
ANSI C63.17-201X 

ANSI C63.17 1 

American National Standard 2 

Methods of Measurement of the 3 

Electromagnetic and Operational 4 

Compatibility of Unlicensed Personal 5 

Communications Services (UPCS) Devices 6 

  7 

Accredited Standards Committee C63® – Electromagnetic Compatibility 8 
of the 9 
American National Standards Institute 10 
 11 
Approved 0 12 
 13 
American National Standards Institute 14 
 15 
Secretariat 16 

Institute of Electrical and Electronic Engineers, Inc. 17 

2007 15 January 2007PXI is a trademark of PXI Systems Alliance, Incorporated. 18 
 19 

LabVIEW is a trademark of National 20 
Instruments, 21 
Incorporated.22 

 23 

 24 

Style Definition

Formatted: Font: 11 pt

Formatted: Space Before:  12 pt,
Line spacing:  Double

Deleted: American National 
Standard 
Methods of Measurement of the 
Electromagnetic and Operational 
Compatibility of Unlicensed 
Personal Communications 
Services (UPCS) Devices¶
¶
Accredited Standards Committee 
on Electromagnetic Compatibility, 
C63™¶
accredited by the¶
American National Standards 
Institute¶
¶
Secretariat¶

Deleted: ¶
Approved 28 June 2006¶
American National Standards 
Institute¶
¶
¶
¶

Page Break
Abstract: Specific test procedures 
are established for verifying the 
compliance of unlicensed personal 
communications services (UPCS) 
devices with applicable regulatory 
requirements regarding radio-
frequency (RF) emission levels and 
spectrum access procedures.¶
Keywords: etiquette, personal 
communications, RF emissions, 
spectrum access, unlicensed devices, 
UPCS¶
¶
¶
¶
¶
¶
¶
¶
¶
¶
¶
¶
¶
¶
¶
¶
¶

Deleted: ¶
¶
Print: ISBN 0-7381-5021-
5 SH95567¶
PDF: ISBN 0-7381-5022-
3 SS95567¶
¶
No part of this publication may be 
reproduced in any form, in an 
electronic retrieval system or 
otherwise, without the prior written 

... [1]

... [2]

... [3]



 

 

Abstract: Specific test procedures are established for verifying the compliance of unlicensed 1 
personal communications services (UPCS) devices (including wideband voice and data devices)  2 
with applicable regulatory requirements regarding radio-frequency emission levels and spectrum 3 
access procedures. 4 
Keywords: etiquette, personal communications, RF emissions, spectrum access, unlicensed 5 
devices, UPCS, wideband. 6 
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Introduction 1 

This introduction is not part of ANSI C63.17-201X, American National Standard Methods of Measurement of the 2 
Electromagnetic and Operational Compatibility of Unlicensed Personal Communications Services (UPCS) Devices 3 
  4 

In November 1993, the Federal Communications Commission (FCC) invited ANSI C63 “to consider 5 
development of standard measurement procedures to support” proposed new provisions to Part 15 of 6 
Volume 47 of the Code of Federal Regulations (47CFR15)a for unlicensed personal communications 7 
services (UPCS) devices. At its December 1993 meeting, ANSI C63 established a subcommittee (SC 7) to 8 
attempt to develop such standards in cooperation with representatives of the Wireless Information 9 
Networks Forum (WINForum) and other interested parties. The standard ANSI C63.17-1998 was the result 10 
of the efforts of SC 7. 11 

In the fall of 2004, the FCC revised provisions of 47CFR15 governing the 1920 MHz to 1930 MHz UPCS 12 
band. A working group was formed under the aegis of SC 7 to rewrite ANSI C63.17-1998 to reflect the 13 
changes in 47CFR15. This revised standard is, again, the result of the efforts of SC 7. 14 

In July of 2012, the FCC released revised provisions of 47CFR15 governing the 1920 MHz to 1930 MHz 15 
UPCS band. These revisions facilitate the implementation of improved services utilizing this band. A 16 
working group was again formed under the aegis of SC 7 to revise ANSI C63.17-2006 to reflect the 17 
changes in 47CFR15. This revised standard is also the result of the efforts of SC 7. 18 
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IEEE Standard for Methods of 1 

Measurement of the Electromagnetic 2 

and Operational Compatibility of 3 

Unlicensed Personal Communications 4 

Services (UPCS) Devices 5 

 6 

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health, or 7 
environmental protection, or ensure against interference with or from other devices or networks. 8 
Implementers of IEEE Standards documents are responsible for determining and complying with all 9 
appropriate safety, security, environmental, health, and interference protection practices and all 10 
applicable laws and regulations. 11 

This IEEE document is made available for use subject to important notices and legal disclaimers. 12 
These notices and disclaimers appear in all publications containing this document and may  13 
be found under the heading “Important Notice” or “Important Notices and Disclaimers  14 
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at 15 
http://standards.ieee.org/IPR/disclaimers.html. 16 

1. Overview 17 

1.1 Scope 18 

This standard sets forth uniform methods of measurement of the electromagnetic and operational 19 
compatibility of unlicensed personal communications services (UPCS) devices. This standard does not 20 
cover licensed personal communications services (PCS) devices. The recommended methods are applicable 21 
to the radio transmitter and monitoring devices contained in the UPCS device. These methods apply to the 22 
measurement of individual UPCS devices. Additional methods may be added to this standard to fulfill 23 
future requirements. 24 
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In addition to the measurements specified herein, UPCS devices may also be required to be tested in 1 
accordance with other standards. Examples are listed in Annex A. 2 

1.2 Applications 3 

The procedures given herein may be used to test UPCS devices permitted under 47CFR15, Subpart D.1 The 4 
emissions and operational characteristics of UPCS devices are the basic parameters affecting UPCS 5 
coexistence with other electronic devices and systems. In particular, compliance with this standard may be 6 
used to demonstrate electromagnetic compatibility with other UPCS systems and other systems operating in 7 
the same and adjacent frequency bands. 8 

This standard describes preferred test methods, test facilities and, in some cases, alternative test methods 9 
and facilities. If these methods and facilities do not apply to the equipment under test (EUT), the 10 
manufacturer must explain why and must provide an alternative test procedure that has been approved by 11 
the applicable regulatory agency. If alternative test methods or facilities are employed, every effort should 12 
be made to establish correlation with the preferred ones. 13 

Where the word shall is used in this document, it indicates something that is mandatory for compliance 14 
with this standard. The word should indicates something that is advisory only. 15 

1.3 Roadmap to the document 16 

The tests for UPCS devices fall into two categories. The first category includes the traditional set of radio-17 
frequency (RF) measurements of radiated power, emission mask, power spectral density (PSD), etc. These 18 
tests are given in Clause 6 of this standard. The second category includes tests for the channel monitoring 19 
and access requirements unique to UPCS devices. These requirements are sometimes collectively referred 20 
to as the spectrum etiquette. The associated tests are described in Clause 7 and Clause 8 of this standard, 21 
and relate to 47CFR15.323. Section 15.323 of Title 47 of the Code of Federal Regulations requires that a 22 
UPCS device (the EUT) monitor the received RF power level on the intended transmit channel2 before 23 
transmitting, and it also provides criteria that the monitored power level must satisfy to allow the EUT to 24 
transmit on that channel. The tests in Clause 7 and Clause 8 are designed to verify compliance with these 25 
requirements. Annex A provides a table showing the sections in 47CFR15 that correspond to the tests in 26 
this document. 27 

To test for compliance with the monitoring and access requirements, it is necessary to subject the EUT to 28 
deliberate interference with controlled spectral and temporal characteristics on a selected channel or 29 
channels, and observe the reaction of the EUT. To restrict operation of the EUT to the selected channel(s), 30 
interference or administrative commands are used to block the other channels.  31 

Clause 6, Clause 7, and Clause 8 give the fundamental tests. Clause 4 discusses test methodology for both 32 
radiated and conducted RF emission, monitoring, and access tests. Radiated tests measure field strength to 33 
determine the effective isotropic radiated power (EIRP), power density, and out-of-band emissions  34 
(Clause 6). For the monitoring and access tests of Clause 7 and Clause 8, a calibrated field strength is 35 
applied to the EUT if radiated measurements are used. If all EUT antennas are detachable, the tests of 36 
Clause 6, Clause 7, and Clause 8 shall be done on a conducted basis; that is, RF connections can be made 37 
between the EUT, its companion device, and the RF measuring instrument and interference generators via 38 
shielded coaxial cable. There must be adequate shielding around the EUT (and possibly the companion 39 
device) to prevent unintended RF coupling.  40 

                                                 
1 For information on references, see Clause 2. 
2 “Channel” is used here to denote a time/spectrum window. 
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Clause 5 provides guidance on selection of measurement instrumentation, and Clause 9 summarizes the 1 
information that should be provided in the test report. 2 

2. Normative references 3 

The following referenced documents are indispensable for the application of this document. For dated 4 
references, only the edition cited applies. For undated references, the latest edition of the referenced 5 
document (including any amendments or corrigenda) applies. 6 

ANSI C63.4, American National Standard for Methods of Measurement of Radio-Noise Emissions from 7 
Low-Voltage Electrical and Electronic Equipment in the Range of 9 kHz to 40 GHz.3 8 

ANSI C63.14, American National Standard Dictionary for Technologies of Electromagnetic Compatibility 9 
(EMC), Electromagnetic Pulse (EMP), and Electrostatic Discharge (ESD). 10 

 11 

Code of Federal Regulations Title 47 Part 2 (47CFR2), Frequency Allocations and Radio Treaty Matters: 12 
General Rules and Regulations.4 13 

Code of Federal Regulations Title 47 Part 15 (47CFR15), Subpart D, Telecommunication—Radio 14 
Frequency Devices—Unlicensed Personal Communications Service Devices.  15 

IEEE Std 149™-1979, IEEE Standard Test Procedures for Antennas5, 6 16 

3. Definitions, symbols, acronyms, and abbreviations 17 

3.1 Definitions 18 

For the purposes of this document, the following terms and definitions apply. IEEE 100™, The 19 
Authoritative Dictionary of IEEE Standards Terms, Seventh Edition,Dictionary Online subscription should 20 
be consulted for terms not defined in this clause and ANSI C63.14-1998, unless otherwise noted in the 21 
definitions of this clause, apply throughout this document. Definitions in particular product standards or in 22 
applicable regulations take precedence. 7activate: Apply power to the EUT; the EUT is running, but user-23 
level communication is not occurring. For example, for a voice system after activation, the two ends of the 24 
link are synchronized, but no voice communication has begun. See also: initiate. 25 

                                                 
3 ANSI publications are available from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor, 
New York, NY 10036, USA (http://www.ansi.org/). 
4 U.S. Regulatory Guides are available from the Superintendent of Documents, U.S. Government Printing Office, P.O. Box 37082, 
Washington, DC 20013-7082, USA (http://www.access.gpo.gov/). 
5 The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc. 
6 IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, 
Piscataway, NJ 08855-1331, USA (http://standards.ieee.org/). 
7 IEEE Standards Dictionary Online subscription is available at: /http://www.ieee.org/portal/innovate/products/standard/standards/ 
/standards_dictionary.html. 
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bandwidth, emission, B: The band in hertz of the signal between two points, one below the carrier center 1 
frequency and one above the carrier center frequency, that are 26 dB down relative to the maximum level 2 
of the modulated carrier. It is based on the use of measurement instrumentation employing a peak detector 3 
function with an instrument resolution bandwidth (RBW) approximately equal to 1.0% of the measured 4 
emission bandwidth of the EUT [see 47CFR15.303(c)]. 5 

channel: A repeated time and spectrum combination used for communications. In 47CFR15.323(c), the 6 
FCC uses the description a “combined time and spectrum window.” In this standard, channel and access 7 
channel have the same meaning. 8 

communications channel: A repeated time and frequency window whose primary purpose is the 9 
transmission of user-level communications. See also: control and signaling channel.  10 

conducted emission and monitoring tests: Tests performed with RF signal sources (to test monitoring 11 
thresholds) and instrumentation (to measure emissions) connected directly to the antenna port on the EUT 12 
transceiver through appropriate RF attenuation, if applicable, via shielded coaxial cable and passive 13 
combiner/splitter networks. See also: radiated emission and monitoring tests. 14 

control and signaling channel: A repeated time and frequency window whose exclusive purpose is the 15 
transmission of information used by a system incorporating the EUT to maintain timing synchronization or 16 
other information that does not require repeated and ongoing acknowledgement (e.g., a beacon used to 17 
broadcast a timing synchronization and identification signal). See also: communications channel. 18 

different collocated: Two or more antennas of substantially differing gains or efficiencies, with a mutual 19 
separation distance of 1 m or less, mounted on or within one housing, for the purpose of providing diversity 20 
against multipath fading. 21 

digital modulation: The process by which the characteristics of a carrier wave are varied among a set of 22 
predetermined discrete values in accordance with a digital modulating function. 23 

frame jitter: Time-related, abrupt, spurious variations in the duration of the frame interval.  24 

frame period: A set of consecutive time slots in which the position of each time slot can be identified by 25 
reference to a synchronizing source. 26 

frequency administration commands: Means of control of the EUT directly or through the companion 27 
device. This functionality is provided by the manufacturer to ease testability of the EUT. This functionality 28 
may include providing a control operator with external controls enabled to force the EUT to use only one or 29 
a subset of all the available carriers, and/or one or a subset of all of the available timeslots, and/or to disable 30 
diversity antenna selection. Functionality may be provided by the setting of unique values within 31 
nonvolatile memory in the EUT or companion device, or by other means not at variance with the 32 
requirements of 47CFR15. 33 

identical collocated: Two or more antennas of the same type, with substantially similar performance and 34 
with a mutual separation distance of 1 m or less, mounted on or within one housing, for the purpose of 35 
providing diversity against multipath fading. 36 

initiate: Cause the EUT to attempt to begin user-level communications, typically via the user interface, or 37 
in response to user-level data. For example, for a voice system, to initiate, press the ‘TALK’ control to 38 
enable voice communications. See also: activate. 39 

initiating device: A UPCS device that monitors both duplex channels of a duplex transmission pair in 40 
order to qualify both its own and a responding device’s transmit channel for compliance with the spectral 41 
etiquette. See also: responding device. This capability is used in accordance with 47CFR15.323(c)(10) 42 
to simplify the implementation of a UPCS system. 43 
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listen before transmit (LBT): An interference avoidance mechanism that mandates monitoring of a 1 
selected channel to determine availability before transmission. 2 

least interfered channel (LIC): An interference avoidance mechanism that extends the LBT mechanism to 3 
monitor all potential channels, determining the LIC, before transmitting on that channel. Implementing the 4 
LIC algorithm removes the mandate to not transmit in a particular time/frequency combination if the 5 
observed other-user emissions in that time/frequency combination are above the threshold limit TL  for 6 
those systems offering 20 or more duplex communications channels. 7 

operational failure: The inability of an EUT to perform a function that is required as a response to system 8 
conditions or to a manually or automatically initiated command. 9 

peak transmit power, PEUT: The peak power output observed over an interval of time equal to the 10 
transmission burst duration of the EUT under all conditions of modulation. 11 

power spectral density (PSD): The peak pulse power measured in a defined bandwidth. 12 

radiated emission and monitoring tests: Tests performed with RF signal sources (to test monitoring 13 
thresholds) and instrumentation (to measure emissions) connected to test antennas. SSee: conducted 14 
emission and monitoring tests. 15 

reaction time: The reaction time is the minimum duration of the interference present during the monitoring 16 
interval that must be detected by the EUT so as to determine that the monitored time and spectrum window 17 
is occupied. 18 

responding device: A UPCS device that does not monitor its own transmit channel, but rather operates in 19 
partnership with an initiating device, which monitors both duplex channels of a duplex transmission pair in 20 
order to qualify both its own and the responding device’s transmit channel for compliance with the spectral 21 
etiquette. See also: initiating device. This capability is used in accordance with 47CFR15.323(c)(10) to 22 
simplify the implementation of a UPCS system. 23 

RSSI: Received Signal Strength Indication, a measure of the actual RF signal applied to the EUT for a 24 
particular carrier/timeslot combination. 25 

RSSI monitoring means: Means of presenting the RSSI measurements made on a particular timeslot and 26 
carrier by the EUT to the test operator by the EUT directly or through the companion device. This 27 
functionality is provided by the manufacturer to ease testability of the EUT. Functionality may be enabled 28 
and controlled by the setting of unique values within nonvolatile memory in the EUT or companion device, 29 
or by other means not at variance with the requirements of 47CFR15. 30 

spectrum window: An amount of spectrum bandwidth equal to the intended emission bandwidth in which 31 
operation is desired. 32 

steady-state: the mode of operation other than during a temporary or transient event such as stopping 33 
transmission on one timeslot/frequency allocation and starting transmissions on another timeslot/frequency 34 
allocation, a handover in response to channel conditions. 35 

thermal noise power: The noise power in watts defined by the formula N = kTB, where N is  36 
the noise power in watts, k is Boltzmann's constant, T is the absolute temperature in degrees Kelvin  37 
(e.g., 295 K), and B is the emission bandwidth of the EUT in hertz. 38 

time window: An interval of time in which transmission is desired. 39 
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threshold, lower,  of the EUTthreshold, upper, , limit, TL: The level of other-user signal that constitutes 1 
the maximum threshold for an active channel for the EUT’s LBT algorithm if the EUT system does not 2 
implement the Least Interfered Channel function in accordance with 47CFR15.323(c)(5), , taking into 3 
account thetransmission bandwidth and actual transmit power of the EUT. 4 

unlicensed personal communications service (UPCS) device: Intentional radiators operating in the 5 
frequency band specified by the applicable regulating agency that provide a wide array of mobile and 6 
ancillary fixed communication services to individuals and businesses without requiring operational license 7 
from the regulatory agency. 8 

3.2 Symbols 9 

BlimitL: The measured emissions bandwidth must be greater than BlimitL [see 47CFR15.323(a)]. 10 

BlimitU: The measured emissions bandwidth must be less than BlimitU [see 47CFR15.323(a)]. 11 

D: The largest linear dimension of the body of the EUT. 12 

EEUTmax: The maximum field strength of radiated emissions at the angle and polarization of maximum 13 
antenna gain. 14 

G: Antenna maximum gain above which maximum allowable transmit power is reduced [see 15 
47CFR15.319(e)]. 16 

GA: EUT antenna gain at the angle and polarization of maximum gain, expressed as decibels relative to 17 
isotropic antenna gain (dBi). 18 

ML: The maximum amount in decibels by which the limiting threshold may exceed thermal noise for an 19 
EUT transmitting the maximum allowed power.  20 

Plimit: The peak transmit power that the EUT must not exceed, taking into account antenna gain (GA) and 21 
emissions bandwidth. 22 

Pmax: The peak transmit power that the EUT must not exceed, if antenna gain is less than G, taking into 23 
account emissions bandwidth. 24 

