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Abstract

This document provides introductory and supplemental text for consideration in the Recommended Practice.  It is meant to provide additional information for network engineers unfamiliar with RF test practices.



Radio Frequency Testing Introduction

Unlike wired networks that rely on copper or optical fiber cable with fixed terminations, wireless networks employ Radio Frequencies (RF) with no fixed termination points that are subject to external influences such as noise and interference.  The very nature of an RF medium dictates the need for special test equipment and test considerations to insure repeatability, while at the same time mititgating the effects of the medium.  The test equipment must meet minimum requirements, and measurements must be taken and recorded in an identical manner for consistency of evaluation.  

Over the Air (OTA) Environments must be free of interference from other RF devices operating in the unlicensed bands, and have a sufficiently low noise floor, in the channel bandwidth, so as to not adversely affect reported results.  OTA Test environments must be known, in order to understand what affects, if any, due to reflections from obstacles, walls, and other materials that introduce amplitude and phase variations in the received signal that could negatively impact results.

In the case of conducted test environments that utilize coaxial cables in lieu of the air for transmission, losses must be measured and characterized in order to understand their effect on the outcome of the test.  Although typically free from external influence, insertion and/or return losses of unknown or sufficiently high values cuased by poor / strained connections, lossy devices, or defective cables can degrade the test environment and negatively impact results. 

In all cases, after performing a suite of tests, the baseline set up should be run again to insure consistency of the test performed meets the expected measurement uncertainty.  If the baseline setup cannot be reproduced within the measurement uncertainty of the test, then it is likely the results previously obtained are invalid.

This standard is not intended to supersede any other IEEE or industry standard that relates to RF test practices or environments.

Terms  / Definitions

Noise Figure:  Amount of noise, in db, added to a signal under test by the measuring device / amplifier.

Reactive Near-Field:  The region in space immeadiately surrounding the antenna defined as the distance r from the antenna at 0 < r < 2/ 
Radiating Near-Field:  Region beyond the Reactive Near-Field defined as the distance r from the antenna with largest dimenions D at 2/  < r < 2D2 / 
Radiating Far-Field:  Also known as the Fraunhofer Region, defined as the distance r from the antenna with largest dimension D at r > 2D2 / .  This region can also be approximated as 10.

Thermal Noise Floor: Defined as kTB where k is Boltzman’s Constant having a value of 1.38x10-23 J/oC, T is the absolute temperature in Kelvin, and B is the Bandwidth of the measurement.  –174dbm is the Thermal Noise Floor in a 1Hz bandwidth, and a 20Mhz bandwidth has a thermal noise floor of approximately –101dbm.

X. Standards other than IEEE 802 suggested for validation of test methodologies / test environments 

X.1 IEEE Std 299-1997:  IEEE Standard Method for Measuring the Effectiveness of Electromagnetic Shielding Enclosures 

X.2 IEEE Std 149-R2003:  IEEE Standard Test Procedures for Antennas

X.3 IEEE Std 145-R2004:  IEEE Standard Definitions of Terms for Antennas

X.4 IEEE Std 211-2003:  IEEE Standard Definition of Terms for Radio Wave Propagation

X.5 ANSI C63.5-2004: American National Standard for Electromagnetic Compatibility--Radiated Emission Measurements in Electromagnetic Interference (EMI) Control--Calibration of Antennas (9kHz to 40 GHz)

X.6 FCC Part 15:  Federal Communications Commission 47CFR15 Radio Frequency Devices

Y. Test Equipment Terms and Minimum Suggested Capabilities
Y.1 Test Equipment Terms

Y.1.1 Spectrum Analzyer: Device used to examine the spectral composition of an electrical waveform.

Y.1.1.1 Resolution Bandwidth (RBW):  Bandwidth of the IF (Intermediate Frequency) filter that determines selectivity of the device / measurement

Y.1.1.2 Video Bandwidth (VBW):  Low-pass cut-off Frequency that filters the video voltage before being displayed

Y.1.1.3 Reference Level:  Maximum input range of the spectrum analyzer, used in conjunction with the attenuation setting.

Y.1.1.4 Span:  Bandwidth of the displayed measurement calculated as the difference between the maximum and minimum displayed frequency.

Y.1.1.5 Sweep Time:  Amount of time to display one trace of the spectrum under measurement

Y.1.2 Network Analzyer:  Device used to examine the amplitude, phase, and frequency response of a system / device from a known stimulus signal.  Must be calibrated to known Zo, Open Z and Shorted Z before making measurements in a specified bandwidth.  Any change in frequency or cabling requires re-calibration of the device.

Y.1.2.1 S11:  Input reflection coefficient of a device with the output terminated at Zo.  The amplitude measurement of S11 is referred to as Return Loss and reported in db.

Y.1.2.2 S22:  Output reflection coefficient of a device with the input terminated at Zo
Y.1.2.3 S21:  Forward transmission coefficient of a device with the output terminated at Zo.  The amplitude measurement of S21 is referred to as Insertion Loss and reported in db.

Y.1.3 Power Meter:  Device used to measure the average power transmitted by an RF device

Y.1.4 Circulator:  A multiport device that allows power to travel sequentially from one port to the next port.  Each port may be used as an input or an output.

Y.1.5 Isolator:  A circulator containing a terminated port.
Y.1.6 Uni-directional Coupler:  Device used to sample either the incident or reflected wave in a transmission line.

