Recognized as an ANSI C63.17-1998
American National Standard (ANSI)

American National Standard for Methods
of Measurement of the Electromagnetic
and Operational Compatibility of
Unlicensed Personal Communications
Services (UPCS) Devices

Sponsor

Accredited Standards Committee on Electromagnetic Compatibility, C63

Accredited by the
American National Standards Institute

Secretariat

Institute of Electrical and Electronics Engineers, Inc.

Approved 5 February 1998
American National Standards Institute

Abstract: Specific test procedures are established for verifying the compliance of unlicensed
personal communications services (UPCS) devices with applicable regulatory requirements re-
garding radio-frequency (RF) emission levels and spectrum access procedures.

Keywords: etiquette, personal communications, RF emissions, spectrum access, unlicensed
devices

The Institute of Electrical and Electronics Engineers, Inc.
345 East 47th Street, New York, NY 10017-2394, USA

Copyright © 1998 by the Institute of Electrical and Electronics Engineers, Inc.
All rights reserved. Published 1998. Printed in the United States of America

ISBN 1-55937-965-0

No part of this publication may be reproduced in any form, in an electronic retrieval system or otherwise, without the prior
written permission of the publisher.



American National Standard

An American National Standard implies a consensus of those substantially concerned
with its scope and provisions. An American National Standard is intended as a guide
to aid the manufacturer, the consumer, and the general public. The existence of an
American National Standard does not in any respect preclude anyone, whether he has
approved the standard or not, from manufacturing, marketing, purchasing, or using
products, processes, or procedures not conforming to the standard. American National
Standards are subject to periodic reviews and users are cautioned to obtain the latest
editions.

CAUTION NOTICE: This American National Standard may be revised or with-
drawn at any time. The procedures of the American National Standards Institute
require that action be taken to reaffirm, revise, or withdraw this standard no later than
five years from the date of publication. Purchasers of American National Standards
may receive current information on all standards by calling or writing the American
National Standards Institute.

Authorization to photocopy portions of any individual standard for internal or per-
sonal use is granted by the Institute of Electrical and Electronics Engineers, Inc., pro-
vided that the appropriate fee is paid to Copyright Clearance Center. To arrange for
payment of licensing fee, please contact Copyright Clearance Center, Customer Ser-
vice, 222 Rosewood Drive, Danvers, MA 01923 USA; (508) 750-8400. Permission
to photocopy portions of any individual standard for educational classroom use can
also be obtained through the Copyright Clearance Center.



Introduction

[This introduction is not part of ANSI C63.17-1998, American National Standard for Methods of Measurement of the
Electromagnetic and Operational Compatibility of Unlicensed Personal Communications Services (UPCS) Devices]

In November 1993, the Federal Communications Commission (FCC) invited the Accredited Standards
Committee on Electromagnetic Compatibility, C63, “to consider development of standard measurement pro-
cedures to support” proposed new provisions to Part 15 of volume 47 of the Code of Federal Regulations
(47 CFR 15) for unlicensed personal communications services (UPCS) devices. At its December 1993,
meeting, Accredited Standards Committee C63 established a subcommittee (SC 7) to attempt to develop
such standards in cooperation with representatives of the WINForum and other interested parties. This docu-
ment isthe result of the efforts of that committee.

At the time it approved this standard, the Accredited Standards Committee on Electromagnetic Compatibil-
ity, C63, had the following members:

Ralph M. Showers, Chair Edwin L. Bronaugh, Vice Chair

Tricia Gerdon, Secretary

Organization Represented Name of Representative
Aeronautical Radio, INC. (ARINC) ..o Dan Martinec

Paul Prisaznuk (Alt.)
Alliance for Telecommunications Industry SOlUtIONS...........cccceeierrierccenienennns John F. Lichtig

0. J. Gusella (Alt.)
American Automobile Manufacturers ASSOCIation .........c.cceveeveeereiesesiseniennns Terry Rybak

Barbara Wendling (Alt.)
American Council of Independent Laboratories...........cocverrveeerneeeenenenienenes Ross A. Hansen

Walter Poggi (Alt.)
American Radio Relay LEAJUE.........cccviivirieiiirieiicreee s Hugh Turnbull

Edward F. Hare (Alt.)
APPIE COMPULES ...ttt saesnene Bill C. Wong
Association of AMErican Ralr0adS........covveveirerieeeennieees s Chris Allman
Association of Telecommunications AtOrNEYS........ccoveereierernereieseerieneeaens Glen Dash

Jon Curtis (Alt.)
ATE&T Bell LADOraOri€S.....c.ccveveeieieieienisesreccresieie s H. Robert Hofmann
Computer and Business Equipment Manufacturing ASsociation ............ccceeee. William T. Rhoades

William F. Hanrahan (Alt.)
EEI/Electric Light & POWESr GIOUP ........ccerueerueeriininiesieesie s esieesee s Gary N. Miller (Alt.)
Electronic INdUSLIieS ASSOCIBLION ........oveveirerireeeiriiee e Ralph Justus
ESD ASSOCIBLION ...ttt b e st nbe e Douglas C. Smith
Federal Communications COMMISSION........c.eeernerieinineneeeere e L. Art wall

Richard B. Engleman
Hugh L. Van Tuyl (Alt.)

Food and Drug AdmMIiNiSEratioN .........cccvveveererieereseee e Paul S. Ruggera

Jeffrey L. Silberberg (Alt.)
Health Industry Manufacturers ASSOCIBLION ......c.oevvveveeireririeeressee e Eric V. Anderson

Randall L. Anderson (Alt.)
HEWIEHE-PaCKAI........ecveeieieiceeee e Ray Magnuson

Institute of Electrical and Electronics Engineers, Inc Edwin L. Bronaugh
Donald N. Heirman

Nestor Kolcio

Kaman SCience COrPOTation .........ccerreeeeererireeereseseeee s sesesseeseseesesesesessns Arthur Heath Light
National Association Of BroadCasters..........ccveuererriereiinenieieeneseereesesee e Kelly Williams
National Electrical Manufacturers ASSOCIaiON .........ceevrerieeeerereeeeneseee e William J. Murphy
Kenneth Gettman (Alt.)
National Institute of Standards and TeChnOology..........cccvvveurerrrereenneereeereeene MotohisaKanda
National Telecommunications and Information Administration.............c..c...... Karl Nebbia
RAJIO SNBCK ... Mac Slayton
SIEMENS ROLM ..ottt ettt Stephen Berger
Society of AULOMOLIVE ENQGINEEIS.....c.ccveiiiiieiieee ettt Herbert K. Mertel
Poul Andersen
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American National Standard for Methods
of Measurement of the Electromagnetic
and Operational Compatibility of
Unlicensed Personal Communications
Services (UPCS) Devices

1. Introduction

1.1 Scope

This standard sets forth uniform methods of measurement of the electromagnetic and operational compati-
bility of unlicensed personal communications services (UPCS) devices. This standard does not cover
licensed personal communications services (PCS) devices. The recommended methods described are appli-
cable to the radio transmitter and monitoring devices contained in the UPCS device. These methods apply to
the measurement of individual UPCS devices. Additional methods may be added to this standard to fulfill
future requirements.

In addition to the measurements specified herein, UPCS devices may also be required to be tested in accor-
dance with other standards. Examples are listed in Annex A.

1.2 Applications

The procedures given herein may be used to test UPCS devices permitted under 47 CFR 15, Subpart D. The
emissions and operational characteristics of UPCS devices are the basic parameters affecting UPCS coexist-
ence with other electronic devices and systems. In particular, compliance with this standard may be used to
demonstrate electromagnetic compatibility with other isochronous and asynchronous UPCS systems, the
private operational /fixed microwave services systems, and other systems operating in the same and adjacent
frequency bands.

This standard describes preferred test methods and facilities and, in some cases, alternative test methods and
facilities. If these methods and facilities do not apply to the equipment under test (EUT), the manufacturer
shall explain why and shall provide an alternative test procedure that has been approved by the applicable
regulatory agency. If alternative test methods or facilities are employed, every effort should be made to
establish a correlation with the preferred methods or facilities.

Where the word shall is used in this document, it indicates something that is mandatory for compliance with
this standard. The word should indicates something that is advisory only.

Copyright © 1998 IEEE. All rights reserved. 1
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1.3 Road map to the standard

The tests for UPCS devices fall into two categories. The first category includes the traditional radio fre-
guency (RF) measurements of radiated power, emission mask, power spectral density, etc. These tests are
given in Clause 6 of this document. The second category includes tests for the channel monitoring and
access requirements unigque to UPCS devices. These requirements are sometimes collectively referred to as
the spectrum etiquette. The associated tests are described in Clauses 7 and 8 of this document, and they
relate to Sections 15.321 (asynchronous devices) and 15.323 (isochronous devices) of 47 CFR 15, Subpart
D. These sections of 47 CFR 15, Subpart D, require that a UPCS device monitor the received RF power
level on the intended transmit channel before transmitti ng, and provide criteria that the monitored power
level shall satisfy to allow the device to transmit on that channel. Thetestsin Clauses 7 and 8 are designed to
verify compliance with these requirements. Annex A provides a table showing the sections in 47 CFR 15,
Subpart D, that correspond to the tests in this standard.

To test for compliance with the monitoring and access requirements, it is necessary to subject the EUT to
deliberate interference, with controlled spectral and temporal characteristics on a selected channel or chan-
nels, and to observe the reaction of the EUT. To restrict operation of the EUT to the selected channel(s),
interference can be used to block the other channels. Use of administrative commands to facilitate testing
(e.g., to restrict operation of the EUT to the desired channels) is also acceptable; however, test results
obtained by using actual interference to block the unused channels take precedence in the event of a differ-
encein results.

Clauses 6, 7, and 8 give the fundamental tests. Clause 4 discusses test methodology for both radiated and
conducted RF emission, monitoring, and access tests. Annex D provides the theoretical background. Radi-
ated tests measure field strength to determine the effective isotropic radiated power (EIRP), energy density,
and out-of-band emissions (see Clause 6). For the monitoring and access tests of Clauses 7 and 8, a cali-
brated field strength is applied to the EUT, if radiated measurements are used. If all EUT antennas are
detachable, the tests of Clauses 6, 7, and 8 shall be done on a conducted basis (i.e., RF connections can be
made between the EUT, its companion device, and the RF measuring equipment and interference generators
via shielded coaxia cable). There shall be adequate shielding around the EUT (and possibly the companion
device) to prevent unintended RF coupling.

Clause 5 provides guidance on measurement instrumentation and signal generators for performing the tests.
Clause 9 summarizes the information that should be provided in the test report.

2. References

The following references shall form a part of this standard to the extent that they are referenced herein.
When ANSI and |EEE Standards are superseded by arevision, the version specified in this document shall

apply.

ANSI C63.2-1996, American National Standard for Electromagnetic Noise and Field Strength Instrumenta-
tion, 10 kHz to 40 GHz—Specifications.?

ANSI C63.4-1992, American National Standard for Methods of Measurement of Radio-Noise Emissions
from Low-V oltage Electrical and Electronic Equipment in the Range of 9 kHz to 40 GHz.

ANSI C63.5-1988, American National Standard for Calibration of Antennas Used for Radiated Emission
Measurements in Electromagnetic Interference (EMI) Control.

LChannel” is used here to denote ati me/spectrum window.

2ANSI C63 publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscat-
away, NJ 08855-1331, USA, or from the Sales Department, American National Standards Institute, 11 West 42nd St., New York, NY
10036, USA.
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ANSI C63.6-1988, American National Standard Guide for the Computation of Errors in Open-Area Test
Site Measurements.

ANSI C63.7-1992, American National Standard for Construction of Open-Area Test Sites for Performing
Radiated Emission Measurements.

ANSI C63.14-1992, American National Standard Dictionary for Technologies of Electromagnetic Compati-
bility (EMC), Electromagnetic Pulse (EMP), and Electrostatic Discharge (ESD) (Dictionary of EMC/EMP/
ESD Terms and Definitions).

|EEE Std 100-1996, The | EEE Standard Dictionary of Electrical and Electronics Terms.®
|EEE Std 149-1979 (Reaff 1990), |EEE Standard Test Procedures for Antennas.

|IEEE Std 291-1991, |EEE Standard Methods for Measuring Electromagnetic Field Strength of Sinusoidal
Continuous Waves, 30 Hz to 30 GHz.

47 CFR 15, Subpart D—Unlicensed Personal Communications Services Devices.*

3. Definitions, acronyms and abbreviations, and symbols

3.1 Definitions

The definitions in IEEE Std 100-1996 and ANSI C63.14-1992, unless otherwise noted below, apply
throughout this document. Definitions in particular product standards or in applicable regulations take pre-
cedence. Sources of definitions (if applicable) are enclosed in brackets following the definition.

3.1.1 absorber-lined open-areatest site: An open-areatest site with aradio frequency (RF) absorber-cov-
ered ground plane, to reduce reflections to an acceptable level.

NOTE—According to the requirements of this standard, an acceptable level is 10 dB below the direct-path signal
strength.

3.1.2 anechoic enclosure: An enclosure whose internal walls have low reflection characteristics. [ANSI
C63.14-1992]

3.1.3 asynchronous devices: Devices that transmit radio frequency (RF) energy at irregular time intervals,
astypified by local area network data systems. [47 CFR 15, Subpart D, 15.303(a)]

3.1.4 asynchronous reaction time: The time interval beginning when a device senses a clear observation
window and ending when it begins transmission. [ANSI C63, Subcommittee 7]

3.1.5 asynchronous sub-band: The spectrum allocated for asynchronous transmission. [Extraction from
47 CFR 15, Subpart D, 15.303(i)]

3.1.6 asynchronous transmission burst: A series of transmissions from one or more transmitters acting
cooperatively. [47 CFR 15, Subpart D, 15.323(f)]

3.1.7 band: Range of frequency between two defined limits. [IEEE Std 100-1996]

SIEEE publications are available from the I nstitute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA.

4CFR publications are available from the Superintendent of Documents, U.S. Government Printing Office, P.O. Box 37082, Washing-
ton, DC 20013-7082, USA.

Copyright © 1998 |IEEE. All rights reserved. 3
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3.1.8 bandwidth (BW): The range of frequencies within which performance, with respect to some charac-
teristic, falls within specific limits. [|EEE Std 100-1996]

3.1.9 Boltzmann’s constant (k): The number k that relates the average energy of a molecule to the absolute
temperature of the environment. k is approximately 1.38~ 1023 joules/kelvin. [IEEE Std 100-1996]

3.1.10 center half (of sub-band): A range of frequencies centered in the sub-band and having a span equal
to 1/2 of the width of the sub-band. If F, is the lower-frequency edge of the sub-band and Fy, is the upper-
frequency edge of the sub-band, then the center half of the sub-band is equal to (F, + Fp)/2 = (F5 — Fp)/4.
[ANSI C63, Subcommittee 7]

3.1.11 conducted emission and monitoring tests: Tests performed with radio frequency (RF) signa
sources (to test monitoring thresholds) and instrumentation (to measure emissions) connected directly to the
antenna port on the equipment under test (EUT) transceiver, via shielded coaxia cable and passive com-
biner/splitter networks. See also: radiated emission and monitoring tests.

3.1.12 coordinatable PCS device: Personal communications services (PCS) devices whose geographical
area of operation is sufficiently controlled either by necessity of operation with a fixed infrastructure or by
disabling mechanisms to alow adeguate coordination of their locations relative to incumbent fixed micro-
wave facilities. [47 CFR 15, Subpart D, 15.303(b)]

3.1.13 digital modulation: The process by which the characteristics of acarrier wave are varied among a set
of predetermined discrete values in accordance with a digital modulating function. [ANSI C63, Subcommit-
tee 7]

3.1.14 emission bandwidth (B): The width, in Hz, of the signal between two points, one below the carrier
center frequency and one above the carrier center frequency, that are 26 dB down relative to the maximum
level of the modulated carrier. It is based on the use of measurement instrumentation employing a peak
detector function with an instrument resol ution bandwidth approximately equal to 1% of the emission band-
width of the device under measurement. [Extraction from 47 CFR 15, Subpart D, 15.303(c)]

3.1.15 equipment under test (EUT): The device, equipment, subsystem, or system that is to be tested or
that is under test. [ANSI C63.14-1992]

3.1.16 framejitter: Time-related, abrupt, spurious variations in the duration of the frameinterval. [47 CFR
15, Subpart D, 15.321(€)]

3.1.17 frameperiod: A set of consecutive time slotsin which the position of each time slot can be identified
by reference to a synchronizing source. [47 CFR 15, Subpart D, 15.321(e)]

3.1.18intentional radiator: A devicethat intentionally generates and emits radio frequency (RF) energy by
radiation or induction. [47 CFR 15, Subpart D, 15.3(0)]

3.1.19isochronous devices: Devices that transmit at aregular interval, typified by time-division voice sys-
tems. [47 CFR 15, Subpart D, 15.303(d)]

3.1.20isochronousreaction time: The duration of radio frequency (RF) power during monitoring that shall
be detected by the device that determines that the monitored time and spectrum window is occupied. [ANSI
C63, Subcommittee 7]

3.1.21 isochronous sub-band: The spectrum allocated for isochronous transmission. [47 CFR 15, Subpart
D, 15.303(i)]

3.1.22 |east interfered channel (LIC): An interference avoidance mechanism that extends the listen before
transmit (LBT) mechanism to monitor all potential channels, determining the least interfered channel, before

4 Copyright © 1998 IEEE. All rights reserved.
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transmitting on that channel. Under 47 CFR 15, Subpart D, 15.323, this mode of operationislimited to those
devices with 40 or more channels. See also: listen beforetransmit.

3.1.23 listen before transmit (LBT): An interference avoi dance mechanism that mandates monitoring of a
selected channel to determine availability before transmission.

3.1.24 noncoor dinatable PCS device: A personal communications services (PCS) device that is capable of
randomly roaming and operating in geographic areas containing incumbent microwave facilities, such that
operation of the PCS device will potentially cause harmful interference to the incumbent microwave facili-
ties. [47 CFR 15, Subpart D, 15.303(e)]

3.1.25 open-area test site (OATS): A site for electromagnetic measurements that is open, flat terrain at a
distance far enough away from buildings, electric lines, fences, trees, underground cables, pipelines, and
other potential reflective objects that the effects due to such are negligible. See ANSI C63.7-1992 for guid-
ance on the construction of open-areatest sites. [ANSI C63.14-1992]

3.1.26 operational failure: The inability of an equipment under test (EUT) to perform a function that is
required as a response to system conditions or to a manually or automatically initiated command. [ANSI
C63, Subcommittee 7]

3.1.27 peak transmit power: The peak power output as measured over an interval of time equal to the
transmission-burst duration of the device under all conditions of modulation. [47 CFR 15, Subpart D,
15.303(f)]

3.1.28 power spectral density: The average pulse energy in a 3 kHz bandwidth divided by the pulse dura-
tion (see Annex C).

3.1.29 radiated emission and monitoring tests: Tests performed with radio frequency (RF) signal sources
(to test monitoring thresholds) and instrumentation (to measure emissions) connected to test antennas. See
also: conducted emission and monitoring tests.

3.1.30 semianechoic room/chamber: A test enclosure featuring a reflective ground plane at the floor and
RF absorber-lined internal walls and ceiling that produce sufficiently low reflections in the frequency range
of interest. As an electromagnetic compatibility (EMC) test facility, the semianechoic room is equivalent to
the open-area test site and shall meet the test site attenuation requirements of ANS| C63.4-1992. See also:
open-area test site.

3.1.31 shielded enclosure: A mesh or sheet metallic housing designed expressly for the purpose of separat-
ing electromagnetically the internal and the external environment. [ANSI C63.14-1992]

3.1.32 shielded room: See: shielded enclosure. [ANSI C63, Subcommittee 7]

3.1.33 spectrum window: An amount of spectrum equal to the intended emission bandwidth in which oper-
ation is desired. [47 CFR 15, Subpart D, 15.303(h)]

3.1.34 sub-band: The spectrum allocated for isochronous or asynchronous transmission. [47 CFR 15, Sub-
part D, 15.303(i)]

3.1.35 TEM cell: A measuring devicethat is designed to utilize the transverse el ectromagnetic mode (TEM)
over the frequency range of interest. Common examples are the two-port TEM cell (also known as the
Crawford Cell) and the wideband TEM cell. [ANSI C63.4-1992]

3.1.36 thermal noise power: The noise power (in W) defined by the formula N = kTB, where N isthe noise

power, in W, k is Boltzmann's constant, T is the absolute temperature, in degrees kelvin (e.g., 295 °K), and
B is the emission bandwidth of the device, in Hz. [47 CFR 15, Subpart D, 15.303(j)]
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3.1.37 time window: An interval of time in which transmission is desired. [47 CFR 15, Subpart D,
15.303(k)]

3.1.38 transmit power: The total energy transmitted over atime interval of no more than 30/B (where B is
the emission bandwidth of the signal), divided by the interval duration. [ANSI C63, Subcommittee 7]

3.1.39 unlicensed personal communications service (UPCS) device: Intentional radiators operating in the
frequency band specified by the applicable regulating agency that provide awide array of mobile and ancil-
lary fixed communication services to individuals and businesses. [Modification of 47 CFR 15, Subpart D,
15.303(9)]

3.1.40 wavelength (I ): Of amonochromatic wave, the distance between two points of corresponding phase
of two consecutive cyclesin the direction of the wave normal. [|[EEE Std 100-1996]

3.1.41 wideband (WB) TEM cell: A transverse electromagnetic mode (TEM) cell that has been altered to
extend the usable frequency range. Often, thisis achieved by replacing one port of atwo-port TEM cell with
a nontapered, wideband load. [ANS| C63.4-1992]

3.2 Acronyms and abbreviations

ANSlI  American National Standards Institute

BW bandwidth

CAT  computed average transient

Ccw continuous wave

dB decibel

dBA decibels referenced to 1 ampere

dBc decibels referenced to the carrier

dBi decibels referenced to isotropic (antenna gain)
dBm decibels referenced to 1 milliwatt

dBnV  decibelsreferenced to 1 microvolt
dB(mVv/m)decibels referenced to 1 microvolt per meter
EIRP  effectiveisotropically radiated power

EMC  electromagnetic compatibility

EMP  eectromagnetic pulse

ESD electrostatic discharge

EUT equipment under test

FCC Federal Communications Commission
FDMA frequency-division multiple access

FFT Fast Fourier Transform

GHz gigahertz

Hz hertz
IEEE Institute of Electrical and Electronics Engineers
IF intermediate frequency

kHz kilohertz

LAN local area network
LBT listen before transmit
LIC least interfered channel
MC multicarrier

MHz  megahertz

ms millisecond

ns microsecond

mw milliwatt

OATS open-areatest site

P transmit power
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PCS personal communications services

ppm parts per million

PSD power spectral density

RBW  resolution bandwidth

RF radio frequency

rms root mean sguare

Rx receiver

TDMA time-division multiple access

TEM  transverse electromagnetic

TX transmitter

UPCS  unlicensed personal communications services
VSWR voltage standing waveratio

W watt

WB-TEMwideband transverse electromagnetic cell

3.3 Symbols

B emission bandwidth, in Hz

k Boltzmann’s constant, in jouleskelvin
M monitoring threshold

T temperature, in degrees kelvin

4. Radiated and conducted test methodology

To perform the RF emission tests in Clause 6 and the monitoring and access tests in Clauses 7 and 8, it is
necessary to have controlled RF paths between the EUT and the measurement instrumentation, and between
the EUT and the interference generators. If the EUT requires a companion device to operate, there also shall
be a controlled RF path between the EUT and its companion device.

These controlled RF paths may be realized either as “radiated” (through space) or “conducted” (over coaxial
cable) paths. In the radiated case, the tests shall be performed in a facility with controlled RF propagation
characteristics, so that the path loss can be controlled by varying separation between transceiver and moni-
toring/source antennas. In the conducted case, the tests can be performed anywhere that there is adequate
shielding to prevent external interference from affecting the test results. Signals can be combined and dis-
tributed using passive networks (e.g., hybrids, Butler matrices,® and directional couplers). Path loss can be
controlled with RF attenuators. Conducted tests are preferred to radiated tests, and should be used if the EUT
antenna can be detached for testing purposes.

This clause provides guidance on the implementation of the conducted and radiated measurements of trans-
mit power and monitoring threshold. Supporting derivations are given in Annex D.

4.1 Test facilities and equipment

Tests should be performed at the manufacturer’s recommended normal operating temperature and voltage.6
Unless stated otherwise, the requirements of ANSI C63.4-1992 apply to the test facilities, including site
design, dimensions, and validation. Additional site validation requirements above 1 GHz currently are under
development. Portions of this standard place requirements on the test facilities in addition to the general
requirements of ANSI C63.4-1992.

When shielded facilities (e.g., shielded rooms, semianechoic chambers, or anechoic chambers) are used for
operational compatibility testing, the shielding effectiveness of the room shall be such as to ensure compli-

5A Butler matrix is a network of 3 dB hybrids that provides a passive combining/splitting function for coupling multiple RF inputs to
multiple RF outputs.

SWhere thisis not specified, conditions of 20 °C and 115 V ac (or fresh battery pack) may be used.
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ance with electromagnetic emission limits for the environment outside of the room and to reduce the ambi-
ents penetrating into the room to levels at least 10 dB below the weakest measured signal. When the free-
space test environment is simulated, the reflections from the facility confines, aswell as the reflections from
any extraneous objects at the test site, shall be reduced to levels at least 10 dB below the direct (free-space)
signal.

The diagram in Figure 1 lists the types of test facilities for measurements specified in this standard.

UPCS DEVICE COMPLIANCE MEASUREMENT TEST FACILITIES

RADIATED EMISSIONS AND CONDUCTED EMISSIONS AND

MONITORING TESTS MONITORING TESTS

ANECHOIC ROOM . SHIELDED ROOM

ABSORBER-LINED OPEN-AREA . ANECHOIC/SEMIANECHOIC

TEST SITE ROOM

OPEN-AREA TEST SITE/ . LABORATORY

SEMIANECHOIC ROOM . IN-SITU

WB-TEM CELL

LABORATORY

IN-SITU

Figure 1—Recommended test facilities
The choice of the test facility is determined by the regulatory agency.

4.2 Test configurations and setup

Clause 6 provides detailed tests of parameters related to RF emissions, such as peak transmit power, emis-
sion bandwidth, and power spectral density. These tests are similar to emission tests performed on most non-
UPCS devices. Clauses 7 and 8 provide tests that verify compliance with the monitoring and access require-
ments that are unique to UPCS devices. These tests require observation of the EUT’s behavior in the pres-
ence of controlled interference of a specific frequency, power level, and modulation format. The monitoring
and access tests have implications on the conducted and radiated test setups.

The monitoring antenna refers to the EUT antenna used to monitor the RF signal on the channel prior to
transmission. In many cases, the monitoring antenna will be the same as the transmitting antenna. If it is not,
then the monitoring and access tests are further complicated by the need to ensure that the monitoring

antenna provides “coverage” that is at least equivalent to that which would be provided by the transmit
antenna.