PSDEUT: The EUT’s maximum of peak transmit power measured in any 3 kHz bandwidth. 25 

PSDlimit: The peak transmit power in any 3 kHz measurement bandwidth that the EUT must not exceed. 26 

PTref: The power to be applied to a reference antenna input connecter on a radiated test range, at a level 27 
necessary to achieve the desired signal level at the EUT. 28 

UM: Margin of 6 dB for uncertainty in the threshold measurements, incorporating the effects of EUT 29 
measurement noise and uncertainty. 30 

3.3 Acronyms and abbreviations 31 

CW continuous wave 32 

dBc decibels relative to the total carrier power  33 
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dBi decibels referenced to isotropic antenna gain 1 

dBm decibels referenced to one milliwatt  2 

dBμV/m field strength in decibels referenced to one microvolt per meter 3 

EIRP effective isotropic radiated power 4 

EUT equipment under test 5 

k Boltzmann’s constant 6 

LBT listen before transmit 7 

LIC least interfered channel 8 

LVDS low-voltage differential signaling 9 

ML limiting interference threshold (decibels) (decibels above thermal) 10 

OATS open-area test site 11 

PCS personal communications services 12 

ppm parts per million 13 

PSD power spectral density 14 

RBW resolution bandwidth 15 

RF radio frequency 16 

TDD time-division duplexing 17 

TDMA time-division multiple access 18 

TEM transverse electromagnetic 19 

TM received signal level threshold 20 

TL the limiting threshold for deferral 21 

UM provision for measurement uncertainty and noise 22 

UPCS unlicensed personal communications services 23 

VHDCI very high density cable interconnect 24 

4. Radiated and conducted emissions test methodology  25 

To perform the RF emission tests in Clause 6 and the monitoring and access tests in Clause 7 and Clause 8, 26 
it is necessary to have controlled RF paths between the EUT and the measurement instrumentation, as well 27 
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as between the EUT and the interference generators. If the EUT requires a companion device to operate, 1 
there must also be a controlled RF path between the EUT and its companion device. 2 

These controlled RF paths may be realized either as “radiated” (through space) or “conducted” (over 3 
coaxial cable) paths. In the radiated case, the tests must be performed in a facility with controlled RF 4 
propagation characteristics, so that the path loss can be controlled by varying separation between 5 
transceiver and monitoring/source antennas. In the conducted case, the tests can be performed anywhere 6 
there is adequate shielding to prevent external interference from affecting the test results. Signals can be 7 
combined and distributed using passive networks (e.g., hybrids, RF attenuators, Butler matrices,8 8 
directional couplers). Path loss can be controlled with RF attenuators. 9 

This clause provides guidance on implementation of the conducted and radiated measurements of transmit 10 
power and monitoring threshold. Supporting derivations are given in Annex B. 11 

Conducted tests are preferred to radiated tests, and should be used for tests not affected by antenna 12 
selectivity if the EUT antenna can be detached for testing purposes. If the EUT antenna or antennas are 13 
replaced by a direct connection, the connection should be made in an impedance-matched fashion so that 14 
matching losses relative to the antenna connection are less than 2 dB. 15 

4.1 Test facilities and equipment 16 

Tests should be performed at the manufacturer's recommended normal operating temperature and voltage.9 17 
Unless stated otherwise, the requirements of ANSI C63.4 apply to the test facilities, including the site 18 
design, dimensions, and validation. Additional site validation requirements above 1 GHz are currently 19 
under development. Portions of this standard place requirements on the test facilities, in addition to the 20 
general requirements of ANSI C63.4. 21 

When shielding facilities (shielded room, semi-anechoic chamber or anechoic chamber) are used for 22 
operational compatibility testing, the shielding effectiveness of the room shall be such as to ensure 23 
compliance with electromagnetic emission limits for the environment outside of the room and reduce the 24 
ambients penetrating into the room to levels at least 10 dB below the weakest measured signal.  25 

When the free-space test environment is simulated, the reflections from the facility confines, as well as the 26 
reflections from any extraneous objects at the test site, must be reduced to levels at least 10 dB below the 27 
direct (free-space) signal.10  28 

The diagram in Figure 1 lists the types of test facilities that may be used for measurements specified in this 29 
standard. 30 

In all cases, the test facilities and equipment must be fit for the purpose of measuring the parameters and 31 
operations of the EUT according to the requirements of 47CFR15, and in accordance with good 32 
engineering practice. 33 

                                                 
8 A 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. 
9 Use ambient conditions unless otherwise specified as in Table 1. Nominal mains voltage of 115 V (ac) (or fresh battery pack as 
appropriate) may be used. 
10 To check for reflections or other influence from nearby objects move the EUT one-quarter-wavelength relative to the structure, 
repositioning the measurement antenna or probe, so as to keep the same relative spacing between the EUT and measurement antenna 
or probe. Compare the results. The EUT may also be reoriented by 45° or 90° and measured. 
 

The RF ambient and instrumentation noise floor shall be > 20 dB below the intended measurement limit. 
 

If it is not practical to measure the reflection loss, then the two-wavelength spacing rule may be used. By this rule, all potentially 
reflective objects are kept greater than two wavelengths away from the EUT. 
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 1 

Figure 1 —Test facilities that may be used 2 

4.2 Test configurations and setup 3 

Clause 6 provides detailed tests of parameters related to RF emissions, such as peak transmit power, 4 
emission bandwidth, and PSD. Those tests are similar to emission tests performed on most non-UPCS 5 
devices. Clause 7 and Clause 8 provide tests that verify compliance with the monitoring and access 6 
requirements that are unique to UPCS devices. These tests require observation of the electrical performance 7 
characteristics of the EUT in the presence of controlled interference of a specific frequency, power level, 8 
and modulation format. The monitoring and access tests have implications for the conducted and radiated 9 
test setups. 10 

The monitoring antenna refers to the EUT antenna used to monitor the RF signal on the channel prior to 11 
transmission. In many cases, the monitoring antenna will be the same as the transmitting antenna. If it is 12 
not, then the monitoring and access tests are further complicated by the need to ensure that the monitoring 13 
antenna provides “coverage” that is at least equivalent to that which would be provided by the transmit 14 
antenna. 15 

This standard identifies six test configurations. Each configuration is discussed in a separate subclause as 16 
shown in Table 10. 17 

Table 1 —Test specifications for different antenna configurations 18 

Transmit/monitoring Subclause 

Antenna  
comparison and  

placement 

Conducted  
measurement based 

test (preferred) 

Radiated  
measurement based 

test 

Single, or identical collocated 4.5 4.8 

Different collocated 4.6 4.9 

Arbitrarily placed 4.7 4.10 

 19 
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Independent of antenna type and placement, the measurement type (i.e., conducted or radiated) can be 1 
selected by the product manufacturer and specified in the compliance report. Conducted measurements are 2 
generally required for systems with detachable antennas for measurements where antenna frequency 3 
selectivity is not a factor. 4 

Compliance measurements utilize standard EMC and antenna techniques for conducted power, radiated 5 
field, and EIRP measurements. The conducted test setup is based on power measurements at the EUT 6 
transmit, receive, and monitoring antenna terminals. The associated compliance limits for the UPCS 7 
products depend on the transmit antenna gain GA. The value of GA is declared by the manufacturer. 8 

Since the transmitter and receiver radiated power parameters can be expressed in several different but 9 
equivalent ways, a number of alternative compliance test procedures can be used for radiated 10 
measurements. The general radiated test setup is based on free-space environment measurements as shown 11 
in Figure 2, where D is the largest dimension of the EUT (see Figure 3 for the general conducted test 12 
setup). The free-space test site is defined such that the reflections from any ground planes and other 13 
reflecting objects are at least 10 dB below the line-of-sight signal. The reference antenna is used to measure 14 
the EUT radiating power and to establish the monitoring threshold fields at the transmit and monitoring 15 
antennas. The associated compliance limits are based on the EIRP. The antenna gain and the EIRP 16 
evaluations should be performed as recommended in IEEE Std 149-1979. 17 

 18 

Figure 2 —Radiated measurements in free-space environment 19 

 20 

Equivalent radiated tests can be performed in facilities that do not provide for a free-space environment 21 
and/or measure radiated power (wideband transverse electromagnetic (TEM), etc.). Instead of using the 22 
reference antenna, the necessary power levels are generated and/or measured by the test facility itself. If 23 
alternative measurements are used, the test results must be correlated with those obtained using antenna 24 
measurements in a free-space environment. 25 

4.3 Transmitted power and monitoring threshold limits 26 

The spectrum etiquette for UPCS systems requires that one or both ends of a linked pair monitor a channel 27 
for other users in proximity, prior to transmitting. The EUT, if it does not implement the LIC algorithm, or 28 
if it does not offer at least20 duplex communications channels, must defer using the channel if the amount 29 
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of other-user signal detected is above a threshold. EUT systems that support 20 or more duplex 1 
communications channels and implement the LIC algorithm are permitted to exceed the threshold for 2 
signals detected from other-users, in selecting a channel for transmissions; EUT systems that support a 3 
lesser number of users or do not implement the LIC algorithm are required to defer transmissions unless 4 
other-user signal levels detected are below the limiting threshold. EUT transmit power is also limited, and 5 
the limiting threshold is adjusted to normalize the anticipated interference generated by an EUT in 6 
proportion to its transmit power. 7 

4.3.1 Peak transmit power 8 

PEUT, the EUT transmit power at the antenna terminals, must be less than a maximum, as shown in the 9 
following equation: 10 

gGP

gGgGP
PPP

A

AA





when ,

when ),(
  

max

max
limitlimitEUT where

  11 

where 12 

Pmax   is equal to 5 log B − 10 dBm, or 10−4 B  W, from 47CFR15.319(c) 13 
B   is the emission bandwidth (in hertz) 14 
GA (dBi) is the EUT transmit antenna maximum gain (declared by the manufacturer) 15 
g  is the allowable excess gain over that of an isotropic antenna without a transmit power 16 

reduction11 17 

4.3.2 Peak transmit PSD 18 

PSDEUT, the peak EUT transmit power at the antenna terminals measured in a 3 kHz bandwidth, must be 19 
less than PSDlimit, as follows:  20 

 21 

PSDlimit = 3 mW/3kHz,     from 47CFR15.319(d)  22 

4.3.3 Monitoring limit threshold 23 

The EUT’s  monitoring limit threshold power at the monitoring antenna terminals shall be less than a 24 
maximum, as shown in the following equation: 25 

 )log10174(
EUTmax

PPMBT
UU

    dBm  26 

n, shown in the following equation
 )log10174(

EUTmax
PPMBT

LL


ML is a level specified in 27 
47CFR15.323(c) and is the maximum amount in decibels by which the limiting threshold may exceed 28 
thermal noise for an EUT transmitting the maximum allowed power. 29 

                                                 
11 47CFR15.319(e) specifies that g = 3 dBi. 
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4.4 Limits for radiated and conducted tests 1 

When conducted tests are performed, the limits from Equation �, Equation �, and Equation �Equation  in 2 
4.3.1 through 4.3.3 apply directly. For radiated tests, those limits must be translated to the equivalent limits 3 
on EIRP and monitoring threshold field strength, respectively. EIRP limits corresponding to Equation � 4 
are given in the following equation:  5 

 

gGGP

gGgP

AA

A





 , 

,
EIRP

max

max
EUT

  6 

To test for monitoring threshold compliance using radiated techniques, a reference antenna is used to 7 
generate the required field strength at the monitoring antenna. The EUT’s antenna gain affects the EUT’s 8 
radiated interference level into other users intended to be protected by the LBT and LIC provisions, and the 9 
test for monitoring compliance needs to account for this. Accordingly, the transmit power PTref that must be 10 
applied to the reference antenna terminals to induce the effective signal detectable by the EUT’s monitoring 11 
elements can be expressed in terms of the EUT’s antenna gain as follows: 12 

   REFTref 4log20 GrGTP AM     13 

where 14 

TM    is the desired signal level received by the EUT 15 
GA (dBi)  is the EUT’s antenna gain in the direction and polarization of maximum 16 
GREF (dBi)  is the gain of the reference antenna in the direction of the EUT and copolarized  17 
λ    is the signal wavelength in meters 18 
r    is the distance from the reference antenna to the EUT monitoring antenna in meters 19 

4.5 Conducted measurements of products with identical collocated transmitting 20 
and monitoring antennas 21 

Disconnect the EUT antenna and measure power PEUT at its terminals during EUT transmission, as 22 
specified in Clause 6 of this standard. Measure the monitoring threshold(s) using the procedures in Clause 7 23 
of this standard. 24 

4.6 Conducted measurements of products with collocated transmitting and 25 
monitoring antennas of different types 26 

When the monitoring antenna is different from the transmitting antenna, it must be verified that the 27 
monitoring antenna provides coverage equivalent to or better than that of the transmitting antenna. This 28 
means that the monitoring system shall cause deference to any transmission of sufficient strength to induce 29 
a power level in the EUT transmit antenna that exceeds the threshold for the EUT, measured at the 30 
transmitting antenna input. 31 

For systems that do not implement the LIC or which do not offer at least 20 duplex communications 32 
channels, the transmit power compliance test of Clause 6 shall be performed as stated in 4.5. Calculate the 33 

                                                 
14 See the calculation in 7.2.1 for details. 
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limiting threshold TL  using Equation �Equation , and verify that the EUT transmits only when interference 1 
power sufficiently less than TL is applied to the monitoring antenna terminals and defers when interference 2 
power equal to or greater than TL is applied to the terminals. 3 

The equivalent coverage test for the transmitting and monitoring antennas is then performed as follows: 4 

a) Set up the reference antenna with controlled polarization and with its major lobe facing the 5 
EUT’s direction of maximum transmit radiation, at a distance r (meeting the far-field 6 
conditions) from the EUT antennas. Apply a signal on the appropriate channel at power PTref 7 
(see definitions) to the reference antenna terminals to create the deferral test signal of Clause 7 8 
at the desired level at the transmit antenna.  9 

b) Test to see that the EUT defers with vertical reference antenna polarization. 10 

c) Repeat the test with horizontal polarization for the reference antenna. 11 

The EUT shall defer for one or the other of the two orthogonal reference antenna polarizations. Otherwise, 12 
it fails the equivalent coverage test. 13 

4.7 Conducted measurements of products with arbitrarily placed transmitting and 14 
monitoring antennas 15 

For systems that do not implement the LIC or which do not offer at least 20 duplex communications 16 
channels, the transmit power compliance test of Clause 6 shall be performed as stated in 4.5. Calculate the 17 
maximum appropriate threshold TL using Equation �Equation  and verify that the EUT transmits when 18 
interference power sufficiently less than TL is applied to the monitoring antenna terminals and defers when 19 
interference power equal to or greater than TL is applied to the terminals. 20 

The equivalent coverage test for the transmitting and monitoring antennas is then performed as follows: 21 

a) Set up the reference antenna with vertical polarization and with its major lobe facing the EUT at 22 
a distance r (meeting the far-field conditions) from the EUT transmit antenna in the direction of 23 
the EUT’s maximum radiation.  24 

b) Apply power to the reference antenna terminals and adjust it to the level PTref. 25 

c) Move the reference antenna (without changing its orientation) in the direction of the EUT’s 26 
maximum radiation to a distance r + s from the monitoring antenna, where s is the maximum 27 
possible distance between the transmit and monitoring antennas, as specified by the EUT 28 
manufacturer. 29 

d) Align the EUT monitoring antenna such that the direction of its minimum sensitivity faces the 30 
reference antenna. 31 

e) Apply power PTref to the reference antenna and illuminate the EUT monitoring antenna. 32 

f) Repeat step e) with the reference antenna horizontally polarized. 33 

The EUT shall defer with one or the other of two orthogonal polarizations of the reference antenna, or the 34 
EUT fails the equivalent coverage test. 35 

4.8 Radiated measurements of products with identical collocated transmitting and 36 
monitoring antennas 37 

Set up the EUT and reference antenna with its major lobe facing the EUT in the far field with separation r 38 
in meters. Initiate EUT transmission and find the direction of the EUT’s maximum radiation. Measure the 39 
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EUT EIRP. EIRPEUT (dBm) can be calculated from the measured radiated field intensity in the direction of 1 
maximum radiation EEUTmax using the following equation: 2 

 8.104log20=EIRP EUTmaxEUT  rE   3 

where  4 

EEUTmax  given in decibels referenced to one microvolt per meter (i.e., dBμV/m). 5 
Using the nominal value of the EUT gain GA declared by the manufacturer, calculate the limit on EIRPEUT 6 
using EEquation � in 4.4. If EIRPEUT exceeds the limit, it fails the test. 7 

Compliance with the monitoring threshold limits is verified as follows: 8 

a) Using Equation �, calculate the power PTref that must be applied to the reference antenna terminals 9 
to establish the monitoring threshold field level at the EUT transmit antenna. 10 

b) Apply power first smaller than and then equal to PTref to the reference antenna terminals and 11 
illuminate the EUT in the direction of maximum radiation, while continuously attempting to initiate 12 
the EUT transmission. Verify that there is at least one position of the EUT in which it will transmit 13 
when sufficiently low power is applied to the reference antenna terminals.  14 

c) When the power level applied to the reference antenna is equal to or larger than PTref, the EUT shall 15 
defer for one or the other of two orthogonal polarizations of the reference antenna (e.g., vertical and 16 
horizontal). Otherwise, it fails the test. 17 

4.9 Radiated measurements of products with collocated transmitting and 18 
monitoring antennas of different types 19 

Set up the EUT and reference antenna with its major lobe facing the EUT in the far field with separation r. 20 
Perform the transmission test as described in 4.8 and verify that EIRPEUT meets the limits.  21 

Compliance with the monitoring threshold limits is verified using the same procedure as in 4.8. 22 

4.10 Radiated measurements of products with arbitrarily placed transmitting and 23 
monitoring antennas 24 

Set up the reference antenna with its major lobe facing the EUT in the far field with separation r. Perform 25 
the transmission test as described in 4.8 and verify that EIRPEUT meets the limits.  26 

The equivalent coverage test for the transmitting and monitoring antennas is performed as follows: 27 

a) Calculate, as described in 4.8, the power PTref that must be applied to the reference antenna to 28 
establish the monitoring threshold field at the EUT transmit antenna.  29 

b) Move the reference antenna (without changing its orientation) in the direction of the EUT 30 
maximum radiation at a distance r + s from the monitoring antenna, where s is the maximum 31 
possible separation distance between the transmit and monitoring antennas, as specified by the EUT 32 
manufacturer.  33 
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c) Apply power, first smaller than and then equal to and larger than PTref to the reference antenna 1 
terminals and illuminate the EUT monitoring antenna. Investigate a number of the EUT 2 
monitoring antenna placements and positions on the surface of a sphere around the EUT 3 
monitoring antenna, as described in 4.8, while attempting to initiate transmission. There should 4 
exist a sufficiently low reference antenna power level (smaller than PTref,) such that the EUT is 5 
able to transmit at least at one EUT antenna position.  6 

d) When the power level applied to the reference antenna is equal to and larger than PTref, the EUT 7 
shall defer at all positions of the monitoring antenna, for either horizontal or vertical reference 8 
antenna polarizations. Otherwise, it fails the test.  9 