Y.1.7 Combiner: Passive device used to linearly combine two or more RF signals.

Y.1.8 Splitter:  Passive device used to distribute one RF signal into multiple RF signals.

Y.1.9 Attenuator:  Device that exhibits fixed or programmable resistance to RF signals

Y.2 Test Equipment Minimum Suggested Capabilities

The following suggested capabilities apply to the tests and methodologies defined in the recommended practice.  These suggestions do not imply sufficient test equipment capabilities necessary for the design, verification and governmental certification of products.

Y.2.1 Spectrum Analzyer:

Y.2.1.1 Frequency Range:  The device shall have a minimum highest measurement frequency of 3 GHz when testing 2.4 GHz devices, and 6 GHz when testing 5 GHz devices.

Y.2.1.2 Reference Frequency Drift:  The device reference frequency drift shall not exceed 1ppm / year.

Y.2.1.3 Frequency Measurement Accuracy:  The device shall measure frequency with accuracy better than 2 ppm.

Y.2.1.4 Average Displayed Noise Level:  The average displayed noise level shall not exceed –130 dbm when measured above 1 GHz using a 1Hz RBW.  

Y.2.1.5 Level Measurment Accuracy:  The device shall have a  level measurement accuracy greater than 2db.

Y.2.1.6 Third-Order Intermodulation Distortion: Third-Order IMD products shall not exceed -60dbc when using input signals < -35dbm and a seperation < 1 kHz.

Y.2.2 Network Analyzer

Y.2.2.1 Frequency Range: The device shall have a minimum highest measurement frequency of 3 GHz when testing 2.4 GHz devices, and 6 GHz when testing 5 GHz devices.

Y.2.2.2 Measurement Accuracy:  The device shall have a measurement error < 1db and < 100 above 1 GHz.

Y.2.3 Power Meter

Y.2.3.1 Frequency Range: The device shall have a minimum highest measurement frequency of 3 GHz when testing 2.4 GHz devices, and 6 GHz when testing 5 GHz devices.

Y.2.3.2 Measurement Accuracy:  The device shall have an average power measurement error < 1db above 1 GHz.

Y.2.3.3 Measurement Type:  The device shall be capable of measuring avereage power for packetized transmissions.

Y.2.4 Circulator

Y.2.4.1 Frequency Range: The device shall have a minimum highest measurement frequency of 3 GHz when testing 2.4 GHz devices, and 6 GHz when testing 5 GHz devices.

Y.2.4.2 Input Reflection Coefficient:  Each port on the device shall have an input reflection coefficient > 14db with the unused ports terminated in to a 50  load.

Y.2.4.3 Output Reflection Coefficient: Each port on the device shall have an output reflection coefficient > 14db with the unused ports terminated in to a 50  load.

Y.2.4.4 Insertion Loss:  The device shall not exhibit an insertion loss between sequential ports that exceeds 3db with the unused ports terminated in to a 50  load.
Y.2.5 Isolater

Y.2.5.1 Frequency Range: The device shall have a minimum highest operating frequency of 3 GHz when testing 2.4 GHz devices, and 6 GHz when testing 5 GHz devices.

Y.2.5.2 Input Reflection Coefficient:  Each port on the device shall have an input reflection coefficient > 14db with the output port terminated in to a 50  load.

Y.2.5.3 Output Reflection Coefficient: Each port on the device shall have an output reflection coefficient > 14db with the input port terminated in to a 50  load.

Y.2.5.4 Insertion Loss:  The device shall not exhibit an insertion loss between sequential ports that exceeds 3db.

Y.2.6 Uni-Directional Coupler

Y.2.6.1 Frequency Range: The device shall have a minimum highest operating frequency of 3 GHz when testing 2.4 GHz devices, and 6 GHz when testing 5 GHz devices.

Y.2.6.2 Input Reflection Coefficient:  Each port on the device shall have an input reflection coefficient > 14db with the unused ports terminated in to a 50  load.

Y.2.6.3 Output Reflection Coefficient: Each port on the device shall have an output reflection coefficient > 14db with the unused ports terminated in to a 50  load.

Y.2.6.4 Insertion Loss:  The device shall not exhibit an insertion loss between the RF input and output ports that exceeds 3db.

Y.2.7 Combiner / Splitter

Y.2.7.1 Frequency Range: The device shall have a minimum highest operating frequency of 3 GHz when testing 2.4 GHz devices, and 6 GHz when testing 5 GHz devices.

Y.2.7.2 Input Reflection Coefficient:  Each port on the device shall have an input reflection coefficient > 14db with the unused ports terminated in to a 50  load.

Y.2.7.3 Output Reflection Coefficient: Each port on the device shall have an output reflection coefficient > 14db with the unused ports terminated in to a 50  load.
Y.2.7.4 Insertion Loss:  The insertion loss between any one input port and any one output port shall not exeed 6db for a three-port device with the unused port terminated in to a 50  load.
Y.2.8 Attenuator

Y.2.8.1 Frequency Range: The device shall have a minimum highest operating frequency of 3 GHz when testing 2.4 GHz devices, and 6 GHz when testing 5 GHz devices.

Y.2.8.2 Input Reflection Coefficient:  The iput port on the device shall have an input reflection coefficient > 14db with the output port terminated in to a 50  load.

Y.2.8.3 Output Reflection Coefficient: The output port on the device shall have an output reflection coefficient > 14db with the input port terminated in to a 50  load.
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