This standard identifies six test configurations. Each configuration is discussed in a separate subclause, as
shown in the following table.
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Subclause
Transmit/monitoring antenna
comparison and placement Conducted measur ement Radiated measurement
based test (preferred) based test
Single, or identical collocated” 44 47
Different collocated 45 4.8
Arbitrarily placed 4.6 4.9

* Antennas of the same type with a separation distance of 1 m or less, mounted on or within the same physical housing for
the purpose of providing diversity against multipath fading, are considered to be “identical collocated.”

The measurement type (i.e., conducted or radiated) can be selected independently of type and placement by
the product manufacturer and can be specified in the compliance report. Conducted measurements generally
arerequired for systems with detachabl e antennas.

Compliance measurements utilize standard EMC and antenna techniques for conducted power, radiated
field, and EIRP measurements. The conducted test setup is based on power measurements at the EUT trans-
mit, receive, and monitoring antenna terminals. The associated compliance limits for the UPCS products
depend on the transmit antenna gain, Ga. The value of G, is declared by the manufacturer.

Since the transmitter and receiver radiated-power parameters can be expressed in several different but equiv-
alent ways, a number of aternative compliance test procedures can be used for radiated measurements. The
general radiated test setup is based on free-space environment measurements, as shown in Figure 2, where D
is the largest dimension of the EUT (see Figure 8 for the general conducted test setup). The free-space test
siteis defined such that the reflections from any ground planes and other reflecting objects are at least 10 dB
below the line-of-sight signal. The reference antenna is used to measure the EUT radiating power and to
establish the monitoring threshold fields at the transmit and monitoring antennas. The associated compliance
limits are based on the EIRP. The antenna gain and the EIRP evauations should be performed as recom-
mended by |EEE Std 149-1979.

Reference Reference Transmit
EUT Antenna Receive/Transmit Antenna
0 Antenna when s1 0
r> 2D2/| s
Transmitter
EUT) | [7

. { RF Source RF Source
when s1 0 when s1 0

Figure 2—Radiated measurements in free-space environment
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Equivalent radiated tests can be performed in facilities that do not provide for a free-space environment and/
or measure radiated power (e.g., WB-TEM, etc.). Instead of using the reference antenna, the necessary power
levels are generated and/or measured by the test facility itself. If alternative measurements are used, the test
results shall be correlated with those obtained using antenna measurements in a free-space environment.

4.3 Transmitted power and monitoring threshold limits

The EUT transmit power limit, at the antennaterminals, is

Prax - (Ga - Q), when G, >
Pour £ max = (Ga - 0) A9 )
Prnax when GL£0
where
Pmax €quals5log B—10 dBm, or 1074 ./B, in W.
B is the emission bandwidth, in Hz.
Gp  isthe EUT transmit antenna maximum gain (declared by the manufacturer), in dBi.
g is the allowable excess gain over that of an isotropic antenna without a transmit power reduction.’
The maximum monitoring threshold power at the monitoring antennaterminalsis
Tm = Twii + Pmax — Peut (dBm) 2

where

Tymi  equals-174+ 10log B + M dBm.

M isthe amount by which the threshold exceeds thermal noise for a device transmitting the maximum
allowed power, in dB.

When conducted tests are performed, the limits shown in Equations (1) and (2) apply directly. For radiated

tests, those limits shall be translated to the equivalent limits on EIRP and monitoring threshold field
strength, respectively. EIRP limits® corresponding to Equation (1) are

Prax 9, Ga>gd

EIRPzyr £ 3
EUT Pmax +GA* GA£ g ( )

To test for monitoring threshold compliance using radiated techniques, areference antennais used to gener-
ate the required field strength at the monitoring antenna. The transmit power that shall be applied to the ref-
erence antennaterminals to induce a power level can be expressed in terms of the EIRP as

Prret = Tvi * Pmax — EIRPeyT— 20109 (I /4pr) — Grer 4

or, in terms of the maximum measured field strength at a distance, r, from the EUT, as

Prret = Tmi + Pmax — EEuTmax + 201091g f — Grer —42.8 )

747 CFR 15, Subpart D, 15.319(e), specifies that g = 3 dBi.

8Because the EIRP limit is independent of G, for G, > 3 dBi, and most practical radiating devices will not have a gain sufficiently
below 3 dBi for the difference of 3 dBi — G, to be accurately measurable, there may be a gain-independent EIRP limit in the future.
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where

Greg isthegain of the reference antennain the direction of the EUT, in dBi.

f isthe signal frequency, in Hz.

I is the wavelength, in meters.

r is the distance from the reference antenna to the EUT monitoring antenna.

In Equation (5), it is assumed that r is the same for measurement of the radiated field strength and the moni-
toring threshold.

4.4 Conducted measurements of products with collocated transmitting and moni-
toring antennas of the same type

The EUT antenna shall be disconnected and the power, Pg T, at its terminals shall be measured during EUT
transmission, as specified in Clause 6. The monitoring threshold(s) shall be measured using the procedures
in Clause 7. The EUT failsif it does not meet the criteria of Equations (1) and (2).

4.5 Conducted measurements of products with collocated transmitting and moni-
toring antennas of different types

When the monitoring antennais different from the transmitting antenna, it shall be verified that the monitor-
ing antenna provides coverage equivalent to that of the transmitting antenna. This means that the monitoring
system shall cause deference to any transmission of sufficient strength to induce a power level in the EUT
transmit antenna that exceeds the threshold for the EUT, as measured at the transmitting antennainpuit.

The transmit power compliance test of Clause 6 shall be performed as stated in 4.4. The maximum thresh-
old, Ty, shall be calculated using Equation (2), and it shall be verified that the EUT transmits when power
sufficiently less than Ty, is applied to the monitoring antenna terminals and defers when power equal to or
greater than Ty, is applied to the terminals.

The equivalent coverage test for the transmitting and monitoring antennas is performed as follows:

a)  Set up the reference antenna with vertical polarization, and with its mgjor lobe facing the EUT, at a
distance, r (meeting the far-field conditions), from the EUT antennas.

b) Hluminate the EUT with the reference antenna from a number of positions covering the surface of a
sphere around the EUT with aradius of r. This can be done by positioning the EUT in three orthog-
onal planes and rotating it over arange of 0—360° in each plane. The rotation may be discrete or con-
tinuous.

¢) While rotating the EUT, apply power to the terminals of the reference antenna and adjust it to the
level Py, SO as to maintain areceived power of Ty, at the EUT transmit antenna terminals for any
orientation.

d) Repeat the test with horizontal polarization for the reference antenna.

The EUT shall defer at each position for one or the other of the two orthogonal polarizations of the reference
antenna. Otherwise, the EUT fails the equivalent coverage test.

4.6 Conducted measurements of products with arbitrarily placed transmitting and
monitoring antennas

The transmit power compliance test of Clause 6 shall be performed as stated in 4.4. The maximum thresh-
old, Ty, shall be calculated using Equation (2), and it shall be verified that the EUT transmits when power
sufficiently less than Ty, is applied to the monitoring antenna terminals and defers when power equal to or
greater than Ty, is applied to the terminals.
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The equivalent coverage test for the transmitting and monitoring antennas is performed as follows:

a)  Set up the reference antenna with vertical polarization, and with its mgjor lobe facing the EUT, at a
distance, r (meeting the far-field conditions), from the EUT transmit antenna in the direction of the
EUT’s maximum radiation.

b)  Apply power to the reference antennaterminals and adjust it to the level P« SO asto obtain power,
Ty, a the EUT transmit antenna terminals.

¢) Move the reference antenna (without changing its orientation) in the direction of the EUT’s maxi-
mum radiation to a distance, r + s, from the monitoring antenna (where s is the maximum possible
distance between the transmit and monitoring antennas), as specified by the EUT manufacturer.

d) Alignthe EUT monitoring antenna such that the direction of its minimum sensitivity faces the refer-
ence antenna.

e)  Apply power, Py, to the reference antenna and illuminate the EUT monitoring antenna

The EUT shall defer for one or the other of two orthogonal reference antenna polarizations. Otherwise, the
EUT fails the equivalent coverage test.

4.7 Radiated measurements of products with collocated transmitting and monitor-
ing antennas of the same type

The EUT and reference antenna shall be set up, with the major lobe of the reference antenna facing the EUT,
inthe far field with a separation of r. The EUT transmission shall beinitiated, and the direction of the EUT’s
maximum radiation shall be found. The EUT EIRP shall be measured. EIRPgt (dBm) can be calculated
from the measured radiated-field intensity in the direction of maximum radiation, Egmax. Using

El RPEUT = EEUTmax + 20 |Og r—104.8 (6)
where Egytmax iSin dBmV/m.

Using the nominal value of the EUT gain, Gp, declared by the manufacturer, the limit on EIRPgyt shall be
calculated using Equation (3). If EIRPg 1 exceeds the limit, the EUT fails the test.

Compliance with the monitoring threshold limitsis verified as follows:

a) Using Equations (4) or (5), calculate the power, P, that shall be applied to the reference antenna
terminals to establish the monitoring threshold field level (denoted by E,, in Annex D) at the EUT
transmit antenna (this would induce a power level of T, at the terminals of alossless antenna with a
gain of Gp).

b)  Apply power first smaller than, then equal to, Pt to the reference antennaterminals. [lluminate the
EUT in the direction of maximum radiation, while continuously attempting to initiate the EUT trans-
mission. Verify that there is at least one position of the EUT in which it will transmit when suffi-
ciently low power is applied to the reference antenna terminals.

Cc)  When the power level applied to the reference antenna is equal to and larger than Py, the EUT
shall defer for one or the other of two orthogonal polarizations of the reference antenna (e.g., vertical
and horizontal). Otherwise, the EUT fails the test.

d) Asthe EUT isrotated, monitor the power received by the reference antenna when the EUT trans-
mits, and adjust the threshold accordingly.

4.8 Radiated measurements of products with collocated transmitting and monitor-
ing antennas of different types

The EUT and reference antenna shall be set up, with the major lobe of the reference antenna facing the EUT,
in the far field with a separation of r. The transmission test shall be performed as described in 4.7, and it
shall be verified that EIRPg ;T meetsthe limits.

Compliance with the monitoring threshold limitsis verified using the same procedure as described in 4.7.
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4.9 Radiated measurements of products with arbitrarily placed transmitting and
monitoring antennas

The reference antenna shall be set up, with its major lobe facing the EUT, in the far field with a separation
of r. Thetransmission test shall be performed as described in 4.7, and it shall be verified that EIRPg ;T meets
the limits.

The equivalent coverage test for the transmitting and monitoring antennas is performed as follows:

a) Calculate, as described in 4.7, the power, Pt that shall be applied to the reference antenna to
establish the monitoring threshold field at the EUT transmit antenna.

b) Movethe reference antenna (without changing its orientation) in the direction of the EUT maximum
radiation at adistance, r + s, from the monitoring antenna (where sis the maximum possible separa-
tion distance between the transmit and monitoring antennas), as specified by the EUT manufacturer.

c) Apply power first smaller than, then equal and larger than, Pt to the reference antenna terminals
and illuminate the EUT monitoring antenna. Investigate a number of the EUT monitoring antenna
placements and positions on the surface of a sphere around the EUT monitoring antenna, as
described in 4.7, while attempting to initiate transmission. There should exist a sufficiently low ref-
erence antenna power level (smaller than Pr,) such that the EUT is able to transmit, at least at one
EUT antenna position.

d) When the power level applied to the reference antenna is equal or larger than P, the EUT shall
defer at al positions of the monitoring antenna, for either horizontal or vertical reference antenna
polarizations. Otherwise, the EUT fails the test.

5. Measurement instrumentation
This clause provides information on measurement instrumentation.

Alternative test methods using different equipment may be employed. Some items described here are ater-
native choices.

5.1 Antennas

Calibrated, linearly polarized antennas should be used as specified in ANSI C63.2-1996. These include dou-
ble-ridged guide horns, rectangular waveguide horns, pyramidal horns, optimum gain horns, and standard
gain horns. The beam or major lobe of the pattern of any antenna used shall be large enough to encompass
the EUT when located at the measuring distance. The aperture dimensions of these horn antennas shall be
small enough that the measurement distance, in meters, is equal to or greater than the Rayleigh Distance
(i.e, Rp= D22l , where D is the largest dimension of the aperture, in meters, of the antenna, and | is the
free-space wavelength, in meters, at the frequency of measurement). In case of dispute, measurements made
with the standard gain horn antenna shall take precedence.

5.2 Digital storage oscilloscope

A digital storage oscilloscope shall provide the following functionality:
— Two channels
— Pre/post trigger delay

— Delayed sweep
— Cursor with readout of amplitude and time values
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A digital storage oscilloscope shall meet the following minimum performance requirements:

Bandwidth—repetitive:
Bandwidth—single shot:

Time accuracy:

Time interval resolution—repetitive:
Digitizing rate:

Sweep speed:

Vertical accuracy:

Vertical resolution:

Vertical sensitivity (1:1 probe):
Input impedance:

Input coupling:

5.3 Frequency counter

dc to 50 MHz
1MHz

+0.01%

+1ns

20 M Sals

1 g/div to 10 ns/div
+ 3%

8 hits

5 mV/div to 5 V/div
1MW

ac, dc

A frequency counter shall provide the following functionality:

— Fregquency and period measurements

Averaging of measurement with statistics,

including standard deviation

— Externa measurement gating for measurement of noncontinuous (burst) signals

A frequency counter shall meet the following minimum performance requirements:

Frequency range:
Frequency resolution:
Frequency accuracy:

Power range and sensitivity:

Usable over the applicable radio frequency range
9digitsin 1 s of measurement time

0.2 ppm

—25t0 +28 dBm

External attenuation may be used to meet the high-power end of the range and can
be considered as part of the equipment.

5.4 Low-noise amplifier

A low-noise amplifier shall meet the following minimum performance requirements:

Fregquency range:
Gain:
Noise figure:

Power out 1 dB gain compression:

Usable over the applicable radio frequency range
20dB

4dB

+10dBm

5.5 Modulation analyzer or frequency and time-interval analyzer

A modulation analyzer or frequency and time-interval analyzer shall provide the following functionality:

14

— Continuous measurement for frequency, period, and time intervals
—  Presentation of measured values vs. time and presentation of histogram results

— Adjustable sampling rate and sample size

— Calculation of statistics including mean, minimum, maximum, and standard deviation
— RF envelope detection with detected output
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A modulation analyzer or frequency and time-interval analyzer shall meet the following minimum perfor-
mance requirements:

Frequency range: Tunable over the applicable frequency range
Frequency resolution: Selectableto 1 ppm

Time interval resolution: Symbol rate/10

RF burst width: 50 s to continuous

Dynamic range: —-10dBmto + 20 dBm

Input impedance: 50 Wnominal

Sample rate: Upto1MHz

5.6 Alternative instrumentation

While the tests described in this standard are based on general-purpose instrumentation, tests using aterna-
tive, more specialized instrumentation can, in some cases, be performed more quickly with equaly valid
results. For some EUT (e.g., those operating in conformance with an industry standard air interface), instru-
ments may be available that are specifically designed to test equipment using a particular type of modula-
tion, frequency channelization, frame structure, etc. Those instruments may be capable of automatically
performing some of the tests specified in Clause 6 (e.g., emission bandwidth and power spectral density).
Such instruments can be used instead of general-purpose instruments (spectrum analyzers, signal anayzers,
etc.) to perform the tests of which they are capable, provided that the manufacturer notes that this is permis-
sible on the grant application and provides the necessary data regarding the test instrument.

5.7 Square-notch interference generator

A square-notch interference generator shall provide the following functionality:
— Flat pseudo-random noise output
— Multiple notches in the noise output, adjustable in depth and width

— Multiple continuous wave (CW) tones that can be combined with the noise output

An interference generator shall meet the following minimum performance requirements:

Bandwidth: Adequate to apply interference over therange of EUT operating
frequencies

Frequency resolution: 1kHz

Output accuracy: +2dB over 1.25 MHz

Power spectral density range:  —150 dBm/Hz to —100 dBm/Hz

External attenuation may be used to meet the low-power end of the range and can be
considered part of the equipment.

Amplitude resolution: 1dB

5.8 Multicarrier interference generator

A multicarrier interference generator shall be capable of generating CW signals on any selected combination
of EUT carrier frequencies. For some EUT, the multicarrier generator is a practical alternative to the square-
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notch generator for applying out-of-operating-region interference to the EUT (see 7.2.4). Its exact specifica
tions depend on the EUT, but shall meet or exceed the following:

Independently-switchable (on/off) EUT carriers combined in asingle 50 WRF output

Power output per carrier: 3 -35dBm
Frequency tolerance: £ 10% of EUT center frequency separation
Adjacent channel interference: £ -30 dBc in EUT receiver noise bandwidth

5.9 Power meter
A power meter shall provide the following functionality:

— Average power measurements

— Truerms detection for both sinusoidal and nonsinusoidal signals
— Absolute power in linear (W) and logarithmic (dBm) units

— Relative (offset) power in dB and percentage units

— Automatic calibration and zeroing

— Averaging of multiple readings

A power meter shall meet the following minimum performance requirements:

Frequency range: Covers applicable range of radio frequencies
Power range: —10dBm (0.1 mW) to +30 dBm (1 W)
Absolute and relative power accuracy: +0.2dB (5%)

Excludes sensor and source mismatch (VSWR) errors, zeroing errors (significant at
bottom end of sensor range), and power linearity errors (significant at top end of

Sensor range).
Power measurement resol ution: £0.1dB
Sensor VSWR: 1151

5.10 Pulsel/arbitrary waveform generator

A pulse/arbitrary waveform generator shall meet the following minimum performance requirements:

Arbitrary waveform length: Up to 16k points
Arbitrary amplitude resol ution: 12 bits

Arbitrary samplerate: 40 MSals

Arbitrary memory: Four 16k waveforms
Timing accuracy: 100 ppm

Riseffall time: 200 ns

Output amplitude: Upto 10V peak-to-peak
Output impedance: 50w

Trigger: Internal and external
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5.11 Signal generator

A signal generator shall meet the following minimum performance requirements:

Output frequency range: Tunable over applicable range of radio frequencies
Freguency accuracy: + 10 ppm

Frequency resolution: 1kHz

Output range: —50 dBm to —10 dBm, and off

Output accuracy: + 1 dB for above amplitude range and frequencies < 1 GHz
Output resolution: 0.1dB

5.12 Spectrum analyzer
A spectrum analyzer shall provide the following functionality:

— General purpose frequency domain measurements
— Time domain (zero span) measurements with true average power determination

A spectrum analyzer shall meet the following minimum performance requirements:

Frequency range: Tunable over the applicable radio frequency range. To test devices under
47 CFR 15, Subpart D, testing up to the tenth harmonic is required.

Frequency setting resolution: 1kHz

Freguency accuracy: + 0.2 ppm

Displayed dynamic range: 70dB

Display log scale fidelity: + 1 dB over the above displayed dynamic range

Amplitude measurement range for signals from 10 MHz to 2.5 GHz:
Power measured in 30 kHz RBW: —50to +30 dBm

External attenuation may be used to meet the high power end of the range and can be considered as part of
the equipment.

Absolute amplitude accuracy in the transmit and receive bands:

For frequency domain + 1.5 dB over the range of —-40 dBm to +26 dBm

measurements with RBW of

300 Hz to 100 kHz:

Relative flatness: + 1.5 dB over frequency range 10 MHz to 2.5 GHz

RBW filter: Synchronously tuned or Gaussian (at least 3 poles) with 3 dB bandwidth

selections of 3 MHz, 1 MHz, 300 kHz, 100 kHz, 30 kHz, 10 kHz, 3 kHz,
1 kHz, and 300 Hz. For asynchronous devices with emission BW > 2.5 MHz,
awider RBW isrequired for certain measurements.

Post detection video filters: Selectable in decade steps from 100 Hz to at least 3 MHz
Detection modes: Selectable to be either peak or sample

RF input impedance: Nominal 50 W

Time domain sweep times: Selectable from 100 nsto 100 ms

External delayed sweep trigger: Selectable from 5 ns to 40 ms
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5.13 Complex waveform analyzer
A complex waveform analyzer shall provide the following functionality:

— FFT-based spectrum measurements, with independent selection of RBW and span.

— Simultaneous measurement of frequency domain and time domain data. The time data will have a
3dB bandwidth greater than the measurement bandwidth and will be used to compute both the
power spectrum (viaan FFT) and the power envelope. When time corrections are specified, the ana-
lyzer will meet the amplitude accuracy specification for time domain data.

— Fregquency domain measurements:peak power and integrated power over afrequency band.
— Time domain measurements:peak power and true average power over atime interval.

A complex waveform analyzer shall meet the following minimum performance requirements:

Frequency range: Tunable over the applicable radio frequency range
Frequency setting resol ution: 1kHz

Frequency accuracy: + 0.2 ppm

Frequency span (measurement BW): > emission BW of EUT, but not < 1.25 MHz
Dynamic range: 70dBc

Amplitude input range for signals from 10 MHz to 2.5 GHz:
Peak envelope power: —30to +40 dBm

Attenuator step size: £ 5dB external attenuation may be used to meet the
high-power end of the range and can be considered
as part of the equipment.

Input noise density: —100 dB/Hz (referenced to full-scale input)

Absolute amplitude accuracy:

Frequency domain: + 1.5 dB over applicable radio frequency range
Time domain: + 1.5dB for afull-scale sine wave placed anywhere
within the frequency span
RBW filter (FFT window function): Uniform (none), Gaussian. For Gaussian window,

noise BW £ 3 kHz for frequency spans£ 2.5 MHz.

Detector mode: Sample

RF input impedance: Nominal 50 W

Spectral averaging: RMS

Triggering: RF envelope with trigger holdoff
Trigger delay: 0-10 ms
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5.14 Antenna calibration

All antennas shall be individually calibrated to show traceability to the National Institute of Standards and
Technology (NIST) or to an equivalent standards reference organization. Antenna factors shall be rechecked
at least once a year, either by recalibration techniques or by checking against reference antennas or known
signal sources. Spot-checking during the period between calibrations is recommended. Reference antennas
that are used only for calibration or comparison purposes and are not used on a daily basis should be recali-
brated at least every three years. Antennas shall be calibrated using an acceptable method, such as one of the
methods in |EEE Std 291-1991 or |EEE Std 149-1979. The antenna used shall be calibrated at the measuring
distance at which it will be used.

NOTES

1—If the antennaiis calibrated at a distance of 2D?1 , it may be used to make measurements at any greater distance.
2—Gain standard horn antennas (sometimes called standard gain horn antennas) need not be calibrated beyond that
which is provided by the manufacturer, unless they are damaged, deterioration is suspected, or they are used at adistance
closer than 2D/ . Gain standard horn antennas have gains that are fixed by their dimensions and dimensional toler-
ances.

6. RF measurements

6.1 Emissions test
6.1.1 Test requirements

The equipment that is configured as described in Figure 3 is for the conducted method. If the radiated
method is required, refer to the test configuration in Clause 4. The EUT is arranged to communicate via a
fixed carrier frequency between its transmitter and a compatible receiver. If the devices provide two-way
communications, one should be designated as the transmitter under test. If the EUT is evaluated by a con-
ducted measurement on an external port, the EUT and its associated compatible transceiver should be placed
near enough to be able to establish a connection. Tests should be performed at the manufacturer’s recom-
mended normal operating temperature and supply voltage.

Equipment Configuration

RF Connection
~~y o (alternative radiated method)
|

e

Spectrum |

- .
EUT
- ar a0 a» o

] ~ ~
RF Connection
(Conducted Method)

Figure 3—Test configuration
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Before testing, the manufacturer shall provide to the testing organization the channel plan and declared val-
ues of the following parameters for the device being tested:

— Maximum EUT antennagain

—  Peak power level

— Free channel threshold(s)

— Emission bandwidth

— Maode of operation (isochronous or asynchronous)

— Isochronous frame period and time slot plan

— Minimum and maximum burst length for asynchronous systems

For conducted measurements, cable losses shall be taken into account. For radiated measurement, cable
losses and reference antenna factors shall be taken into account.

6.1.2 Peak transmit power

For devices with an emission bandwidth within the capability (that is, less than the maximum RBW) of the
spectrum analyzer to be used, the following procedure may be used.

The equipment is configured as shown in Figure 3.

Spectrum analyzer settings for determining the peak power:

RBW: 3 emission bandwidth

Video bandwidth: 3 27 emission bandwidth

Span: 0

Center frequency: Nominal center frequency of channel

Amplitude scale: log (linear may be used if analyzer has sufficient linear dynamic range and
accuracy)

Detection: Peak detection

Trigger: Video

The RBW setting for thistest shall be adjusted by repeating thistest and using increasing values of the RBW
until there are negligible changes (within + 0.5 dB) in the measured values of the maximum power.

Alternative instrument and techniques to the spectrum analyzer may be used in measuring peak power (for
example, acomplex waveform analyzer or FFT signal analyzer).

6.1.2.1 Digital sequence

The digital sequence(s) used to measure peak power shall be representative of those encountered in the real
system operation. If peak power is sequence-dependent, then the worst-case sequence expected to occur dur-
ing normal operation shall be used.

6.1.2.2 Testing method

6.1.2.2.1 Recommended spectrum analyzer method

This method computes the transmit power over the required measurement interval using digitized samples of
the waveform envelope. The spectrum analyzer sampled time-waveform data is converted to linear power.
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The average of al consecutive combinations of power samples covering the interval (30/emission band-
width) over the EUT’s maximum continuous transmission interval is computed. In other words, the wave-
form that is the diding power average (window filter) of width (30/emission bandwidth) for the continuous
transmission interval is computed. The measurement is made over the EUT’s maximum continuous trans-
mission interval. If the maximum of the smoothed power waveform does not exceed the power limit, then
the unit passes the test for that sequence. The largest of these smoothed power output values over the
required sequence typesis the peak transmit power.

6.1.2.2.2 Alternative spectrum analyzer method

This method uses a narrow video bandwidth to provide analog smoothing rather than using the cal cul ated
digital smoothing. The video bandwidth is set greater than or equal to the emission bandwidth/30. The aver-
aging on alog power scale or on alinear voltage scale will give aresult that is less than the true power aver-
age by an amount that depends on the variation in the amplitude envelope of the carrier. For relatively
constant amplitude modulations (£ 3 dB variation), the “scale-averaging” error isinsignificant. For Gaussian
noise, the amplitude envelope will have a Rayleigh distribution, and the scale-averaging error will be—2.5 dB
on alog scaleand —1.1 dB on alinear voltage scale. Adding a2.5 dB or 1.1 dB correction to the result will
compensate for this error. Other amplitude distributions require different corrections.

6.1.2.2.3 Alternative complex waveform analyzer or signal analyzer method

Signal analyzer settings:

Measurement type: Vector with time correction

Center frequency: Nominal center frequency of channel

Span (measurement BW): > emission bandwidth (2 B preferred)

Time record length: > burst duration

Trigger: Envelope

Trigger holdoff: > burst duration

Trigger delay: Adjust to center burst in time record

Input range: > peak power (minimum range that will not overload the
instrument)

The time data (amplitude vs. time) is obtained.