4.11 Manufacturer’s declarations and descriptions 10 

Before testing, the manufacturer shall provide declared values of the following parameters for the EUT 11 
being tested to the testing organization: 12 

 The frequency carriers channel plan 13 

 Maximum EUT antenna gain GA (dBi), and orientation and polarization for maximum gain 14 

 Maximum peak power level 15 

 Emission bandwidth 16 

 Nominal receive bandwidth 17 

 Frame period and time slot plan, if time-division multiple-access (TDMA) techniques are used, 18 
including: 19 

 A) The maximum length of the timeslots used for transmit by the EUT and transmit by a 20 
companion device in the steady-state mode in which an EUT in communication with a companion 21 
device uses the maximum timeslot and frequency allocation for transmit and receive 22 
comunications 23 

 B) The maximum number of frequencies used in a frame in steady-state mode between an EUT 24 
and a companion device 25 

 Minimum and maximum burst length, if TDMA techniques are used 26 

 Minimum and maximum operating temperature ranges declared to the end user  27 

 Whether a system built with the EUT does or does not operate under the provisions of 28 
47CFR15.323(c)(10) to test for deferral only in conjunction with a companion device 29 

 Whether a system built with the EUT does or does not implement the provisions of 47CFR15.323(c)(5)  30 
regarding the process of selecting the least interfering channel (LIC) 31 

 The nominal value of the deferral threshold, if LIC is not implemented or if at least 20 duplex 32 
communications channels are not offered 33 

 Whether a system built using the EUT does or does not operate under the provisions of 34 
47CFR15.323(c)(6) incorporating provisions for waiting for a channel to go clear 35 

 Whether a system built using the EUT does or does not operate under the provisions of 36 
47CFR15.323(c)(11) enabling the access criteria check on the receive channel while in the presence of 37 
collocated interferers 38 

 The provisions within the EUT for self-check, by which compliance with 47CFR15.319(f) is obtained 39 

 Whether the EUT does or does not have the monitoring made through the radio receiver used for 40 
communication 41 
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 Whether the EUT does or does not transmit control and signaling channel(s) 1 

 Nominal mains and battery voltage 2 

The manufacturer shall describe the channel monitoring and selection process used by the EUT, including 3 
details regarding the time between monitoring and transmission on the confirmed channel. Appropriate 4 
timing diagrams shall be included as necessary. 5 

If the manufacturer claims exemption from the tests of 7.4, then the manufacturer shall declare and provide 6 
proper evidence that the monitoring is made through the radio receiver used for communication. 7 

5. Measurement instrumentation 8 

See informative Annex C. 9 
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6. RF measurements 1 

6.1 Emissions tests 2 

6.1.1 Test requirements  3 

The equipment configured as shown in Figure 3 is for the conducted method. If the radiated method is 4 
required, refer to test configurations in Clause 4. The EUT is arranged to communicate via a fixed carrier 5 
frequency between its transmitter and a compatible receiver. If the devices provide two-way 6 
communications, one should be designated as the transmitter under test. If the EUT is evaluated by a 7 
conducted measurement on an external port, the EUT and its associated compatible transceiver should be 8 
placed close enough to be able to establish a connection. Tests should be performed at the manufacturer's 9 
recommended normal operating temperature and supply voltage. 10 

 11 

 12 

Figure 3 —Test configuration 13 

 14 

For conducted measurements, external RF attenuator and cable losses and instrumentation preamplifier 15 
gains shall be taken into account. For radiated measurement, cable losses, instrumentation preamplifier 16 
gains, and reference antenna factors shall be taken into account. 17 

6.1.1.1 Transmitted digital sequences during emissions tests 18 

The transmitted digital sequences during emissions tests shall be representative of those encountered in the 19 
real system operation. If emissions parameters are sequence-dependent, then the worst-case sequence 20 
expected to occur during normal operation shall be used. 21 
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6.1.1.2 Standard test frequencies for the emissions tests 1 

For RF measurements, if the EUT is only capable of operation on a single frequency, then that is the 2 
standard test frequency. 3 

Except as otherwise noted, if the EUT is capable of operation on more than one frequency within the band, 4 
then for RF measurements the standard test frequencies shall be the lowest frequency within the band for 5 
which the EUT is capable of operation, the highest frequency within the band for which the EUT is capable 6 
of operation, and the frequency nearest the center of the band for which the EUT is capable of operation. 7 

6.1.2 Peak transmit power 8 

The following test method may be used to verify that the EUT’s peak transmit power does not exceed the 9 
permitted value. The equipment is configured as shown in Figure 3 and according to Table 10. The peak 10 
transmit power is the maximum of the RMS power during a transmit burst. Typical spectrum analyzers are 11 
frequency selective, peak-responding voltmeters calibrated to display the RMS value of a sine wave. 12 
Therefore, using the peak detection function on most spectrum analyzers will produce the intended 13 
measurement when the bandwidth and trigger functions are properly set. 14 

Table 2 —Spectrum analyzer settings for determining the peak power 15 

RBW ≥ Emission bandwidth 

Video bandwidth ≥ RBW 

Span Zero 

Center frequency Nominal center frequency of transmit carrier 

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

Detection Peak detection 

Trigger Video 

Sweep rate Sufficiently rapid to permit the transmit pulse to be resolved accurately 

 16 

The RBW setting for this test must be adjusted by repeating this test and using increasing values of the 17 
RBW until there are negligible changes (within ± 0.5 dB) in the measured values of the maximum power.  18 

The measured maximum shall be less than Plimit, or the EUT fails\ 19 

. 20 

6.1.3 Emission bandwidth B 21 

The equipment is configured as shown in Figure 3 and according to Table 2. The EUT shall transmit in a 22 
burst mode (shall not be configured to transmit continuously) so that transient effects associated with the 23 
burst edges are captured by the emission bandwidth measurement. 24 

Table 3 —Spectrum analyzer settings for measurement of emissions bandwidth B 25 

RBW Approximately 1% of the emission bandwidth (a rough estimate may 
be obtained from peak power level measurement, or use 
manufacturer’s declared value) 

Deleted: 2006

Formatted: Outline numbered +
Level: 3 + Numbering Style: 1, 2, 3,
… + Start at: 1 + Alignment: Left +
Aligned at:  0" + Tab after:  0" +
Indent at:  0"

Formatted Table

Formatted: Outline numbered +
Level: 4 + Numbering Style: 1, 2, 3,
… + Start at: 1 + Alignment: Left +
Aligned at:  0" + Tab after:  0" +
Indent at:  0"

Formatted: Outline numbered +
Level: 3 + Numbering Style: 1, 2, 3,
… + Start at: 1 + Alignment: Left +
Aligned at:  0" + Tab after:  0" +
Indent at:  0"

Formatted Table

Deleted: Page Break

Deleted: ¶

Deleted: channels

Deleted: 13

Deleted: +/-

Deleted: ¶

Deleted: ¶

Deleted: ,

Deleted: ¶

Deleted: 59¶
Copyright © 2007 IEEE. All rights 
reserved.



IEEE Std ANSI C63.17-0 
IEEE <Gde./Rec. Prac./Std.> for Methods of Measurement of the Electromagnetic and Operational Compatibility of 

Unlicensed Personal Communications Services (UPCS) Devices 
 

 

Formatted: Header, Left

Formatted: Footer

Video bandwidth ≥ 3 × the RBW 

Center frequency Nominal center frequency of channel 

Span ≥ 2 × the expected emission bandwidth 

Sweep time Coupled to frequency span and RBW 

Amplitude scale Log 

Detection Peak detection with maximum hold enabled 

 1 

Record the maximum level of the modulated carrier. Find the two furthest frequencies above and below the 2 
frequency of the maximum level of the modulated carrier where the signal level is 26 dB below the peak 3 
level of the carrier. The difference in frequency between these two frequencies is the emission bandwidth. 4 
If, after measuring the emission bandwidth, it is found that the RBW used was not approximately 1% of the 5 
emission bandwidth, then adjust the RBW and repeat the procedure until the correct RBW is used. If the 6 
spectrum analyzer has fixed values of RBW, the one that is the nearest to 1% of the emission bandwidth is 7 
acceptable, provided it is no less than 0.5% of the emission bandwidth and no greater than 2% of the 8 
emission bandwidth. 9 

Record the frequency of the maximum power spectral density level of the modulated carrier and the 10 
furthest frequency offsets F(C+O6dB), F(C-O6dB), F(C+O12dB), F(C-O12dB), above and below this frequency where 11 
the signal power spectral density levels are 6 dB and 12 dB below the peak level of the modulated carrier. 12 
These frequency pairs are to be used later in 7.4 for measuring monitoring bandwidth, for EUTs that have a 13 
separate monitoring receiver. 14 

The measured B shall be less than BlimitU, or the EUT fails. 15 

The measured B shall be greater than BlimitL, or the EUT fails. 16 

6.1.4 Modulation 17 

Attestation of compliance with the digital modulation requirement will be made in accordance with the 18 
disclosure statement required by the applicable equipment authorization procedures (ssee, e.g., 47CFR2). 19 

6.1.5 Power spectral density PSDEUT using the measured maximum method 20 

The following test method may be used to verify that the EUT’s PSD does not exceed the permitted value 21 
in any 3 kHz bandwidth. 22 

The EUT transmit data sequence and mode of operation shall be representative of that encountered in 23 
normal operation, so that transient effects associated with transmission bursts or data content are captured 24 
by the PSD measurement. The equipment is configured as shown in Figure 3 and according to Table 4. 25 

 26 

Table 4 —Spectrum analyzer settings for finding of the maximum of PSDEUT 27 

RBW 3 kHz 

Video bandwidth ≥ 3 × RBW 

Span Zero span at frequency with the maximum level (frequency determined  
in 6.1.3 if the same type of signal (continuous versus burst) was used  
in 6.1.3) 
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Center frequency Spectral peak as determined in 6.1.3 

Sweep time For burst signals, sufficient to include essentially all of the maximum 
length burst at the output of a 3 kHz filter (e.g., maximum input burst 
duration plus 600 μs). For continuous signals, 20 ms. 

Amplitude scale Log power 

Detection Sample detection and averaged for a minimum of 100 sweeps 

Trigger External or internal 

 1 

For burst-type signals, arrange to measure the wideband burst duration of each burst analyzed and compute 2 
the mean duration. 3 

Determine the level that is 20 dB below the first peak. Record the power-averaged waveform between the 4 
20 dB threshold levels around the first peak with at least 30 000 samples per second as shown in Figure 4. 5 
Multiple wideband bursts may produce the waveform between −20 dB peaks; these must be included in the 6 
determination of the average burst length. If there is no level that is 20 dB below the peak, then analyze the 7 
complete sweep and include all of the wideband waveform that occurs during the sweep time in the 8 
computation of average burst length. 9 

Sum the values of the sample points (in linear units of power) and divide by the sample frequency to obtain 10 
the total pulse energy in the 3 kHz bandwidth, then divide by the average duration of the wideband input 11 
pulse to obtain the average pulse power. If the result is less than PSDlimit, the EUT passes the PSD 12 
requirement. 13 

 14 

Figure 4 —Computed average transient method: Sampling of the averaged  15 
power waveform measured with 3 kHz RBW 16 
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6.1.6 Emissions  1 

Unless otherwise specified, the conducted method is the preferred method of measurement for in-band 2 
emissions. The radiated method may be used in-band if the EUT has nondetachable antenna(s), and should 3 
be used generally for out-of-band tests. A free-space environment or equivalent should be used in the 4 
radiated emission test. The general requirements for conducted and radiated tests are given in Clause 4 of 5 
this standard. 6 

6.1.6.1 In-band unwanted emissions 7 

The equipment is configured as shown in Figure 3 and using the settings listed in Table 5 as follows. 8 

In the region between 1B and 2B from the center of the RF carrier, the measured emission level (measured 9 
with 1% of emission bandwidth) shall not exceed 30 dB below the permitted peak power for the EUT. 10 

In the region between 2B and 3B from the center of the RF carrier, the measured emission level shall not 11 
exceed 50 dB below the permitted peak power for the EUT. 12 

 13 

 14 

 15 

Table 5 —Spectrum analyzer settings for measuring in-band emissions 16 

RBW Approximately 1% of the emission bandwidth (B) 

Video bandwidth 3 × RBW 

Sweep time The sweep time shall be sufficiently slow that the swept 
frequency rate shall not exceed one RBW per three 
transmit bursts. 

Number of sweeps Sufficient to stabilize the trace 

Amplitude scale Log 

Detection Peak detection and max hold enabled 

Span Approximately equal to 3.5 B 

 17 

In the region between 3B and the UPCS band edge, as measured from the center of the RF carrier, the 18 
measured emission level shall not exceed 60 dB below the permitted peak power for the EUT. 19 

Where these limits are more stringent than 47CFR15.209, the limits of 47CFR15.209 take precedence as 20 
indicated in 47CFR15.319(g). 21 

6.1.6.2 Out-of-band emissions 22 

Out-of-band tests shall be performed with the RF carrier set to the lowest and highest carriers defined by 23 
the EUT. The spectrum analyzer settings for ibuein-band unwanted emissions in 6.1.6.1 also apply to oout-24 
of-beband emissions. The EUT shall pass the tests of item d), itemb), and either item c) or item d). 25 

a) In the region between the band edges and 1.25 MHz below and above the lower and the upper band 26 
edges, respectively, the measured emission level shall not exceed −9.5 dBm. 27 
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b) In the region between 1.25 and 2.5 MHz below and above the lower and the upper band edges, 1 
respectively, the measured emission level shall not exceed −29.5 dBm. 2 

c) In the region at 2.5 MHz or greater below and above the lower and upper band edges, respectively, 3 
the measured emission level shall not exceed −39.5 dBm. 4 

d) In the region at 2.5 MHz or greater below and above the lower and upper band edges, respectively, 5 
the measured emission level shall not exceed the limits of 47CFR15.209. Measurement shall be 6 
made as a radiated test.  7 

UPCS devices, in general, include digital circuitry not directly associated with the radio transmitter and are 8 
subject to the requirements for unintentional radiators as described in 47CFR15.109, for both in-band and 9 
out-of-band emissions. These emissions shall be measured with the EUT operating in receive and transmit 10 
modes. For the transmit mode, do not measure within 3.75 MHz or 3B, whichever is the largest, of the 11 
edges of the band. Emissions that are directly caused by digital circuits in the transmit path do not have to 12 
meet 47CFR15.109 limits, but shall meet those limits as mentioned in the preceding list. 13 

6.2 Frequency and time stability 14 

If the radiated method is used, refer to Clause 4 for configuration details. If the devices provide two-way 15 
communications, one should be designated as the EUT, with its transmitter under test, and the other is 16 
designated the companion device. If the conducted method is used, the EUT and its companion device may 17 
be connected with shielded coaxial cable through a splitter or similar device, or the companion device may 18 
be placed close enough to establish communications through radiation. An attenuator should be placed in 19 
the conducted path between the EUT and its companion device (if present) to prevent test results from 20 
being corrupted by emissions from the companion device. The attenuation should be adjusted to allow 21 
reliable communication between the EUT and the companion device. Tests should be performed at the 22 
manufacturer’s recommended normal operating temperature and voltage, unless otherwise specified.  23 

The EUT may be configured using administrative commands to use a fixed channel during the tests. 24 

6.2.1 Carrier-frequency stability 25 

A demodulating spectrum analyzer, modulation analyzer, or frequency- and time-interval analyzer is 26 
configured as follows in Table 5 for carrier-frequency measurement: 27 

Table 6 —Measurement system configuration for carrier-frequency stability test 28 

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 Approximate transmit burst period, or 1 s for continuous 
transmissions 

Trigger RF eenvelope for pulsed systems; otherwise, frequency 
value 

 29 

Measure the mean carrier frequency with minimum latency time between measurements. 30 
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Each mean carrier-frequency measurement is to be taken over a sample of EUT transmit signal 1 
encompassing at least 5000 transmitted bits but less than or equal to the number of bits transmitted in 1 s. 2 
For systems transmitting less than 5000 bits/s, the mean carrier-frequency measurement is to be taken over 3 
the number of bits transmitted in 1 s.  4 

Alternatively, the mean frequency can be obtained using a frequency counter with gating time set at  5 
5000 bit periods.  6 

For systems incorporating a data bias (the number of positive frequency-shift and negative frequency-shift 7 
symbols are not equal over time), provisions for deriving the carrier-frequency by means of removing the 8 
modulation may be incorporated in the test. 9 

6.2.1.1 Carrier-frequency stability over time 10 

The mean value of the carrier frequency of the EUT should be recorded at least once every second for a 11 
total of greater than 3000 readings, or as rapidly as the measurement instrumentation permits over at least  12 
1 h period of time, or over the interval for channel access monitoring, whichever is shorter. It may be 13 
necessary to use a controller to log the measurements if the analyzer does not have that capability. 14 

The EUT passes if the maximum and minimum sample measurements of the mean carrier frequency differ 15 
from the average of the mean carrier-frequency sample measurements by 10 parts per million (ppm) or less. 16 

 17 

 18 

6.2.1.2 Carrier-frequency stability over power supply voltage 19 

In accordance with 47CFR15.323(f), this test does not apply to an EUT that is capable only of operating 20 
from a battery. For a mains-powered EUT, the mean value of the carrier frequency shall be measured at the 21 
power supply voltage extremes of row 1 of Table 6. 22 

—Test parameters for carrier-frequency stability testing 23 

Temperature Supply voltage 

20°C ± 2°C 85% to115% of declared 
nominal voltage 

−20°C ± 2°C All declared nominal(s) 

+50°C ± 2°C All declared nominal(s) 

 24 

The EUT passes if the mean carrier-frequency sample measurements at the extremes of power supply 25 
voltage differ from the average of the mean carrier-frequency sample measurements of 6.2.1.1 by 10 ppm 26 
or less.  27 

6.2.1.3 Carrier-frequency stability over temperature 28 

The mean value of the EUT carrier frequency shall be measured at the temperature extremes of Table 6, or 29 
at extreme temperatures as declared by the manufacturer. 30 
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The EUT passes if the mean carrier-frequency sample measurements at the extremes of temperature differ 1 
from the average of the mean carrier-frequency sample measurements of 6.2.1.1 by 10 ppm or less. 2 

6.2.2 Frame-repetition stability 3 

A demodulating spectrum analyzer, modulation analyzer, or frequency- and time-interval analyzer is 4 
configured as follows in Table 7 for the frequency measurement of the detected RF envelope: 5 

Table 8 —Measurement system configuration for frame-repetition stability test 6 

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 
interval (gating time) 

X (in units of frame period) where X ≤ 1000 

Number of 
measurements 

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

 7 

The histogram of the frame timing distribution shall be computed with small or negligible latency time 8 
between measurements.  9 

