portion of the mobile phone bands allocated for use in the U.S. for the handset transmit channels an immunity of 30 V/m is recommended. For other bands, an immunity of 10 V/m is recommended, which is consistent with the IEC recommended immunity level for industrial equipment.


� The rows in the table identify the frequency bands of most interest. These bands historically have had the highest number of reported interference problems in field experience.


� Richard, M., M. Kanda, G. Bit-Babik, C. DiNallo, CK Chou. A Rugged Microstrip Printed Dipole Reference for SAR System Verification. 2002 IEEE MTT-S International Microwave Symposium, Seattle, WA. June 2–7, 2002.





� Headsets, particularly those with physical cables connecting them to a transmitter, will often have RF coupled onto the cable and transmitted to potentially sensitive circuitry. Hence, higher levels of immunity are recommended.


� In the lower frequencies, 824–849 MHz, the handset is transmitting and the base station is receiving. Therefore, this frequency range is of particular interest for this standard.


� In the lower frequencies, 1850–1915 MHz, the handset is transmitting and the base station is receiving. Therefore, this frequency range is of particular interest for this standard.


� ANSI publications are available from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor, New York, NY 10036, USA (http://www.ansi.org/).


� The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.


� IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854, USA (http://standards.ieee.org/).





�Add these documents to the references.
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