The signal analyzer time data is used to compute the peak power using the preferred method described in
6.1.2.2.1.

6.1.2.3 Standard test frequencies

If the EUT isonly capable of operation on a single frequency, then that is the standard test frequency.

If the EUT is capable of operation on more than one frequency within the sub-band, then the standard test
frequencies shall be the lowest frequency within the sub-band for which the device is capable of operation,
the highest frequency within the sub-band for which the EUT is capable of operation, and the frequency
nearest the center of the sub-band for which the EUT is capable of operation.
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6.1.3 Emission bandwidth

The equipment is configured as shown in Figure 3. The EUT shall transmit in a burst mode (i.e., shall not be
configured to transmit continuously), so that transient effects associated with initiation of transmission are
captured by the emission bandwidth measurement.

RBW: Approximately 1% of the emission bandwidth (arough estimate may be obtained
from peak power level measurement, or by using the manufacturer’ s declared value)

Video bandwidth: 3 3timesthe RBW

Center frequency: Nominal center frequency of channel

Span: 3 2 times the expected emission bandwidth

Sweep time: Coupled to frequency span and RBW

Amplitude scale: log

Detection: Peak detection with maximum hold enabled

The maximum level of the modulated carrier shall be recorded. The two furthest frequencies above and
below the frequency of the maximum level of the modulated carrier, where the signal level is 26 dB below
the peak level of the carrier, shall be found. The difference in frequency between these two frequenciesisthe
emission bandwidth. If, after measuring the emission bandwidth, it is found that the RBW used was not
approximately 1% of the emission bandwidth, then the RBW shall be adjusted and the procedure repeated
until the correct RBW is used. If the spectrum analyzer has fixed values of RBW, the one that is the nearest
to 1% of the emission bandwidth is acceptable, provided that it is no less than 0.5% of the emission band-
width and no greater than 2% of the emission bandwidth.

The frequency of the maximum level of the modulated carrier and the furthest frequencies above and below
this frequency shall be recorded, where the signal levels are 6 dB, 12 dB, and 24 dB below the peak level of
the modulated carrier. These three frequency pairs are to be used later in 7.4 for measuring monitoring band-
width.

6.1.4 Modulation

Attestation of compliance with the digital modulation requirement will be made in accordance with the dis-
closure statement that is required by the applicable equipment authorization procedures.

6.1.5 Power spectral density using the computed average transient (CAT) method

The following test methods may be used to verify that the EUT’s power spectral density does not exceed
3 mW in any 3 kHz bandwidth.

The test cases shall be representative of those encountered in the real system operation.
The equipment is configured as shown in Figure 3.

Spectrum analyzer settings:

RBW: 3kHz
Video bandwidth: 33" RBW
Span: Zero span at frequency with the maximum level [frequency determined per 6.1.3 if the

same type of signal (continuous vs. burst) was used in 6.1.3]

Center frequency: Spectral peak as determined in 6.1.3
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Sweep time: For burst signals, sufficient to include essentially all of the maximum length burst at the
output of a3 kHz filter (e.g., maximum input burst duration plus 600 rrs); for continu-
oussignals, 20 ms

Amplitude scale: log power
Detection: Sample detection, averaged for a minimum of 100 sweeps
Trigger: External or internal

For burst-type signals, arrangements shall be made to measure the wideband burst duration of each burst
analyzed and to compute the mean duration.

Thelevel that is 20 dB below the first peak shall be determined. The power-averaged waveform between the
20 dB threshold levels around the first peak shall be recorded with at least 30 000 samples per second, as
shown in Figure 4. Multiple wideband bursts may produce the waveform between —20 dB peaks. These shall
be included in the determination of the average burst length. If thereis no level that is 20 dB below the peak,
then the complete sweep shall be analyzed, and all of the wideband waveform that occurs during the sweep
time shall be included in the computation of average burst length.

The values of the sample points (in linear units of power) shall be summed and divided by the sample fre-
guency to obtain the total pulse energy in the 3 kHz bandwidth. The results shall then be divided by the aver-
age duration of the wideband input pulse to obtain the average pulse power. If the result is less than 3 mW,
the EUT passes the power spectral density requirement.

Averaaed
Amplitude
(dBm)

20dB

A
v

Time

At least 30 000 sambles per
second are needed durina this
time interval

Figure 4—Computed average transient method: sampling of the averaged power wave-
form measured with 3 kHz resolution bandwidth

Copyright © 1998 IEEE. All rights reserved. 23



ANSI
C63.17-1998 AMERICAN NATIONAL STANDARD FOR METHODS OF MEASUREMENT OF THE

6.1.6 Emissions

Unless otherwise specified, the conducted method is the preferred method of measurement. The radiated
method should be used if the EUT has a nondetachable antenna. A free-space environment or equivalent
should be used in the radiated emission test. The general requirements for conducted and radiated tests are
givenin Clause 4.

6.1.6.1 Out-of-channel emissions
6.1.6.1.1 Channel edges

The channel edges are defined as the lowest and highest frequencies used in the UPCS device channelization
scheme.

a) Isochronous devices—For isochronous devices, for emissions testing purposes, the channel edges
are, for example,

— 1920 MHz

— 1921.25 MHz

— 19225 MHz

— 1923.75 MHz

— 1925 MHz

— 1926.25 MHz

— 1927.5MHz

— 1928.75 MHz

— 1930 MHz

For systems that divide the channels into subchannels, the device under test shall use the subchannel
that is nearest to the channel edges while the measurement is being carried out.

b)  Asynchronous devices—For asynchronous devices, the channel edges are, for example,

— 1910 MHz

— 1920 MHz

— 2390 MHz

— 2400 MHz

6.1.6.1.2 Measurement procedure
The equipment is configured as shown in Figure 3.

Spectrum analyzer settings:

RBW: Approximately 1% of emission bandwidth (B) or 10 kHz, whichever
isless

Video bandwidth: 3" RBW

Sweep time: 3 pulse repetition interval multiplied by the number of trace elements

Number of sweeps: Sufficient to stabilize the trace

Amplitude scale: log

Detection: Peak detection and maximum hold enabled

Span: 1.5MHz £ span £ 5 MHz

The out-of-channel emission measurement starts from above or below the channel edge. The out-of-channel
emission frequency range of measurement is defined in 47 CFR 15, Subpart D, 15.33. Thisimplies that the
out-of-sub-band emissions will be included in these measurements. The limits are described in 6.1.6.3.
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In the region between the channel edge and 1.25 MHz above or below the channel, the measured emission
level shall not exceed —9.5 dBm. In the region between 1.25 and 2.5 MHz above or below the channel, the
measured emission level shall not exceed —29.5 dBm. Intheregion at 2.5 MHz or greater above or below the
channel, the measured emission level shall not exceed —39.5 dBm.

6.1.6.2 Out-of-subchannel emissions

Thistest isonly required for devices with an emission bandwidth of less than 625 kHz that utilize the isoch-
ronous sub-band.

The equipment is configured as shown in Figure 3.

Spectrum analyzer settings:
RBW: Approximately 1% of the emission bandwidth (B)
Video bandwidth: 3" RBW
Sweep time: 3 pulse repetition interval multiplied by the num-
ber of trace elements
Number of sweeps: Sufficient to stabilize the trace
Amplitude scale: log
Detection: Peak detection and maximum hold enabled
Span: Approximately equal to 3.5B

When the test is carried out, the device under test should be on its subchannel nearest the corresponding
channel edges. For example, assume a channel is subdivided into n subchannels, subchannel 1 is nearest to
the lower-frequency channel edge, and subchannel n is nearest to the higher-frequency channel edge. The
device shall operate on subchannel 1, and emission measurement shall start from 1B above the center of the
emission bandwidth (B) and extend to the higher-frequency channel edge. Similarly, the device shall operate
on subchannel n, and emission measurement shall start from 1B below the center of the emission bandwidth
and extend to the lower-frequency channel edge.

In the region between 1B and 2B from the center of the subchannel, the measured emission level (measured
with 1% of emission bandwidth) shall not exceed 30 dB below the permitted peak power for the device. In
the region between 2B and 3B from the center of the subchannel, the measured emission level shall not
exceed 50 dB below the permitted peak power for the device. In the region between 3B and the channel
edge, as measured from the center of the subchannel, the measured emission level shall not exceed 60 dB
below the permitted peak power for the device.

Where these limits are more stringent than 47 CFR 15, 815.209, these limits take precedence as indicated in
47 CFR 15, Subpart D, 15.319 (g).

6.1.6.3 Out-of-sub-band emissions

The out-of-channel emissions measurements of 6.1.6.1.2 also apply to out-of-sub-band emissions, when
the subchannel or channel is set nearest to the upper or lower sub-band edge. In the region between the
sub-band edges and 1.25 MHz below and above the lower and the upper sub-band edges, respectively, the
measured emission level shall not exceed —9.5 dBm. In the region between 1.25 MHz and 2.5 MHz below
and above the lower and the upper sub-band edges, respectively, the measured emission level shall not
exceed —29.5 dBm. In the region at 2.5 MHz or greater below and above the lower and upper sub-band
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edges, respectively, the measured emission level shall not exceed —39.5 dBm. 47 CFR 15, 8§15.209, may
also be used as an option,® noting that it is a radiated measurement.

UPCS devices, in general, include digital circuitry that is not directly associated with the radio transmitter
and are subject to the requirements for unintentional radiators, as described in 47 CFR 15, §15.109, for both
in-band and out-of-band emissions. These emissions shall be measured with the device operating in receive
and transmit modes. For the transmit mode, one should not measure within 3.75 MHz of the edges of the
sub-band in which the device is operating. Emissions that are directly caused by digital circuitsin the trans-
mit path do not have to meet 47 CFR 15, §15.109, limits, but rather the limits mentioned above.

6.2 Frequency and time stability
6.2.1 Test requirements

If the radiated method is used, refer to Clause 4 for configuration details. The EUT is arranged to communi-
cate via afixed radio channel. If the devices provide two-way communications, one should be designated as
the transmitter under test. If the conducted method is used, the EUT and its companion device should be
connected with shielded coaxial cable. An attenuator should be placed in the conducted path between the
EUT and its companion device to prevent test results from being corrupted by emissions from the compan-
ion device. The attenuator should be adjusted to allow reliable communication between the EUT and the
companion device. Tests should be performed at the manufacturer’s recommended normal operating tem-
perature and voltage.

6.2.2 Carrier frequency stability (isochronous)

The modulation analyzer or frequency and time-interval analyzer is set up asfollows:

Frequency measurement:

Y axis: Frequency

Center frequency: Nominal carrier center frequency

Frequency span: Span large enough so that the full waveform is greater than 50% but
less than 100% of the display scale

X axis: Time

Time setting: Approximately transmit burst period

Measurement interval (gating time): X (in units of hit period), where X £ 5000

Number of measurements 5000/X (where X is the measurement interval in units of bit period)

Trigger: RF envelope for pulsed systems; otherwise, frequency value

The histogram of the frequency distribution shall be computed with small or negligible latency time between
measurements.

The above analyzer settings will enable the mean carrier-frequency measurement to be taken over a time
period of at least 5000 bits.

Alternatively, the mean frequency can be obtained using a frequency counter with the gating time set at
5000 hit periods.

9Compliance with the limits of 47 CFR 15, §15.209, isrequired in the restricted bands listed in 47 CFR 15, §15.205.
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The mean value of the carrier frequency should be recorded at |east once every second for atotal of greater
than 3000 readings or over at least a 1 h period of time. (It may be necessary to use a controller to log the
measurements if the analyzer does not have that capability).

This procedure should be carried out for each of the following test cases:

Temperature Supply voltage
20°C 85-115% or new batteries
—20°C Normal
+50 °C Normal

* Usethe lowest temperature at which the EUT is specified to operate if it
isabove 20 °C.

Using the mean carrier frequency at 20 °C and at nomina supply voltage as the reference, the mean carrier
frequency shall be maintained within + 10 ppm at the two extreme temperatures (or as declared by the man-
ufacturer) and at normal temperature (typicaly 20 °C) at the two extreme supply voltages.

6.2.3 Frame repetition stability (isochronous)

The modulation analyzer or frequency and time-interval analyzer is set up asfollows:

Frequency measurement of detected RF envel ope:

X axis: Time

Time setting: Approximate frame period ~ 100

Y axis: Frequency

Center frequency: Nominal frame-repetition rate

Frequency span: Span large enough so that the full waveform is greater than 50% but less than
100% of the display scale

Measurement time X (in units of frame period), where X £ 1000

interval (gating time):

Number of measurements:  1000/X (where X is the measurement interval in units of frame period)

The histogram of the frame timing distribution shall be computed with small or negligible latency time
between measurements.

The above analyzer settings will enable the mean frame-repetition rate measurement to be taken over atime
period of at least 1000 frame periods. Alternatively, the mean frame-repetition rate may be obtained using an
envelope detector and a frequency counter with the gating time set at 1000 times the frame period.

The mean value of the frame-repetition rate should be recorded for atotal of about 1000 readings or over at
least a1 h period of time. It may be necessary to use a computer to log the measurementsif the analyzer does
not have that capability. A distribution of these 1000 readings should be recorded, and its standard deviation
should be computed. Devices that implement time division for the purpose of maintaining a duplex connec-
tion shall maintain a frame-repetition rate whereby three times the standard deviation of the frequency sta-
bility shall not exceed 50 ppm. Each device that further divides access in time shall maintain a frame-
repetition rate whereby three times the standard deviation of the frequency stability shall not exceed 10 ppm.
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6.2.4 Frame period and jitter (isochronous)
The modulation analyzer or frequency and time-interval analyzer is set up asfollows:

Time-interval measurement:

Y axis: Time

Center time: Frame period

Time span: Span large enough so that the full waveform is greater than 50%
but less than 100% of the display scale

X axis: Time

Time setting: Approximate frame period ~ 100

Measurement timeinterval (gatingtime): < frame period (shall be able to measure time interval between ris-
ing edge of one pulse to the rising edge of the next pulse within a
resolution of 100 ns)

Number of measurements: 1 000 000 total accumulated

The histogram of the frame-period distribution shall be computed with small or negligible latency time
between measurements.

When the accumulated number of measurements reaches 1 000 000, the peak-to-peak, mean, and standard
deviation values shall be recorded.

The mean value shall be the frame period and shall be 20 ms or 10 ms/X, where X is a positive integer. Three
times the standard deviation value of the jitter shall not be greater than 12.5 ns.

Alternatively, jitter can be measured by using the analyzer to obtain the time duration between rising edges,
and by using a computer to compute the difference between two consecutive frame periods. The difference
between any two consecutive frame periods, measured over 1 000 000 frames, shall not exceed 25 1rs.

7. Monitoring tests

7.1 Introduction

Devices monitor their intended channel (time/spectrum window) prior to transmission to sense RF energy in
the sub-band. If there is RF energy above the monitoring threshold,1° the device can either defer transmis-
sion until the channel is clear or select another clear channel. The monitoring tests in this clause verify that
the moniti)lr levels, the monitor timing, and the deferral operation are in accordance with the spectrum shar-
ing rules.

Difficulty in definitive monitoring testing comes from several potential sources:
— Devices may be designed to operate only together with other devices of like type.
— Devicesmay select anew region of the sub-band or stop operating when interfering radio signals are

detected in their operating region.
— Devices may transmit intermittently and, thus, their modes of operation may be difficult to detect.

0see 7.2.1 for details.
115ee Annex B for notes on an alternative monitoring method.
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In the following tests, interference is introduced into some unused regions of the sub-band in order to con-
fine the operation of the EUT to one region. If available, frequency-administration commands are used to
confine operation of the EUT to oneregion. In the event of a conflict between test results obtained using fre-
guency-administration commands and results obtained using out-of-operating-region interference, the latter
results take precedence, provided that they are performed in accordance with the proceduresin 7.2.4.

7.1.1 Monitoring test set-up

Figure 5 illustrates the concept of operating regions within the sub-band and shows how interferenceis pro-
vided outside of the operating region.

UPCS Sub-band

10 dB
Amplitude
Access
Threshold
Frequency

R

Out-of-Operating- Device Operating Region
Region Interference

Figure 5—Operating region within UPCS sub-band

Figure 6 illustrates the concept of adding interference into the selected operating region to test for compli-
ance with the threshold limits. With this arrangement, the test requirement isto observe if the EUT transmits
in the one region where the threshold is being tested. The out-of-operating-region interference is not
required during the tests if the device is designed to operate only in afixed channel of the UPCS band, or if
the device can be restricted to selected regions using frequency-administration commands. 2

UPCS Sub-band

10 dB
Amplitude
Access
Threshold
\ Frequency

Out-of-Operating- EUT Operating Region

Region Interference Test Interference added

to Operating Region
Figure 6—Interference added to operating region to test compliance

12For coordinatable UPCS devices, the abi lity to restrict the operation of the device to a subset of the available spectrum may be neces-
sary for operation in some locations.
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For the monitoring tests, the general equipment configurations are shown in Figures 7 and 8. The EUT may
be arranged to communicate via radio signals between itself and another compatible device (the companion
device). Typically, in the isochronous sub-band, the devices provide two-way communications, and one
device should be designated as the monitoring transceiver under test (the EUT). Figure 7 illustrates radiated
communication between the devices and the instruments. Figure 8 illustrates conducted communication. 3

Channel
Interference

Test Interference

Receiver Generator
Generator

Test j Y Interference
Antenna Antenna

RF Connection

EUT Companion
Device

Test
Monitoring
Spectrum

Analyzer

Test Monitoring
Antenna

Figure 7—Equipment configuration for radiated monitoring and operational tests
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Figure 8—Equipment configuration for conducted monitoring and operational tests

13The interference antenna shall transmit hi gher power to the monitoring EUT than the companion device. Otherwise, the operation of
the EUT may be masked by the undesirable deference response of the companion device.
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7.1.2 Monitoring test procedure—general

The threshold used for channel access deferral is based on the power and emission bandwidth measurements
of 6.1.2 and 6.1.3.

Each test generally will consist of the following steps:

a) Using either frequency-administration commands or out-of-operating-region interference (see
7.2.4), restrict operation of the EUT to a“target” frequency or frequencies on which the test will be
performed. Initiate transmission without the presence of interference on the target frequencies to
verify that the EUT is operating. The communication is then stopped.

b) Introduce interference on the target frequencies at the prescribed level and time duration as appro-
priate to the EUT, and verify that the EUT defers use of the region of the sub-band when it is
requested to establish a connection.

The EUT passes when it operates only in the allowed combinations of operating environments.

7.2 Calibration of sensitivity
7.2.1 Calculation of thresholds4

From the results of measurements of the transmitter power level (P in dBm) and emission bandwidth (B in
Hz), the threshold limits!® are calculated as follows:

Isochronous devices (lower threshold): 1510919 B—184 + 30— P dBm
Isochronous devices (upper threshold): 1510919 B—184 + 50 —P dBm
Asynchronous devices: 1510919 B—184 + 32—P dBm

7.2.2 Calibration of test interference field strength (radiated technique)
Refer to Clause 4 and Annex D.

7.2.3 Standard test frequencies

Refer to 6.1.6.

7.2.4 Procedures for using out-of-operating-region interference

It is assumed here that the tester has access to either

a) An interference source capable of generating wideband interference with square spectral notches
(“spectrum windows”) of variable width (i.e., the square-notch generator in 5.7), or

b) An interference source that can generate independently-controlled (on or off) CW signals on the
center frequencies of all EUT frequency channels (i.e., the multicarrier generator in 5.8).

Either generator can be used to apply out-of-operating-region interference to target specific frequency
ranges for threshold testing by blocking the other frequencies, unless the selectivity of the EUT is extremely
poor. The procedures given here are intended to ensure that residual power from the generator on the target
(unblocked) frequency does not corrupt the test. See Annex F for background and details.

14Refer to 47 CFR 15, Subpart D, 15.321(c)(2), 15.321(c)(7), 15.323 (¢)(2), 15.323(c)(5), and 15.323(c)(9).

BThese expressions are derived from the following formula: kTB + 30 + (allowed power — actual power) [units of dBm]
[k=1.38054" 10723 W/Hz/°K and T = 290 °K] [KT = —174 dBm/Hz]; see Annex D for details.
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Figure 9 shows the relationships between the threshold being tested and the interference power levels dis-
cussed here. The objective isto create a situation in which the residual interference power level on the target
frequency (due to imperfect frequency selectivity of the EUT) is 'Y dB below the threshold, while the power
on the other (blocked) frequenciesis X dB above the threshold (the “threshold” in these procedures for using
out-of -operating-region interference refers to the actual threshold of the EUT, unless otherwise stated). If the
square-notch generator is used, the power on the frequency channel(s) adjacent to the target frequency is
Xa dB above the threshold, where X, can be up to 3 dB below X, depending on the width of the notch. The
equation Z = X + Y represents the total dB difference between the residual interference power on the target
frequency and the interference on the blocked frequencies; except for the adjacent frequencies (if the square-
notch generator is used), for which the total dB differenceis Z, = X, + Y. The quantities Z and Z, depend on
the EUT frequency selectivity characteristic, typically determined by the intermediate frequency (IF) filter-
ing. Theway inwhich Z isdivided between X and Y depends on the power level applied to the EUT from the
interference generator on the blocked frequencies. The procedures below determine the proper level.

Nonadjacent
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= X Xa
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Figure 9—Relationships among power levels for out-of-operating-region interference

After out-of-operating-region interferenceis applied, it should be verified that the EUT is operating properly
on the target frequencies.

7.2.4.1 Square-notch interference generator
7.2.4.1.1 Isochronous upper and asynchronous threshold

a) Apply interference across the entire sub-band of interest at the maximum level, or at least 10 dB
above the manufacturer’s declared threshold. Lower the interference until the EUT can transmit.
Theinterference is now at threshold on all frequencies.

b) Raise the interference by 25 dB and open a spectrum window (notch) centered on the target fre-
guency. Increase the notch width until either the EUT can transmit (in which case the residual inter-
ference power on the target frequency is at the threshold), or the notch edges fall on the center
frequencies of the adjacent frequency channels (as declared by the manufacturer), whichever occurs
first.
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¢) If the EUT transmits before the maximum notch width is reached, note that the difference between
the out-of-operating-region interference and the residual interference power on the target frequency
is25dB (i.e., Z= 25 dB) for the current notch width. Lower the power from the generator by 15 dB.
The residual power on the target frequency is now 15 dB below the threshold (i.e., Y = 15 dB), and
the interference power on the blocked frequencies, except for the adjacent frequency, is 10 dB above
the threshold (X = 10 dB). The interference power on the adjacent frequenciesis at least 7 dB above
the threshold (X, 2 7 dB).

d) If the EUT could not transmit with the notch edges at the center frequencies of the adjacent frequen-
cies, lower the power until the EUT can transmit (so that the residual interference power on the tar-
get frequency is at the threshold). Z isthe dB difference between the generator PSD at that point and
the threshold, and Z, is 3 dB less. Lower the interference power by 15 dB or Z—6 dB, whichever is
less (this ensures that X, is at least 3 dB). The amount of the reduction is Y dB (i.e.,, the residual
interference power on the target frequency isnow Y dB below the threshold). If Y islessthan 10 dB,
a correction factor shall be applied to the test results. If atest signa of power level SdBm causes
deference, then the actua threshold is:

T = S—10log(1—10"""°) ©)

The abscissa of Figure F.1 in Annex F corresponds to —Y, and the ordinate corresponds to S— T (the dB dif-
ference between the measured and actual thresholds).

Make note of the value of Z, the corresponding notch width, Wy, and the value of Y.
7.2.4.1.2 Isochronous lower threshold and least-interfered channel

a) With the interference generator configured to apply interference on the frequency channels that
overlap either the upper or lower 3 MHz of the band (depending on the emission bandwidth of the
EUT), set the generator power level at the EUT (using attenuators if necessary) to 10 dB below the
manufacturer’s declared lower threshold. Verify that the EUT transmits on a frequency channel
overlapping the 3 MHz at the appropriate end of the band. Raise the generator power level until the
point isfound at which the EUT transmits on afrequency not overlapping the first 3 MHz. The inter-
ference power is at the lower threshold on the blocked frequencies.

b)  Open two notches in nonadjacent frequency channels, each of awidth of Wy (as determined above).
Neither channel should overlap the 3 MHz at the preferred end of the band. For the lower threshold
test, set the generator PSD to X dB above the lower threshold, where X is 6 dB or Z— 15 dB, which-
ever isgreater, and Z isthe value determined above. If Y (= Z - X) isless than 10 dB, use the correc-
tion factor in Equation (7) to compute the actual lower threshold.

¢) Fortheleast-interfered channel test, increase X to 15 dB (raise the interference power on the blocked
channelsto 15 dB above the lower threshold) and compute Y = Z - 15 dB. If Yislessthan 7 dB, the
test signal used in the least-interfered channel shall be adjusted such that the total power is 3 dB
above the lower threshold. The power, S of the test signa into the EUT, in dB above the lower
threshold, is computed using

S = 10log(2 - 10""™) €S)

7.2.4.2 Multicarrier interference generator
7.2.4.2.1 Isochronous upper and asynchronous threshold
a) Apply interference on al system carriers at the maximum level. Lower the interference uniformly on
all carriersuntil the EUT can transmit. The interference is now at the threshold on all frequencies.

b) Raise the interference by 25 dB and remove the interfering carrier on the target frequency. If the
EUT can transmit, then the residual interference on the target frequency is at or below the threshold;
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0)

d)

and the difference between the out-of-operating-region interference and the residual power on the
target frequency is at least 25 dB (i.e,, Z 3 25 dB). If the EUT cannot transmit on the target fre-
guency, skip to the next step. Reduce the interference power on all active carriers by 15 dB, so that
X =10dB (the interference power on the blocked frequencies is 10 dB above the threshold) and
Y3 15 dB (theresidual interference power on the target frequency is at least 15 dB below the thresh-
old), and proceed with the test. Make note of the fact that Z3 25 dB.

Lower the power until the EUT can transmit on the target frequency, which indicates that the resid-
ual interference power on the target frequency isjust below the threshold. Make anote of Z, whichis
the dB difference between the carrier power (on the blocked frequencies) at which the EUT can
transmit and the threshold determined in step a).

Reduce the interference power by 15 dB, or Z— 3 dB, whichever isless. The amount of the reduction
(indB) isY. The residual power on the target frequency is now Y dB below the threshold. Proceed
with the threshold test on the target frequency. If Yislessthan 10 dB, the correction factor in Equa-
tion (7) shall be used to determine the threshold.

7.2.4.2.2 Isochronous lower threshold and least-interfered channel

a)

b)

0)

Apply interfering carriers on the center frequencies of all frequency channels that overlap either the
upper or lower 3 MHz of the band (depending on the emission bandwidth of the EUT), and set the
power level (per carrier) to 10 dB below the manufacturer’ s declared lower threshold. Verify that the
EUT transmits on a frequency channel overlapping the first 3 MHz at the appropriate end of the
band. Raise the power on the interfering carriers until the point is found at which the EUT transmits
on afrequency not overlapping the first 3 MHz. The power level per carrier is at the lower threshold.
Apply interference to all carriers except for two nonadjacent frequencies, neither of which overlaps
the 3 MHz at the preferred end of the band. For the lower threshold test, set the power on the active
interfering carriers to X dB above the lower threshold, where X is 3 dB or Z — 15 dB, whichever is
greater, and Z isthe value determined above. If Y (= Z— X) islessthan 10 dB, use the correction fac-
tor in Equation (7) to compute the actual lower threshold.