The analyzer settings in Table 7 will enable the mean frame-repetition rate measurement to be taken over a 10 
time period of at least 1000 frame periods. Alternatively, the mean frame-repetition rate may be obtained 11 
using an envelope detector and a frequency counter with gating time set at 1000 times the frame period. 12 

The mean value of the frame-repetition rate should be recorded for a total of about 1000 readings or over at 13 
least 1 h period of time. It may be necessary to use a computer to log the measurements if the analyzer does 14 
not have that capability. A distribution of these 1000 readings should be recorded and its standard deviation 15 
computed. EUTs that implement time division for the purpose of maintaining a duplex connection shall 16 
maintain a frame-repetition rate whereby three times the standard deviation of the frequency stability shall 17 
not exceed 50 ppm, not including a shift of the mean. Each EUT that further divides access in time shall 18 
maintain a frame-repetition rate whereby three times the standard deviation of the frequency stability shall 19 
not exceed 10 ppm, not including a shift of the mean. 20 

6.2.3 Frame period and jitter  21 

A demodulating spectrum analyzer, modulation analyzer, or frequency- and time-interval analyzer is 22 
configured as follows in Table 9 for frame period and jitter measurements. 23 
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 1 

Table 9 —Measurement system configuration for frame period and jitter test 2 

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 time interval 
(gating time) 

< Frame period (must be able to measure time interval 
between rising edge of one pulse to the rising edge of the 
next pulse within a resolution of 100 ns) 

Number of measurements 100 000 frames total accumulated 

 3 

Compute the histogram of the frame period distribution with small or negligible latency time between 4 
measurements. 5 

When the accumulated number of measurements reaches 100 000, record the peak-to-peak, mean, and 6 
standard deviation values. 7 

The mean value shall be the frame period and shall be 20 ms or 10 ms/X, where X is a positive integer. 8 
Three times the standard deviation value of the jitter shall not be greater than 12.5 µs. Alternatively, jitter 9 
can be measured by using the analyzer to obtain the time duration between rising edges; euse a computer to 10 
compute the difference between two consecutive frame periods. The difference between any two 11 
consecutive frame periods, measured over 100 000 frames, shall not exceed 25 µs.  12 

Deviation of the mean frame period from 20 mS or 10 mS/X shall be subtractive from the allowable jitter. 13 

 14 

 15 

7. Monitoring tests 16 

7.1 Introduction 17 

The spectrum sharing rules require that EUTs monitor their intended channel (time and spectrum window) 18 
prior to transmission to sense RF energy in the channel. If there is RF energy above the monitoring limit 19 
threshold,14 unless the LIC algorithm is implemented and at least 20 duplex communications channels are 20 
supported, the EUT must either defer transmission until the channel is clear or select another clear channel. 21 
The monitoring tests in this subclause verify that the monitor levels, monitor timing, and deferral operation 22 
are in accordance with the spectrum sharing rules.  23 

Difficulty in definitive monitoring testing comes from several potential sources as follows: 24 

 EUTs may be designed to operate only together with other devices of like type.  25 
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 EUTs may select a channel or stop operating when interfering radio signals are detected in their 1 
channel.  2 

 EUTs may transmit intermittently, and thus their modes of operation may be difficult to detect. 3 

In the monitoring tests, interference is introduced to some unused regions of the band in order to confine 4 
the operation of the EUT to one region, or, if available, carrier and/or access channel administration 5 
commands are used to confine operation of the EUT to one region. For the purposes of many of the tests, it 6 
is sufficient to confine the EUT to operate in a restricted a region in the frequency domain, e.g., one or two 7 
carriers of the EUT. This is illustrated by Figure 5 and Figure 6. Since a channel is a combined time and 8 
spectrum window, for some tests it may be desirable to use gated interference to implement a similar 9 
restriction of operation in the time domain. 10 

Administrative test commands are preferred when available. When using out-of-region interference, the 11 
power falling into the adjacent carrier of the EUT could potentially corrupt the test on the wanted carrier, 12 
especially if the EUT has poor adjacent channel rejection properties.  13 

7.1.1 Monitoring test setup 14 

Figure 5 illustrates the concept of operating regions within the band and shows how interference is 15 
provided outside of the operating region.  16 

 17 

Figure 5 —Operating region within UPCS band 18 

Figure 6 illustrates the concept of adding interference into the selected operating region to test for 19 
compliance with the threshold limits. With this arrangement, the test requirement is to observe if the EUT 20 
transmits in the one region where the threshold is being tested. The out-of-operating-region interference is 21 
not required during the tests if the EUT is designed to operate in a snglesingle fixed channel of the UPCS 22 
band, or if the EUT can be restricted to selected channels using frequency administration commands.15  23 

For the monitoring tests, the general equipment configurations are shown in Figure 7 and Figure 8. The 24 
EUT may be arranged to communicate via radio signals between itself and another compatible device (the 25 
companion device). Typically, the devices provide two-way communications, and one device should be 26 
designated as the monitoring transceiver under test (the EUT). Figure 7 illustrates radiated communication 27 
between the EUT and the instruments; Figure 8 illustrates conducted communication.16  28 

                                                 
15 Some UPCS devices may have the capability to restrict the device’s operation to a subset of the available channels. 
16 The interference antenna must transmit at least 10 dB higher power to the monitoring EUT than to the companion device. 
Otherwise, the operation of the EUT may be masked by the undesired response of the companion device to an above-threshold 
interference signal. 
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 1 

Figure 6 —Interference added to operating region to test compliance 2 

 3 

 4 

Figure 7 —Possible equipment configuration for radiated monitoring  5 
and operational tests 6 

 7 

 8 
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Figure 8 —Possible equipment configuration for conducted monitoring  1 
and operational tests 2 

Monitoring test procedure—general 3 

The threshold used for channel access deferral is based on the power and emission bandwidth 4 
measurements of 6.1.2 and 6.1.3. 5 

Each test will generally consist of the following steps: 6 

a) Using either carrier and/or access channel administration commands or out-of-operating-region 7 
interference (see 7.2.3), restrict operation of the EUT to a target channel or set of channels on 8 
which the test will be performed. Initiate transmission without the presence of interference on the 9 
target region to verify that the EUT is operating. The communication is then stopped.  10 

b) Introduce interference on the target channel or channels at the prescribed level and time duration as 11 
appropriate to the EUT and verify that the EUT defers use of that channel or channels when 12 
initiation of a connection is attempted. 13 

c) The EUT passes when it operates only in the allowed combinations of operating environments. 14 

7.1.3 Standard test frequencies 15 

Monitoring tests shall be performed on the carrier closest to the center of the band, except when two or all 16 
carriers are specified. When two carriers are specified, the carriers adjacent to the carrier closest to the 17 
center of the band may be used. 18 

7.1.4 Timeslot and carrier equivalence  19 

The monitoring procedure tests of Clause 7 that specify interference applied on various carriers may be 20 
implemented on a single carrier using interference synchronized with the timeslot structure, with the 21 
interference level adjusted by timeslot equivalently to the adjustments specified for interference present on 22 
individual carriers. 23 

7.2 Calibration of levels 24 

7.2.1 Calculation of thresholds17 25 

Calculate the sthreshold limit TL according to the provisions of -4.3.3. 26 

7.2.2 Calibration of test interference field strength (radiated technique) 27 

Refer to Clause 4 and Annex B. 28 

7.2.3 Procedures for using out-of-operating-region interference 29 

The multicarrier generator in C.1 is an interference source that can generate independently controlled (on or 30 
off) CW signals on the center frequencies of all EUT carriers. This generator can be used to apply out-of-31 

                                                 
17 See 47CFR15.321(c)(2), 47CFR15.321(c)(7), 47CFR15.323(c)(2), 47CFR15.323(c)(5), and 47CFR15.323(c)(9). 
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operating-region interference to target specific frequency ranges or time intervals for threshold testing by 1 
blocking the other frequencies and/or timeslots, unless the frequency selectivity of the EUT is extremely 2 
poor. The procedures given here are intended to ensure that residual power from the generator falling on 3 
the target (unblocked) frequency does not corrupt the test. 4 

The target region normally has borders both in the frequency and time domains. Note that the procedure 5 
described in 7.2.3 only defines the borders in the frequency domain; no compensation is to be made for 6 
limited isolation in the time domain. 7 

Figure 9 shows the relationships between the threshold being tested and the interference power levels 8 
discussed in this subclause. The objective is to create a situation in which the residual interference power 9 
level on the target frequency (due to imperfect frequency selectivity of the EUT) is Y dB below the 10 
regulatory threshold limit, while the power on the other (blocked) frequencies is X dB above the regulatory 11 
threshold limit. The multicarrier generator is adjusted so that the power on the frequency channel(s) 12 
adjacent to the target frequency is XA dB above the threshold, where XA can be up to 3 dB below X. Z = X + 13 
Y represents the total decibel difference between the residual interference power on the target frequency 14 
and the interference on the blocked frequencies, except for the adjacent frequencies, for which the total 15 
decibel difference is ZA = XA + Y. Z and ZA depend on the EUT frequency selectivity characteristic, typically 16 
determined by the intermediate frequency (IF) filtering. The way in which Z is divided between X and Y 17 
depends on the power level applied to the EUT from the interference generator on the blocked frequencies. 18 
The following procedures determine the proper level. 19 

After out-of-operating-region interference is applied, it should be verified that the EUT is operating 20 
properly on the target frequencies. 21 

 22 

Figure 9 —Relationships among power levels for out-of-operating-region interference 23 

7.3 Deferral thresholds and channel selection18  24 

These tests determine the threshold limit of the EUT or verify that if the EUT is operating in the LIC mode, 25 
it can properly select the channel with the lowest interference power, within a 6 dB resolution. 26 

                                                 
18 See 47CFR15.323(b), 47CFR15.323(c)(2), and 47CFR15.323(c)(5). 
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Some EUTs can transmit and be tested without a companion device, for example, devices transmitting 1 
signaling beacons. For those EUTs, a companion device may not be necessary for these tests. Other EUTs 2 
(typically handsets) cannot transmit without being locked to a control channel or beacon of a companion 3 
device (typically a base station). Therefore, when a companion device is required, the interference signals 4 
must be received by the companion device at a lower level, at least 10 dB lower, than the interference 5 
signals are received by the EUT. Otherwise, the operation of the EUT may be masked by the undesirable 6 
deference response of the companion device. This implies that for the conducted case (Figure 8), the 7 
attenuation ACD shall be at least 10 dB higher than the attenuation AEUT. This is to ensure that the 8 
companion device does not defer transmissions due to interference on its transmit channel and/or 9 
corresponding duplex receive channel when the interference levels are set to a level appropriate to test the 10 
EUT. Furthermore, the signals from the companion device must be received by the EUT with much higher 11 
power (typically > 20 dB) than the power of the interference into the EUT. This is to ensure that the EUT 12 
can properly receive the transmissions from companion device when the interference levels are set to test 13 
the EUT. In addition, if the companion device is required to be able to receive signals from the EUT, the 14 
signals from the EUT must be received by the companion device with much higher power (typically  15 
> 20 dB) than the power of the interference into the companion device.  16 

In any of the steps in 7.3.1, 7.3.1, 7.3.1, and 7.3.3, the path loss between the EUT and the companion 17 
device must be adjusted for reliable communications in the absence of interference. If the EUT fails to 18 
communicate reliably during testing, attenuation between the EUT and the companion device may be 19 
adjusted as long as the interference levels applied to the EUT are not changed. 20 

The manufacturer shall include, in its test report, a declaration of the relevant monitoring thresholds as well 21 
as an explanation of the monitoring and channel selection protocols, including any necessary diagrams. 22 
(Note that for the LIC procedure, the requirement “to have monitored all channels” in 47CFR15.323(c)(5) 23 
does not include access channels on so-called blind slots, as long as those access channels are not included 24 
in the ordered list of LICs. A blind slot is a time slot that the EUT cannot access because it is transmitting 25 
or receiving at that time. Additional blind slots are created by the speed of the EUT frequency synthesizer 26 
and its ability to change carriers within the guard band between slots.) 27 

The steps in 7.3.1, Error! Reference source not found., and Error! Reference source not found., and 28 
7.3.3 apply directly to conductive testing. For radiative testing, the threshold power levels specified below 29 
must be translated to the corresponding transmit power levels for the reference antenna, as discussed in 30 
Clause 4 and Annex B. 31 

The interference test signals may be either CW or modulated in the same way as the EUT transmission. 32 
Adjust the out-of-operating-region interference (if used) to the levels appropriate to the test (i.e., 33 
thresholdLIC limit, absent LIC or absent offering at least 20 duplex communications channels) per 7.2.3 of 34 
this standard. 35 

When these tests are performed on an EUT transmitting signaling or control information, transmission on 36 
an existing channel (initiated before the interference is applied) may continue for up to 30 s before channel 37 
selection is affected by the interference. For such EUTs, it may be necessary to wait 30 s to verify proper 38 
monitoring and establish threshold being measured. Similarly, the EUT should continue to transmit on a 39 
channel consistent with the interference, which is applied as long as the interference exists.  40 

7.3.1 Threshold limit for EUTs that do not implement the LIC procedure or which do not 41 
offer at least 20 duplex communications channels 42 

Choose one of the following two alternative tests: 43 
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a) Set the EUT, by administrative commands, to operate on the carrier closest to the center of the 1 
band. By an interference generator, apply interference on that channel at an in-band level at the 2 
EUT of TL + UM + 10 dB. Lower the interference until the EUT can transmit. If the EUT first 3 
transmits at an interference level greater than TL + UM, the EUT fails the test. 4 

b) By a multicarrier interference generator, apply to the EUT uniform CW interference on all system 5 
carriers each at level TL + UM + 10 dB. Lower the interference uniformly on all carriers until the 6 
EUT can transmit. If the EUT first transmits at a per-carrier interference level greater than TL + UM, 7 
the EUT fails the test. 8 

thatfollowing :  LIC procedure test 9 

A practical implementation of ordering LICs is to group them in bins according to measured signal 10 
strength, with generally a maximum difference between individual bin limits chosen to meet the 6 dB 11 
resolution requirement of 47CFR15.323(c)(5). With such an implementation, ordering within a bin for the 12 
lowest interference is not required, and all channels in a bin are considered equally good. The lowest bin 13 
may be the bin for “quiet” channels, and by exception has no lower bin limit, and an upper bin limit that 14 
must only be below the calculated limiting threshold. “Quiet” channels may be accessed without any LIC 15 
ordering; the limit for unordered channels must only be below the limiting threshold. 16 

 17 

The LIC test procedure is as follows: 18 

a) Allow EUT transmission on only two carrier frequencies, which will be designated f1 and f2. This 19 
limitation to carriers f1 and f2 is performed preferably by administration commands for the EUT, or 20 
alternatively by applying by a multicarrier interference generator uniform interference on all system 21 
carriers except f1 and f2, at an in-band per-carrier level of: 22 

1)  TL + UM  + 14dB for tests b) and c) 23 

2) TL + UM  + 8dB for tests d) and e) 24 

b) Apply interference to the EUT on f1 at a level of TL + UM + 7 dB and on f2 at a level of TL + UM. 25 
Initiate transmission. The EUT should transmit on f2. Terminate the connection. Repeat five times. 26 
If the EUT transmits once or more on any of the system carriers other than f2, the test failed.  27 

c) Apply interference to the EUT on f1 at a level of TL + UM and on f2 at a level of TL + UM + 7 dB. 28 
Initiate transmission. The EUT should transmit on f1. Terminate the connection. Repeat five times. 29 
If the EUT transmits once or more on any of the system carriers other than f1, the test failed.  30 

d) Apply interference to the EUT on f1 at a level of TL + UM + 1 dB and on f2 at a level of TL + UM − 6 31 
dB. Initiate transmission. If the EUT transmits on f2, terminate the connection. Repeat five times. If 32 
the EUT transmits once or more on any of the system carriers other than f2, the test failed. 33 

e) Apply interference to the EUT on f1 at a level of TL + UM − 6 dB and on f2 at a level of TL + UM + 1 34 
dB. Initiate transmission. If the EUT transmits on f1, terminate the connection. Repeat five times. If 35 
the EUT transmits once or more on any of the system carriers other than f1, the test failed.  36 

7.3.3 Selected channel confirmation19  37 

Some types of EUTs may prescan available channels and store the detected power levels in memory to 38 
facilitate fast selection of a channel when access is required. Since some amount of time is required for a 39 
complete scan,20 the stored power level for a selected channel may have “aged” since the measurement was 40 
taken. The EUT is therefore required to remonitor the selected channel immediately prior to transmission. 41 

                                                 
19 See 47CFR15.323(c)(1) and 47CFR15.323(c)(5). 
20 Up to 10 s is allowed for devices operating under 47CFR15.323(c)(5). 
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The test described as follows is intended to verify that the EUT makes its channel selection decision on the 1 
basis of a recent power level reading: 2 

a) Allow EUT transmission on only two carrier frequencies, which will be designated f1 and f2. This 3 
limitation to carriers f1 and f2 is performed preferably by administration commands for the EUT, or 4 
alternatively by applying by a multicarrier interference generator uniform interference on all system 5 
carriers except f1 and f2, at a level of TL + UM + 20dB in-band per carrier. Set the interference level 6 
to the EUT on f1 to a level of TL + UM + 20dB, and let there be no interference applied on f2. 7 

b) Initiate transmission and verify that the EUT transmits on f2. If a connection was made, terminate it. 8 

c) Apply interference on f2 at a level of TL + UM + 20dB in-band, and immediately remove all 9 
interference from f1 and immediately (but not sooner than 20 ms after the interference on f2 is 10 
applied) cause the EUT to attempt transmission. The EUT should now transmit on f1, if it transmits. 11 

d) If the EUT transmits on f2, it fails. 12 

7.4 Threshold and LIC monitoring bandwidth 13 

If the monitoring is made through the radio receiver used by the EUT for communication, the intended 14 
bandwidth requirement on the monitoring system is met. The manufacturer shall declare and provide proper 15 
evidence that the monitoring is made through the radio receiver used for communication.  16 

If a dedicated monitoring receiver is used, monitoring bandwidth tests are required. See the test procedures 17 
in 7.4.1 and 7.4.2.  18 

Using either frequency administration commands or out-of-operating-region interference (using the 19 
procedures in 7.2.3), restrict operation of the EUT to a single carrier frequency f1, and verify that the EUT 20 
can establish a connection.  21 
 22 

When a companion device is required, see 7.3 for set-up guidance.  23 

7.4.1 Simple compliance test for an EUT which does not implement the LIC or which does 24 
not offer at least 20 duplex communications channels, and which does not have RSSI 25 
monitoring means, and which does have a separate dedicated monitoring receiver 26 

This test may be used to verify that an EUT which does not implement the LIC and which does have a 27 
separate monitoring receiver complies with the rules. While it verifies compliance using a simple test, 28 
failure does not indicate that the EUT fails to comply with the rules; an EUT which does implement the 29 
LIC and offers at least 20 duplex communications channels and so does not use TL will not pass.  If this test 30 
fails for an EUT which does not implement the LIC, the more complex test of 7.4.2 may be used to 31 
demonstrate conformance to the requirements of 47CFR15. An EUT which implements the LIC and offers 32 
at least 20 duplex communications channels and so does not use TL must use the test of 7.4.3, if it 33 
incorporates a separate monitoring receiver 34 

Using either frequency administration commands or out-of-operating-region interference (using the 35 
procedures in 7.2.3), restrict operation of the EUT to a single carrier frequency f1, and verify that the EUT 36 
can establish a connection with no interference applied on f1. Turn on the interfering signal centered at a 37 
frequency above the center of the emission of the EUT separated by 30% of the emission bandwidth of the 38 
EUT and with a level 10 dB + UM above TLthatdo not . The bandwidth of the interfering signal must be 39 
equal to or greater than BlimitL. Verify that the EUT will not transmit. Repeat with the interference centered 40 

                                                 
22 See 47CFR15.323(c)(1), 47CFR15.323(c)(5), and 47CFR15.323 (c)(7). 
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at a frequency below the center of the emission of the EUT separated by 30% of the emission bandwidth of 1 
the EUT and with a level 10 dB + UM above TLthatdo not . Verify that the EUT will not transmit. 2 

More detailed test for an EUT which does not implement the LIC and which does not have 3 
RSSI monitoring means, and which does have a separate dedicated monitoring receiver 4 

The following (more detailed) test verifies the operation of the EUT by probing the shape of the emissions 5 
and the monitoring filter.  6 

From the measurement of the emission bandwidth (see 3), find the two frequency pairs above and below 7 
the frequency of the maximum level of the modulated carrier, most removed from each other, where the 8 
signal levels are 6 dB and 12 dB below the peak level of the modulated carrier. With an unmodulated 9 
interfering signal set at each of these frequencies and set at a level 6 dB and 12 dB above TL + UMthatdo not 10 
. V. Verify that the EUT will not transmit. Table 10 summarizes these test frequencies and levels.  11 

Table 10 —Test frequencies and levels for monitoring filter test 12 

Test frequency 
Test level  

(above  
TL + UM) 

−6 dB points 6 dB 

−12 dB points 12 dB 

 13 

Note that the test at the center frequency is equivalent to part of the test of 7.3. 14 

7.4.3 Threshold and LIC monitoring bandwidth test for an EUT which has RSSI monitoring 15 
means and which does have a separate monitoring receiver 16 

The following  test verifies the operation of an EUT which, because it does implement the LIC algorithm 17 
and so does not use a threshold limit for enabling channel access, cannot be tested using a threshold-based 18 
go/no-go test, and which does use a separate monitoring receiver. 19 

From the measurement of the emission bandwidth (see 6.1.3), find the frequency offset from the transmit 20 
center frequency for the points above and below the frequency of the maximum level of the modulated 21 
carrier transmissions, most removed from each other, where the transmit signal level spectral densities are 6 22 
dB and 12 dB below the  spectral density level of the transmit modulated carrier at the center frequency of 23 
the modulated carrier.  24 

Configure the EUT to monitor and report RSSI on a carrier.  25 

Apply an unmodulated received signal at level TL + UM to the EUT, at the center frequency of the carrier. 26 
Note the RSSI RXC reported by the EUT.  27 

Move the frequency of the unmodulated signal to the upper frequency offset F(C+O6dB) Set the level of the 28 
unmodulated signal to TL + UM + 6dB. Note the reported RSSI RX(+O6dB).  29 

Move the frequency of the unmodulated signal to the lower frequency offset F(C-O6dB) Set the level of the 30 
unmodulated signal to TL + UM + 6dB. Note the reported RSSI RX(-O6dB).  31 

Move the frequency of the unmodulated signal to the upper frequency offset F(C+O12dB) Set the level of the 32 
unmodulated signal to TL + UM + 12dB. Note the reported RSSI RX(+O12dB).  33 
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Move the frequency of the unmodulated signal to the lower frequency offset F(C-O12dB) Set the level of the 1 
unmodulated signal to TL + UM + 12dB. Note the reported RSSI RX(-O12dB).  2 

If any of the reported RSSI values RX(+O6dB), RX(-O6dB), RX(+O12dB), RX(-O12dB) are less than the reported value  3 

RXC, then the separate monitoring receiver’s bandwidth for this EUT is narrower than the bandwidth of the 4 
transmit signal, and the EUT fails the test for the monitoring requirements of 47CFR15.323(c)(7). 5 

7.5 Reaction time and monitoring interval22 6 

The reaction time is the minimum duration of the interference present during the monitoring interval that 7 
must be detected by the EUT so as to determine that the monitored time and spectrum window is occupied. 8 
The objective of the test is thus to demonstrate that the EUT defers use of a channel when the interfering 9 
signals are at least of a time duration that exceeds the allowed limit. An example conducted arrangement of 10 
the test equipment is shown in Figure 12. A similar radiated arrangement could be used. The gate device 11 
may be a controlled amplifier that is used to pulse the channel interference to provide pulses of the required 12 
time duration and position. Such a test requires that the interference be positioned within a defined 13 
monitoring interval synchronized to the frame timing of the EUT, and so a derived frame synchronization 14 
signal is acquired from the monitoring EUT and applied to the pulse generator. An alternative arrangement 15 
would be to connect the output of the pulse generator directly to the “pulse modulation” input of the 16 
channel interference generator, if it is so equipped. 17 

 18 

The test procedure is as follows: 19 

a) Using either frequency administration commands or out-of-operating-region interference (using the 20 
procedures in 7.2.3), restrict operation of the EUT to transmit carrier frequencies f1 and f2. Verify 21 
that the EUT can establish a connection either f1 or f2. with no interference applied on f1 or f2.. 22 

b) Apply time-synchronized, pulsed interference on f1 at the pulsed level TL + UM thatdo not to the 23 
receive port of the EUT. For a system with 10 ms frame time and N timeslots per frame, the 24 
channel interference should be pulsed with N pulses in a 10 ms repetition period (the accuracy of 25 
the repetition rate to be ± 10 ppm or better) with a common variable pulse width. The rise and fall 26 
times of the interference bursts shall be less than 1 μs from the 10% to 90% of the final amplitude. 27 
The interference pulse shall be of constant amplitude during its burst (± 5%). EUTs that divide the 28 
use of the channel in time into a number of timeslots (N ≠ 1) may find it necessary for the pulsed 29 
interference to be synchronized with the timeslot pattern in the frame of the EUT. If necessary, the 30 
manufacturer shall supply means by which to synchronize the interference with the timeslot 31 
structure of the EUT. The interference shall be timed so as to occur centered within the timeslot. 32 

NOTE—A “timeslot” here refers to a subdivision of the EUT frame interval to support multiple users on a single-33 
carrier frequency using TDMA. It does not refer to the subdivision of a 10 ms interval into multiple frames. For 34 
example, assume that the duration of the EUT frame is 10/X ms, where X is an integer, and each frame is divided into 35 
N timeslots. For the test, there should be N interference pulses per 10 ms interval, not NX pulses. The timing of the 36 
pulses should be arranged such that each of the N timeslots receives one pulse in 10 ms, not one pulse per EUT frame, 37 
unless the EUT frame duration is 10 ms.25 38 

 39 

                                                 
25 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement 
this standard. 
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 1 

Figure 10 —Example arrangement for testing of monitoring reaction time 2 

 3 

c) Additionally apply a CW signal on f2 at the level TL thatdo not to the receive port of the EUT.   4 
Verify that the EUT establishes a connection only on f2 when the width of the interference pulse 5 
exceeds the largest of 50 µs and 50 B/25.1  µs, where B is the emission bandwidth of the EUT in 6 
megahertz. 7 

d) Change the time-synchronized, pulsed interference on f1 to the level TL + UM thatdo not + 6 dB. 8 
Verify that the EUT establishes a connection only on f2 when the width of the interference pulse 9 
exceeds the largest of 35 µs and 35 B/25.1  µs, where B is the emission bandwidth of the EUT in 10 
megahertz. 11 

8. Time and spectrum window access procedure  12 

This clause contains tests to verify transmission termination for EUTs that transmit unacknowledged 13 
control and signaling information, and tests for EUTs that do not transmit unacknowledged control and 14 
signaling information. These tests are intended to verify the proper implementation by the EUT of the 15 
requirements of 47CFR15.323(c)(4) to terminate an unacknowledged communications channel within 1 s if 16 
no acknowledgement occurs at initiation, or in 30 s if acknowledgements are lost after initiation, and to 17 
verify (if the EUT transmits a control and signaling channel) the proper implementation by the EUT of the  18 
 19 
requirement of 47CFR15.323(c)(4) that the control and signaling channel be tested against the access 20 
criteria at least every 30 s. 21 

An EUT may transmit a control and signaling channel only, or a communications channel only (see the 22 
definitions in 3.1), both types of channel at once, or each at different times. An EUT’s physical time and 23 
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spectrum window may change from transmitting a control and signaling channel to transmitting a 1 
communications channel, or vice versa, during the operation of a system incorporating the EUT.  2 

Executing the test procedures may require that the manufacturer provide information to identify those 3 
transmissions that correspond to a control and signaling channel and those transmissions that correspond to 4 
a communications channel, as the spectrum etiquette requirements for acknowledgements during continued 5 
transmission differ. If the EUT may use the same physical time and spectrum window for a control and 6 
signaling channel and for a communications channel, the manufacturer shall provide means for determining 7 
which type of channel is present.  8 

8.1 Timing for EUTs using control and signaling channel-type transmissions26  9 

The tests of 8.1.1, 8.1.2, and 8.1.3 are applicable for an EUT capable of transmitting control and signaling 10 
information (beacons) on its own when no companion device(s) is present, and are to be made under 11 
unacknowledged transmissions conditions.  12 

Note that an EUT that transmits a control and signaling channel must pass the test of 8.1.1 and must pass 13 
either the tests of 8.1.2 or the tests of 8.1.3, if the LIC is not implemented or if the EUT does not offer at 14 
least 20 duplex communications channels. An EUT which implements the LIC and which offers 20 duplex 15 
communications channels must pass the test of 8.1.1 and the test of 8.1.2. 16 

8.1.1 Access criteria test interval 17 

This test is for an EUT transmitting control and signaling channels, and validates that the EUT tests the 18 
access conditions at least as often as once every 30 s when no acknowledgement is provided for control and 19 
signaling channel transmissions. 20 

 21 

The test procedure is as follows: 22 

a) Use frequency administration commands or out-of-operating-region interference (using the 23 
procedures in 7.2.3) to restrict operation of the EUT to a single carrier designated f1. If the EUT 24 
communications protocol uses TDMA to provide multiple channels per carrier, it may be necessary 25 
for test-result observability to additionally use frequency administration commands or out-of-26 
operating-region interference to further restrict EUT transmissions to a single timeslot of the usable 27 
timeslots available in the TDMA frame structure. If necessary, the manufacturer shall supply means 28 
by which to synchronize the interference with the timeslot structure of the EUT. The interference 29 
shall be timed so as to occur centered within the timeslot.  30 

b) Activate the EUT. The EUT, if it transmits, must do so on f1, and if the EUT is a TDMA device, it 31 
must additionally do so on the unblocked timeslot, if timeslot blocking is used. The EUT must 32 
terminate or pause in its repetitive transmission of the control and signaling channel on the open 33 
channel to repeat the access criteria not less frequently than every 30 s. If the channel in use for 34 
transmissions meets the access criteria, the transmission may start again on the same channel after 35 
the access criteria test. Measure the interval between access criteria tests. Repeat this measurement 36 
five times. If the EUT fails to repeat the access criteria test at intervals of 30 s or less each time, the 37 
EUT fails the test. 38 

Access criteria functional test (47CFR15.323(c)(6) option not implemented) 39 

                                                 
26 See 47CFR15.323 (c)(4) and 47CFR15.323(c)(6). 
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This test is to verify that transmission restarts on a different access channel if the access criteria are not met 1 
again on the old channel, for EUTs that transmit control and signaling channels and that do not use the 2 
provisions of 47CFR15.323(c)(6).  3 

 4 

The test procedure is as follows: 5 

a) Use frequency administration commands or out-of-operating-region interference (using the 6 
procedures in 7.2.3) to restrict operation of the EUT to two carriers designated f1 and f2. If the EUT 7 
communications protocol uses TDMA to provide multiple channels per carrier, it may be necessary 8 
for test-result observability to additionally use frequency administration commands or out-of-9 
operating-region interference to further restrict EUT transmissions to a single timeslot of the usable 10 
timeslots available in the TDMA frame structure. If necessary, the manufacturer shall supply means 11 
by which to synchronize the interference with the timeslot structure of the EUT. The interference 12 
shall be timed so as to occur centered within the timeslot. 13 

b) Activate the EUT. The EUT, if it transmits, must do so on one of the two open channels. Note the 14 
channel used. Apply interference on the channel used by the EUT at the level  15 
TL + UMthatdo not . Verify that after the next pause, the next EUT transmission occurs on the other 16 
open channel. 17 

8.1.3 Access criteria functional test (47CFR15.323(c)(6) option implemented) 18 

This test is for EUTs which do not use the LIC or which do not offer at least 20 duplex communications 19 
channels, and that transmit control and signaling channels, and that use the provisions of 20 
47CFR15.323(c)(6), thus to verifythat the EUT (if in deferral) waits for a channel to go clear, then 21 
implements a 10 ms to 150 ms holdoff prior to using the channel. 47CFR15.323(c)(6) is not restrictive for 22 
EUTs which use the LIC and offer 20 or more duplex communications channels, as a combined time and 23 
spectrum window cannot become unavailable as there is no threshold limit. 24 

 25 

The test procedure is as follows: 26 

a) Use frequency administration commands or out-of-operating-region interference (using the 27 
procedures in 7.2.3) to restrict operation of the EUT to a single carrier designated f1. If the EUT 28 
communications protocol uses TDMA to provide multiple channels per carrier, it may be necessary 29 
for test-result observability to additionally use frequency administration commands or out-of-30 
operating-region interference to further restrict EUT transmissions to a single timeslot of the usable 31 
timeslots available in the TDMA frame structure. If necessary, the manufacturer shall supply means 32 
by which to synchronize the interference with the timeslot structure of the EUT. The interference 33 
shall be timed so as to occur centered within the timeslot.  34 

b) Activate the EUT with no interference present. The EUT must transmit on f1. Then apply CW 35 
interference on f1. The interference level shall be at TL + UMthatdo not . The EUT must stop 36 
transmitting within 30 s.  37 

c) Cancel the interference. Measure the time interval between the end of the interference transmission 38 
and the beginning of transmission by the EUT.  39 

d) Repeat step b) and step c) 100 times. If each of the time intervals measured is equal to or greater 40 
than 10 ms and less than or equal to 150 ms and the measured time intervals vary uniformly 41 
between 10 ms and 150 ms, the EUT passes the test. 42 

Timing for EUTs using communications channel-type transmissions 43 
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This group of tests is applicable for an EUT that implements communications channel transmissions. The 1 
tests are intended to verify the timing of the EUT under conditions where acknowledged transmissions are 2 
expected. Acknowledged transmissions require a companion device; see Figure 7 or Figure 8 for test 3 
configuration.  4 

8.2.1 Acknowledgements27 5 

This subclause tests the EUT response to the lack of initial or continuing acknowledgements from the 6 
companion device under conditions where acknowledged transmissions are expected. 7 

For the purposes of this test, the companion device or its interconnection shall be controllable28 so that 8 
acknowledgements to the EUT of EUT transmissions may be blocked. If a beacon signal from the 9 
companion device is necessary for the EUT to attempt the start of a communications channel, the EUT 10 
shall be provided with the beacon from the companion device. 11 

The test procedure of step a) in this subclause verifies that a starting EUT will cease transmission within 1 s 12 
if an initial acknowledgement from a companion device is not received during the establishment of a 13 
communications channel. The test procedure of step c) in this subclause verifies that an EUT will cease 14 
transmission on the communications channel if an acknowledgement is not received at least every 30 s, for 15 
an established communications channel. 16 

Starting the activation of a communications channel in this context means sending the first message(s) on 17 
the selected communications channel. For the test procedure of step a) in this subclause, the EUT is the 18 
starting device. For the test procedure of step c) in this subclause, either the EUT or the companion device 19 
may be the starting device, as appropriate.  20 

 21 

The test procedure is as follows: 22 

a) This step applies only to an EUT that can start the activation of the communications channel. Block 23 
acknowledgements from the companion device. Have the EUT start transmission on the 24 
communications channel. Verify that the EUT does not transmit on the communications channel for 25 
more than 1 s, since an initial acknowledgement is not received.  26 

b) Unblock acknowledgements from the companion device, and verify that the EUT can initiate and 27 
maintain a communications channel when acknowledgements are present. 28 

c) This step tests that an EUT terminates transmissions on the communications channel within 30 s if 29 
acknowledgements cease, for an established communications channel. This test applies for both an 30 
EUT that starts the activation and an EUT that only responds. Activate the communications channel 31 
transmissions with unblocked acknowledgements between the EUT and the companion device. 32 
Then block acknowledgements from the companion device and verify that the EUT terminates its 33 
transmission on the communication channel in 30 s or less.  34 

Transmission duration29  35 

This subclause tests the EUT for compliance to the requirement of 47CFR15.323(c)(3) that the EUT does 36 
not continue to use the same channel without executing the access criteria at least as often as every 8 h.  37 

                                                 
27 See 47CFR15.323(c)(4). 
28 For the purpose of testing the response of the EUT to the lack of initial or continuing acknowledgements, the acknowledgement by 
the companion device of EUT transmissions may be prevented by turning off the companion device, by the insertion of attenuation 
between the companion device and the EUT, by the application of blocking interference to the companion device, by administrative 
commands applied to the companion device, or by any means appropriate to the purpose of the test. 
29 See 47CFR15.323(c)(3). 
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 1 

The test procedure is as follows: 2 

a) Activate the EUT and initiate a communication channel with the companion device, and start a 3 
timer or frame counter.  4 

b) Stop the timer at the end of the EUT transmission on the current time and frequency window.  5 

The EUT fails if the timer is greater than the limit. For an EUT with a frame period of 10/X ms, no more 6 
than 2 880 000 X frames30 should be transmitted without a break. 7 

8.3 Duplex connections31  8 

This test verifies that the two devices communicating over a duplex connection comply with the access 9 
criteria. Subclause 8.3 is required for and applies only to EUTs that are designated as “initiating” and 10 
“responding” devices, and together satisfy the criteria of 47CFR15.323(c)(10).32 The manufacturer shall 11 
state whether the criteria of 47CFR15.323(c)(10) are used, and if so, which EUTs are initiating devices and 12 
which devices are responding devices, and shall provide, as part of the test report, appropriate diagrams and 13 
other material to explain procedures for making duplex connections. 14 