For the least-interfered channel test, increase X to 12 dB and compute. If Yislessthan 7 dB, the test
signal, S used on the least-interfered channel shall be adjusted such that the total power is 3 dB
above the lower threshold. The power, S of the test signa into the EUT, in dB above the lower
threshold, shall be computed using Equation (8).

7.3 Threshold level

7.3.1 Asynchronous devices

16

For devices utilizing the asynchronous sub-band,

a)
b)

Intheinitial state, with no interference, verify that the EUT transmits.

Using frequency-administration commands or out-of-operating-region interference (following the
proceduresin 7.2.4), restrict operation of the EUT to a single system-frequency channel, and verify
that the EUT can transmit.

Introduce a CW signal at the calculated threshold limit on the center frequency of the target channel.
The success criterion is that the EUT does not transmit.

16Refer to 47 CFR 15, Subpart D, 15.321(c)(2).
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7.3.2 Isochronous devices!’

7.3.2.1 Determination of thresholds and verification of “best channel” selection

These tests determine the lower and upper thresholds of the EUT, and verify that if the EUT is operating in
the “least-interfered channel” mode, it can properly select the channel with the lowest interference power,
within a 6 dB resolution. The “preferred” end of the 1920-1930 MHz band denotes the end at which the
search for channels with interference below the lower threshold shall begin. For devices with an emission
bandwidth of less than 625 kHz, the search shall begin within 3 MHz of the lower end of the band (i.e.,
1920 MHz). For devices with an emission bandwidth of greater than 625 kHz, the search shall begin within
3 MHz of the upper end of the band.

Some types of devices (in some modes) can transmit without establishing a connection (for example,
devices transmitting signaling beacons). For those devices, no companion device is necessary for these tests.
Other types of devices (or other operating modes) need to establish a connection to transmit continuously,
and a companion device is required to perform the tests. In these cases, the interference to the companion
device should be at least 10 dB lower than the interference to the EUT. If a companion deviceis needed, the
path loss between the EUT and the companion device shall be adjusted such that the signal received from the
companion device exceeds the interference in the target channels by a sufficient margin to allow reliable
communication. Otherwise, the behavior of the EUT might be influenced by poor received-signal quality. In
any of the following steps, if the EUT fails to transmit when it should (according to the manufacturer’s
declared thresholds and operating protocols), any necessary adjustments shall be made in the path loss
between the EUT and companion device and the out-of-operating-region interference, and the step shall be
repeated.

The manufacturer shall include in its test report a declaration of the relevant monitoring thresholds, as well
as an explanation of the monitoring and channel-selection protocols, including any necessary diagrams.

The steps that follow apply directly to conductive testing. For radiative testing, the threshold power levels
specified in the following subclauses shall be translated to the corresponding transmit power levels for the
reference antenna, as discussed in Clause 4 and Annex D.

The interference test signals either may be CW or may be modulated in the same way as the EUT transmis-
sion. The out-of-operating-region interference (if used) should be adjusted to the levels appropriate to the
test (i.e., lower threshold, least-interfered channel, upper threshold) as discussed in 7.2.4.

When these tests are performed on an EUT that is transmitting signaling or control information, transmis-
sion on an existing channel (initiated before the interference is applied) may continue for up to 30 s before
channel selection is effected by the interference. For such devices, it may be necessary to wait for 30 s to
verify proper monitoring and to establish the threshold being measured. Similarly, the device should con-
tinue to transmit on a channel consistent with the interference that is applied as long as the interference
exists.

7.3.2.1.1 Lower threshold

a) Using either frequency-administration commands or out-of-operating-region interference, allow
operation on only two of the EUT’s carrier frequencies, neither of which overlap the 3 MHz nearest
the preferred end of the band. The carrier nearest the preferred end of the band will be designated f;,
and the other carrier will be designated fs.

b)  With no interference on either carrier, initiate transmission. Transmission should occur on f;.

c) If aconnection exists, terminateit. Introduce interference to the EUT on f; at alevel of 10 dB below
the manufacturer’s declared lower threshold. Initiate transmission and determine whether transmis-

1Refer to 47 CFR 15, Subpart D, 15.323(b), 15.323(c)(2), and 15.323(c)(5).
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d)
€)
f)

0)

h)

sion occurred on fq or f,. If it occurred on f,, then lower the interfering signal level on f; and repeat
the above.

If a connection exists, terminate it and raise the interference on f; by 1 dB. Initiate transmission.
Determine whether transmission occurred on f; or f,.

Repeat the previous step until transmission occurs on f,. The highest interference level at which
transmission occurs on f; is the measured lower threshold.

Record the value of the measured lower threshold for use in subsequent tests and terminate the con-
nection.

If the measured lower threshold, in dBm, is more than 15 log,g B — 154 — Pg1, where B isthe emis-
sionlkéandwidth of the device, in Hz, and Pgt is the transmitted power, in dBm, the device fails the
test.

If the EUT has less than 40 channels, perform this step. Otherwise, proceed with the least-interfered
channel test that follows. If a connection exists, terminate it. Apply interference to the EUT on f;
and f, at the calculated lower threshold limit, as determined previously. The interference on f; shall
occur only during the transmit portion of the EUT’ s frame; the receive portion shall be interference-
free. The interference on f, may be continuous. Initiate transmission. If the EUT transmits, it fails
the test.

7.3.2.1.2 Least-interfered channel

a)

b)

0)

If aconnection exists, terminate it. Apply interference to the EUT on f; at alevel that is 10 dB above
the measured lower threshold, and on f, at alevel that is 3 dB above the measured lower threshold.
Initiate transmission. The EUT should transmit on f,. If it transmits on fy, it fails the test. If it does
not transmit on f,, and a companion device is necessary, make whatever adjustments are necessary
to the path loss between the EUT and the companion device to allow an adequate carrier-to-interfer-
ence ratio, and repeat the test.

If the system uses time-division multiple access (TDMA), perform this step. If a connection exists,
terminate it. Remove the interference from a single slot on f4, so that all of the EUT’s slots on f;
have an interference of 10 dB above the measured lower threshold except for one slot, which is
interference-free. (At the manufacturer’s option, the interference may be applied only to the transmit
or receive portion of the EUT’s frame, with a single transmit slot clear.) The interference on f,
should be 3 dB above the measured lower threshold. Initiate transmission. The EUT should transmit
on the interference-free slot on f;. Otherwise, the EUT failsthe test.

If a connection exists, terminate it. Apply interference on f, at alevel that is 10 dB above the mea-
sured lower threshold, and on f; at alevel that is 3 dB above the measured lower threshold. Initiate
transmission. The EUT should transmit on f;. If the EUT transmitson f, it failsthe test.

7.3.2.1.3 Upper threshold

a)

b)
<)

d)
€)

f)

If a connection exists, terminate it. Apply interference to f, at alevel that is 10 dB above the manu-
facturer’s declared upper threshold. Apply interferenceto f; at alevel that is 10 dB below the manu-
facturer’s declared upper threshold during only the transmit portion of the EUT’s frame.

Initiate transmission, and observe whether the EUT transmits. If a connection is made, terminate it
and increase the interference on f; by 1 dB.

Repeat the previous step until the EUT fails to transmit. The lowest level of interference on f; at
which the EUT will not transmit is the measured upper threshold.

Record the value of the measured upper threshold for future reference.

If the measured upper threshold, in dBm, exceeds 15 log,q B — 134 — P, where B is the emission
bandwidth, in Hz, and P is the transmitted power, in dBm, the test isfailed.

If the measured upper and lower thresholds are separated by more than 26 dB, the test is failed.

18Refer to 47 CFR 15, Subpart D, 15.323(c)(2).
19This maximum separation includes the nominal 20 dB separation plus a 6 dB measurement tolerance.
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7.3.2.2 Selected channel confirmation??

Some types of devices may pre-scan available time/spectrum windows and store the detected power levelsin
memory to facilitate fast selection of a time/spectrum window when access is required. Since some amount
of time is required for a complete scan,? the stored power level for a selected time/spectrum window may
have “aged” since the measurement was taken. The device is therefore required to remonitor the selected
time/spectrum window immediately prior to transmission. The test described below isintended to verify that
the EUT makes its channel-selection decision on the basis of a recent power-level reading. The manufac-
turer shall describe the channel monitoring and selection process used by the EUT, including details regard-
ing the time between monitoring and transmission on the confirmed channel. Appropriate timing diagrams
shall be included as necessary.

Out-of -operating-region interference, if used, should be set at levels appropriate to the least-interfered chan-
nel test.

a) Using the same setup asthe previous test, set the interference to the EUT on f; to alevel that is3 dB
above the measured lower threshold, and on f, to a level that is 10 dB above the measured lower
threshold. Temporarily remove the RF signal on f, (e.g., by turning off the RF on the generator front
panel, while leaving the generator on).

b) Initiate transmission and verify that the EUT transmits on f,. If a connection was made, terminate it.

c) Re-apply the RF signal on f, and immediately cause the EUT to attempt transmission. The EUT
should now transmit on f;.

d) If thedevicetransmitson f,, it fails. If the device transmits on fy, it passes.

7.4 Threshold monitoring bandwidth

Using either frequency-administration commands or out-of-operating-region interference (following the
procedures in 7.2.4), operation of the EUT shall be restricted to a single system-carrier frequency, and it
shall be verified that the EUT can establish a connection. If out-of-operating-region interference is used, the
levels shall be appropriate to the “upper threshold” test for isochronous devices with more than 40 channels.
For isochronous devices with less than 40 channels, the levels for the “lower threshold” test shall be used.
The test shall be performed for each standard test frequency on which the EUT is capable of operation.

7.4.1 Simple compliance test

The following test may be used to verify that the EUT complies with the rules. While this procedure verifies
compliance using a simple test, failure does not indicate that the EUT fails to comply with the rules. If this
test fails, the more complex test below may be used; however, this test is more severe than required and
more severe than the more detailed test alternative below.

Center the interfering signal at a frequency above the center of the emission of the EUT, separated by 40%
of the emission bandwidith of the EUT, at a level that is 4 dB above the calculated threshold limit.?? The
bandwidth of the interfering signal shall be equa to or greater than the minimum emission bandwidth
allowed for the sub-band. It shall be verified that the EUT does not establish a connection. The procedureis
repeated with the interference centered at a frequency below the center of the emission of the EUT, sepa-
rated by 40% of the emission bandwidth of the EUT, at alevel that is 4 dB above the calculated threshold
limit. It shall be verified that the EUT does not establish a connection.

20Refer to 47 CFR 15, Subpart D, 15.323(c)(1) and 15.323(c)(5).
2lyp to 10 sis allowed for devices operating under 47 CFR 15, Subpart D, 15.323(c)(5).

2For devices operating in the isochronous sub-band, the calculated upper threshold limit shall be used if the EUT has more than
40 channels. Otherwise, the calculated lower threshold limit shall be used.
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7.4.2 More detailed test

The following (more detailed) test verifies the operation of the EUT by probing the shape of the emissions
and the monitoring filter.

From the measurement of the emission bandwidth (see 6.1.6), the three frequency pairs shall be found above
and below the frequency of the maximum level of the modulated carrier, most removed from each other,
where the signal levels are 6 dB, 12 dB, and 24 dB below the peak level of the modulated carrier. With an
unmodulated interfering signal set at each of these frequencies and set at a level 6 dB, 12 dB and 24 dB
above the calculated threshold limit,2? it shall be verified that the EUT does not establish a connection. The
following table summarizes these test frequencies and levels.

Test level
Test frequency (above threshold limit)
—6 dB points 6dB
—12 dB points 12d8
—24 dB points 24.d8

NOTE—The test at the center frequency is equivalent to part of the test of 7.3.2.

7.5 Isochronous reaction time and monitoring interval?*

In the isochronous sub-band, the reaction time is the duration of the RF power, during the monitoring inter-
val, that shall be detected by the device to determine that the monitored time and spectrum window is occu-
pied. The objective of the test is to demonstrate that the device defers use of aregion of spectrum when the
interfering signals are of a time duration that exceeds the allowed limit. An example of aradiated arrange-
ment of the test equipment is shown in Figure 10 (asimilar conducted arrangement could be used). The gate
device may be a controlled amplifier that is used to pulse the channel interference to provide pulses of the
required time duration and position. An alternative arrangement would be to connect the output of the pulse
generator directly to the pulse-modulation input of the channel interference generator, if it is so equipped.

a) Using either frequency-administration commands or out-of-operating-region interference (as dis-
cussed in 7.2.4), restrict the EUT to operation on a single system-carrier frequency, and verify that
the EUT can establish a connection. If out-of-operating-region interference is used, the levels shall
be appropriate to the “ upper threshold” test for isochronous devices with more than 40 channels. For
isochronous devices with less than 40 channels, use the levels for the “lower threshold” test.

b) Theleve of the interference may be set with an unmodulated signal, followed by the application of
the appropriate modulation (if necessary). A pulsed CW signal may also be used. The channel inter-
ference should be pulsed with a 10 ms repetition period25 and a variable pulse width.?® As some
devices may divide the use of the channel, in time, into a number of time dots, it may be necessary
for the pul sed interference to be timed to correspond to the time-slot pattern in the frame of the EUT.
If thisis necessary, the manufacturer shall supply the necessary frame-pattern information including
the frame period and the number and duration of the time dlots.

23ror devices operating in the isochronous sub-band, the calculated upper threshold limit shall be used if the EUT has more than
40 channels. Otherwise, the calculated lower threshold limit shall be used.

24Refer to 47 CFR 15, Subpart D, 15.323(c)(1) and 15.323(c)(7).
25The accuracy of the repetition rate should be + 10 ppm or better.

2The rise and fall times of the interference bursts shall be less than 1 s from 10-90% of the final amplitude. The interference pulse
shall be of constant amplitude during its burst (+ 5%).
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0)
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e
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Figure 10—Example arrangement for testing of isochronous monitoring
reaction time

NOTE—A “timeslot” here refersto a subdivision of the EUT frame interval to support multiple userson asin-
gle carrier frequency using time-division multiple access (TDMA). It does not refer to the subdivision of a
10 msinterval into multiple frames. For example, assume that the duration of the EUT frame is 10/X ms, where
X is a positive integer, and each frame is divided into N timeslots. For the test, there should be N interference
pulses per 10 msinterval, not NX pulses. The timing of the pulses should be arranged such that each of the N
timeslots receives one pulse in 10 ms, not one pulse per EUT frame (unless, of course, the EUT frame duration
is10 ms).

With the channel-interference level at the calculated threshold limit,%’ verify that the EUT does not
establish a connection when the width of the interference pulse exceeds 50./1.25 oB ns, where B is
the emission bandwidth of the EUT, in MHz.

With the channel interference set to a level that is 6 dB above the calculated threshold limit, verify
that the EUT does not establish a connection when the width of the interference pulse exceeds
35./1.25 vB ns, where B is the emission bandwidth of the EUT, in MHz.

Increase the pulse duration to 75./1.25 @B ns, where B isthe EUT emission bandwidth, in MHz. Set
the interference power to a level 10 dB above the calculated upper threshold limit and randomly
vary the synchronization of the pulsed interference generator with respect to the EUT frame. Verify
that the EUT does not transmit (note that the time between interference pulses on successive frames
shall not exceed 10 ms).

Repeat steps a) through e) for each standard test frequency within the sub-band for which the EUT is capable
of operation.

2TFor devices operating in the isochronous sub-band, the calculated upper threshold limit shall be used if the EUT has more than
40 channels. Otherwise, the calculated lower threshold limit shall be used.
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7.6 Asynchronous spectrum access procedures

The EUT should be adjusted to transmit packets at a high rate. If two or more devices generate a cooperative
burst, then the time zero in Figure 11 is the end of the cooperative burst.

EUT Transmission [¢— Testing Pulse ——————»

(or respgnse)
‘ﬂ z z=0to 25 n$
Y 1

Intraframe Gaps

»)

y X

time =0 time = t1 time = t2
Figure 11—Asynchronous spectrum access procedure tests sequence illustration

Test pulses, when required, shall be generated by the test system of Figure 12 or its equivalent. The test sys-
tem has a means of monitoring and synchronizing to the packet-end condition (time = 0 in the illustration)
and varying the delay, y, before the test pul ses begin. Thetest system shall be capable of sensing atransmis-
sion from the EUT during the testing pulse. It shall also be capable of measuring the duration of transmis-
sions from the EUT.

N/ EUT Antenna

Equipment
Under
Test

Controlled | Narrow Noise
Amplifier S Band Source
Interference Filter
Antenna
alternative means to generate
RF Power Up - Mixer interference may be used
Amplifier
N N

Pulse/
Function
Test \_ Generator
Y Monitoring Antenna

Wideband
Low-Noise
Amplifier

Envelope Digital
Detector Storage
Scope

testing control
bus

Figure 12—Configuration for asynchronous procedures spectrum access tests
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7.6.1 Asynchronous access procedures state diagram

As shown in Figure 13, the device enters the Monitor state from the Idle state, typicaly when a packet is
gueued for transmission. Before exiting the Monitor state, the device is required to have monitored received
power, on the frequency channel it intends to use, for at least 50 ns.

Back-off
f(x)

Monitor 3 50 ns

Transmit
Packet

Double x

X < Xmax

Figure 13—Asynchronous access procedures state diagram

NOTE—f(X) is a number greater than or equal to a uniform random number from the range [50 ns,X] with
Xmin = 750 ms and X5 = 12 ms.

At the end of the monitoring period, the device shall make a hard decision to transmit (if the channel is
judged clear) or to defer (if the channel isjudged busy).

The channel may be judged clear if a 15 ns diding time average of received power is below threshold
throughout the monitoring period; otherwise, the channel shall be judged busy.

After the end of a (clear) monitoring period, there may be a delay before the EUT begins transmitting. This
delay isthe reaction time—theinterval from the end of an observation window to the beginning of the trans-
mission. Reaction time is required to be less than 50 ns.

The Back-off state occurs in two locations in the diagram. In this state, the device sets a time-out value,
awaits the end of the time-out, then exits the state. The time-out interval is required to be equal to or larger
than a random variable that is uniformly distributed between 0 and x, where x has a minimum value of
750 ns and a maximum value of 12 ms. The diagram shows how the variable, x (i.e., the range of the uni-
form distribution), is increased between 750 ns and 12 ms. The device delays a random interval, the mini-
mum value of which is controlled by X, then exits the Back-off state. Although the diagram shows the device
starting its monitor interval after the end of the deference interval, it is acceptable to start the monitor inter-
val earlier. It isrequired, however, that the monitoring interval include the 50 ns immediately after the ran-
dom deference interval.
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If the frequency channdl is busy when the device exits the Monitor state, the value of the variable, x, is com-
pared to the maximum value that it may assume (12 ms). If x is|ess than the maximum value, x is doubled or
set equal to 12 ms, whichever is less, and the Back-off state is entered. If x is equal to the maximum value
when the Monitor state is exited, the Back-off state is entered directly. After executing the back-off, the
Monitor state is re-entered.

If the frequency channel is clear when the Monitor state is exited, the packet is transmitted, x isreinitialized
to the minimum value, and the Idle state is re-entered. If another packet is queued, the device immediately
enters the Monitor state from the Idle state; otherwise, the device waits for another packet queued condition,
then enters the Monitor state.

Although not shown in Figure 13, it is permitted for monitoring to occur during the Idle state in anticipation
of a packet arriving on the queue for transmission. If the channel has been monitored for at least the 50 ns
immediately preceding the packet arrival, then the clear/busy decision can be made immediately upon the
packet's arrival.

7.6.2 Asynchronous burst length

Asynchronous transmission bursts are periods of RF energy sometimes separated by short, intraburst gaps of
no energy. The end of aburst isindicated by a period of no energy of a duration exceeding 50 rs. The objec-
tive of thistest isto verify that the EUT burst transmission length does not exceed the specified burst-length
limit.

Refer to Figure 11. The testing unit pulseis not required for thistest.

The manufacturer shall state the conditions and number of devices necessary to stress the upper limit of the
burst interval.

Under these appropriate conditions, The durations of a sufficient number of transmission bursts shall be
measured, including any intraburst gaps, to show that the EUT meets the maximum burst-length specifica-
tion of 10 msor less.

7.6.3 Asynchronous reaction time and burst timing

In the asynchronous sub-band, the reaction timeis the time from the end of an observation window, in which
the device has detected no power above the threshold, until the device begins transmission. One objective of
the test is to determine that the reaction time does not exceed the allowed limit of 50 ns.

The device shall also recognize intraburst gaps from other devices and defer transmission until the end of the
burst. Intraburst gaps may be separated by 15 s or less. A further objective of thistest isto verify that the
EUT recognizes the limit of the intraburst gap and pulse length and defers transmission until the end of a
burst in progress.

The equipment may be configured as shown in Figure 12. Figure 11 illustrates the test parameters.

The test equipment generates atest pulse consisting of a sequence of intraburst gaps separated by ON pulses,
whose durations aternate 15 s, 100 s, etc., asillustrated in Figure 14. Thus, a sequence would be 15 ns
ON followed by the following repeated sequence: 25 s OFF, 15 ns ON, 25 ns OFF, 100 ns ON, 15 ns OFF,
25 ms ON, 25 s OFF, 15 s ON repeated for the testing unit pulse duration.

a) Thevaueof yisset larger than the delay before the EUT begins its deference interval to access the
media for the next packet. The EUT is permitted to delay before it begins a back-off interval, and it
is necessary in this test that it start the deference interval at least one monitoring time prior to the
beginning of the testing unit pulse. This ensures that the EUT will sometimes be monitoring when
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Figure 14—Detail of a pair of intraframe gap sequences for
asynchronous burst timing tests

NOTE—The EUT isrequired to defer to silent periods of £ 25 ns duration, separated by RF bursts of 3 15 ns
duration. A pair of such intraburst gapsisillustrated here.

the test pulse starts. The necessary value of y can be found by setting the start of the test pulse at
about the 100 ns point (y = 100 ns) and increasing the duration, if necessary, until the start of the
next EUT packet sometimes begins prior to the start of the test pulse.

b)  Set the testing unit pulse length shown in Figure 11 to 10 ms.

c) Test at least 1000 bursts. The EUT shall not start a transmission in the interval starting 65 s after
the beginning of any simulated burst and lasting until 75 rrs following the simulated burst.

7.6.4 Back-off time distribution

This test verifies compliance with the intent of 47 CFR 15, Subpart D, regarding the probability and timing
aspects of the channel access procedure (see Figure 13). The following are verified:

a) The back-off range

b) Thedoubling of the back-off range

¢) Theuniformity of the back-off range probability density
d) The monitoring interval

The test does not address each parameter explicitly; rather, it statistically compares the observed behavior of
the EUT with the (simulated) behavior of the state machine of Figure 13.

Test equipment is arranged so that the silent intervals between EUT transmissions may be observed, mea-
sured, and recorded as a histogram. The EUT is adjusted to transmit packets at its maximum rate. At the end
of each EUT transmission (or transmission burst), the EUT isilluminated with an interference pulse of (uni-
form) random duration. A clock is started after the interference pulse ends. The interference pulse is
received well above the legal threshold power and, thus, causes a compliant EUT to defer. The EUT will
eventually execute a monitoring window in which there is no interference and, thus, will transmit another
packet. At that point, the silence-interval clock is stopped and read, and the appropriate histogram bin is
incremented.
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After the specified number of repetitions (i.e., EUT transmissions), the accumulated histogram is normalized
to a probability density estimate on the duration of the silent interval. It is then integrated to a probability
distribution estimate. From this is subtracted, bin by bin, a similar quantity calculated for the state diagram
of Figure 13 (see Annex E). If any one of the histogram bins is more than 105% of the reference value gen-
erated by the program of Annex E, with input values of 20 000 repetitions and 12 000 s maximum pulse
length, then the EUT fails the histogram test; otherwise, it passes.

7.6.4.1 Histogram test parameters

Interference pulse duration: Uniform random between 0-12 ms
Histogram bin width: 10ns

Number of histogram bins: 2400

Number of repetitions: 20000

Allowable bin excess: 5%

8. Time and spectrum window access procedure

8.1 Time and spectrum window selection
8.1.1 Asynchronous time and spectrum window selection?8

For devices that utilize the asynchronous sub-band with emission bandwidths under 2.5 MHz, and that do
not dynamically change the region of the sub-band used for their operation, it shall be verified that their fre-
guency can be set to the region of the band required for first spectrum occupancy.

For devices that utilize the asynchronous sub-band and that can dynamically change the region of the sub-
band used for their operation:

a) Placethe EUT and its companion device in the test location.

b) Arrange for there to be no interference or any other activity in the UPCS band in the EUT operating
environment.

¢) Verify that the EUT transmits, when in amode of sending packets continually, as follows:

— For devices with an emission bandwidth less than 2.5 MHz, the EUT transmitsin aregion of the
sub-band within the limit from the edges of the sub-band.

— For devices with an emission bandwidth greater than 2.5 MHz, the EUT transmitsin aregion of
the sub-band within the center half of the sub-band.

d) Fordevicesof lessthan 2.5 MHz emission bandwidth, arrange for there to be interference in the sub-
band that exceeds the threshold level by 10 dB in the region near the sub-band edge where the EUT
first selects to operate without interference.

— Verify that the EUT transmits, when in the mode of sending packets continually, within the lim-
its near the opposite sub-band edge.

For adevice or system that utilizes the asynchronous sub-band, and that can dynamically change the region
of the sub-band used for its operation, the manufacturer shall declare whether such a device can aso change
its bandwidth dynamically. If the device does dynamically change bandwidth, the manufacturer shall pro-
vide information concerning the bandwidths used, and shall describe the bandwidth change algorithm suffi-
ciently to facilitate testing. If such devices aggregate spectrum in units greater than 2.5 MHz, they shall be
treated as wideband devices. Otherwise, they shall be treated as narrowband devices.

28Refer to 47 CFR 15, Subpart D, 15.321(b).

44 Copyright © 1998 IEEE. All rights reserved.



ANSI
ELECTROMAGNETIC AND OPERATIONAL COMPATIBILITY OF UPCS DEVICES C63.17-1998

The emission bandwidth and monitoring bandwidth measurements (see 7.4) are made under the conditions
of no other interference or activity in the UPCS bands.