The initiating device is the EUT, and the responding device is the companion device tested in conjunction 15 
with the EUT. 16 

To comply with 47CFR15.323(c)(10), the EUT must monitor both its transmit time/spectrum window and 17 
its receive time/spectrum window. The test therefore requires that interference at the EUT on its transmit 18 
and receive time/spectrum windows are are varied independently. Figure 11 gives an illustrative example of 19 
the interference, as seen at the EUT. Figure 11(a) represents the interference pattern to a TDMA EUT using 20 
time-division duplexing (TDD) on a single RF carrier and eight duplex time slots per carrier. Figure 11(b) 21 
shows the interference to a frequency-division multiple access (FDMA) EUT using TDD with a single 22 
duplex channel per carrier and eight carriers. 23 

Note that in both the TDMA and FDMA cases, the transmit and receive time and spectrum windows have 24 
different power levels at the EUT. Further, a transmit time and spectrum window may be interference-free 25 
while its paired receive window is not. In the example shown, the power levels of the receive windows are 26 
7 dB higher than those of the transmit windows; in each case, one transmit window and one receive 27 
window is interference-free, but the interference-free transmit and receive windows do not constitute a 28 
duplex pair. In the TDMA example of Figure 11(a), transmit slot 6 and receive slot 2 are interference-free, 29 
and in the FDMA example of Figure 11(b), the transmit slot on frequency 3 and the receive slot on 30 
frequency 6 are interference-free. Producing these interference patterns requires interference generators that 31 
can be synchronized to the frame clock of the EUT and can generate bursts of interference equal to the 32 
duration of the EUT transmit/receive bursts. 33 

                                                 
30 (3 600 s/h)(8 h)/(10/X ms/frame) = 2 880 000. 
31 See 47CFR15.323(c)(10) 
32 See 47CFR15.323(c)(10), which specifies that for the initiating device “both the intended transmit and receive time and spectrum 
windows [must] meet the access criteria.” This is interpreted to mean, in the case of LIC operation per 15.323(c)(5), that the greatest 
of the monitored level on the transmit and receive time/spectrum windows is used to determine the least interfered time/spectrum 
window duplex pair. 
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 1 

Figure 11 —Examples of interference for duplex connection test 2 

 3 

If no system clock signal is available to synchronize the interference generators to the system’s frame 4 
timing, establish a connection and use the start of the initiating device’s transmit burst as the 5 
synchronization signal (the transceiver pair used to generate the sync signal must be electromagnetically 6 
isolated from the EUT and the companion device). For an FDMA/TDD system, this procedure will provide 7 
frame synchronization. For a TDMA/TDD system, it will provide slot synchronization, but the transmit 8 
burst can occur on any slot in the transmit portion of the initiating device’s frame. Thus, it is possible that 9 
both interference-free slots from the generators could occur in either the transmit or receive portion of the 10 
EUT’s frame. However, the steps in 8.3.0 and 8.3.2 still apply because the initiating device must monitor 11 
both transmit and receive time/spectrum windows. The success criterion remains that the duplex slot pair is 12 
selected on which the interference power on the “interfered” half of the connection (transmit or receive) is 13 
either below TL + UM (for systems that do not use the LIC algorithm or do not offer at least 20 duplex 14 
communications channels) or is a minimum (for systems thatthat use the LIC algorithm and offer at least 20 15 
duplex communications channels). For example, in Figure 11(a), the slot pair labeled “6” should be 16 
selected. In Figure 11(b), the frequency pair labeled “3” should be selected. 17 

The same approach can be applied to systems that use frequency duplexing.33 For completeness, Figure 12 18 
gives an illustrative example of the interference for an FDMA system using frequency duplexing. 19 

Note that an EUT may pass either the tests of 8.3.1 or the tests of 8.3.2.  20 

8.3.1 Validation of dual access criteria check for EUTs that do not implement the LIC 21 
algorithm or don’t offer at least 20 duplex communications channels 22 

This test validates proper operation of an EUT that operates according to the provisions of 23 
47CFR15.323(c)(10) using a check of both transmit and receive channels on one end of the link to qualify 24 
both ends of the link for transmissions. If an EUT operates as part of a system that incorporates more than 25 

                                                 
33 It is expected that most systems in the 1920 MHz to 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 requirement that a device 
monitor its own transmit time/spectrum window would tend to make implementation of a conventional frequency-duplexed system 
awkward. 
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one kind of initiating device or more than one kind of responding device, then this test will be performed 1 
on each type of initiating device, with each type of responding device. 2 

 3 

Figure 12 —Example of duplex interference for FDMA frequency-duplexed system 4 

 5 

 6 

The test procedure is as follows: 7 

c) Adjust the path loss between the EUT and its companion device such that the received signal to 8 
the EUT from the companion device is at least 40 dB above TL + UM. 9 

a) By using either frequency administration commands or out-of-operating-region interference applied 10 
to the EUT, restrict the EUT and its companion device to operation at a single carrier f1 for TDMA 11 
systems and on f1 and f2 and corresponding duplex carriers for FDMA systems. If out-of-operating-12 
region interference is used to confine the EUT to the intended carrier(s), use the procedures of 7.2.3 13 
to ensure that the out-of-operating-region interference does not corrupt the test results. Verify that 14 
the EUT and its companion device can establish a connection on a time and spectrum window on 15 
the intended carrier(s). Terminate the connection. 16 

b) Apply interference at TL + UM per carrier to the EUT on the enabled carrier(s) on all of its receive 17 
time/spectrum windows except one, which has interference at least 10 dB below TL. Apply 18 
interference at TL + UM to the EUT on all transmit time/spectrum windows on the enabled 19 
carrier(s). Ensure that the interference levels at the companion device are at least 10 dB below TL 20 
for all time/spectrum windows. 21 

c) Cause the EUT to attempt to establish a connection. If a connection is established, the test fails. 22 
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d) If a connection exists, terminate it. Apply interference at TL + UM to the EUT on the enabled 1 
carrier(s) on all of its transmit time/spectrum windows except one, which has interference at least 2 
10 dB below TL. Apply interference at TL + UM to the EUT on all receive time/spectrum windows 3 
on the enabled carrier(s). Ensure that the interference level at the companion device is at least 10 4 
dB below TL for all time/spectrum windows. 5 

e) Cause the EUT to attempt to establish a connection. If a connection is established, the test fails.  6 

Validation of dual access criteria check for EUTs that implement the LIC algorithm and 7 
offer at least 20 duplex communications channels 8 

The test procedure is as follows: 9 

 10 

a) Adjust the path loss between the EUT and its companion device such that the received signal to the 11 
EUT from the companion device is at least 40 dB above TL + UM. 12 

b) By using either frequency administration commands or out-of-operating-region interference applied 13 
to the EUT, restrict the EUT and its companion device to operation at a single carrier f1 for TDMA 14 
systems and on f1 and f2 and corresponding duplex carriers for FDMA systems. If out-of-operating-15 
region interference is used to confine the EUT to the enabled carrier(s), use the procedures of 7.2.3 16 
to ensure that the out-of-operating-region interference does not corrupt the test results. Verify that 17 
the EUT and its companion device can establish a connection on a time/spectrum window on the 18 
enabled carrier(s). Terminate the connection. 19 

c) Apply interference to the EUT on the EUT’s transmit time/spectrum windows at TL + UM per 20 
carrier on all time/spectrum windows except for one, which has interference at least 10 dB below 21 
TL. Adjust the interference to the EUT on its receive time/spectrum windows such that a single 22 
time/spectrum window has interference at least 10 dB below TL, and the interference on the other 23 
time/spectrum windows is at TL + UM + 7 dB. The interference to the companion device should be 24 
at least 10 dB below TL on all active time/spectrum windows. The interference-free receive 25 
time/spectrum window must not be the duplex mate of the interference-free transmit time/spectrum 26 
window.34  27 

d) Cause the EUT to attempt to establish a connection. The connection should be made on the 28 
interference-free receive time/spectrum window and its duplex mate. Otherwise, the EUT fails the 29 
test. 30 

e) If a connection exists, terminate it. Reduce the interference on the EUT’s receive time/spectrum 31 
windows to a level of TL + UM per carrier on all time/spectrum windows except for one, which 32 
has interference at least 10 dB below TL. Raise the interference on the EUT’s transmit 33 
time/spectrum windows to a level of TL + UM + 7 dB, maintaining one time/spectrum window 34 
with interference at least 10 dB below TL. The interference to the companion device should be at 35 
least 10 dB below TL on all active time/spectrum windows. Again, the interference-free transmit 36 
and receive time/spectrum windows should not constitute a duplex pair if the system designates 37 
a specific duplex pairing for time/spectrum windows. 38 

f) Cause the EUT to attempt to establish a connection. The connection should be made on the 39 
interference-free transmit time/spectrum window and its duplex mate. Otherwise, the system 40 
fails the test. 41 

8.4  failsAlternative monitoring interval35  42 

                                                 
34 This assumes that the system designates a fixed duplex pairing for transmit and receive time/spectrum windows. If this is not the 
case, the interference-free time/spectrum windows must be selected by the EUT for both the transmit and receive directions. 
35 See 47CFR15.323(c)(11). 

Deleted: 2006

Formatted: Outline numbered +
Level: 3 + Numbering Style: 1, 2, 3,
… + Start at: 1 + Alignment: Left +
Aligned at:  0" + Tab after:  0" +
Indent at:  0"

Formatted: Space After:  6 pt,
Outline numbered + Level: 1 +
Numbering Style: a, b, c, … + Start
at: 1 + Alignment: Left + Aligned at: 
0.14" + Tab after:  0.44" + Indent
at:  0.44", Keep lines together

Formatted: Outline numbered +
Level: 2 + Numbering Style: 1, 2, 3,
… + Start at: 1 + Alignment: Left +
Aligned at:  0" + Tab after:  0" +
Indent at:  0"

Deleted: is failed

Deleted: Page Break

Deleted: which

Deleted: upper threshold

Deleted: 

Deleted: 

Deleted: subclause 

Deleted: Terminate the connection and 
raise the interference to the EUT on all of 
the EUT’s transmit and receive 
time/spectrum windows to TU + UM per 
carrier on all time/spectrum windows 
except for a single transmit 
time/spectrum window and a single 
receive time/spectrum window, which 
shall have interference at least 10

Deleted: dB below TL. The low-
interference 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 TU. Cause the EUT to 
attempt to establish a connection. If the 
EUT transmits (attempts to establish a 
connection), or a connection is 
established, the test is failed

Deleted: .¶
Page Break

Deleted: Ref.

Deleted: 59¶
Copyright © 2007 IEEE. All rights 
reserved.



IEEE Std ANSI C63.17-0 
IEEE <Gde./Rec. Prac./Std.> for Methods of Measurement of the Electromagnetic and Operational Compatibility of 

Unlicensed Personal Communications Services (UPCS) Devices 
 

 

Formatted: Header, Left

Formatted: Footer

The manufacturer shall state whether the EUT uses the provisions of 47CFR15.323(c)(10) and 1 
47CFR15.323(c)(11) ,the together to offer duplex communications even though monitoring both the 2 
desired transmit and the paired receive time/frequency windows may be possible only for the receive 3 
time/frequency window, due to transmissions in the paired time/frequency window by a collocated 4 
transmitter that is part of the same system.  If the EUT uses the provisions of 47CFR15.323(c)(11) to allow 5 
transmissions that would otherwise be blocked due to the transmissions of a collocated transmitter within 1 6 
meter and part to the EUT, the manufacturer shall provide, in the test report, the appropriate diagrams and 7 
other material to explain the use of the provisions of 47CFR15.323(c)(11). This test will be performed on 8 
each type of initiating device that uses the provisions of 47CFR15.323(c)(11). The EUT is the initiating 9 
device. The companion device is the “responding device.” Each type of initiating device must be tested 10 
with each type of responding device.  11 

This test validates the ability of the EUT to distinguish between same-system and other-system interference 12 
for purposes of satisfying the requirement of 47CFR15.323(c)(11). 13 

 14 

The test procedure is as follows: 15 

a) Adjust the path loss between the EUT and its companion device such that the received signal to the 16 
EUT from the companion device is at least 30 dB above TL. 17 

b) By using either frequency administration commands or out-of-operating-region interference applied 18 
to the EUT, restrict the EUT and its companion device to operation on two carriers  f1 or f2. . If out-19 
of-operating-region interference is used to confine the EUT to the intended carriers, use the 20 
procedures of 7.2.3 to ensure that the residual interference power from the out-of-operating-region 21 
interference generator(s) does not corrupt the test results. Verify that the EUT and its companion 22 
device can establish a connection. 23 

c) Apply interference at TL + UM per carrier to the EUT on all transmit time/spectrum windows on f1.. 24 
The interference must use the same physical layer parameters (modulation, frame format, etc.) as 25 
the EUT transmissions, but with a system identifier different from that used by the EUT and the 26 
companion device. Apply unmodulated interference at the level TL + UM – 6dB on f2 in all timeslots 27 
to the receiver of the EUT. Ensure that the interference level on either f1 or f2.  at the companion 28 
device’s receiver is at least 10 dB below T for all timeslots. Apply no interference to the EUT’s 29 
receive time/spectrum windows on f1. 30 

d) Cause the EUT to attempt to establish a connection. The connection should be established on f2. If a 31 
connection is established on f1, the test fails. 32 

9. Test report 33 

Test reports are the means of presenting the test results to the appropriate procuring or regulatory agency or 34 
for archiving the data in the files of the testing organization. As such, test reports shall be clearly written, in 35 
unambiguous language. 36 

9.1 Test report contents 37 

The conditions of test given in Clause 0, Clause 7, and Clause 8 shall be described in the test report in order 38 
for the test results to be properly documented. 39 

9.2 Applicable standards 40 
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In addition to this standard, any standards to which the EUT was tested shall be clearly stated in the test 1 
report. Where referenced standards have more than one measurement procedure, or where the referenced 2 
measurement procedure has options, the test report shall state which procedures or options were used. The 3 
test report shall also state the issue or year of the referenced standard(s) used. 4 

9.3 Equipment units tested 5 

The test report shall list all equipment tested, including product type and marketing designations where 6 
applicable. Serial numbers and any other distinguishing identification features shall also be included in the 7 
test report. Identification or detailed description shall also be made of interconnecting cables. The rationale 8 
for selecting the EUT (comprised of the equipment units needed to be functionally complete and the 9 
necessary cabling) shall be noted in the test report. 10 

9.4 Test configuration 11 

The setups of the equipment and cable or wire placement on the test site that produce the highest radiated 12 
and the highest ac powerline and antenna terminal conducted emissions (if applicable) shall be clearly 13 
shown and described. Drawings or photographs may be used for this purpose. A block diagram showing the 14 
interconnection of the major functional units is also useful. 15 

9.5 List of test equipment 16 

A complete list of all test instrumentation used shall be included with the test report. Manufacturer's model 17 
and serial numbers, and date of last calibration and calibration interval, shall be included. Measurement 18 
cable loss, external RF attenuators used, measuring instrument bandwidth and detector function, video 19 
bandwidth, if appropriate, and antenna factors shall also be included where applicable. 20 

9.6 Units of measurement 21 

Measurements of conducted emissions shall be reported in units of decibels referenced to 1 mW (dBm). 22 
Measurements of operating frequency, operating frequency with variations in ambient temperature and 23 
input mains or battery voltage, and occupied bandwidth of intentional radiators shall be reported in units of 24 
hertz or multiples thereof [e.g., kilohertz, megahertz]. Measurements of input RF power to intentional 25 
radiators shall be reported in units of watts. All formulas of conversions and conversion factors, if used, 26 
shall be included in the measurement report. 27 

9.7 Location of test site 28 

The location of the test site and accreditation expiry date (if applicable) shall be identified in the test report. 29 
Sites that have received recognition from various accreditation bodies shall use the same site address 30 
information as was included in their original application for recognition. 31 

9.8 Measurement procedures 32 

The sequence of testing followed to determine the data included in the test report should be documented.  33 
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9.9 Reporting measurement data 1 

The measurement results along with the appropriate limits for comparison shall be presented in tabular or 2 
graphical form. Alternatively, recorded charts or photographs of a receiver or spectrum analyzer display or 3 
other self-displaying instrumentation may be used if the information is clearly presented showing 4 
comparison to the limits and all data conversion is explained. The method of comparing measured data 5 
output to the limits shall be included. 6 

9.10 General and special conditions 7 

If an alternate test method was used, the test report shall identify and describe that method, provide 8 
justification for its use, and describe how the results obtained through its use correlate with the methods 9 
specified by the standard to which the EUT was tested. Instrumentation, instrument attenuator and 10 
bandwidth settings, detector function, EUT arrangement, and all other pertinent details of the test shall be 11 
provided so that the alternate test method can be replicated. When automatic scan techniques were used, an 12 
explanation of how the highest emission relative to the limit from the EUT was determined and the scan 13 
rate used to obtain recorded emissions is to be included in the test report. The actual operating and 14 
environmental conditions (e.g., voltage, powerline frequency, temperature, relative humidity, etc.) shall be 15 
listed in the report. 16 

9.11 Summary of results 17 

The test report summary section shall indicate whether the EUT passes or fails, and give margins (where 18 
applicable) with respect to the limits to which it was tested. If the equipment passes only with specific 19 
modifications or special attributes (such as shielded cables), this information shall be included in the 20 
summary results. 21 

9.12 Required signatures 22 

The test report shall contain the signature of the representative of the organization performing the tests. In 23 
addition, the test report shall identify the staff responsible for the proper execution of the test, and the name 24 
and address of the party requesting the tests. If changes are made during the period of test to bring the EUT 25 
into compliance, the test report shall so indicate. In addition, the report submitted to the procuring 26 
organization or regulatory agency shall include a signed statement by the manufacturer or developer 27 
agreeing to the changes and their incorporation into production. 28 

9.13 Test report appendixes 29 

The test report shall contain, if required, photographs or detailed sketches of the EUT configuration, 30 
showing sufficient information to allow the EUT to be reconfigured in a manner that would allow the 31 
original test to be replicated with a high likelihood that the test results would be in agreement with the 32 
results of the original test within acceptable tolerances. 33 

9.14 Test report disposition 34 
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The test report shall be maintained by the testing organization for a period of at least three years following 1 
the date of the test. The manufacturer may be required by a regulatory agency to maintain a copy of the 2 
report for a longer period of time. 3 
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Annex A  1 

(informative) 2 

47CFR15, Subpart D—Rules and test cases for UPCS devices 3 

47CFR15, Subpart D—Unlicensed PCS Devices, as of December 29 2004 ANSI test 

Scope 15.301 

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

Information 

Definition 15.303  

Emission 
bandwidth 

15.303(c) 

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 frequency, that are 26 dB down relative to the maximum 
level of the modulated carrier. Compliance with the emissions limits is 
based on the use of measurement instrumentation employing a peak 
detector function with an instrument resolutions bandwidth approximately 
equal to 1.0 percent of the emission bandwidth of the EUT under 
measurement. 