8.1.2 Isochronous time and spectrum window selection?®

8.1.2.1 Test for first free channel below lower threshold
Thetest for the first free channel below lower threshold shall be performed as follows:

a) Arrange for there to be no interference or any other activity in the UPCS band in the EUT’s operat-
ing environment.
b) Verify that the EUT establishes a connection as follows:
— For devices with an emission bandwidth less than 625 kHz, the EUT establishes a connection in
a channel within the 3 MHz limit from the lower-frequency edge of the sub-band.
— For devices with an emission bandwidth greater than 625 kHz, the EUT establishes a connec-
tion in achannel within the 3 MHz limit from the upper-frequency edge of the sub-band.
¢) Useinterference with levels for the “lower threshold” test (see 7.2.4 for procedures) or frequency-
administration commands to block all system-carrier frequencies that overlap the 3 MHz from the
lower edge of the sub-band (for devices with an emission bandwidth less than 625 kHz) or from the
upper edge of the sub-band (for devices with an emission bandwidth greater than 625 kHz). The
EUT should transmit on the next available system-carrier frequency above (or below) the blocked
frequencies. Widen the blocked region to all system carriers that overlap the first 4 MHz from the
lower (or upper) edge of the sub-band; and the EUT should transmit on the next available system-
carrier frequency.
d) If the EUT fails any of the requirements of the previous step, it fails the test.

8.1.2.2 Tests for three-band limit

For devices that can operate in the least-interfered channel (LIC) mode, and are capable of operation on
more than three different carriers in one frame and with a device or group of devices capable of operating
within 1 m of each other, atest shall be performed to verify that, when operating in the LIC mode, the EUT
will not occupy more than three 1.25 MHz bands. Such atest shall be performed by proceeding as follows:

a) Force the EUT to occupy three different 1.25 MHz bands. One way to create this condition is to
establish simultaneous connections between the EUT and three different companion devices, eachin
adifferent 1.25 MHz band. This can be achieved using either test commands or interference.

b) Oncethe EUT istransmitting in three separate 1.25 MHz bands, force a (fourth) companion device
to attempt to establish a connection in afourth 1.25 MHz band. The companion device can be forced
to do this using either interference or atest command (e.g., a command that forces the companion
device to request a connection on a specified time/spectrum window).

¢) Thesuccess criterion isthat the EUT will not establish a connection in afourth 1.25 MHz band.

The following two test alternatives are examples of specific procedures for performing this test. They may
need to be modified as appropriate to the channel selection and connection protocols used by the EUT.
Alternative #1 (see 8.1.2.2.1) uses interference generators to create the conditions necessary for the test.
While this procedure is relatively straightforward for a frequency-division multiple access (FDMA) system,
it is somewhat cumbersome for atime-division multiple access (TDMA) system, because of the need to fill
all time/spectrum windows except one with interference in each of three 1.25 MHz bands. This would
require three separate synchronized generators, each capable of producing interference with the specific
frame and slot pattern used by the EUT, in addition to an out-of-operating-region generator. For systems that
have the necessary commands for testing and administration, alternative #2 (see 8.1.2.2.2) may be more
practical, and is an equally valid test. If desired, the existence of the required conditions can be easily veri-
fied with a spectrum analyzer.

29Refer to 47 CFR 15, Subpart D, 15.323(b).
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8.1.2.2.1 Test alternative #1

a)

46

If the EUT is designed to operate at more than one frequency within the isochronous sub-band, use
out-of -operating-region interference to restrict operation of the EUT to a single frequency channel
(see 7.2.4 for procedures). The EUT should still be able to establish a connection in the target chan-
nel (see Figure 15). Some EUT may defer operation when they detect any signal within the sub-
band. These devices may be tested as if the EUT were designed to operate at a (single) predeter-
mined frequency within the sub-band (see Figure 16), provided that the necessary test conditions
(described above) can be created (i.e., multiple companion devices can be forced to occupy different
1.25 MHz channels).

EUT Connection

50dB + kTB 50dB + kTB

1.25 MHz
Sub-band

f———— —_—
10 MHz Isochronous Band |

Figure 15—Illustration of how to open up a channel of an EUT that is designed to

operate at more than one frequency within the 1.25 MHz channel

EUT COHHECIO/
50dB + kTB 50dB + kTB
1 25 MHz

Sub-band

EUT Connection

B0 dR + kTR B0 dR + kTR

| 1.25 MHz

Sub-band
}4 10 MHz Isochronous Band >‘

Figure 16—lllustration of how to open up a channel of an EUT that is designed to

operate at a (single) predetermined frequency within the 1.25 MHz channel
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b) For devicesthat divide the use of the channel, in time, into a number of time slots, it is necessary to
introduce pulsed synchronized interference, timed to the corresponding frame pattern of the EUT,
with only one opening (duplex pair) time slot that is free of interference. The level of the interfer-
ence may be set with an unmodulated signal at the upper threshold, and then the appropriate modu-
lation may be applied (which should result in a peak envelope power that is 3 dB or more higher
than the unmodulated carrier). If this is necessary, the manufacturer shall supply the necessary
frame-pattern information, including the frame period and the number and duration of the (duplex
pairs) time slots. An example of a possible frame pattern and the corresponding interference pattern
isshownin Figure 17. Note that an interference pulseis present in al but one of the possible (duplex
pairs) time slots of the frame pattern used by the EUT (see Figures 18 and 19). The EUT should still
be able to establish and maintain a connection in the unblocked time slot of the frame in the selected
channel of the sub-band.

Example EUT

Frame Pattern with
:| |:| |:| |:| |:| 10 Timeslots

Interference

Pulse Pattern

10 ms

Figure 17—Example of EUT frame pattern and pulsed interference pattern for testing
isochronous time and spectrum window selection

3 EUT Connections /
+ /\ /\ /\ 50dB + kTB

N [FREA e

EUT Connection

Down link Up Link

50 dB + kTB 50 dB + kTB

miN H IRIENIENIN
- Duple Duple:
Timeslot Timeslot
. EUT Frame

Figure 18—lllustration of how to open up one time slot within a channel of an EUT that
divides the use of the channel, in time, into a number of duplex time slots
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3 EUT Connections

50 dB + kTB \I 50 dB + kTB

1.25 MHz
Sub-band

EUT Connection

]
[
S

Ny

Down link U

50 dB + kTB 50 dB + kTB

[ | | | | | | | |
Time

I.‘ slot -I
EUT Frame > |

Figure 19—Illustration of how to open up one time slot within a channel of an EUT that
divides the use of the channel in time into a number of interleaving duplex time slots

¢) Establish and maintain a connection with the EUT under the conditions of step b).

The following test conditions determine whether a system that is capable of operation on multiple frequen-
cies (within agiven time frame of 20 ms or less) passes or fails the three-channel maximum rule.

d) Useasecond companion device, if needed, and repeat steps a), b), and c) in anew 1.25 MHz chan-
nel.

€) Useathird companion device, if needed, and repeat steps a), b), and c) in anew 1.25 MHz channel.

f)  Use afourth companion device, if needed, and repeat steps @) and b) in a new 1.25 MHz channel.
Verify that the EUT cannot establish a connection (see Figure 20).

g) TheEUT passesthetest if it failsto establish the fourth connection.

8.1.2.2.2 Test alternative #2

Figure 21 shows the setup for thistest. Any unused ports of the combiner/splitter networks shall be properly
terminated.

a) Verify that, with nointerference, al four companion devices can establish simultaneous connections
with the EUT.

b) Ensurethat the EUT isconfigured such that all carrier frequencies are allowed.

¢) Usingthe wideband interference generator, if necessary, to ensure LIC operation, apply interference
across the entire isochronous sub-band, such that the interference received by the EUT is between
the lower and upper thresholds.
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Figure 20—lllustration that EUT should only be able to make three connections
over the four available channels
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Figure 21—Setup for isochronous three-band test alternative #2
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d) Adjust the variable attenuators such that the carrier-to-interference ratio received by the EUT and all
companion devices is adequate for the establishment of a reliable connection. Verify that al four
companion devices can establish simultaneous connections with the EUT.
€) Usingtest or administrative commands, force companion devices#1, #2, and #3 to establish connec-
tions with the EUT in the three different 1.25 MHz channels. Verify that the connections are estab-
lished on the assigned frequencies.
f)  Cause companion device #4 to request a connection with the EUT in afourth 1.25 MHz channel.
g) If the EUT transmits or establishes a connection with companion device #4 in a fourth 1.25 MHz

channel, the EUT failsthe test.

8.1.3 Unacknowledged transmissions (isochronous)3°

This test applies to an EUT capable of transmitting control and signaling information on its own without
companion devices.

a)

b)

d)

f)

If the EUT is designed to operate at more than one frequency within the isochronous sub-band, use
frequency-administration commands or out-of-operating-region interference (using the procedures
in 7.2.4) to restrict operation of the EUT to a single frequency. Some EUT may defer operation
when they detect any signal within the sub-band. These devices may be tested as if the EUT were
designed to operate at a (single) predetermined frequency within the sub-band.

For devices that divide the channel into a number of time dlots, it is necessary to introduce pulsed
synchronized interference, timed to the corresponding frame pattern of the EUT, with only one time
dot free of interference. The level of the interference may be set with an unmodulated signal at the
upper threshold, and then the appropriate modulation may be applied. I thisis necessary, the manu-
facturer shall supply the necessary frame-pattern information, including the frame period and the
number and duration of the (duplex pairs) time dots.

Initiate transmission by the EUT. The EUT shall terminate its repetitive transmission on the open
time/spectrum window within 30 s. Make note of the actual duration of the EUT transmission on the
time/spectrum window.

Measure the time interval between the end of the EUT transmission and the beginning of transmis-
sion by the EUT. Repeat this measurement five times. If any of the measured time intervalsis less
than 10 ms, the EUT fails the test. If all of the measured time intervals exceed 150 ms, the EUT
passes the test. Otherwise, repeat the measurement another 95 times. If each of the time intervals
measured is more than 10 ms, and the measured time intervals vary uniformly between 10 ms and
150 ms or more, the EUT passes the test.

Remove al interference and, if necessary, administer the system to operate on all carrier frequen-
cies. Apply interference at alevel that is 6 dB above the measured |ower threshold to all system car-
riers overlapping the 3 MHz nearest the preferred end of the sub-band (the lower end of the sub-
band if the EUT emission bandwidth is less than 625 kHz, or the upper end of the sub-band if the
EUT emission bandwidth is greater than 625 kHz). If necessary, reset the system and verify that
transmission occurs on the available system-carrier frequency nearest to the blocked channels. After
the 30 stransmission limit on the current time/spectrum window has expired, the EUT shall not rein-
itiate transmission on the same time/spectrum window, except under the provisions of step d) above.
Otherwise, the EUT fails the test. If transmission continues uninterrupted, it shall continue on a dif-
ferent time/spectrum window (which shall also be outside the blocked frequencies).

At least 10 s before the current EUT transmission interval is due to expire, remove al the interfer-
ence. Verify that the next EUT transmission occurs on a system-frequency channel overlapping the
3 MHz at the preferred end of the sub-band, for devices capable of accessing this spectrum. If the
EUT is not capable of accessing this spectrum, transmission shall occur on the first available system
carrier adjacent to the 3 MHz at the preferred end of the band.

30Refer to 47 CFR 15, Subpart D, 15.323(c)(4) and 15.323(c)(6).
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8.2 Isochronous timing tests
8.2.1 Acknowledgments®!

a) Adctivate the EUT with the companion device off, and monitor the signal from the EUT on a spec-
trum analyzer.

b) Verify that the EUT does not transmit on the current time/spectrum window for more than the limit
(1 sif acommunication channel istransmitted; 30 sif acontrol/signaling channel is transmitted).

¢) Activate the EUT and its companion device, and verify that communication occurs between them.

d) Turn off the companion device, and verify that the EUT terminates its transmission on the current
time/spectrum window in 30 sor less.

8.2.2 Transmission duration32

a) Placethe EUT and its companion device in the test location.

b) Activatethe EUT and the companion device so that communication occurs between them, and start
atimer or frame counter.

c) Stopthetimer at the end of the EUT transmission on the current channel.

d) Verify that time is less than the limit. (For a device with a frame period of 10/X ms, no more than
2 880 000 X frames®® should be transmitted without a break.)

8.2.3 Duplex connections3*

This test verifies that the two devices communicating over a duplex connection comply with the access cri-
teria. It applies to devices that are designated as “initiating” and “responding” devices and, together, shall
satisfy the criteriaof 47 CFR 15, Subpart D, 15.323(c)(10).35 The manufacturer shall state whether the crite-
ria of 47 CFR 15, Subpart D, 15.323(c)(10), are used, and if so, which devices are initiating devices and
which devices are responding devices. The manufacturer shall provide, as part of the test report, appropriate
diagrams and other material to explain procedures for making duplex connections.

The EUT istheinitiating device. To comply with 47 CFR 15, Subpart D, 15.323(c)(10), the EUT shall mon-
itor both its transmit and receive time/spectrum window. The test, therefore, requires that interference at the
EUT on its transmit and receive time/spectrum windows be varied independently. Figure 22 gives an illus-
trative example of the interference, as seen at the EUT. Figure 22(a) represents the interference pattern to a
time-division multiple access (TDMA) EUT using time-division duplexing (TDD) with a single RF carrier
per 1.25 MHz band, and eight duplex time slots per carrier. Figure 22(b) shows the interference to a fre-
guency-division multiple access (FDMA) EUT using TDD with a single-duplex channel per carrier, but
eight carriers per 1.25 MHz band.

Note that in both the TDMA and FDMA cases, the transmit and receive time/spectrum windows have differ-
ent power levels at the EUT. Furthermore, a transmit time/spectrum window may be interference-free while
its paired receive window is not. In the example shown, the power levels of the receive windows are 7 dB
higher than those of the transmit windows. In each case, one transmit window and one receive window is
interference-free, but the interference-free transmit and receive windows do not constitute a duplex pair. In
the TDMA example, transmit slot 6 and receive dlot 2 are interference-free. In the FDMA example, the
transmit slot on frequency 3 and the receive slot on frequency 6 are interference-free. Production of these
interference patterns requires interference generators that can be synchronized to the EUT's frame clock,
and can generate bursts of interference equal to the duration of the EUT transmit/receive bursts.

S1Refer to 47 CFR 15, Subpart D, 15.323(c)(4).
32Refer to 47 CFR 15, Subpart D, 15.323(c)(3).
33(3600 /h)(8 h)/(10/X ms/frame) = 2 880 000.
34Refer to 47 CFR 15, Subpart D, 15.323(c)(10).

35Refer to 47 CFR 15, Subpart D, 15.323(c)(10), which specifies that for the initiating device “both the intended transmit and receive
time and spectrum windows [shall] meet the access criteria.” Thisis interpreted to mean, in the case of LIC operation per 47 CFR 15,
Subpart D, 15.323(c)(5), that the greatest of the monitored levels on the transmit and receive time/spectrum windows is used to deter-
mine the least-interfered time/spectrum window duplex pair.
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Figure 22—Examples of interference for the duplex connection test

If no system-clock signal is available to synchronize the interference generators to the system’s frame tim-
ing, a connection shall be established and the start of the initiating device's transmit burst shall be used as
the synchronization signal (the transceiver pair used to generate the synchronization signal shall be electro-
magnetically isolated from the EUT and the companion device). For an FDMA/TDD system, this procedure
will provide frame synchronization. For a TDMA/TDD system, this procedure will provide slot synchroni-
zation; however, the transmit burst can occur on any slot in the transmit portion of the initiating device's
frame. Thus, it is possible that both interference-free slots from the generators could occur in either the
transmit or receive portion of the EUT’s frame. However, the steps below still apply because the initiating
device shall monitor both transmit and receive time/spectrum windows. The success criterion still isthat the
duplex dlot pair is selected on which the interference power on the “interfered” half of the connection (trans-
mit or receive) is either below the lower threshold or is at a minimum (if interference is above the lower
threshold on all pairs). For example, in Figure 22, the slot pair labeled “6” should be selected.

The same approach can be applied to systems that use frequency duplexing.36 For completeness, Figure 23
gives an illustrative example of the interference for an FDMA system using frequency duplexing.

In any of the steps below, if the EUT fails to transmit when it should (according to the manufacturer’s
declared thresholds and operating protocols), any necessary adjustments shall be made in the path loss
between the EUT, the companion device, and the out-of-operating-region interference, and the step shall be
repeated.

a) Thistest will be performed on each type of initiating device with each type of responding device.
b) Adjust the path loss between the EUT and its companion device such that the received signal to the
EUT from the companion deviceis at least 40 dB above the lower threshold.

Byt is expected that most systems in the 1920-1930 MHz band will use TDD because of the need for frequency-duplexed systems to
maintain some frequency separation between the transmit and receive bands. Moreover, the application of the “packing” rules in
47 CFR 15, Subpart D, 15.323(b), to frequency-duplexed systems, which would likely use both ends of the 1920-1930 MHz band
simultaneously, is unclear. Finally, the requirement that a device monitor its own transmit time/spectrum window would tend to make
implementation of a frequency-duplexed system awkward.
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Figure 23—Example of duplex interference for FDMA frequency-duplexed system

By using either frequency-administration commands or out-of-operating-region interference, restrict
the EUT and its companion device to operation within asingle 1.25 MHz band. If out-of-operating-
region interference is used to confine the EUT to the band, use the procedures of 7.2.4 to ensure that
the out-of -operating-region interference does not corrupt the test results. Verify that the EUT and its
companion device can establish a connection on a time/spectrum window in the designated
1.25 MHz band. If not, adjust the path loss so that a connection can be established. Terminate the
connection.

Apply interference at the calculated lower threshold limit to the EUT on al of its receive time/spec-
trum windows in the 1.25 MHz band except one, which shall remain free of interference. Apply
interference at the calculated lower threshold limit to the EUT on all transmit time/spectrum win-
dows within the 1.25 MHz band. Ensure that the interference levels at the companion device are at
least 10 dB below the measured lower threshold for all time/spectrum windows.

Causethe EUT to attempt to establish a connection. If aconnection is established and the system has
less than 40 channels, the test is failed.

If a connection exists, terminate it. Apply interference at the calculated lower-threshold limit to the
EUT on all of its transmit time/spectrum windows in the 1.25 MHz channel except one, which shall
remain free of interference. Apply interference at the calculated |ower-threshold limit to the EUT on
all receive time/spectrum windows. Ensure that the interference levels at the companion device are
at least 10 dB below the measured lower threshold for all time/spectrum windows.

Causethe EUT to attempt to establish a connection. If aconnection is established and the system has
less than 40 channels, the test is failed.

If aconnection exists, terminate it. Apply interference to the EUT on the EUT’ s transmit time/spec-
trum windows at alevel that is 3 dB above the measured lower threshold on all time/spectrum win-
dows except for one. Adjust the interference to the EUT on its receive time/spectrum windows such
that a single time/spectrum window is interference-free, and the interference on the other time/spec-
trum windows is 10 dB above the measured lower threshold. The interference to the companion
device should be at least 10 dB below the lower threshold on all active time/spectrum windows. The
interference-free receive time/spectrum window shall not be the duplex mate of the interference-free
transmit time/spectrum window.3” Thisis the specific case shown in Figure 22.

Cause the EUT to attempt to establish a connection. The connection should be made on the interfer-
ence-free receive time/spectrum window and its duplex mate. Otherwise, the system fails the test.

37This assumes that the system designates a fixed duplex pairing for transmit and receive time/spectrum windows. If thisis not the case,
the interference-free time/spectrum windows shall be selected by the EUT for both the transmit and receive directions.
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i) If aconnection exists, terminate it. Reduce the interference on the EUT’s receive time/spectrum
windowsto alevel that is 3 dB above the measured lower threshold, maintaining one time/spectrum
window that is interference-free. Raise the interference on the EUT’ s transmit time/spectrum win-
dowsto alevel 10 dB above the measured lower threshold, maintaining one time/spectrum window
that is interference-free. The interference to the companion device should be at least 10 dB below
the measured lower threshold on all active time/spectrum windows. Again, the interference-free
transmit and receive time/spectrum windows should not constitute a duplex pair, if the system desig-
nates a specific duplex pairing for time/spectrum windows.

k) Causethe EUT to attempt to establish a connection. The connection should be made on the interfer-
ence-free transmit time/spectrum window and its duplex mate. Otherwise, the system fails the test.

)  Terminate the connection and raise the interference to the EUT on all of the EUT’s transmit and
receive time/spectrum windows to the calculated upper threshold limit, except for a single transmit
time/spectrum window and a single receive time/spectrum window, which shall remain interference-
free. The interference-free transmit and receive time/spectrum windows shall not constitute a duplex
pair. Adjust the path loss between the EUT and its companion device such that the received signal to
the EUT from the companion device is at least 30 dB above the upper threshold. Cause the EUT to
attempt to establish a connection. If the EUT transmits (attempts to establish a connection), or acon-
nection is established, the test is failed.

8.2.4 Alternative monitoring interval38

The manufacturer shall state whether the system uses the provisions of 47 CFR 15, Subpart D, 15.323(c)(10)
and 15.323(c)(11), and, if so, which devices are the “initiating devices’ and which devices use the provi-
sions of 47 CFR 15, Subpart D, 15.323(c)(11). The manufacturer shall provide, in the test report, the appro-
priate diagrams and other materia to explain the use of the provisions of 47 CFR 15, Subpart D,
15.323(c)(11). This test will be performed on each type of initiating device that uses the provisions of
47 CFR 15, Subpart D, 15.323(c)(11). The EUT is the initiating device. The companion device is the
responding device. Each type of initiating device shall be tested with each type of responding device.

a)  Adjust the path loss between the EUT and its companion device such that the received signal to the
EUT from the companion deviceis at least 30 dB above the measured lower threshold.

b) By using either frequency-administration commands or out-of-operating-region interference, restrict
both the EUT and its companion device to operation on asingle 1.25 MHz band. If out-of-operating-
region interference is used to confine the EUT to the band, use the procedures of 7.2.4 to ensure that
the residual interference power from the out-of-operating-region interference generator(s) does not
corrupt the test results. Verify that the EUT and its companion device can establish a connection. If
not, adjust the out-of-operating-region interference (if used) so that a connection can be established.

c) Apply interference at the measured lower threshold to the EUT on all transmit time/spectrum win-
dows in the selected 1.25 MHz band. The interference shall use the same physical-layer parameters
(modulation, frame format, etc.) asthe EUT transmissions, but with a system identifier that is differ-
ent from that used by the EUT and the companion device.3° Ensure that the interference level at the
companion device is at least 10 dB below the measured lower threshold. Apply no interference to
the receive time/spectrum windows in the 1.25 MHz band.

d) Causethe EUT to attempt to establish a connection. If a connection is established and the device has
less than 40 channels, the test isfailed.

€) If aconnection exists, terminateit. Raise the interferenceto the EUT in all of the transmit time/spec-
trum windows to the measured upper threshold. Ensure that the interference level at the companion
deviceis at least 10 dB below the upper threshold. Again, apply no interference to the receive time/
spectrum windows in the selected 1.25 MHz band.

f)  Adjust the path loss between the EUT and its companion device such that the received signal to the
EUT isat least 30 dB above the interference.

g) Causethe EUT to attempt to establish a connection. If a connection is established, the test is failed.

38Refer to 47 CFR 15, Subpart D, 15.323(c)(11).

Thisisto test the ability of the EUT to distinguish between same-system and other-system interference for purposes of satisfying the
requirement of 47 CFR 15, Subpart D, 15.323(c)(11).
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9. Test report

Test reports are the means for presenting the test results to the appropriate procuring or regulatory agency or
for archiving the data in the permanent files of the testing organization. As such, test reports shall be written
in clear, unambiguous language.

9.1 Test report contents

The conditions of test listed in the following subclauses shall be described in the test report in order for the
test results to be documented properly.

9.2 Applicable standards

In addition to this standard, any standards to which the EUT was tested shall be described clearly in the test
report. Where referenced standards have more than one measurement procedure, or where the referenced
measurement procedure has options, the test report shall state which procedures or options were used. The
test report shall also state the issue or year of the referenced standard or standards used.

9.3 Equipment units tested

The test report shall list all equipment tested, including product type and marketing designations, where
applicable. Serial numbers and any other distinguishing identification features shall also be included in the
test report. Identification or detailed description shall also be made of interconnecting cables. The rationale
for selecting the EUT (comprised of the equipment units needed to be functionally complete as well as the
necessary cabling) shall be noted in the test report.

9.4 Test configuration

The setups of the equipment and cable or wire placement on the test site that produce the highest radiated
emissions and the highest ac power line conducted emissions shall be clearly shown and described. Draw-
ings or photographs may be used for this purpose. A block diagram showing the interconnection of the
major functional unitsis also useful.

9.5 List of test equipment

A complete list of al test equipment used shall be included with the test report. Manufacturer’s model and
serial numbers and the date of the last calibration and calibration interval shall be included. Measurement
cable loss, measuring instrument bandwidth and detector function, video bandwidth, if appropriate, and
antenna factors shall also be included, where applicable.

9.6 Units of measurement

M easurements of conducted emissions shall be reported in units of dB referenced to 1 mwW (dBm). Measure-
ments of operating frequency, operating frequency with variationsin ambient temperature and input voltage,
and occupied bandwidth of intentional radiators shall be reported in units of Hz or multiples thereof (e.g.,
kHz, MHz, etc.). Measurements of input power to intentional radiators shall be reported in units of W. All
formulas of conversions and conversion factors, if used, shall be included in the measurement report.

9.7 Location of test site

The location of the test site shall be identified in the test report. Sites that have received recognition from
various accreditation bodies shall use the same site address information as was included in their original
application for recognition.
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9.8 Measurement procedures

The sequence of testing that was followed in order to determine the data included in the test report should be
documented.

9.9 Reporting measurement data

The measurement results, along with the appropriate limits for comparison, shall be presented in tabular or
graphical form. Alternatively, recorded charts or photographs of a spectrum-analyzer display or other self-
displaying instrumentation may be used if the information is presented in a manner that clearly shows a
comparison to the limits and explains al data conversion. The method of comparing measured data output to
the limits shall be included.

9.10 General and special conditions

If an alternate test method was used, the test report shall identify and describe that method, provide justifica-
tion for its use, and describe how the results obtained through its use correlate with the methods specified by
the standard to which the EUT was tested. Instrumentation, instrument attenuator and bandwidth settings,
detector function, EUT arrangement, and all other pertinent details of the test shall be provided so that the
alternate test method can be replicated. Where automatic scan techniques were used, an explanation of how
the highest emission, relative to the limit from the EUT, was determined and the scan rate used to obtain
recorded emissions are to be included in the test report. The actual operating and environmental conditions
(e.g., voltage, power-line frequency, temperature, relative humidity, etc.) shall be listed in the report.

9.11 Summary of results

The test report summary section shall indicate whether the EUT passes or fails, and shall give margins
(where applicable) with respect to the limits to which it was tested. If the equipment only passes with spe-
cific modifications or specia attributes (such as shielded cables), this information shall be included in the
summary results.

9.12 Required signatures

The test report shall contain the signature of the representative of the organization that is performing the
tests. In addition, the test report shall contain the identification of the staff who were responsible for the
proper execution of the test, and the name and address of the party requesting the tests. If changes are made
during the period of test to bring the EUT into compliance, the test report shall indicate these changes. In
addition, the report submitted to the procuring organization or regulatory agency shall include a signed state-
ment by the manufacturer or devel oper agreeing to the changes and their incorporation into production.