6.1.3 

Peak transmit 
power 

15.303(f) 

peak transmit power: The peak power output as measured over an 
interval of time equal to the frame rate or transmission burst of the EUT 
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 EUT cannot be connected directly, 
alternative techniques acceptable to the Commission may be used. 

6.1.2 

PCS ddevices 15.303(g) 

personal communications service (PCS) devices [unlicensed]: 
Intentional radiators operating in the frequency band 1920–1930 MHz 
that provide a wide array of mobile and ancillary fixed communication 
services to individuals and businesses. 

Definition 

Spectrum 
wwindow 

15.303(h) 

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

Definition 

Thermal noise 
power 

15.303(j) 

thermal noise power: The noise power in watts defined by the formula  
N = kTB, where N is the noise power in watts, 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 EUT in hertz. 

Definition 

Time window 15.303(k) 

time window: An interval of time in which transmission is desired. 

Definition 
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47CFR15, Subpart D—Unlicensed PCS Devices, as of December 29 2004 ANSI test 

Equipment 
aauthorization 

15.305 

Equipment authorization requirement. 

UPCS devices operating under this subpart shall be certificated by the 
Commission under the procedures in Subpart J of Part 2 of this Chapter 
before marketing. The application for certification must contain sufficient 
information to demonstrate compliance with the requirements of this 
subpart. 

Information 

Coordination 15.307 

Coordination with fixed microwave service. 

UTAM test 

 –   

cUTAM 
certification 

15.307(b) 

Each application for certification of equipment operating under the 
provisions of this Subpart must be accompanied by an affidavit from 
UTAM, Inc. certifying that the applicant is a participating member of 
UTAM, Inc. In the event a grantee fails to fulfill the obligations attendant 
to participation in UTAM, Inc., the Commission may invoke 
administrative sanctions as necessary to preclude continued marketing 
and installation of devices covered by the grant of certification, including 
but not limited to revoking certification. 

UTAM ttest 

Cross rreference 15.309 

Cross reference 

 

 15.309(a) 

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

6.1.6 

 15.309(b) 

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

6.1.6 

Labeling 15.19(a) 

(3) All other devices shall bear the following statement in a conspicuous 
location on the device: 

This device complies with part 15 of the FCC Rules. Operation is subject 
to the following two conditions: (1) This device may not cause harmful 
interference, and (2) this device must accept any interference received, 
including interference that may cause undesired operation. 

(4) Where a device is constructed in two or more sections connected by 
wires and marketed together, the statement specified under paragraph (a) 
of this section is required to be affixed only to the main control unit. 

(5) When the device is so small or for such use that it is not practicable to 
place the statement specified under paragraph (a) of this section on it, the 
information required by this paragraph shall be placed in a prominent 
location in the instruction manual or pamphlet supplied to the user or, 
alternatively, shall be placed on the container in which the device is 
marketed. However, the FCC identifier or the unique identifier, as 
appropriate, must be displayed on the device. 

Labels 
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47CFR15, Subpart D—Unlicensed PCS Devices, as of December 29 2004 ANSI test 

Measurement 
pprocedures 

15.313 

Measurement procedures. 

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

ANSI C63.17 
(general) 

Conducted limits 15.315 

Conducted limits. 

An unlicensed PCS device that is designed to be connected to the public 
utility (AC) power line must meet the limits specified in 47CFR15.207. 

ANSI C63.4 

Antenna 
requirement 

15.317 

Antenna requirement. 

An unlicensed PCS device must meet the antenna requirement of 
47CFR15.203. 

Information 

trGeneral technical 
requirements 

15.319 

General technical requirements 

 

Frequency of 
operation 

15.319(a) 

[reserved] 

 

Digital modulation 15.319(b) 

All transmissions must use only digital modulation techniques. Both 
asynchronous and isochronous operations are permitted within the 1920–
1930 MHz band. 

6.1.4 

Peak transmit 
power 

15.319(c) 

Peak transmit power shall not exceed 100 microwatts multiplied by the 
square root of the emission bandwidth in hertz. Peak transmit power must 
be measured over any interval of continuous transmission using 
instrumentation calibrated 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. 

6.1.2 

Power spectral 
density 

15.319(d) 

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

6.1.5 

Antenna gain 15.319(e) 

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

4.3.1 

Operational failure 
requirement 

15.319(f) 

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 with 
explanation 
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Spurious emission 15.319(g) 

Notwithstanding other technical requirements specified in this subpart, 
attenuation of emissions below the general emission limits in 
47CFR15.209 is not required. 

6.1.6 

Spurious emission 
transition limits 

15.319(h) 

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

 

Safety exposure 
levels 

15.319(i) 

Unlicensed PCS devices are subject to the radiofrequency radiation 
exposure requirements specified in §§1.1307(b), 2.1091 and 2.1093 of 
this chapter, as appropriate. All equipment shall be considered to operate 
in a “general population/uncontrolled” environment. Applications for 
equipment authorization of devices operating under this section must 
contain a statement confirming compliance with these requirements for 
both fundamental emissions and unwanted emissions. Technical 
information showing the basis for this statement must be submitted to the 
Commission upon request. 

Refer to IEEE 
1528-2003 

UPCS ddevice 15.323 

Specific requirements for devices operating in the UPCS band. 

 

Emission 
bandwidth and 
power level 

15.323(a) 

Operation shall be contained within the 1920–1930 MHz band. The 
emission bandwidth shall be less than 2.5 MHz. The power level shall be 
as specified in 47CFR15.319(c), but in no event shall the emission 
bandwidth be less than 50 kHz. 

6.1.3 and 6.1.2 

Channel packing 15.323(b) 

[removed and reserved] 

 

Listen before 
transmit (LBT) 

15.323(c) 

Isochronous devices must incorporate a mechanism for monitoring the 
time and spectrum windows that its transmission is intended to occupy. 

 

Monitoring ttime 15.323(c)(1) 

Immediately prior to initiating transmission, devices must monitor the 
combined time and spectrum windows in which they intend to transmit 
for a period of at least 10 milliseconds for systems designed to use a 10 
millisecond or shorter frame period or at least 20 milliseconds for systems 
designed to use a 20 millisecond frame period. 

7.3.3 

Monitoring 
threshold 

15.323(c)(2) 

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

7.3.1 

Maximum transmit 
period 

15.323(c)(3) 

If no signal above the threshold level is detected, transmission may 
commence 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 cooperating devices continuously over a period of 
time longer than 8 hours is not permitted without repeating the access 
criteria. 

8.2.2 
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System 
acknowledgement 

15.323(c)(4) 

Once access to specific combined time and spectrum windows is obtained 
an acknowledgement from a system participant must be received by the 
initiating transmitter within one second or transmission must cease. 
Periodic acknowledgements must be received at least every 30 seconds or 
transmission must cease. Channels used exclusively for control and 
signaling information may transmit continuously for 30 seconds without 
receiving an acknowledgement, at which time the access criteria must be 
repeated. 

8.1 or 8.2 

ic ()Least 
interfered channel 
(LIC) 

15.323(c)(5)  

LIC selection 15.323(c)(5).1 

If access to spectrum is not available as determined by the above and a 
minimum of 20 duplex system access channels are defined for the system, 
the time and spectrum windows with the lowest power level may be 
accessed. 

7.3.3 and 
declaration of 
duplex system 
access channels 

LIC confirmation 15.323(c)(5).2  

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

7.3.2 and 7.3.3 

Power 
measurement 
resolution 

15.323(c)(5).3 

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

7.3.2 

Maximum 
spectrum 
occupancy 

15.323(c)(5).4 

No device or group of co-operating devices located within 1 meter of each 
other shall, during any frame period, occupy more than 6 MHz of 
aggregate bandwidth, or alternatively, more than one third of the time and 
spectrum windows defined by the system. 

Declaration 

Random waiting 15.323(c)(6) 

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

8.1.3 for 
systems that do 
not use the LIC 
or do not offer at 
least 20 duplex 
communications 
channels. For 
systems that do 
implement the 
LIC algorithm 
and offer at least 
20 duplex 
communications 
channels, not 
applicable. 

Monitoring 
rrequirements 

15.323(c)(7)  
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Monitoring 
bbandwidth 

15.323(c)(7).1 

The monitoring system bandwidth must be equal to or greater than the 
emission bandwidth of the intended transmission. 

7.4 

Monitoring 
reaction time 

15.323(c)(7).2 

The monitoring system shall have a maximum reaction time less than  
50 × SQRT (2.5/emission bandwidth in MHz) μs for signals at the 
applicable threshold level but shall not be required to be less than 50 μs.  

If a signal is detected that is 6 dB or more above the applicable threshold 
level, the maximum reaction time shall be 35 × SQRT (2.5/emission 
bandwidth in MHz) μs but shall not be required to be less than 35 μs. 

7.5 

Monitoring 
aantenna 

15.323(c)(8) 

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

Clause 4 

Monitoring 
threshold 
relaxation 

15.323(c)(9) 

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

Clause 4 

Duplex system 
LBT 

15.323(c)(10) 

An initiating device may attempt to establish a duplex connection by 
monitoring both its intended transmit and receive time and spectrum 
windows. If both the intended transmit and receive time and spectrum 
windows meet the access criteria, 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 monitored by the initiating device. 

8.3 

Co-located device 
LBT 

15.323(c)(11) 

An initiating device that is prevented from monitoring during its intended 
transmit window due to monitoring system blocking from the 
transmissions of a co located (within one meter) 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 milliseconds. The 
monitored time and spectrum window must total at least 50 percent of the 
10 millisecond frame interval and the monitored spectrum must be within 
1.25 MHz of the center frequency of channel(s) already occupied by that 
device or co located co operating devices. If the access criteria is met for 
the intended receive time and spectrum window under the above 
conditions, then transmission in the intended transmit window by the 
initiating device may commence. 

8.4 

Fair access 15.323(c)(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 

Adjacent 
emissions 

15.323(d)  
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Out-of-band 
emissions 

15.323(d).1 

Emissions outside the band shall be attenuated below a reference power of 
112 milliwatts as follows: 30 dB between the band and 1.25 MHz above 
or below the band; 50 dB between 1.25 and 2.5 MHz above or below the 
band; and  
60 dB at 2.5 MHz or greater above or below the band 

6.1.6 

In-band unwanted 
emissions 

15.323(d).2 

Emissions inside the band must comply with the following emission 
mask: In the bands between 1B and 2B 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 intentional radiator shall be at least 50 dB 
below the transmit power permitted for that radiator; in the bands between 
3B and the band 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. “B” is defined as the emission 
bandwidth of the device in hertz. Compliance with the emission limits is 
based on the use of measurement instrumentation employing peak 
detector function with an instrument resolution bandwidth approximately 
equal to 1.0 percent of the emission bandwidth of the device under 
measurement. 

6.1.6 

Frame 
Requirement 

15.323(e)  

Frame period 15.323(e).1 

The frame period (a set of consecutive time slots in which the position of 
each time slot can be identified by reference to a synchronizing source) of 
an intentional radiator operating in this band shall be 20 milliseconds or 
10 milliseconds/X where X is a positive whole number. 

6.2.3 

Frame repetition 
stability 

15.323(e).2 

Each device that implements time division for the purposes of 
maintaining a duplex connection on a given frequency carrier shall 
maintain a frame-repetition rate with a frequency stability of at least 50 
parts per millions (ppm). 

6.2.2 

TDMA repetition 
stability 

15.323(e).3 

Each device which further divides access in time in order to support 
multiple communication links on a given frequency carrier shall maintain 
a frame-repetition rate with a frequency stability of at least 10 ppm. 

6.2.2 

Jitter 15.323(e).4 

The jitter (time-related, abrupt, spurious variations in the duration of the 
frame interval) introduced at the two ends of such a communication link 
shall not exceed 25 μs for any two consecutive transmissions. 

6.2.3 

Continuous 
transmit during 
frame 

15.323(e).5 

Transmissions shall be continuous in every time and spectrum window 
during the frame period defined for the device. 

6.2.3 

Carrier sstability 15.323(f)  
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Carrier frequency 
stability  
(< 10 ppm) 

15.323(f).1 

The frequency stability of the carrier frequency of the intentional radiator 
shall be maintained within ± 10 ppm over 1 hour or over the interval 
between channel access monitoring, whichever is shorter. 

6.2.1.1 

Carrier frequency 
stability (extreme 
conditions) 

15.323(f).2 

The frequency stability shall be maintained over a temperature variation 
of −20 °C to +50 °C at normal supply voltage, and over a variation in the 
primary supply voltage of 85 percent to 115 percent of the rated supply 
voltage at a temperature of 20 °C. 

6.2.1.3 

Carrier frequency 
stability (battery) 

15.323(f).3 

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

6.2.1.2 

 1 
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Annex B  1 
 2 
(informative) 3 
 4 
Radiated and conducted measurement of power output and monitoring 5 
thresholds 6 

This appendix contains background material to support the procedures in Clause 4 of this standard. 7 

B.1 General 8 

To measure relative values of the electromagnetic compatibility (EMC) and operational compatibility (OC) 9 
test signals, or to sample the signal for further relative analysis, measurements can be performed at 10 
noncalibrated test facilities. 11 

B.1.1 Detachable antennas 12 

If sample EUTs can be tested with connections provided by the manufacturer in place of antennas or if the 13 
EUT has detachable antenna(s),36 then conducted measurements are preferred. Conducted measurements do 14 
not require a facility that complies with the requirements of ANSI C63.4-2003. In addition to the conducted 15 
measurements of emissions power and monitoring threshold, radiated tests of the EUT transmit antenna 16 
gain and the EUT transmit and monitoring system coverage equivalency may be necessary. If so, the EUT 17 
antenna-related parameters should be tested as recommended by IEEE Std 149, or equivalent documents. 18 
As a rule, the radiated measurements must be performed at a test facility that meets the free-space 19 
requirements as set forth in Clause 6. To measure absolute values of conducted test signals, noncalibrated 20 
signals can be used. To measure absolute values of radiated signals, calibrated test facilities must be used. 21 

B.1.2 Nondetachable antennas 22 

Radiated measurements of the EMC and OC characteristics must be performed on equipment with 23 
nondetachable antennas even when the EMC and OC performance limits are specified in terms of 24 
conducted units, if sample EUTs cannot be tested with connections provided by the manufacturer in place 25 
of antennas. In this case, the radiated test results obtained must be correlated with specified conducted 26 
limits. When necessary, the EUT antenna-related parameters should be tested as recommended by  27 
IEEE Std 149-1979, or equivalent documents. As a rule, the radiated measurements must be performed at a 28 
test facility that meets the free-space requirements as set forth in Clause 4. 29 

B.1.3 Alternative test facilities, measurement techniques, and test site validation 30 

The preferred radiated test environment is free space. In a simulated free-space environment, there are no 31 
requirements for the ground plane of the facility. Alternative test environments and techniques are also 32 
permitted, provided their correlation with the preferred methods can be demonstrated. If the test methods 33 
are not given in this standard, the procedures recommended by ANSI C63.4-2003 and other applicable 34 
standards shall be used. When TEM cell-based test facilities are used (e.g., a wideband  35 
TEM cell), the measured quantity is not field strength but rather radiated power. In this case, the 36 
computation of radiated parameters must be performed according to the facility manufacturer’s instructions 37 
and correlated with free-space measurements. Test site validation documentation must be provided in the 38 
test report, demonstrating the required ratio of direct and reflected signal components for approximating the 39 

                                                 
36 Detachable antenna(s), if provided as a standard configuration, shall be in conformance with the requirements of 47CFR15.203. 
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free-space environment or correlation with recommended methods for alternative techniques (e.g.,  1 
a wideband TEM cell). 2 

Power limits  3 

B.2.1 Transmit power limits 4 

For EUTs with antenna gain less than a certain value g, which is specified in the applicable regulations,37 5 
the maximum EUT transmit power at the transmit antenna terminals is Pmax = 10−4 B  W, where B is the 6 
EUT emission bandwidth in hertz. In decibels referenced to 1 mW, Pmax = 5 log B − 10. If the antenna gain 7 
exceeds g, then the actual EUT transmit power PEUT must be reduced below this limit by the amount that 8 
the directive gain of the EUT transmit antenna (relative to an isotropic antenna) exceeds a certain value g, 9 
as shown in the following equation: 10 

gGP

gGgGP
PPP

A

AA





when ,

when ),(
  

max

max
limitlimitEUT where

 (B.1) 11 

where 12 

GA  is the maximum directional gain of the EUT transmit antenna 13 

B.2.2 Monitoring threshold limits 14 

The maximum monitoring threshold for an EUT which does not implement the LIC algorithm or does not 15 
offer at least 20 duplex communications channels, and is transmitting at the maximum allowed power is ML 16 
dB  17 
above kT0B, where k = 1.38 × 10−23 W/K Hz, (Boltzmann’s constant), T0 = 290 K (a defined absolute 18 
temperature), and B is the measured emissions bandwidth (in hertz). The implementation  of ML is made 19 
based on whether the EUT implements the LIC algorithm and how many channels a system built with the 20 
EUT offers. If the EUT does not implement the LIC algorithm or if a system built with the EUT does not 21 
offer at least 20 duplex communications channels, then the selection is limited to ML; otherwise, no 22 
threshold is mandated. 23 

For an EUT transmitting less than the maximum permitted power, the monitoring threshold limit increases 24 
by the difference between lPlimit and PEUT. The effect of the rules, therefore, is to place an upper bound on 25 
the sum of the EUT transmit power and monitoring threshold. 26 

A provision is made in the EUT test procedures for an uncertainty margin UM. This margin is provided to 27 
account for the effects of measurement noise in the EUT’s operations, the intent being to allow the 28 
manufacturer to implement EUTs with the thresholds as defined without having to incrementally reduce the 29 
implemented threshold so as to allow for statistical variation in measurement results and other sources of 30 
measurement error. 31 

B.2.3 EIRP and electric field (E-field) threshold limits for radiated tests 32 

For an EUT with a nondetachable antenna and without a test connector added to the EUT for the purposes 33 
of evaluation, the transmit power must be measured in terms of EIRP referenced to an equivalent conducted 34 
level according to the calibration of the radiated test facility.  35 

                                                 
37 47CFR15.319(e) specifies g = 3 dBi. 
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Measurement of the monitoring thresholds must be based on an equivalent E-field incident on the transmit 1 
antenna, generated according to the calibration of the radiated test facility, or using the path loss method of 2 
4.4. 3 

Separate transmit and monitoring antennas 4 

The EUT monitoring antenna shall provide coverage, equivalent to the EUT transmit antenna, that may 5 
result in further correction to the monitoring threshold. The following definition of equivalent coverage is 6 
adopted. 7 

The monitoring system shall cause deference to any transmission of sufficient strength to induce a power 8 
level in the EUT transmit antenna that exceeds the maximum threshold allowed for the system under test, 9 
measured at the transmit antenna input. 10 

In applying this principle to develop tests for equivalent coverage, the following assumptions are made: 11 

a) Distance between the transmit and monitoring antennas is not specified in the rules and therefore is 12 
determined by the system designer. 13 

b) There is no requirement that the gain and pattern characteristics of the transmit and monitoring 14 
antennas be identical. 15 

c) Reciprocity exists between transmit and receive gain and pattern characteristics of the transmit 16 
antenna, and the transmit antenna is essentially a lossless radiator. 17 

To verify that the monitoring antenna has coverage equivalent to that of the transmitting antenna, it is 18 
necessary to demonstrate that the EUT defers if a received signal is sufficiently strong to generate an at-19 
threshold power level at the transmit antenna terminals, unless the transmit and receive antennas are 20 
substantially identical and are collocated. 21 

B.3 Transmit power and monitoring threshold test method selection 22 

Practical procedures to demonstrate compliance with the transmit power and monitoring threshold limits 23 
depend on the availability of the antenna terminals for measurements and the relationship between the 24 
transmit and monitoring antennas.  25 

B.3.1 Detachable transmit and monitoring antennas 26 

If a single antenna performs both transmission and monitoring functions, or the transmit and monitoring 27 
antennas are separate but identical and collocated, the equivalent coverage requirements are always met. In 28 
this case, when the EUT antenna is detachable or can be replaced by a connector (and matching circuit, if 29 
necessary), testing to demonstrate compliance with the output power and threshold limits requires 30 
determination of the antenna gain in the direction of maximum radiation, and conducted measurements of 31 
the EUT transmit power and monitoring threshold at the antenna terminals. The antenna gain in the 32 
direction of maximum radiation is determined from typical antenna measurements or manufacturer’s 33 
declaration. It may be possible to measure the EUT gain in facilities that measure radiated power, such as a 34 
wideband TEM cell. In this case, the correlation should be demonstrated with free-space antenna 35 
measurements. Detailed threshold measurements are described in Clause 7. 36 

When the EUT transmit and monitoring antennas are detachable, but different and collocated, the threshold 37 
limit must also account for the equivalent transmit/monitoring antenna coverage. The coverage 38 
measurements can be performed with a reference antenna illuminating the EUT transmit and monitoring 39 
antennas, maintaining a controlled receive power level at the EUT transmit antenna terminals; the level at 40 
the monitor antenna is uncontrolled but the implemented threshold must be chosen by the manufacturer to 41 
cause deferral for all levels for which the level at the transmit antenna is above the appropriate margined 42 
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threshold. The test is done with horizontally and vertically polarized reference antennas for a limited 1 
number of EUT orientations. Corresponding procedures can be devised when the tests are made at radiated 2 
power-measuring facilities (e.g., a wideband TEM cell). 3 

If the transmit and monitoring antennas can be separated from each other by a maximum distance s, it is 4 
suggested that the power TM at the EUT transmit antenna terminals be established only for one point at 5 
distance r between the reference antenna and the EUT in the direction of EUT transmit antenna maximum 6 
radiation, by applying corresponding power PTref  at the terminals of a reference antenna. Then, while the 7 
position of the reference antenna is not changed, the monitoring antenna is placed at a distance r + s from 8 
the reference antenna, and is positioned in multiple orientations. If the EUT fails to defer in any orientation, 9 
the reference antenna should be rotated 90° about the direction to the EUT. Only if the EUT again fails to 10 
defer should it be held noncompliant. 11 

B.3.2 Nondetachable transmit and monitoring antennas 12 

When access to the EUT antenna terminals is not available [antennas are nondetachable and no provisions 13 
have been made in the test samples for a matched connection made in place of the antenna(s])], only 14 
radiated measurements are possible, and tests for compliance with the rules must be based on 15 
measurements of EIRP and the response of the EUT to the applied field strength. Procedures to determine 16 
the gain GA of detachable antennas based on power comparison at the antenna terminals are not applicable. 17 
Several alternative test techniques are possible based on measurements of radiated field intensities and/or 18 
antenna-related parameters. The relationships given in B.3.3 allow the EIRP and the applied field strength 19 
threshold to be determined in the free-space environment with a reference antenna, which is first used to 20 
measure the radiated field strength from the EUT and then used to generate a field incident at the EUT. 21 

B.3.3 Relationships for radiated measurement of EIRP 22 

In a free-space environment, the radiated field intensity is related to the transmitted power at the antenna 23 
terminals, shown in the following equation: 24 

 
),(30

1
),(  PG

r
E     V/m

 (B.2) 25 

where  26 

P  is the power (in watts) applied to the EUT antenna terminals 27 
r  is the distance in meters from the antenna to the observation point 28 
G(θ,φ) is the directive gain of the transmit antenna in the (θ,φ) direction.  29 

 30 

Converting to logarithmic units and considering the direction (θ,φ) in which the EUT antenna gain achieves 31 
its maximum value GA, given in the following equation: 32 

 ,8.104log20 10EUTmax,EUT  rGPE A    dBμV/m
 (B.3) 33 

 
A

GP 
EUTEUT

EIRP
 (B.4) 34 

where  35 
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GA (dBi) is the maximum directive antenna gain of the EUT 1 
PEUT   is in dBm 2 

From Equation (B.3) and Equation (B.4), the EIRP is related to the measured field by the following 3 
equation: 4 

 EIRP E rEUT EUT  max log . .20 104 810  (B.5) 5 

General guidelines on measurement conditions and procedures 6 

B.4.1 Conducted measurements 7 

When the transmit and monitoring system power can be measured at the EUT antenna terminals, these 8 
characteristics are tested with conducted measurements, and the procedures described in Clause 7 can be 9 
applied directly. Only the transmit antenna gain and the transmit and monitoring system equivalent 10 
reception tests must be performed using radiated measurements.  11 

The EUT transmit antenna gain is determined as recommended in IEEE Std 149-1979. For WB TEMs, the 12 
test procedure is similar with the EUT being rotated within the cell. However, the measured quantity is not 13 
field strength but rather radiated power. 14 

B.4.2 Radiated measurements 15 

Since the measurement parameters and variables can be expressed in several different, albeit equivalent, 16 
ways, a number of test procedures can be used to evaluate the EUT with nondetachable antennas. As an 17 
example, some of the methods presented in the standard test procedures are based on radiated propagation 18 
(see Figure 2 and 4.8). Corresponding test procedures can also be based on facilities that measure radiated 19 
power (wideband TEM, etc.), where instead of using the reference antenna, the necessary power levels are 20 
generated and/or measured by the test facility itself. 21 

The preferred test environment for radiated measurements is “free space.” For purposes of the tests 22 
specified in this standard, the free-space environment can be realized in a wideband TEM, an anechoic 23 
chamber, or simulated at an open-area test site (OATS) or semi-anechoic chamber by maintaining at least 24 
10 dB loss of the signal reflected from the ground plane to the line-of-sight signal. A simulated free-space 25 
environment can be achieved, for example, by lining the OATS or semi-anechoic chamber ground plane 26 
with an RF absorber, by using the elevated test sites where both the EUT and the test antennas are placed at 27 
a sufficient distance (height) over the ground plane and other reflective objects, and by utilizing directive 28 
reference antennas, which reject the reflected wave to a sufficient degree.  29 

In a simulated free-space environment, there are no specific requirements for the ground plane of the 30 
facility. The free space and simulated free-space environment site validation documentation must be 31 
provided, which demonstrates the required ratio of direct and reflected signal during the test. 32 

To measure the EUT gain at facilities that make field strength measurements, install the EUT at a 33 
nonconducting table or a turntable at the test site. Attach the EUT transmit antenna(s). Install a linearly 34 
polarized calibrated reference at a distance rt > 2D2/λ from the EUT, where D is the largest dimension of 35 
the EUT and λ is the wavelength of the signal. Align the reference antenna for its major lobe facing the 36 
EUT. Configure the reference antenna as a receive antenna. Find the EUT direction of maximum radiation 37 
by measuring the EUT emissions at sufficient number of equally spaced points on the surface of a sphere 38 
with radius r and the EUT transmit antenna at its center. This can be achieved, for example, by measuring 39 
the E-field intensity with horizontally and vertically polarized reference antenna, while moving the EUT 40 
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within 0° to 360° azimuth and 0° to 180° elevation plane angle variations. After the direction of the EUT 1 
maximum radiation is found, the EUT gain GA can be determined using standard procedures for antennas. 2 

For facilities that measure radiated power, such as WB TEMs, install the EUT in the center of the test 3 
volume using nonconductive material to position the unit. Find the EUT direction of maximum radiation by 4 
measuring the EUT emissions at sufficient number of equally spaced points on the surface of a sphere 5 
surrounding the EUT. After the direction of the EUT maximum radiation is found, the EUT gain GA can be 6 
determined using standard test procedures for antennas. 7 
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Annex C  1 

(informative) 2 

Options for implementing the tests of Clause 7 and Clause 8 3 

This annex discusses recommendations for the multicarrier interference generator that may be used to block 4 
use of particular carriers and timeslots as required by tests of Clause 7 and Clause 8. An example 5 
implementation is provided of one such multicarrier interference generator. 6 

 7 

While the tests described in this standard are based on general-purpose instrumentation, tests using 8 
alternative, more specialized instrumentation can, in some cases, be performed more quickly with equally 9 
valid results. For some EUTs (e.g., those operating in conformance with an industry standard air interface), 10 
instruments may be available that are specifically designed to test equipment using a particular type of 11 
modulation, frequency channelization, frame structure, etc. Those instruments may be capable of 12 
automatically performing some of the tests specified in Clause 0 (e.g., emission bandwidth, PSD). Such 13 
instruments can be used instead of general purpose instruments (spectrum analyzers, signal analyzers, etc.).  14 

C.1 Multicarrier interference generator 15 

A multicarrier interference generator capable of generating continuous wave (CW) signals on any selected 16 
combination of EUT carrier frequencies. Its exact specifications depend on the EUT, but may meet or 17 
exceed the following: 18 

 19 

 Independently switchable (on/off) EUT carriers combined in a single 50 Ω RF output 20 

 Power output per carrier  ≥ −35 dBm 21 

 Frequency tolerance  ≤ 10% of EUT center frequency separation 22 

 Adjacent channel interference  ≤ −30 dBc in EUT receiver noise bandwidth 23 

 24 

The multicarrier interference generator may offer provisions for synchronizing with the slot timing of the 25 
EUT in order to provide timeslot-specific blocking. 26 

C.2 General 27 

The tests of Clause 7 and Clause 8 often require means by which specialized interference is applied to the 28 
EUT. For some tests, this interference must be synchronized with the frame and slot timing of the EUT. For 29 
example, 7.5 requires interference bursts of a particular length appearing at a particular location within the 30 
EUT’s timeslots. Subclause 7.3.3 adds the requirement that the interference profile (the interference level 31 
on each carrier and timeslot) must be able to be changed in the frame prior to the initial transmit burst. 32 
These requirements create challenges for the test engineer.  33 
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These challenges can be addressed by means of a multi-triggerable multicarrier signal generator. The 1 
generator is programmed to make carriers at a settable level on each of the RF carriers possible for the 2 
system. The carriers each are subdivided into timeslots whose level can be individually programmed. The 3 
generation of each frame by the vector signal generator is synchronized to the EUT timing by means of a 4 
frame-sync signal coming from either the EUT or the companion device, as appropriate, and applied to a 5 
trigger input for the vector signal generator. The switching from one interference profile to another is 6 
implemented by means of a second trigger to the vector signal generator whose source is a digital hardware 7 
flag generated by the controller in the EUT or companion device as appropriate, depending on the presence 8 
of a user interface or other communications channel commencement means. This digital hardware flag is 9 
made active by the controller’s software implementation during the setup of the communications channel 10 
during the frame previous to the first intended transmit frame of the communications channel. 11 

C.2.1 The multicarrier signal generator 12 

The specific implementation described here uses a general-purpose RF vector signal generator. The vector 13 
signal generator is envisioned as included in a ™test system mainframe3940, which can incorporate a 14 
general-purpose Windows PC, and the generator elements consist of a programmable RF source with a 15 
wideband modulation port, and an arbitrary waveform generator. In this implementation, the functionality 16 
of the RF vector generator is under the control of a program running on the on-board PC. 17 

The RF source element has attenuators and gain stages in provision for the setting of the overall signal 18 
level. The controlling software allows the test engineer to set the levels in individual timeslots. When the 19 
interference profile is loaded into the arbitrary waveform generator, drivers within the controlling software 20 
adjust the composite signal level so as to achieve the desired signal level for each of the carriers and 21 
timeslots. 22 

The arbitrary waveform generator element generates an IF signal incorporating the desired multicarrier 23 
modulation, which is then applied to the RF source element. The arbitrary waveform generator is 24 
configured with two trigger inputs and two marker outputs. The triggers inputs are used to synchronize with 25 
the frame timing, and to change the interference profile immediately prior to the first transmit burst of a 26 
communications channel. The two marker outputs are used to show the timing of the interference profile 27 
change in the course of documenting the timed interference tests of the EUT. 28 

C.2.1.1 Trigger functionality for the arbitrary waveform generator frame synchronization 29 

The interference must be synchronized with the frame of the EUT so that time alignment with individual 30 
slots and timing within slots is controlled. In this implementation, the arbitrary waveform generator is 31 
programmed to make one frame of multicarrier signal, less a few microseconds. When the frame-sync 32 
signal arrives at the trigger, the arbitrary waveform generator generates one frame, then waits for the next 33 
trigger, which arrives in a few microseconds. Each timeslot is bracketed by idle periods, and the interval 34 
waiting for the next frame trigger occurs during the idle period following the last timeslot of the frame, so 35 
multicarrier signal integrity is preserved, yet small differences in the clock rates between the EUT and the 36 
test system are removed. 37 

                                                 
39 This information is given for the convenience of users of this standard and does not constitute an endorsement by the IEEE of this 
product. Equivalent technology may be used if it can be shown to lead to the same results. 
40 PXI is a trademark of PXI Systems Alliance, Incorporated. 
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C.2.1.2 Trigger functionality for the arbitrary waveform generator on interference profile 1 
changes 2 

The text of 7.3.3 requires that the interference profile be changed immediately prior to the first transmit 3 
burst of the communications channel. The arbitrary waveform generator’s multiple-trigger capability is 4 
used to make the interference profile being generated change to a second profile on the receipt of a trigger 5 
signal. During test setup, the arbitrary waveform generator is loaded with both desired profiles, and each 6 
trigger event received by the arbitrary waveform generator causes it to switch to the other profile.  7 
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 1 

 2 

Figure C.1—An example implementation of a test system for the tests of Clause 7 and 3 
Clause 8 4 
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C.2.2 EUT and companion device provisions 1 

The test system of this example requires that the EUT and the companion device provide the necessary 2 
trigger signals for the arbitrary waveform generator. In this example, the EUT and companion device form 3 
a cordless telephone system—a handset and a telephone base. The user interface is on the handset, and all 4 
communications channel initiation begins at the handset. The base provides a beacon to which the handset 5 
locks, and notifies the handset using a slow data channel on the beacon signal when the base has, for 6 
example, an incoming ringing signal. The base maintains system timing through the beacon, to which the 7 
handset synchronizes.  8 

In this example, the base is always the source for the frame-sync signal, whether the base is the EUT and 9 
the handset is the companion device, or the handset is the EUT and the base is the companion device. The 10 
frame-sync signal is generated within the base by the hardware timing section, and is exactly synchronous 11 
with the start of the first slot of the frame. 12 

In this example, the signal required to trigger the arbitrary waveform generator element of the RF vector 13 
signal generator is produced by the controller within the handset. The handset has the user interface, and 14 
when the user presses the TALK button to establish the communications channel, the handset establishes 15 
the communications channel to the base. The controller within the handset is timing-aware, and is 16 
configured to generate a single pulse on an otherwise unused digital I/O signal in the frame prior to the first 17 
transmit burst. This pulse is used to trigger the change of the interference profile generated by the arbitrary 18 
waveform generator. The functionality of the pulse and the trigger is independent of whether the handset is 19 
the EUT and the base is the companion device, or the base is the EUT and the handset is the companion 20 
device. 21 

C.2.3 Interface element 22 

The RF vector signal generator trigger inputs are assumed to be general-purpose digital inputs with a 23 
reasonably low input impedance. It is necessary to buffer the frame-sync and pretransmit-frame signals, 24 
rather than routing them directly from the EUT and companion device to the RF vector signal generator 25 
trigger inputs. In addition, the timing markers generated by the RF vector signal generator on the digital 26 
data and control port of the arbitrary waveform generator are very short duration pulses; if these pulses 27 
were displayed on a four-channel digital oscilloscope with sufficient span to see multiple frames, and thus 28 
to show the deferral or initiation of a transmit pulse at the moment of an interference profile change, the 29 
pulses would be too short to be captured.  30 

These problems are addressed using a multipurpose interface element between the vector signal generator 31 
and the rest of the system. On the trigger lines, buffering is provided within the interface element using 32 
CMOS logic that can drive trigger inputs. Displayable marker signals are generated using the interface 33 
element by means of ICM7555 or similar short-pulse-triggerable one-shot devices. The ICM7555 also 34 
facilitates the conversion to CMOS levels of the LVDS-level differential signals of the marker signals 35 
coming from the digital data and control port of the arbitrary waveform generator. The port on the arbitrary 36 
waveform generator is a 68-pin male VHDCI and the construction of the interface element is facilitated by 37 
using a similar connector. Cable assemblies are commercially available. 38 

C.2.4 Software 39 

™
4142The tests of Clause 7 and Clause 8 are complex and best implemented using test automation software 40 

to insure proper setup and control of all instruments. The validation, configuration and use of the software 41 

                                                 
41 LabVIEW is a trademark of National Instruments, Incorporated. 
42 This information is given for the convenience of users of this standard and does not constitute an endorsement by the IEEE of this 
product. Equivalent technology may be used if it can be shown to lead to the same results. 
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is the responsibility of the user.   It is particularly important that any test software, particularly for tests of 1 
this complexity, be carefully validated to insure that the required measurement is properly conducted.43 2 

C.3 Alternative approaches  3 

The example discussed in this subclause assumes that trigger signals are available from the EUT and 4 
companion device. Without these trigger signals, synchronization and timing are difficult.  5 

It might be possible to use the example multicarrier interference source triggered by the detection of the 6 
beacon as a timing signal; which absolute timeslot was in use would not be known, but timeslot blocking 7 
would be possible in a relative sense.  8 

It might be possible to use a signal captured from the EUT or companion device’s user interface (as 9 
opposed to the example that uses a flag generated by the EUT or companion device’s controlling software) 10 
to trigger the transition from one interference profile to another, if a compensatory delay were inserted in 11 

                                                 
43 A sample implementation is publicly available on the web, in the National Instruments developer’s zone 
area.  Search on UPCS from the search window in http://www.ni.com . The software is provided in the 
public interest to assist in the understanding of this example.  
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