9.13 Test report appendixes

The test report shall contain, if required, photographs or detailed sketches of the EUT configuration that
show sufficient information to allow the EUT to be reconfigured in a manner that would allow the original
test to be replicated with a high likelihood that the test results would be in agreement with the results of the
original test, within acceptable tolerances.

9.14 Test report disposition
The test report shall be maintained by the testing organization for a period of at least three years following

the date of the test. The manufacturer may be required by a regulatory agency to maintain a copy of the
report for alonger period of time.
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(informative)
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C63.17-1998

47 CFR 15, Subpart D—Rules and test cases for unlicensed PCS

Part 15 D - Unlicensed PCS Devices, November 1994

ANSI test

Scope

15.301

This subpart sets out the regulations for unlicensed personal communications
services (PCS) devices operating in the 1910-1930 M Hz frequency band.

Information

Definitions

15.303

Asynchronous
devices

15.303a

asynchronous devices: Devices that transmit RF energy at irregular time
intervals, astypified by local area network data systems.

Definition

Coordinatable PCS
device

15.303b

coordinatable PCS device: PCS devices whose geographical area of opera-
tion is sufficiently controlled, either by necessity of operation with a fixed
infrastructure or by disabling mechanisms, to allow adequate coordination of
their locations relative to incumbent fixed-microwave facilities.

Definition

Emission
bandwidth

15.303c

emission bandwidth: For purposes of this subpart, the emission bandwidth
shall be determined by measuring the width of the signal between two points,
one below the carrier center frequency and one above the carrier center fre-
quency, that are 26 dB down relative to the maximum level of the modulated
carrier. Compliance with the emissions limitsis based on the use of measure-
ment instrumentation that employs a peak detector function with an instru-
ment resolutions bandwidth approximately equal to 1% of the emission
bandwidth of the device under measurement.

Subclause
6.1.3

Isochronous
devices

15.303d

isochronous devices: Devices that transmit at a regular interval, typified by
time-division voice systems.

Definition

Noncoordinatable
PCS device

15.303e

noncoor dinatable PCS device: A PCS device that is capable of randomly
roaming and operating in geographic areas containing incumbent microwave
facilities such that operation of the PCS device will potentially cause harmful
interference to the incumbent microwave facilities.

Definition

Peak transmit
power

15.303f

peak transmit power: The peak power output as measured over an interval
of time equal to the frame rate or transmission burst of the device under all
conditions of modulation. Usually, this parameter is measured as a conducted
emission by direct connection of a calibrated test instrument to the equipment
under test. If the device cannot be connected directly, alternative techniques
acceptable to the Commission may be used.

Subclause
6.1.2
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PCS devices 15.303g

personal communications service (PCS) devices [unlicensed]: Intentional | Definition
radiators operating in the frequency band of 1910-1930 MHz that provide a
wide array of mobile and ancillary fixed communication services to individu-
als and businesses.

Spectrum window 15.303h

spectrum window: An amount of spectrum equal to the intended emission | Definition
bandwidth in which operation is desired.

Sub-band 15.303i

sub-band: For purposes of this subpart, the term sub-band refersto the spec- | Definition
trum allocated for isochronous or asynchronous transmission.

Thermal noise 15.303
power
thermal noise power: The noise power, in W, defined by the formula | Definition
N = kTB where N isthe noise power, in W, k is Boltzmann's constant, T isthe
absolute temperature, in degrees kelvin (e.g., 295 °K), and B is the emission
bandwidth of the device, in Hz.

Time window 15.303k
Definition
timewindow: Aninterval of timein which transmission is desired.
Equipment 15.305
authorization
Equipment authorization requirement. Information
PCS devices operating under this subpart shall be certificated by the Commis-
sion under the procedures in Subpart J of Part 2 of this Chapter before mar-
keting. The application for certification shall contain sufficient information to
demonstrate compliance with the requirements of this subpart.
Coordination 15.307
Coordination with fixed microwave service. UTAM test
UTAM role 15.307a

UTAM, Inc., is designated to coordinate and manage the transition of the | UTAM test
1910-1930 MHz band from private operational-fixed microwave service
(OFS) operating under Part 94 of this Chapter to unlicensed PCS operations,
conditioned upon submittal to and acceptance by the Commission of: (1) a
funding plan that is equitable to all prospective manufacturers of unlicensed
PCS devices; and (2) a plan for “band clearing” that will permit the imple-
mentation of noncoordinatable (nomadic) devices and, in particular, noncoor-
dinatable data PCS devices, as promptly as possible. The responsibilities of
UTAM, Inc., include, but are not limited to, relocation of existing OFS
microwave stations pursuant to requirements established in ET Docket No.
92-9, negotiating costs of relocation, ensuring that comparable facilities are
provided, and resolving any disputes of interference to OFS microwave oper-
ations from unlicensed PCS operations. These responsibilities shall terminate
upon a determination by the Commission that interference to OFS microwave
operations from unlicensed PCS operations is no longer a concern.

UTAM 15.307b
certification
Each application for certification of equipment operating under the provisions | UTAM test
of this Subpart shall be accompanied by an affidavit from UTAM, Inc., certi-
fying that the applicant is a participating member of UTAM, Inc. In the event
that a grantee fails to fulfill the obligations attendant to participation in
UTAM, Inc., the Commission may invoke administrative sanctions, as neces-
sary, to preclude continued marketing and installation of devices covered by
the grant of certification, including but not limited to revoking certification.
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Noncoordinatable
PCS devices

15.307c

An application for certification of a PCS device that is deemed by UTAM,
Inc., to be noncoordinatable will not be accepted until the Commission
announces that a need for coordination no longer exists.

UTAM test

Coordinatable PCS
devices

15.307d

A coordinatable PCS device is required to incorporate means that ensure that
it cannot be activated until its location has been coordinated by UTAM, Inc.
The application for certification shall contain an explanation of al measures
taken to prevent unauthorized operation. This explanation shall include all
procedural safeguards, such as the mandatory use of licensed technicians to
install the equipment, and a complete description of all technical features
controlling activation of the device.

UTAM test

Disabling
automatic
mechanism

15.307e

A coordinatable PCS device shall incorporate an automatic mechanism for
disabling operation in the event that it is moved outside the geographic area
where its operation has been coordinated by UTAM, Inc. The application for
certification shall contain afull description of the safeguards against unautho-
rized relocation and shall satisfy the Commission’s requirement that the safe-
guards cannot be easily defeated.

UTAM test

Disabling
mechanism
reguirement

15.307f

At such time as the Commission deems that the need for coordination
between unlicensed PCS operations and existing Part 94 private opera-
tional-fixed microwave services ceases to exist, the disabling mechanism
required by paragraph (€) will no longer be required.

UTAM test

Coordination
time period

15.307g

Operations under the provisions of this subpart are required to protect sys-
tems in the private operational-fixed microwave service operating within
the 1850-1990 MHz band until the dates and conditions specified in Sec-
tion 94.59 of this Chapter for termination of primary status are met. Interfer-
ence protection is not required for Part 94 stations in this band that are
licensed on a secondary basis.

UTAM test

Relocation

15.307h

The operator of aPCS devicethat is relocated from the coordinated area spec-
ified by UTAM, Inc., shall cease operating the device until coordination for
the new location is verified by UTAM, Inc.

UTAM test

Cross references

15.309

Cross references.

15.309a

The provisions of Subpart A of this Part apply to unlicensed PCS devices,
except where specific provisions are contained in Subpart D.

Subclause
6.1.6

15.309b

The requirements of Subpart D apply only to the radio transmitter contained
in the PCS device. Other aspects of the operation of a PCS device may be
subject to requirements contained elsewhere in this Chapter. In particular, a
PCS device that includes digital circuitry that is not directly associated with
the radio transmitter also is subject to the requirements for unintentional radi-
atorsin Subpart B.

Subclause
6.1.6
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Labeling

15.311

In addition to the labeling requirements of Section 15.19(a)(3), all devices
authorized under this subpart shall bear a prominently located label with the
following statement:

Installation of this equipment is subject to notification and coordination with
UTAM, Inc. Any relocation of this equipment shall be coordinated through,
and approved by UTAM. UTAM may be contacted at [insert UTAM’s toll-
free number].

Labels

M easurement
procedures

15.313
M easurement procedures.

Measurements shall be made in accordance with Subpart A, except where
specific procedures are specified in Subpart D. If no guidance is provided, the
measurement procedure shall be in accordance with good engineering prac-
tice.

ANSI C63.17-
1997 (general)

Conducted limits

15.315
Conducted limits.

An unlicensed PCS device that is designed to be connected to the public util-
ity (ac) power line shall meet the limits specified in Section 15.207.

ANSI C63.4-
1992

Antenna
reguirement

15.317
Antenna requirement.

An unlicensed PCS device shall meet the antenna requirement of Section
15.203.

Information

Genera technical

requirements

15.319

General technical requirements.

Frequency of
operation

15.319a

The 1910-1920 MHz sub-band is limited to use by asynchronous devices
under the requirements of Section 15.321. The 1920-1930 MHz sub-band is
limited to use by isochronous devices under the requirements of Section
15.323.

Information

Digital modulation

15.319b

All transmissions shall use only digital modulation techniques.

Subclause
6.1.4

Peak transmit
power

15.319¢

Peak transmit power shall not exceed 100 MW multiplied by the square root
of the emission bandwidth, in Hz. Peak transmit power shall be measured
over any interval of continuous transmission using instrumentation that is cal-
ibrated in terms of an rms-equivalent voltage. The measurement results shall
be properly adjusted for any instrument limitations, such as detector response
times, limited RBW capability when compared to the emission bandwidth,
sensitivity, etc., so as to obtain a true peak measurement for the emission in
question over the full bandwidth of the channel.

Subclause
6.1.2

Power spectral
density

15.319d

Power spectral density shall not exceed 3 mW in any 3 kHz bandwidth, as
measured with a spectrum analyzer having a RBW of 3 kHz.

Subclause
6.1.5
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Antennagain

15.31%

The peak transmit power shall be reduced by an amount, in dB, such that the
maximum directional gain of the antenna exceeds 3 dBi.

Clause 4

Operational failure
reguirement

15.319f

The device shall automatically discontinue transmission in case of either
absence of information to transmit or operational failure. These provisions
are not intended to preclude transmission of control and signaling information
or use of repetitive codes used by certain digital technologies to complete
frame or burst intervals.

Declaration

Spurious emission

15.3199g

Notwithstanding other technical requirements specified in this subpart, atten-
uation of emissions below the general emission limitsin Section 15.209 is not
reguired.

Subclause
6.1.6

Spurious emission
transition limits

15.31%h

Where there is a transition between limits, the tighter limit shall apply at the
transition point.

Information

Safety exposure
levels

15.319i

The device shall comply with |[EEE C95.1-1991, Safety Levels with Respect
to Human Exposure to Radio Frequency Electromagnetic Fields, 3 kHz to
300 GHz. Measurement methods are specified in IEEE C95.3-1991, |IEEE
Recommended Practice for the Measurement of Potentially Hazardous Elec-
tromagnetic Fields—RF and Microwave. Copies of these standards are avail-
able from the Institute of Electrical and Electronics Engineers, 445 Hoes
Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, USA, telephone
1-800-678-4333. All eguipment shall be considered to operate in an “uncon-
trolled” environment. The application for certification shall contain a state-
ment confirming compliance with IEEE C95.1-1991. Technical information
showing the basis for this statement shall be submitted to the Commission
upon reguest. PCS hand-held devices whose radiated power is 100 mW or
less are excluded from SAR testing requirements as long as a 25 mm separa-
tion is maintained between the radiating structure and the body of the user.
The IEEE standards use the term “radiated power” as meaning the input
power to the antenna.

Refer to IEEE
C95.1-1991

Isochronous device

15.323

Specific requirements for isochronous devices operating in the
1920-1930 MHz sub-band.

Channel allocation

15.323a

Operation shall be contained within one of eight 1.25 MHz channels starting
with 1920-1921.25 MHz and ending with 1928.75-1930 MHz. Further sub-
division of a 1.25 MHz channel is permitted with a reduced power level, as
specified in Section 15.319(c). In no event, however, shall the emission band-
width be less than 50 kHz.

Statement of
channel
planning

Channel packing

15.323b

Intentional radiators with an intended emission bandwidth of less than
625 kHz shall start searching for an available time and spectrum window
within 3 MHz of the sub-band edge at 1920 MHz, and shall search upward
from that point. Devices with an intended emission bandwidth greater than
625 kHz shall start searching for an available time and spectrum window
within 3 MHz of the sub-band edge at 1930 MHz, and shall search downward
from that point.

Subclause
8.1.2
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Listen before
transmit (LBT)

15.323c

An isochronous device shall incorporate a mechanism for monitoring the time
and spectrum windows that its transmission is intended to occupy. The fol-
lowing criteria shall be met:

Monitoring time

15.323c.1

Immediately prior to initiating transmission, devices shall monitor the com-
bined time and spectrum windows in which they intend to transmit for a
period of at least 10 ms, for systems designed to use a 10 ms or shorter frame
period, or at least 20 ms, for systems designed to use a 20 ms frame period.

Subclause 7.5

Monitoring
threshold

15.323c.2

The monitoring threshold shall not be more than 30 dB above the thermal
noise power for a bandwidth equivalent to the emission bandwidth of the
device.

Subclause
7321

Maximum transmit
period (£ 8 h)

15.323c.3

If no signal above the threshold level is detected, transmission may com-
mence and continue with the same emission bandwidth in the monitored time
and spectrum windows without further monitoring. However, occupation of
the same combined time and spectrum windows by a device or group of coop-
erating devices continuously over a period of time longer than 8 h is not per-
mitted without repeating the access criteria.

Declaration

System
acknowledgment

15.323c.4

Once access to specific combined time and spectrum windows is obtained, an
acknowledgment from a system participant shall be received by the initiating
transmitter within 1 s, or transmission shall cease. Periodic acknowledgments
shall be received at least every 30 s, or transmission shall cease. Channels
used exclusively for control and signaling information may transmit continu-
oudly for 30 swithout receiving an acknowledgment, at which time the access
criteria shall be repeated.

Subclause
8.21

Best channel

15.323c.5

Best channel
selection

15.323c.5.1

If access to spectrum is not available as determined by the above subpart, and
aminimum of 40 duplex system-access channels are defined for the system,
the time and spectrum windows with the lowest power level below amonitor-
ing threshold of 50 dB above the thermal noise power determined for the
emission bandwidth may be accessed.

Subclause
8.2.1

Best channel
confirmation

15.323c.5.2

A device utilizing the provisions of this paragraph shall have monitored all
access channels defined for its system within the last 10 s and shall verify,
within the 20 ms (40 ms for devices designed to use a 20 ms frame period)
immediately preceding actua channel access, that the detected power of the
selected time and spectrum windows is no higher than the previously detected
value.

Subclause
7321

Power
measurement
resolution

15.323¢.5.3

The power measurement resolution for this comparison shall be accurate to
within 6 dB.

Subclause
7321

Segment

occupancy

15.323c.5.4

No device or group of cooperating devices located within 1 m of each other
shall occupy more than three 1.25 MHz channels. Devices in an operational
state that are utilizing the provision of this section are not required to use the
search provisions of 15.323b.

Declaration

62
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Random waiting

15.323c.6

If the selected combined time and spectrum windows are unavailable, the
device may either monitor and select different windows or seek to use the
same windows after waiting an amount of time that is randomly chosen from
a uniform random distribution between 10-150 ms, and that commences
when the channel becomes available.

Subclause
8.1.3

Monitoring
requirements

15.323c.7

Monitoring
bandwidth

15.323c.7.1

The monitoring-system bandwidth shall be equal to or greater than the emis-
sion bandwidth of the intended transmission.

Subclause 7.4

Monitoring
reaction time

15.323c.7.2

The monitoring system shall have a maximum reaction time less than
50" ./1.25 remission bandwidth, in MHz ns for signals at the applicable
threshold level, but shall not be required to be less than 50 ns.

If asignal is detected that is 6 dB or more above the threshold level, the max-
imum reaction time shall be 35" ./1.25 cemission bandwidth, in MHz s,
but shall not be required to be less than 35 rs.

Subclause 7.5

Monitoring antenna

15.323c.8

The monitoring system shall use the same antenna that is used for transmis-
sion, or an antenna that yields equivalent reception at that location.

Clause 4

Monitoring
threshold
relaxation

15.323c.9

Devices that have a power output that is lower than the maximum permitted
under the rules may increase their monitoring detection threshold by 1 dB for
each 1 dB that the transmitter power is below the maximum permitted.

Clause 4

Duplex system
LBT

15.323c.10

Aninitiating device may attempt to establish a duplex connection by monitor-
ing both its intended transmit and receive time and spectrum windows. If both
theintended transmit and receive time and spectrum windows meet the access
criterig, then the initiating device can initiate a transmission in the intended
transmit time and spectrum window. If the power detected by the responding
device can be decoded as a duplex connection signal from the initiating
device, then the responding device may immediately begin transmitting on
the receive time and spectrum window that is monitored by the initiating
device.

Subclause
8.2.3

Co-located device
LBT

15.323c.11

An initiating device that is prevented from monitoring during its intended
transmit window, due to monitoring system blocking from the transmissions
of aco-located (within 1 m) transmitter of the same system, may monitor the
portions of the time and spectrum windows in which they intend to receive
over a period of at least 10 ms. The monitored time and spectrum window
shall total at least 50% of the 10 ms frame interval, and the monitored spec-
trum shall be within the 1.25 MHz frequency channel(s) already occupied by
that device or the co-located cooperating devices. If the access criteriais met
for the intended receive time and spectrum window under the above condi-
tions, then transmission in the intended transmit window by the initiating
device may commence.

Subclause
8.24

Fair access

15.323c.12

The provisions of (c)(10) or (c)(11) shall not be used to extend the range of
spectrum occupied over space or time for the purpose of denying fair access
to spectrum to other devices.

Information
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Adjacent emissions | 15.323d
Adjacent channel 15.323d.1
emissions
Emissions shall be attenuated below a reference power of 112 mW as fol- | Subclause
lows: 30 dB between the channel edges and 1.25 MHz above or below the | 6.1.6
channel; 50 dB between 1.25-2.5 MHz above or below the channel; and
60 dB at 2.5 MHz or greater above or below the channel.
Adjacent 15.323d.2
subchannel
emissions Systems that further subdivide a 1.25 MHz channel into X subchannels shall | Subclause
comply with the following emission mask: In the bands between 1B and 2B, | 6.1.6
measured from the center of the emission bandwidth, the total power emitted
by the device shall be at least 30 dB below the transmit power permitted for
that device. In the bands between 2B and 3B, measured from the center of the
emission bandwidth, the total power emitted by an intentiona radiator shall
be at least 50 dB below the transmit power permitted for that radiator. In the
bands between 3B and the 1.25 MHz channel edge, the total power emitted by
an intentional radiator in the measurement bandwidth shall be at least 60 dB
below the transmit power permitted for that radiator.
Definition 15.323d.3
B is defined as the emission bandwidth of the device, in Hz. Information
Measurement 15.323d.4
reguirement
Compliance with the emission limits is based on the use of measurement | Information
instrumentation that employs a peak detector function with an instrument
RBW approximately equal to 1% of the emission bandwidth of the device
under measurement.
Frame 15.323e
requirement
Frame period 15.323e.1
The frame period (a set of consecutive time slots in which the position of each | Subclause
time slot can beidentified by reference to a synchronizing source) of aninten- | 6.2.4
tional radiator operating in these sub-bands shall be 20 ms or 10 mg/X, where
X is apositive whole number.
Frame repetition 15.323e.2
stability (£ 50 ppm)
Each device that implements time division for the purpose of maintaining a | Subclause
duplex connection on a given frequency carrier shall maintain aframe-repeti- | 6.2.3
tion rate with afrequency stability of at least 50 ppm.
TDMA repetition 15.323e.3
stability
Each device that further divides access, in time, in order to support multiple | Subclause
communication links on a given frequency carrier shall maintain aframe-rep- | 6.2.3
etition rate with a frequency stability of at least 10 ppm.
Jitter (£ 25 ny) 15.323e4
The jitter (time-related, abrupt, spurious variations in the duration of the | Subclause
frameinterval) introduced at the two ends of such acommunication link shall | 6.2.4
not exceed 25 ns for any two consecutive transmissions.
Continuous 15.323e5
transmit during
frame Transmissions shall be continuousin every time and spectrum window during | Subclause
the frame period defined for the device. 6.2.4
Carrier stability 15.323f
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Carrier frequency 15.323f.1

stahility (< 10 ppm)
The frequency stability of the carrier frequency of the intentional radiator | Subclause
shall be maintained within + 10 ppm over 1 h or over the interval between | 6.2.2
channel-access monitoring, whichever is shorter.

Carrier frequency 15.323f.2

stability (extreme

conditions) The frequency stability shall be maintained over a temperature variation of | Subclause
—20 °C to +50 °C at normal supply voltage, and over a variation in the pri- | 6.2.2
mary supply voltage of 85-115% of the rated supply voltage at a tempera-
ture of 20 °C.

Carrier frequency 15.323f.3

stability (battery)
For equipment that is capable only of operating from a battery, the frequency- | Subclause
stability tests shall be performed using a new battery without any further | 6.2.2
requirement to vary supply voltage.

Asynchronous 15.321

device
Specific requirements for asynchronous devices operating in the
19101920 MHz sub-band.

Channel alocation | 15.321a
Operation shall be contained within the 1910-1920 MHz sub-band. The | Statement of
emission bandwidth of any intentional radiator operating in this sub-band | channel
shall be no less than 500 kHz. planning

Timeand spectrum | 15.321b

window selection
All systems of lessthan 2.5 MHz emission bandwidth shall start searching for | Subclause
an available spectrum window within 3 MHz of the sub-band edge at either | 8.1.1
1910 MHz or 1920 MHz, while systems of more than 2.5 MHz emission
bandwidth will first occupy the center half of the sub-band. Devices with an
emission bandwidth of less than 1 MHz may not occupy the center half of the
sub-band if other spectrum is available.

Listen before 15.321c

transmit
An asynchronous device shall incorporate a mechanism for monitoring the
spectrum that its transmission is intended to occupy. The following criteria
shall be met:

Monitoring time 15.321c.1
Immediately prior to initiating a transmission, devices shall monitor the spec- | Subclause 7.6
trum window they intend to use for at least 50 .

Monitoring 15.321c.2

threshold
The monitoring threshold shall not be more than 32 dB above the thermal | Subclause
noise power for a bandwidth equivalent to the emission bandwidth of the | 7.3.1
device.

Transmit criteria 15.321¢c.3
If no signal above the threshold level is detected, a transmission burst may | Subclause 7.6
commence in the monitored spectrum window. Once a transmission burst has
started, an individual device or a group of cooperating devicesis not required
to monitor the spectrum window, provided that the intraburst gap timing
requirement specified below is not exceeded.
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Random waiting

15.321c.4

After completion of atransmission, an individual device or cooperating group
of devices shall cease transmission and wait a deference time randomly cho-
sen from a uniform random distribution ranging from 50-750 rrs, after which
time an attempt to access the band again may be initiated. For each occasion
that an access attempt fails after the initial interburst interval, the range of the
deference time chosen shall double, until an upper limit of 12 msis reached.
The deference time remains at the upper limit of 12 msuntil an access attempt
is successful. The deference time is reinitialized after each successful access
attempt.

Subclause
7.6.4

Response time

15.321c.5

The monitoring-system bandwidth shall be equal to or greater than the emis-

sion bandwidth of the intended transmission, and shall have a maximum reac-

tion time less than 50" ./1.25 remission bandwidth, in MHz

ns for signals at the applicable threshold level, but shall not be required to be

less than 50 ns.

If asignal is detected that is 6 dB or more above the threshold level, the max-

imum reaction time shall be
35" ./1.25 remission bandwidth, in MHz s, but shall not be

required to be lessthan 35 rs.

Subclause
7.6.3

Monitoring antenna

15.321c.6

The monitoring system shall use the same antenna used for transmission, or
an antennathat yields equivalent reception at that location.

Clause 4

Monitoring
threshold
relaxation

15.321c.7

Devices that have a power output that is lower than the maximum permitted
under the rules may increase their detection threshold by 1 dB for each 1 dB
that the transmitter power is below the maximum permitted.

Clause 4

Adjacent channel
emissions

15.321d

Emissions shall be attenuated below a reference power of 112 mW as fol-
lows: 30 dB between the sub-band edges and 1.25 MHz above or below the
sub-band; 50 dB between 1.25-2.5 MHz above or below the sub-band; and
60 dB at 2.5 MHz or greater above or below the sub-band. Compliance with
the emissions limits is based on the use of measurement instrumentation that
employs a peak detector function with an instrument RBW approximately
equal to 1% of the emission bandwidth of the device under measurement.

Subclause
6.1.6

Carrier stability

15.321e

Frequency stability

15.321e1l

The frequency stability of the carrier frequency of intentional radiators oper-
ating in this sub-band shall be £ 10 ppm over 10 ms or the interval between
channel-access monitoring, whichever is shorter. The frequency stability
shall be maintained over a temperature variation of —20 °C to +50 °C at nor-
mal supply voltage, and over a variation in the primary supply voltage of
85-115% of the rated supply voltage at atemperature of 20 °C.

Subclause
6.2.2

Frequency stability
(with battery)

15.321e.2

For equipment that is capable of operating only from a battery, the frequency-
stability tests shall be performed using a new battery without any further
requirement to vary supply voltage.

Subclause
6.2.2

Maximum transmit
period

15.321f

An asynchronous transmission burst is a series of transmissions from one or
more transmitters acting cooperatively. The transmission burst duration from
one device or group of devices acting cooperatively shall be no greater than 10
ms. Any intraburst gap between cooperating devices shall not exceed 25 ns.

Subclause
7.6.2

66
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Annex B

(informative)

Notes on alternative monitoring procedure

As an alternate procedure, it would be possible to observe, in detail, the regions of the sub-band selected by
the EUT and to observe that the EUT changes its operation to a clear region of the sub-band when interfering
signals are introduced to its normal operating region. In some other cases, it may be easiest to constrain the
device to operate in only a single channel through special operating controls (i.e., administrative commands
to exclude operation on certain frequencies), in which case it would not be necessary to provide interference
in regions other than the regions of the sub-band to be used during testing. Some devices may provide atest
mode of operation in which they constrain their operation to selected operating regions of the sub-band.
However, to be complete, these tests would need to be supplemented by an additional test to be sure the
device deferred operation properly when the whole sub-band was occupied.

Copyright © 1998 |IEEE. All rights reserved. 67



ANSI
C63.17-1998 AMERICAN NATIONAL STANDARD FOR METHODS OF MEASUREMENT OF THE

Annex C
(informative)

Power spectral density

C.1 Introduction

Limits on in-band and out-of-band power spectral density (PSD) are specified typically by regulatory agen-
ciesto control interference among different services and devices. The purpose of this annex isto explain the
relationship between PSD and actual signal measurements (e.g., with a spectrum analyzer), and to show why
accurate PSD measurements require the averaging of multiple individual measurements.

The instantaneous power-per-Hz, for an information-bearing signal, is inherently a random process with a
mean equal to the actual PSD. The average power output from a narrowband (relative to the signal) mea-
surement filter (e.g., aspectrum analyzer resolution filter) isthe PSD at the filter center frequency multiplied
by the filter noise bandwidth. The instantaneous filter output is a random process. As the bandwidth of the
measurement filter becomes smaller compared to the signal bandwidth, the distribution of the filter output
voltage approaches Gaussian; so the envel ope distribution approaches Rayleigh and the envelope power dis-
tribution approaches exponential. Since a narrow-resolution bandwidth (relative to the signal bandwidth) is
typically used to measure the power spectrum, the filter power output therefore can be approximated as an
exponentially-distributed random variable with a mean equal to the PSD at the filter center frequency multi-
plied by the filter noise bandwidth. Therefore, because of the large variability in the filter output,* multiple
samples shall be averaged to obtain an accurate measure of the PSD. While the use of a “peak hold” mea-
surement on a spectrum analyzer provides a smooth trace, it can overstate the PSD by an error on the order
of 10 dB.

C.2 Definition of power spectral density

The power spectrum or power spectral density (PSD) is the most meaningful measure of the “ spectrum” of
an information-modulated signal, which isinherently arandom process. The PSD is the average power-per-
unit bandwidth, as afunction of frequency. PSD is defined mathematically, for a stationary random process,
X(t), as the Fourier transform of the autocorrelation function:

¥

S«(f) = CR«(t)e 2" dt WiHz (C.1)

-¥

where the autocorrelation is:

Ru(t) = E[x(t)x(t +1)] (C2)

with E[%} denoting expectation (i.e., statistical average value). For an information-bearing signal consisting
of asequence of symbolswith duration T, the autocorrelation will be non-zero only within a symbol or two
of t =0. Thatis, Ry (t) =0, [t| > T, where T depends on the baseband pulse-shaping, but typically will be
on the order of afew symbol times.

C.3 Relationship between PSD and the Fourier transform of a signal

Assuming the expectation in Equation (C.2) istaken only over time intervals during which actual transmis-
sion is occurring, the PSD represents the average power-per-Hz, as a function of frequency, during trans-
mission. This can be seen by considering the Fourier transform, observed at time t, of a transmission that
starts at time O:

4OThis phenomenon is the reason that a single-sweep trace on a spectrum anayzer (with normal or sample detection) appears “rough.”
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t

X(f,t)° Oxlt)e 1% at (C.3)

0

Clearly, X(f, t) is arandom functlon since it is derived from the random signal, x(t). The energy spectral
density at time t is |X(f, t)| JHz, and the instantaneous power-per-hertz is d|X(f, t)| /dt. The expected
value of thisisthe actual power spectral density, as can be seen from

t t

X (1.0 = x(£,0%"(£.1) = Gt Ox(ta)xcty) € 7 (o), (C4)

0 0

which has an expected value of:

t t
4 29 hY \ - -
EgX(f.t) g= Otz ORuclte - to)e (1-t2) g (C5)
0 0
Substitutingt =t; —t, and x = t; + t, (see Figure C.1), the area element in the new coordinate system is

it Tx ﬂt fix

Tt Tt Tt Tt

dtdx = 22 ldt dt, = 2dt,dt, (C6)

and Equation (C.5) becomes:

2t-It| t

ng(f,t)rg % (t e 120" it ‘(‘)dx— R (t )& 12 (¢ - [t )it (C7)
t -t
At, ’
! 2t
51
t
t

Figure C.1—Coordinate transformation of Equations (C.6) and (C.7)

Since Ry, (t) =0fort > Tg,

TC
27 . .
ng(f,t)| 5= gaxx(t)e'J2pft (t- k)t , forts To (C8)
- lc
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The instantaneous power-per-hertz is

fo(f.t)° %|X(f,t)|2 W/Hz (C9)

and its expected value, when the observation time exceeds Tc, is

T
E[fx(f,t)]=%EgX(f,t)|zg= OReclt ) 2t =5, (f), to T (C.10)

_TC

Hence, the power-per-hertz, f (f, t), isitself arandom process, and its expected value is the PSD of the pro-
cess x(t).

C.4 Spectrum analyzer resolution filter output

A spectrum analyzer effectively sweeps a narrowband resolution filter across the signal passband; and the
filter output signal controls the instrument’ s display, which gives a representation of the signal spectral con-
tent. To specify appropriate measurement procedures for PSD, it is necessary to understand the relationship
between the PSD and the output of the spectrum analyzer resolution filter.

Let h(t) represent the impulse response of the resolution filter, and its Fourier transform, H(f), the corre-
sponding frequency-domain transfer function. It is assumed that the filter is causal [i.e., h(t) = 0 for t < (]
and that transmission begins at time 0. The filter output, y(t), is then given by the convolution integral,

y(t) = Ot )h(t - t)dt (C.11)

The filter has some time constant, t,, (i.e., h(t) » 0 for t > t},), that varies inversely with its bandwidth. It is
assumed here that the duration of the transmission is large compared to t;,, and that transient effects are
ignored; in which case Equation (C.11) can be written as

t ¥ ¥ t
y() = Ok )dt OH(F)er2 Car = o (f )eI?"af x(t )e 120" ot
o¥ -¥ -¥ 0 (C12)
= oH(f)x(f, )i t>>t,
-¥
The power spectrum of y(t) isrelated to that of x(t) by
Sy (1) =[H(F)"Su(f) (C.13)
and
¥ ¥ )
E[y?(0)] = 08,y (f)df = (B (F)H(F) f ,t>>1, (C.14)
-¥ -¥
If the filter has a nominal center frequency of fy and an effective noise bandwidth of By, defined as
¥ 2
OH(F)|
By = (C.15)

" (e

then, for By << UTg, S, (f) isrelatively constant over the filter passband, and
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E[y2(t)] @By |H(fo)|" Su( fo) (C.16)

Generally, the spectrum analyzer display is normalized so that, in effect, |H(f,)| = 1. The factor of 2 in
Equation (C.16) accounts for the fact that all frequency functions, including the PSD, S, (f), are assumed to
be two-sided for mathematical symmetry.

C.5 Statistical properties of the resolution filter output

The output of the resolution filter is arandom process, since the input is arandom process. It has been shown
that the average (expected) value of the filter power output is proportional to the filter bandwidth and the
PSD of the signal being measured. What remains is to characterize the statistical properties of the filter out-
put.

In general, the resolution filter output, as atime function, is given by

y(t) = x(t)<h(t) = oyt )h(t- t )t (C.17)
- ¥
where
* denotes convolution.

Equivalently, in the frequency domain,

Y(f)=H(f)x(f) (C.18)

An important class of signalsis that for which a single carrier of frequency f; is amplitude-modul ated and/
or phase-modulated, which in general can be represented by

x(t) = r(t) cod 2pf,t +q(1)] = Re{w(t)e/ 2"} (C.19)

where

v(t)  =r(t)dd®,
Re{% denotesthe real part of the argument.

In the frequency domain,

X(f):%v(f - fc)+%v*(- f-f) (C.20)

The process, x(t), is assumed to be bandpass (i.e, 1/Ts << f.). Note that v(t), sometimes called the “complex
envelope’ of x(t), is actually alow-pass version of x(t). The filter output, y(t), can be expressed in a similar
form:

y(t) = Rewit)ei 2"} (C.22)

Y(f)=%W(f - f0)+%W*(— f- fo) (C22)
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It isassumed in Equation (C.21) and (C.22) that the nominal filter center frequency is fg, and thefilter is nar-
rowband compared to x(t).

The (bandpass) filter response may also be expressed in terms of an equivalent lowpass response, H|p(f):41

H(f) = Hlp(f - f0)"'|'|I*p(' f- fO) (C.23)

Since x(t), h(t), and y(t) are real, their transforms are conjugate-symmetric [e.g., X(f) = X' (-f)]. Therefore, it
is possible to analyze the filter output based on positive frequencies only, and Equations (C.18) and (C.20)
through (C.23) give:

W(F - fo) =V(F - fo)Hp(f - fo) (C24)
Letting D; = f. —fq,

W()=V(f - Dy )H,(f) (C.25)
and
w(t) = hy (0 [0’ | = G, (t- £Vl )l e (C.26)

or, letting Vo (f) © V(f-Dy) , sothat vp(t) = v(t)e """

j 2pD,
eJ[q(t)+ pDit]

=r()

, gives:

wt) = z‘ylp(t - t)vp(t )dt (c.27)

Figure C.2 gives an illustrative example of the relationships among the various frequency-domain functions.

A
L X (f
< H(f)—>m
v(f)
/| N

- fc - f0 fO fc f

A V,(f

() 1l

v(f)

- 1, e f, f

Figure C.2—Example signal spectra and filter characteristic

In general, both hy(t) and vp(t) are complex and can be expressed in terms of real time functions as

4IThe “center frequency” can be selected arbitrarily within limits, but typically would be the geometric center of the one-sided fre-
quency response characteristic.
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h(t) = p(t) + jat) (C.28)
vp(t) = at) + jb(t) (C.29)

where

p(t), q(t), a(t), and b(t) arereal.

It is well known (and can be easily shown) that if and only if the process, vp(t), is wide-sense stationary,
then Ry (t) = Ryy(t) and Ryy(t) = —Rba(t).42 Since (by definition) Ry,(t) = Ryy(—t), it follows that
Rap(t) = —Rgp(-t); i.e., Ryu(t) isodd. Therefore, Ry,(0) = 0; i.e., a(t) and b(t) are uncorrelated, although a(t)
and b(t + t) may be correlated.

The equivalent lowpass filter output can be written in terms of real and imaginary components as

w(t) = cft) + jd(t) (C.30)
where, from Equation (C.28),

oft) = a(t)* p(t) - b{t)*q(t) (C31)

d(t) = b{t)* plt) +a(t)* alt) (C32)

It can be shown explicitly (see the note at the end of this annex) that R(t) = Ryq(t), Rec(t) = Ree(-t), and
Ryc(t) = —Rqq4(t). Hence, R4(0) = 0; i.e., c(t) and d(t) are uncorrelated [it also follows that w(t) is wide-sense
stationary, as would be expected)].

It also can be shown that when the input of a lowpass filter is a stationary random signal, samples of which
are independent if they are more than a seconds apart (as is the case here, with a = T), then, as the filter
bandwidth becomes small relative to the bandwidth of the input signal, the distribution of the filter output
approaches Gaussian.*®

Conceptually, the reason for the approach to a Gaussian distribution isthat thefilter is effectively an integra-
tor, and its integration time is inversely proportiona to its bandwidth. Therefore, as the filter integration
time becomes large compared to the correlation time, T¢, of the input process, the filter output is the sum of
many independent integrated time segments of the input process. The Central Limit Theorem suggests that
the sum tends toward a Gaussian distribution.

Therefore, the convolution terms, a(t)* p(t), etc., in Equations (C.31) and (C.32) tend toward Gaussian as the
resolution filter bandwidth, By, becomes small relative to 1/Tg (which is proportiona to the signal band-
width). Consequently, c(t) and d(t) are random variables that approach Gaussian for By << 1/Tg. Since c(t)
and d(t) are uncorrelated, they are also independent if they are Gaussian. It is well known that the signal
envelope, which is the quadrature sum of independent Gaussian terms, is Rayleigh-distributed, and that the
square of the envelope (representing envelope power) is exponentially-distributed.** The envelope of y(t)
therefore approaches a Rayleigh distribution, and the envelope power approaches an exponential distribu-
tion. Defining the envel ope power as the average power over an RF cycle as

42500 Papoulis, A., Probability, Random Variables, and Sochastic Processes, 3rd Edition, New York, NY: McGraw-Hill, 1991, Sec-
tion 11-3.

435ee Papoulis, A., “Narrow-Band Systems and Gaussianity,” |EEE Transactions on Information Theory, vol. 1T-18, no. 1, pp. 2027,
Jan. 1972.

#see, eg., Papoulis, 1991, p. 146.
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i)

Py(t) - . (C.33)

itisclear from Equation (C.16) that Py(t) can be expressed as
2

R, (1) =2y (1)By|H(fo)| Sq( o) (C.34)

where

y (t) is an exponentially-distributed random process with a mean value of 1.
The probability density function (pdf) of y (t) is
f,(x)=e*, x30 (C.35)

Figure C.3 shows the exponential distribution, F, (x) = Pr{y < X} =1- e, withy =1.

1.0 U U U U U U U U U U U U U U U U U U U U U

0.8

/ z

B / 1

0.2 i / |

Probability that power is less
than x dB above its average

X, dB relative to mean power

Figure C.3—The exponential distribution

If the maximum of many samples of the filter power output is used to estimate the PSD (e.g., using a spec-
trum analyzer’s“ peak hold” function), the error will be on the order of 8-10 dB, depending on how close the
filter output power distribution is to exponential, and also depending on the sweep time.

However, if the filter output power is averaged over atime interval that is large compared to the inverse of
the filter bandwidth, a good estimate of the actual PSD can be obtained. The averaging shall be done on lin-
ear power samples, rather than on dB samples. For an exponential random variable, the dB error that will
result from averaging dB samples can be computed by finding the average of u = 10log v:

¥ ¥
N . 10 < B

E[u] = (JOlogve “dv = 0 (nvoe Vdv = - 251dB (C.36)
0 0

Thus, the dB average will be 2.51 dB less than the dB value of the linear average.
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C.6 Conclusion

It has been shown that the instantaneous power-per-Hz of arandom (i.e., information-modul ated) waveform
isitself a random process with a mean equal to the actual power spectral density (power spectrum) of the
signal. When measuring the PSD, the bandwidth of the measurement instrument is typically narrow relative
to the signal bandwidth, to provide the necessary spectral resolution. When that is the case, the filter output
envelope power is random, with a distribution that approaches exponential and a mean that equal s the PSD
of the input signal at the filter center frequency, multiplied by the filter noise bandwidth. Because of the
variability of the filter output, an accurate measure of the input signal PSD can be obtained only by averag-
ing the output of the measurement filter in some manner. Otherwise, the measurement can overstate the PSD
by an error on the order of 10 dB. Therefore, the use of a spectrum analyzer’s peak hold or max hold func-
tion will not give an accurate PSD measurment, even though it provides a smooth visual trace.

NOTE—Auto-correlation and cross-correlation of the filter output in-phase and quadrature terms:

Assume that the jointly wide-sense stationary processes a(t) and b(t) have a cross-correlation, Ryp(t), and a cross power
¥

spectrum, S, (f) = OR,p(t)e
¥
p(t) and g(t), and the respective outputs are y(t) and x(t), then:

g = a(t)* p(t)
X(t) = b()* q(t)

The cross-correlation of the outputsis

et . 1f a(t) and b(t) are applied to separate filters with respective impulse responses,

¥

Ry E[g t+t)] 29? ( ) (t+t )p*(v)q(u)dvdug

Since E[a*(t- vib(t+t - u)] =Ryt +V- u), this becomes:
¥ ¥

Ry(t) & ORe(t +v- )P’ (v)a(u)dvelu

-¥-¥

¥
Since (Rup(t +v- u)a(u)du= Ry (t +v)*qft +v) = osdb( JQ(f)e &P (V) (where the first equality follows from the defi-
¥

nition of convolution and the second from the convol ution theorem), then

Relt) = oo F)Q1) o g (VJel™av = g (1)0( 1P ()i ct
-¥ -¥ -¥
Thisisin the form of an inverse Fourier transform, and it is evident that the cross-power spectrum is

Sy (1) = S (1)) (1)
Applying thisresult to c(t) and d(t), as defined in Equations (C.31) and (C.32), gives:
Sa(7) = Sw(F)P(1)] - Sa( QAT+ a(1)P(F)QA(1)- (1) (1) P(1)
With S;p(f) = —Spa(f) and Spa(f) = i),
S(1) = S (D[P (1))~ @ (1)P(1)]+ S F)GP() #[A 1)

S, [P(HI?, and |Q()|* arereal, even functions of frequency. S,,48 and P" (f)Q(f) — Q" (f)P(f) areimaginary and odd.

Hence, S(f) isimaginary and odd. Moreover, Sy(f) = —=Sq(f), S0 Rye(t) = —Req(t), Reg(t) = —Reg(—t), and R4(0) = 0.
Therefore, c(t) and d(t) are uncorrelated, although c(t) and d(t + t) may be correlated.

Also,

Se(1) = Sua(1) = S P +[(1) i+ S 1] P(1)Q(1) - (1))
which isreal and even. Hence, R(t) = Ryq(t) and Re.(t) = Ree(-t). Therefore, the process, w(t) = c(t) + jd(t), is wide-
sense stationary.
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Annex D

(informative)

Radiated and conducted measurement of power output and
monitoring thresholds

This annex contains derivations and rational e to support the procedures of Clause 4.

D.1 General

To measure relative values of the EMC (electromagnetic compatibility) and OC (operational compatibility)
test signals, or to sample the signal for further relative analysis, measurements can be performed at noncali-
brated test facilities.

D.1.1 Detachable antennas

If the EUT has a detachable antenna(s), conducted measurements are preferred. Conducted measurements
do not require a facility that complies with the requirements of ANSI C63.4-1992. In addition to the con-
ducted measurements of emissions power and monitoring threshold, radiated tests of the EUT transmit
antenna gain and the EUT transmit and monitoring system coverage equivalency may be necessary. If so,
the EUT antenna-related parameters should be tested as recommended by the |EEE Std 149-1979 or equiva
lent documents. As arule, the radiated measurements shall be performed at atest facility that meetsthe free-
space requirements as set forth in Clause 6. To measure absolute values of conducted test signals, noncali-
brated signals can be used. To measure absolute values of radiated signals, calibrated test facilities shall be
used.

D.1.2 Nondetachable antennas

Radiated measurements of the EMC and OC characteristics shall be performed on equipment with honde-
tachable antennas, even when the EMC and OC performance limits are specified in terms of conducted
units. In this case, the radiated test results obtained shall be correlated with specified conducted limits. When
necessary, the EUT antenna-related parameters should be tested as recommended by IEEE Std 149-1979 or
equivalent documents. As a rule, the radiated measurements shall be performed at a test facility that meets
the free-space requirements as set forth in Clause 4.

D.1.3 Alternative test facilities, measurement techniques, and test-site validation

The preferred radiated test environment is free space. In a simulated free-space environment there are no
requirements for the ground plane of the facility. Alternative test environments and techniques are also per-
mitted, provided that their correlation with the preferred methods can be demonstrated. If the test methods
are not given in the present standard, the procedures recommended by ANSI C63.4-1992 and other applica-
ble standards shall be used. When TEM cell-based test facilities are used (e.g., a WB-TEM cell), the mea-
sured quantity is not field strength but rather radiated power. In this case, the computation of radiated
parameters shall be performed according to the facility manufacturer’ sinstructions, and correlated with free-
space measurements. Test-site validation documentation shall be provided in the test report that demon-
strates either the required ratio of direct and reflected signal components for approximating the free-space
environment or correlation with recommended methods for aternative techniques (e.g., aWB-TEM cell).
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D.2 Power limits

D.2.1 Transmit power limits

The maximum EUT transmit power, in W, at the transmit antenna terminals is Py, = 1074 /B, where B is
the EUT emission bandwidth, in Hz. In dBm, P, = 5logB — 10. The actual EUT transmit power, Pgy,
shall be reduced below this limit by the amount that the directive gain of the EUT transmit antenna (relative
to an isotropic antenna) exceeds a certain value, g, which is specified in the applicable regulations.* There-
fore,

P..-(Gs-0Q), when G, >
PEUT £ l:)max ( A g) o GA£ g (D.l)
max » when ALO
where

Gp  isthe maximum directional gain of the EUT transmit antenna

D.2.2 Monitoring threshold limits

The maximum monitoring threshold, Ty;, at the terminals of an isotropic monitoring antenna, for a device
transmitting the maximum allowed power, is M dB above kTgB, where Boltzmann's constant
k=138" 10723W/°K xHz, Ty = 290 °K, and M takes on a value of 30 dB, 32 dB, or 50 dB, according to
the device type. That is,

Twi =-174+10logB+ M , dBm (D2)

The actual monitoring threshold limit, Ty, increases above by the difference between P,5 and Pyt
Therefore, the actual monitoring threshold limit is

Tv = Twi + Poax - Peur, dBm (D.3)
The monitoring threshold limit and the transmit power, therefore, are related by
Ty *+ Peutr = Tui + Prax =15l0gB + M - 184, dBm (D.4)

The effect of therules, therefore, isto place an upper bound on the sum of the EUT transmit power and mon-
itoring threshold (in dBm).

D.2.3 EIRP and electric field (E-field) threshold limits for radiated tests
For a device with a nondetachabl e antenna, the power shall be measured in terms of EIRP. Measurement of

the monitoring thresholds shall be based on an equivalent E-field incident on the monitoring antenna. The
required field strength can be calculated using

Ey =Ty +20logf - 428- G, (D.5)
where

Ey  isthereceived field strength, in dBmv/m (aligned with the polarization of the monitoring antenna),
required to produce areceived power level of Ty,, in dBm, at the terminals of the idealized lossless
monitoring antenna with maximum directive gain, Ga.

4547 CFR 15, Subpart D, 15.319(e), specifiesthat g = 3 dBi.
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For the same antenna, the EIRP and the transmit power at the antenna terminals are related by

EIRPeyr = Peyr +Ga (D.6)
Combining Equations (D.4), (D.5), and (D.6) gives

Ey +EIRPor =Ty + Py +20l0g f - 428 (D.7)

which is equivalent to Equation (D.4), but for radiated measurements. Combining (D.1) and (D.6) gives the
applicable EIRP limits as

Prax T 0, when G, > g

EIRP.; £
BT 2P, +Ga, whenG, £9

(D.8)

D.2.4 Separate transmit and monitoring antennas

The EUT monitoring antenna shall provide coverage, equivalent to the EUT transmit antenna, that may
result in further correction to the monitoring threshold. The following definition of equivalent coverage is
adopted:

The monitoring system shall cause deference to any transmission of sufficient strength to induce a power
level in the EUT transmit antenna that exceeds the maximum threshold allowed for the system under test,
measured at the transmit antenna input.

In applying this principle to devel oping tests for equivalent coverage, the following assumptions are made:

a) Thedistance between the transmit and monitoring antennas is not specified in the rules and therefore
is determined by the system designer.

b) There is no requirement that the gain and pattern characteristics of the transmit and monitoring
antennas be identical.

¢) Reciprocity exists between transmit and receive gain and pattern characteristics of the transmit
antenna, and the transmit antennais essentially alossless radiator.

To verify that the monitoring antenna has coverage equivalent to that of the transmitting antenna, it is neces-
sary to demonstrate that the EUT defersif areceived signal is sufficiently strong to generate a power level of
Ty at the transmit antenna terminals.

D.3 Transmit power and monitoring threshold test method selection

Practical procedures to demonstrate compliance with the transmit power and monitoring threshold limits
depend on the availability of the antenna terminals for measurements and the relationship between the trans-
mit and monitoring antennas. This standard identifies six potential test configurations, which are givenin the
following table together with the associated subclause numbers.

Transmit/monitoring antenna Standard subclause
comparison and placement Detachable antennas Nondetachable antennas
Single, or identical collocated 4.4 4.7
Different collocated 45 4.8
Arbitrarily placed 4.6 4.9
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D.3.1 Detachable transmit and monitoring antennas

If a single antenna performs both transmission and monitoring functions, or the transmit and monitoring
antennas are separate but identical and collocated, the equivalent coverage requirements are always met, and
Equation (D.4) fully determines the monitoring threshold. In this case, when the EUT antennais detachable,
testing to demonstrate compliance with the limits of Equations (D.1) and (D.4) requires determination of the
antenna gain in the direction of maximum radiation, and conducted measurements of the EUT transmit
power and monitoring threshold at the antenna terminals. The antenna gain in the direction of maximum
radiation is determined from typical antenna measurements or the manufacturer’ s declaration. It may be pos-
sible to measure the EUT gain in facilities that measure radiated power, such as a WB-TEM cell. In this
case, the correlation should be demonstrated with free-space antenna measurements. Detailed threshold
measurements are described in Clause 7.

When the EUT transmit and monitoring antennas are detachable, but different and collocated, the limit of
Equation (D.4) shall also account for the equivalent transmit/monitoring antenna coverage. The coverage
measurements can be performed with a reference antennathat illuminates the EUT transmit and monitoring
antennas, while maintaining a generated power level of Ty, a the EUT transmit antenna terminals. The test
is done with horizontally and vertically polarized reference antennas for alimited number of EUT orienta-
tions. Corresponding procedures can be devised when the tests are made at radiated-power measuring facili-
ties(e.g., aWB-TEM cell).

If the transmit and monitoring antennas can be separated from each other by a maximum distance of s, it is
suggested that the power, Ty, a the EUT transmit antenna terminals be established only for one point at a
distance of r between the reference antenna and the EUT in the direction of EUT transmit antenna maximum
radiation, by applying the corresponding power, Pt (See below), at the terminals of a reference antenna.
Then, while the position of the reference antenna is not changed, the monitoring antennais placed at a dis-
tance of r + sfrom the reference antenna, and is positioned in multiple orientations. If the EUT failsto defer
in any orientation, the reference antenna should be rotated 90° about the direction to the EUT. Only if the
EUT again failsto defer should it be held noncompliant.

D.3.2 Nondetachable transmit and monitoring antennas

When access to the EUT antenna terminals is not available (i.e., antennas are nondetachable), only radiated
measurements are possible, and tests for compliance with the rules shall be based on measurements of EIRP
and the field-strength threshold limit, Ey,;. Procedures to determine the gain, G,, of detachable antennas
based on power comparison at the antenna terminals are not applicable. Severa aternative test techniques
are possible based on measurements of radiated field intensities and/or antenna-related parameters. Therela-
tionships given below allow the EIRP and the field strength threshold limit, Ey,, to be determined in the free-
space environment with a reference antenna, which is first used to measure the radiated field strength from
the EUT, and is then used to generate afield incident at the EUT.

D.3.2.1 Relationships for radiated measurement of EIRP

In afree-space environment, the radiated-field intensity isrelated to the transmitted power at the antenna ter-
minals by

E(q,f) = % J30PG(q, f) V/m (D.9)

where

P isthe power (in W) applied to the EUT antennaterminals,
r isthe distance, in meters, from the antenna to the observation point,
G(q.,f) isthe directive gain of the transmit antennain the (q,f ) direction.
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Converting to logarithmic units and considering the direction in which the EUT antenna gain achieves its
maximum value, G, gives

Eeutmax = Peut* Ga—20l0g,or + 104.8 dBmV/m (D.10)
where

Ga (dBi) is the maximum directive antenna gain of the EUT,
Peyt isindBm.

From Equations (D.6) and (D.10), the EIRP is related to the measured field by

EIRPeyt = Egutmax T 2010901 - 1048 (D.11)
D.3.2.2 Relationships for radiated threshold measurements
The maximum monitoring threshold field strength limit, Ey, is related to the actual EIRP by Equation (D.7).
The power, P, that shall be applied to a reference antenna to generate a field of strength Ey, at the EUT
transmit antenna (separated from the reference antenna by distance of r) can be found from equations
describing the signal propagation at the test site. For example, the free-space relationship is

Prret = Ep +20l0g;or — Ggrep —104.8 (D.12)
where

Ggrer isthe gain of the reference antennain the direction of the EUT.

Since Ty = Prg +20l0g(l /4pr)+Gp + Geer (the Friis formula), Pr¢ can be expressed in terms of EIRP
using Equations (D.3) and (D.6) as

Prret = Ty + Prex - EIRPgyr - 20l0g(l /4pr) - Gper (D.13)
Equivalently, P, can be expressed in terms of Egj1may by substituting Equation (D.11) into (D.13), giving

P = Twi * Prax - Eeutmax +2010g5g f - Gger - 428 (D.14)

D.4 General guidelines on measurement conditions and procedures

D.4.1 Conducted measurements

When the transmit and monitoring system power can be measured at the EUT antennaterminals, these char-
acteristics are tested with conducted measurements, and the procedures described in Clause 7 can be applied
directly. Only the transmit antenna gain and the transmit and monitoring system equivalent reception tests
shall be performed using radiated measurements.
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The EUT transmit antenna gain is determined as recommended by |EEE Std 149-1979. For WB-TEMS, the
test procedure is similar with that of the EUT being rotated within the cell. However, the measured quantity
isnot field strength but rather radiated power.

D.4.2 Radiated measurements

Since the measurement parameters and variables can be expressed in several different, albeit equivalent,
ways, a humber of test procedures can be used to evaluate the EUT with nondetachable antennas. As an
example, some of those presented in the standard test procedures are based on free-space propagation (see
Figure 2 and Subclause 4.6). Corresponding test procedures can be also based on facilities that measure radi-
ated power (WB-TEM, etc.), where, instead of using the reference antenna, the necessary power levels are
generated and/or measured by the test facility itself.

The preferred test environment for radiated measurementsis “free space.” For purposes of the tests specified
in this standard, the free-space environment can be realized in a WB-TEM or an anechoic chamber, or can
be smulated at an OATS or semianechoic chamber by maintaining at least the 10 dB loss of the signal
reflected from the ground plane to the line-of-sight signal. A simulated free-space environment can be
achieved, for example, by lining the OATS or semianechoic chamber ground plane with RF absorber, by
using the elevated test sites where both the EUT and the test antennas are placed at a sufficient distance
(height) over the ground plane and other reflective objects, and by utilizing directive reference antennas,
which regject the reflected wave to a sufficient degree.

In asimulated free-space environment, there are no specific requirements for the ground plane of the facil-
ity. The free-space and simulated free-space environment site validation documentation shall be provided,
which demonstrates the required ratio of direct and reflected signal during the test.

To measure the EUT gain at facilities that make field-strength measurements, install the EUT at a noncon-
ducting table or a turntable at the test site. Attach the EUT transmit antenna(s). Install a linearly polarized
calibrated reference at a distance, r, > 2D?/| , from the EUT, where D is the largest dimension of the EUT,
and| isthe wavelength of the signal. Align the reference antenna for its major lobe facing the EUT. Config-
ure the reference antenna as a receive antenna. Find the EUT direction of maximum radiation by measuring
the EUT emissions at a sufficient number of equally spaced points on the surface of a sphere with a radius
of r and the EUT transmit antenna at its center. This can be achieved, for example, by measuring the electric
field intensity with horizontally and vertically polarized reference antenna, while moving the EUT within
0-360° azimuth and 0-180° elevation plane angle variations. After the direction of the EUT maximum radi-
ation isfound, the EUT gain, Gp, can be determined using standard procedures for antennas.

For facilities that measure radiated power, such as WB-TEMSs, install the EUT in the center of the test vol-
ume using nonconductive material to position the unit. Find the EUT direction of maximum radiation by
measuring the EUT emissions at a sufficient number of equally spaced points on the surface of a sphere sur-
rounding the EUT. After the direction of the EUT maximum radiation is found, the EUT gain, Gy, can be

determined using standard test procedures for antennas.
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Annex E

(informative)

Monte Carlo routine for asynchronous back-off time distribution

This is a Monte-Carlo routine to estimate the probability distribution
function of the interval between packets transnmitted by a UPCS device
(below called the EUT) that is conpliant with the asynchronous

rul es under 47 CFR 15, Subpart D. The sinul ated experi nent

is as follows.

The EUT transnits a packet. The end of the packet is observed by a
test receiver (at tinme zero), and this event triggers transm ssion of
a test signal above threshold, with uniformrandom duration of

0 <= a <= anmax. During this test pulse, the EUT executes random
backof f and observation according to the asynchronous access rul es.

In the code below, the variable, s, represents the end of a
50 microsecond observati on wi ndow -- the instant at which a hard
deci sion shall be made to defer or to transmt.

Eventual |y, the EUT executes an observation wi ndow that falls after
the end of the test pulse and, thus, the EUT transnits another packet.
The interval s between the end of one EUT packet and the beginning of
the next are recorded as a histogramwhile the interference pul se
takes random durations. The histogramis normalized to (an estinate
of) a probability density function, and this is integrated to a

di stribution function

This computer-sinulated (i.e., estinmated) distribution function can be
conpared to one sinilarly acquired in an actual test of the candidate
hardware. If the distribution nmeasured with the actual EUT lies
everywhere beneath the one cal cul ated bel ow, then the EUT' s backoff
algorithmis nore polite than the one specified by FCC 47 CFR

Part 15, Subpart D, and the EUT passes this test.

Using an ancient version (2.0) of Qick C the follow ng comrand
i nes work.

\gc2\bin\gcl /FPi /& [/AC /F 4000 histo3.c <--(no coprocessor)

\gc2\bin\gcl /FPi87 /& /AC /F 4000 histo3.c <--(coprocessor)
JWM  13JUL95

#i ncl ude <stdio. h>

#i ncl ude <mat h. h>

#i ncl ude <stdlib. h>

mai n()
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{

float a; /* test pulse length */

float amax; /* maxi mumtest pul se length */

float D, /* backoff range */

float Dm n=750; /* m ni mum backoff range (mcrosec) */
fl oat Dmax=12000; /* naxi num backoff range (m crosec) */
float s; /* tine after end of last EUT transm ssion */
float N, /* trial counter */

float Ntrials; /* nunber of trials */

float sum=0; /* sum of histogram bins */

float histo[2400]; /* the histogramarray */

I ong seed, i; /* not used */

FILE *fp_distro; /* output distribution */

FILE *fp_density; /* output density */

i f((fp_distro=fopen("histo3.dis", "w'))==NULL)

{

printf("\nError opening distribution output file");

return;

}
i f((fp_density=fopen("histo3.den", "w'))==NULL)

{

printf("\nError opening density output file");

return;

}
printf("\nEnter the nunber of trials to performand the nmaxi numn");
printf("test pulse length in nicroseconds, e.g., 20000 12000\ n");
scanf ("% %", &N\trials, &amax);

for(i=0; i<2400; i++) histo[i] = 0.; /* initialize the histogram */

for(N=1; N<=Ntrials; N+t+)

{
s =0; /* clock starts at end of previous EUT transm ssion */
D=Dmn; /* reinit the backoff range */
a = (amax/32767.)*rand(); /* pick a test pulse length */
s = (D/32767.)*rand() + 50.; /* mandatory backoff and nonitoring */
whi | e(s<(a+50)) /* need whol e wi ndow clear to escape |oop */
{

if(D<Dmax) D= 2. * D, /* double range of uniform backoff */
s =s + (D 32767.)*rand() + 50.;

}

hi sto[ (I ong) mi n(s/10., 2400.)] ++;

}

for(i=0; i<2400; i++) histo[i] = histo[i]/Ntrials; /* normalize */

for(i=0; i<2400; i++) fprintf(fp_density, "%\ n", histo[i]);

for(i=1; i<2400; i++) histo[i] = histo[i-1] + histo[i]; /*integrate*/
for(i=0; i<2400; i++) fprintf(fp_distro, "%\n",histo[i]) ;
printf("\nASCI| output files histo3.dis and histo3.den are ready.\n");
}
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Annex F

(informative)

Guidelines for using out-of-operating-region interference

In testing UPCS devices for compliance with 47 CFR 15, Subpart D, it sometimes is necessary to confine
operation of the EUT to a selected subset of the available frequency channels. UPCS devices are required to
monitor potential operating frequencies, and may not use frequencies on which the monitored signal level
exceeds a specified threshold. Therefore, one way to restrict operation to a desired frequency band is to
apply interference above the threshold to frequencies outside the desired band. This is sometimes known as
out-of-operating-region interference. The purpose of this annex is to discuss the constraints on this
approach, and to specify procedures to ensure that the out-of-operating-region interference does not corrupt
the test results.

F.1 Square-notch interference model

It is assumed that an interference generator is available that can generate wideband interference with a
“brick wall” notch of the desired width and center frequency. The EUT is assumed to have a baseband-
equivalent frequency selectivity or discrimination characteristic, H(f), which typically is determined largely
by the intermediate frequency (IF) filtering stage(s). Figure F.1 illustrates the model and Table F.1 lists the
parameters used here.
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Figure F.1—The out-of-operating-region interference concept
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Table F.1—Parameters and notation

Generator noise floor kTng mW/Hz; Ng = 10log hg
Receiver noise floor KTf mW/Hz; F = 10log f (noise figure)
Notch bandwidth Wy Hz

Generator power spectral density kTsg mW/Hz; S5 = 10log sg
Generator dynamic range dg = Sg/Ng; Dg = S5 — Ng (dB)
Receiver noise bandwidth B Hz

Receiver offset from nominal center frequency 0s Hz

Center frequency separation foHz

The equivalent noise bandwidth for H(f) is defined as:

S and Ng can be set to any desired level with an attenuator between the generator and the EUT, subject to
the constraint, S5 — Ng £ Dgmax: Where Dgmay iS the maximum dynamic range of the generator. It will be
assumed here that D5 IS ON the order of 50 dB.

Using baseband equivalent frequency functions, the total “noise” power into the EUT is

oWz
P=[HOPKTB(f +ng) +kTss€ & [H(f)[ o + dH i de (F1)
& -x - dg Wy /2

For convenience, is has been assumed that dgpay >> 1.
The first term represents the noise floor and the second term represents the generator signal power that gets
through the receiver IF due to the imperfect selectivity. This second term determines the value of Wy

required to maintain the noise power on the “targeted” channel at alevel that will not interfere with the test
being conducted.

F.2 Butterworth H(f) example
Toillustrate, assume that H(f) has an nth order Butterworth characteristic. If B. isthe 3 dB bandwidth of the

filter, the attenuation provided by the filter for a bandwidth, W (the separation between the two frequencies
for which the attenuation the same), is

AW) =1+¢c—= (F2)

Copyright © 1998 |IEEE. All rights reserved. 85



ANSI
C63.17-1998 AMERICAN NATIONAL STANDARD FOR METHODS OF MEASUREMENT OF THE

Thefilter center frequency is the geometric mean of the upper and lower 3 dB frequencies (or of any two fre-
guencies with the same attenuation):

fo = JiufL (F.3)
where
BC = fU — fL'

Therefore,

oo ¢

Alf)=1+ (F.4)
Bc o
. . - fo
Normalizing with xD , we have
C
.2n
(x)=1 & 1 u
AXx)=1+ex+—- u (F.5)
A 2 -
g Be X(Bc/fo) +Bc/folH

For Boofg«1 (normally the case) and |X| « f,®B. (the region of interest), the last term can be approxi-
mated as

1 f
@_O_ X F.6
X(Bc/fo)* +Bc/fo  Bo =9

and Equation (F.5) becomes:

A(x) @L+(2x)*" (F.7)
and
H(f)F @—— (F9)
1+ f- o0
e B: @

Forand [x|2 1 andn? 2,

2 1
(P > 2l el (F:9)

Figure F.2 shows the exact expression for |H(f)|2 per Equation (F.5) and the approximations per Equations
(F.8) and (F.9) for Bc/fy = 0.05.
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Figure F.2—Third-order Butterworth filter response and approximations

¥

¥
. s 1 1 p . .
Note that since ——F—— 5 dW =B O——-dx =B Tj » B. for n 3 3, the effective noise
01+(W/BC)2n C01+X2n C2nsin p/2n C

bandwidth, B, is essentially the 3 dB bandwidth, B¢, forn3 3.

Substituting Equation (F.9) with fy = 0 and d; = 0 into Equation (F.1) gives

€ ¥ s u é s &®B 5>t
é ) —=dxU=kTBé ——¢——= U
P @ATBgf +Ng +WN(/)BC 20 dXE] kTBéf g+ 1gWN 5 4 (F.10)

F.3 Considerations for test procedures

F.3.1 Generator interference in the target channel shall be well below the threshold

P shall be significantly below the threshold being tested. Otherwise, the test results will be inaccurate. If the
wideband interference is applied and a spectrum window (i.e., a notch) is opened, and widened until the
EUT transmits, then P will be dlightly below the threshold. The introduction of a narrowband test signal in
the center of the notch will not need to be at the threshold to cause the EUT to defer. For example, assume
that P is 1 dB below the threshold. The addition of asignal 6.8 dB below the threshold will cause deference,
resulting in a 6.8 dB error in the measured threshold level. Figure F.3 shows the threshold measurement
error, in dB, vs. the dB difference between P and the threshold. It can be seen that for reasonable accuracy, P
shall be on the order of 10-15 dB below the threshold being measured, or the test would indicate a threshold
below the actual threshold of the EUT. This could allow a noncompliant EUT (with too high athreshold) to
pass the test; but it also could cause a compliant isochronous LIC device to fail the test for the lower thresh-
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old (the lower threshold would appear too low relative to the upper threshold). This highlights an inherent
problem in measuring lower thresholds near the device noise floor.*®

0 —T

-10 +

Threshold measurement error, dB
]

_15 1 1 1 1
-15

10 log (P/mkTB) [noise power relative to threshold, dB]

Figure F.3—Threshold measurement error (in dB) vs.
the dB difference between P and the threshold

F.3.2 Interference shall be above threshold on nontargeted channels

It is necessary that be X dB above the threshold, M (where M is in dB relative to kTB). Therefore,
sg = xm, where x = 10¥1% and m = 1010, Further, sg = dgng, reflecting the dynamic range limit of the
generator. Finally, to avoid contaminating the test (as discussed above), P shall be Y dB below M. With
y =10"19 \we have, from Equation (F.10),

P—kaB—kTBgf+X—m+ all aeigzn_lg F.11
Ty R 2n- 1&Wy o i (F.11)

Therefore,

..2n-1
®eB 0
i:L+i+ ! g£+ (F.12)
Xy xm d; 2n-1eW, o

Note that 1/xy = P/KTBsg, the ratio of the residual interference plus noise power in the target channel to the
out-of -operating-region interference.

Rearranging Equation (F.12) gives aform that is useful for exploring the limitations of using out-of-operat-
ing-region interference:

lel fo_ 1 @B 1

X8y mo 2n-18Wyp  do

(F.13)

The maximum value of x can be expressed as a function of W\/B, given the other parameters, providing
Ly >f/m (i.e, the required “headroom” does not exceed the dB difference between the threshold and the
device noise floor). For purposes of developing testing guidelines, the EUT device noise can be
ignored,*” and Y can be interpreted as the difference between the threshold and the residual power from
the generator. In that case, assuming dg >> xy, Equation (F.13) gives

48|t also raises an interesti ng interpretation question regarding whether or not the monitored power level that is subject to the threshold
requirements includes self-generated receiver device noise.
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..2n-1
A, O
xy » (2n- g+ (F.14)
€Bc o

F.3.3 Notches reduce interference power in the adjacent channel

If the EUT selectivity is poor, arelatively wide notch may be necessary to allow the out-of-operating-region
interference to be sufficiently above the threshold while maintaining the residual generator power in the tar-
get channel adequately below threshold. A wide notch could cause the interference in the adjacent channel
to drop below the threshold. If the channel center frequencies are separated by fp, then the interference
power in the adjacent channel is

Py = SkTs, ¢ R (t) or =<TEc o —L
AD) =5 SGWNO =7 WNO 14520 X (F.15)
PN fo E—ZaD
where
ap :fDIB

Figure F.4 shows the nonadjacent and adjacent-channel interference power as a function of Wy/B for n = 3.
It was assumed that ap = 2. Figure F.5 shows the same curves, but for n = 2. The integrals were computed
numerically using Equations (F.1), (F.8), and (F.15).

25

F=8dB
M =24dB
D;=50dB
Butterworth, N = 3

20
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10
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X (out-of-operating-region interference relative to threshold, dB)

0 N
/ N . ™~
5 :_
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C — Nonadjacent channel N
-10 [+ G .
\;
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W, /B, (normalized notch width)

Figure F.4—Adjacent channel and nonadjacent channel interference power as a
function of Wy/Bc for N =3

MThisi mplies an assumption that the “threshold” is the amount of externally added power required to cause deference (i.e., it does not
include receiver device noise). If thisis not the case, the measurement error curve of Figure F.3 applies, except that the abscissa would
be the ratio of receiver noise to the threshold. Therefore, a “double” correction would be necessary: one for the residual generator
power, and the other for the receiver noise.
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Figure F.5—Adjacent channel and nonadjacent channel interference power as a
function of Wy/Bc for N =2

Figure F.6 shows the same curves for Y = 15 dB, with EUT device noise ignored. In all cases (as would be
expected), interference from the generator in the adjacent channel is down 3 dB from that in the nonadjacent
channel, when the notch edge falls on the adjacent channel center frequency (Wy = 2fp). Thisisthe point at
which theinterference from the generator is at a maximum in the adjacent channels, given the required value
of Y (and the point at which X + Y is maximized for the frequency adjacent to the target frequency).

If X, istheratio of the power in the adjacent channel to the threshold, then the maximum value of xy for the
adjacent channel is

(XAy)max = 5 (F.16)

P

gu( 1)

fo ¥
|H(O)|2§0 H(f)[ af +de(f)\2df
_¥ b

For the Butterworth example given here, this becomes, using the approximation of Equation (F.9),

p(2n-1) afyc"*
. Cr .
4nsm(p/2n)e Bc o

(><Ay)max » (F.17)

This is an important quantity, because it is the upper limit of the difference (in dB) between the residual
interference power in the target channel and the interference power blocking the adjacent channel.
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Figure F.6—Adjacent channel and nonadjacent channel interference power as a
function of Wy/Bc for Y =15 dB

F.4 Multicarrier interference generator

The EUT can be blocked from using selected frequencies by applying CW signals above threshold on those
frequencies. For an EUT with a manageable number of frequencies, this suggests the possibility of an inter-
ference generator that consists simply of multiple oscillators tuned to the EUT center frequencies, each of
which can be independently energized. The oscillator outputs would be combined (and amplified if neces-
sary) to give amulticarrier RF output. The level of the output into the EUT could be controlled by avariable
attenuator, asin the “square-notch” case. For an EUT with a large number of carrier frequencies, the actual
combining of RF signals may be impractical, and digital synthesis or the square-notch approach could be
used.

With the multicarrier (MC) approach, the analysis of the residual power in the target (nonblocked) fre-
guency channel becomes simpler. The ratio of the residual power in the target channel to the power in the

blocked channdl is |H(1‘D)|2 + |H(—1‘D)|2 , assuming that the upper and lower adjacent channels are blocked.

It is also assumed that the residual power in the target channel from the carriers on nonadjacent channelsis
negligible. Thus, with the MC approach, Equation (F.14) becomes

1
[H(fo)|" +[H(- o)

Xy = ? (F.18)
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For the Butterworth characteristic, using the approximation of (F.9), this becomes

2n
Xy » M (F.19)

For example, with fp = 2B and n = 3, Equation (F.19) gives 10logxy » 33.1 dB, which is more than ade-
quate. For the same parameters, Equation (F.16) gives 10l0g(X,Y) . » 34-3 dB for the square-notch
approach. For n = 2 (and fp = 2B), 10logxy » 21 dB for the MC case, and 1010g(X,Y) .. » 20.3 dB for
the sguare-notch case. It thus appears that the two approaches are comparable in terms of their ability to
keep the target channel clear while blocking other channels.

F.5 Conclusions

For threshold testing using either the square-notch or the multicarrier approach, the key parameter is the
achievable dB difference between the residual power from the interference generator on the target
(unblocked) channel and the power on the blocked channels. This dB difference can be represented by

ZDX +Y =10log(xy) (F.20)
where
X is the amount by which the interference power in the blocked channel exceeds the threshold under
test,

Y is the amount by which the residual power in the target channel falls below the threshold (in dB).

For the square-notch approach, Z on a frequency channel adjacent to the target channel is different from that
on the other channels, and will be denoted by Z,, which reaches its maximum value, denoted by Zaqay
when the notch edges fall on the center frequencies of the channels adjacent to the target channel (i.e.,
Wy = 2fp). At that point, Zamg = Z— 3 dB. Note that Zag = 1010g(XaY)max- IN the procedures that follow
for setting up the out-of-operating-region interference, Wy will not be allowed to exceed 2fp, so Z, will
always be within 3 dB of Z, for the square-notch case.

Given the EUT selectivity, |H (f)l2 , and the center frequency separation, fp, Zamax @nd Z are fixed. However,
the generator power level can be adjusted to vary Y, subject to the constraints that X + Y =Z5, X+Y =2,
and the fact that X, (for the square-notch case) and X (for the multicarrier case) shall be sufficiently high to
block the nontargeted channels.

F.6 Test procedures

The relationships developed here can be used to formulate a set of procedures for using MC and square-
notch interference to test for thresholds, while preventing the test results from being biased by the residual
interference power from the generator. The basic approach is as follows:

— In the MC casg, find Z. In the sguare-notch case, find the notch width, Wy £ 2fp, for which
Z=25dB. If Z< 25 dB for Wy = 2fp, then find Z for Wy = 2fp. Z, will be 3 dB less.

— Lower the interference to split Z between X and Y, where X shall be adequate to block the nontarget
channels. Perform the threshold test(s) in the target channel(s). If Y < 10 dB, a correction factor shall
be applied to the test results.

These general steps trandate into the following specific procedures for square-notch and multicarrier inter-
ference.
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F.6.1 Square-notch interference generator

F.6.1.1 Isochronous upper and asynchronous threshold

a)

b)

d)

Apply interference across the sub-band of interest at the maximum level, or at least 10 dB above the
manufacturer’s declared threshold. Lower the interference until the EUT can transmit. The interfer-
enceisnow at threshold.

Raise the interference by 25 dB and open a spectrum window (notch) centered on the center fre-
guency of the target channel. Increase the notch width until either the EUT can transmit or the notch
edges fall on the center frequencies of the adjacent channels, whichever occurs first.

If the EUT transmits before the maximum notch width is reached, note that Z = 25 dB for the current
notch width. Lower the power by 15 dB. The residual power in the target channel is now 15 dB
below the threshold (i.e., Y = 15 dB).

If the EUT could not transmit with the notch edges at the center frequencies of the adjacent chan-
nels, lower the power until the EUT can transmit. Z is the dB difference between the generator
PSD at that point and the threshold, and Z is 3 dB less. Lower the interference power by 15 dB or
Z —6dB, whichever is less (this ensures that X, is at least 3 dB). The amount of the reduction
isY. If Yisless than 10 dB, a correction factor shall be applied to the test results. If a test signal
of apower level of SdBm causes deference, then the actua threshold is:

T=5- 10|og(1- 10 Y/lo) (F.21)

The abscissa of Figure F.3 corresponds to —Y, and the ordinate corresponds to S—T (the dB difference
between the measured and actual thresholds).

Make note of the value of Z, the corresponding notch width, Wy, and the value of Y.

F.6.1.2 Isochronous lower threshold and least-interfered channel

a)

b)

With the interference generator configured to apply interference on the frequency channels that
overlap either the upper or lower 3 MHz of the band (depending on the emission bandwidth of the
EUT), set the generator power level at the EUT (using attenuators if necessary) to a level that is
10 dB below the manufacturer’s declared lower threshold. Verify that the EUT transmits on a chan-
nel that overlaps the 3 MHz at the appropriate end of the band. Raise the generator power level until
the paoint is found at which the EUT transmits on a frequency that does not overlap the first 3 MHz.
The generator PSD, relative to kT, is at the lower threshold.

Open two notches in nonadjacent channels, each of a width, Wy (as determined above). Neither
channel should overlap the 3 MHz at the preferred end of the band. For the lower threshold test, set
the generator PSD to alevel that is X dB above the lower threshold, where X is 6 dB or Z— 15 dB,
whichever is greater, and Z is the value determined above. If Y islessthan 10 dB, use the correction
factor in Equation (F.21).

For the least-interfered channel test, increase X to 15 dB and compute Y = Z— 15 dB. If Yislessthan
7 dB, the test signal used in the least-interfered channel shall be adjusted such that the total power is
3 dB above the lower threshold. If Sis the power of the test signal into the EUT, in dB above the
lower threshold, then:

S = 10log(2 - 10""™) (F.22)
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F.6.2 Multicarrier interference generator

F.6.2.1 Isochronous upper and asynchronous threshold

a)
b)

d)

Apply interference on al system carriers at the maximum level. Lower the interference uniformly on
all carriersuntil the EUT can transmit. This power level is the threshold.

Raise the interference by 25 dB, and remove the interfering carrier on the target frequency. If the
EUT can transmit, then Z 3 25 dB. Reduce the power on all active carriers by 15 dB, so that
X=10dB and Y3 15 dB, and proceed with the test. Make note of the fact that Z 3 25 dB. If the EUT
cannot transmit on the target frequency, perform the next step.

Lower the power until the EUT can transmit on the target frequency. Note that Z isthe dB difference
between the carrier power at which the EUT can transmit and the threshold determined in step a).
Reduce the interference power by 15 dB or Z— 3 dB, whichever isless. The amount of the reduction
(indB) isY. Theresidual power in the target channel isnow Y dB below the threshold. Proceed with
the threshold test on the target frequency. If Y is less than 10 dB, the correction factor in
Equation (F.21) shall be used to determine the threshold.

F.6.2.2 Isochronous lower threshold and least-interfered channel

94

a)

b)

Establish interfering carriers on the center frequencies of all frequency channels that overlap either
the upper or lower 3 MHz of the band (depending on the emission bandwidth of the EUT), and set
the power level (per carrier) to 10 dB below the manufacturer’ s declared lower threshold. Verify that
the EUT transmits on afrequency channel that overlaps the first 3 MHz at the appropriate end of the
band. Raise the power on the interfering carriers until the point is found at which the EUT transmits
on a frequency that does not overlap the first 3 MHz. The power level per carrier is at the lower
threshold.

Remove the carriers from two nonadjacent frequencies, neither of which overlaps the 3 MHz at the
preferred end of the band. For the lower threshold test, set the power on the active interfering carri-
ersto X dB above the lower threshold, where X is 3 dB or Z — 15 dB, whichever is greater, and Z is
the value determined above. If Y islessthan 10 dB, use the correction factor in Equation (F.21).

For the least-interfered channel test, increase X to 12 dB and compute Y = Z—12 dB. If Yislessthan
7 dB, then the test signal, S used in the least-interfered channel shall be adjusted per Equation
(F.22).
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