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I INTRODUCTION

1. By this action, we ae amending Part 15 d our rules to permit the marketing and
operation of certain types of new products incorporating ultra-wideband ("UWB") technology. UWB
devices operate by employing very narrow or short duration puses that result in very large or wideband
transmisson bandwidths. UWB technology holds great promise for a vast array of new applications that
we believe will provide significant benefits for public safety, businesses and consumers.  With
appropriate technical standards, UWB devices can operate using spedrum occupied by existing radio
services without causing interference, thereby permitting scarce spectrum resources to be used more
efficiently. This First Report and Order (“Order”) includes gandards designed to ensure that existing and
planned radio services, particularly safety services, are alequately proteded. We ae proceeding
cautioudy in authorizing UWB technology, based in large measure on standards that the National
Telecommunicaions and Information Administration (“NTIA”) found to be are necessary to protect
against interference to vital federal government operations. These UWB standards will apply to UWB
devices operating in shared or in nongovernment frequency bands, including UWB devices operated by
U.S. Government agenciesin such bands. We ae concerned, however, that the standards we ae alopting
may be overprotective and could unrecessarily constrain the development of UWB technology.
Accordingly, within the next six to twelve months we intend to review the standards for UWB devices
and issue afurther rule making to explore more flexible technical standards and to address the operation
of additional types of UWB operations and technol ogy.

2. This has been an unwualy corntroversial proceeding involving a variety of UWB
advocaes and opporents. These parties have been unable to agree on the emission levels necessary to
proted Government-operated, safety-of-life and commercia radio systems from harmful interference. It
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is our belief that the standards contained in this Order are extremely conservative. These standards may
change in the future @& we @ntinue to collect data regarding UWB operations. The analyses and
tedhnical standards contained in this Order are unique to this proceeding and will not be considered as a
basis for determining or revising standards for other radio frequency devices, including other Part 15
devices.

3. The following text first provides an exeautive summary of the mgjor actions taken in this
item. Next, a badkgroundsedion describing Part 15 of the Commisdon's rules and the history of this
proceeding is provided. A comprehensive discussion sedion consisting of several partsis also included.
The first section d the discussion focuses on regulatory treagment and the Commisdon's definition of
ultra wideband tecdhnology. The next part of the discussion provides analyses of studies sibmitted by
several parties assessing the interference potential of ultra wideband devices to existing services. This
sedion is followed by a discusson d the amisson limits established for ultra wideband deployment.
Also included in the discusson section are assesanents of the cumulative impad of ultra wideband
devices and procedures for measuring the emissions from ultra wideband devices. Finally, the discussion
concludes with a sedion an other matters that impad the aithorization of UWB techndogy.

1. EXECUTIVE SUMMARY

4, Upon consideration d the record, we continue to believe that UWB technology offers
significant benefits for Government, public safety, businesses and consumers. However, we reaognize
that these substantial benefits could be outweighed if UWB devices were to cause interferenceto licensed
services and aher important radio operations. Our analysis of the record and the various technical studies
submitted indicate that UWB devices can be permitted to operate on an unlicensed basis without causing
harmful interference provided appropriate technical standards and operational restrictions are applied to
their use.

5. To ensure that UWB devices do not cause harmful interference this Order establishes
different technical standards and qperating restrictions for three types of UWB devices based on their
potential to cause interference. These three types of UWB devices are: 1) imaging systems including
GroundPenetrating Radars (GPRs) and wall, through-wall, surveillance, and medical imaging devices, 2)
vehicular radar systems, and 3) communicaions and measurement systems. Generaly, we ae aopting
unwanted emission limits for UWB devices that are significantly more stringent than those impaosed on
other Part 15 devices; limiting outdoor use of UWB devices to imaging systems, vehicular radar systems
and hand held devices; and, limiting the frequency band within which certain UWB products will be
permitted to operate. The frequency band d operation is based onthe —10 dB bandwidth of the UWB
emisson. This combination d technical standards and operational restrictions will ensure that UWB
devices coexist with the authorized radio services withou the risk of harmful interference while we gain
experience with this new technology. In the meantime, we plan to expedite enforcement action for any
UWB products found to be in violation of the rules we ae aopting and will act promptly to eliminate
any reported harmful interference from UWB devices. Specificaly, the Order takes the following
adions:

» Imaging Systems: Provides for the operation of GPRs and other imaging devices under Part
15 d the Commisdon’srules subject to certain frequency and paver limitations. All i maging
systems are subject to coordination with NTIA through the FCC. NTIA has indicated that
coordination will be & expeditious as possble, requiring no longer than 15 husiness days,
and may be expedited in emergency situations. The operators of imaging devices must be
eigible for licensing under Part 90 of our rules, except that medical imaging devices may be
operated by alicensed hedth care practitioner. Imaging systems include:

e Ground Penetrating Radar Systems. GPRs must be operated below 960 MHz or in the
frequency band 3.1:10.6 GHz. GPRs operate only when in contact with, or within close
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proximity of, the groundfor the purpose of detecting or obtaining the images of buried
objects. The energy from the GPR is intentionally direded davn into the grourd for this
purpose. Operation is restricted to law enforcement, fire and rescue organizations, to
scientific research ingtitutions, to commercial mining companies, and to construction
companies.

e Wall Imaging Systems: Wall imaging systems must be operated below 960 MHz or in
the frequency band 3.2:10.6 GHz. Wall-imaging systems are designed to deted the
location of objects contained within a “wall,” such as a concrete structure, the side of a
bridge, or the wall of amine. Operation is restricted to law enforcement, fire and rescue
organizations, to scientific research institutions, to commercial mining companies, and to
construction companies.

e Through-wall Imaging Systems. These systems must be operated below 960 MHz or in
the frequency band 1.9910.6 GHz. Through-wall i maging systems detect the location a
movement of persons or objects that are located onthe other side of a structure such as a
wall. Operationislimited to law enforcement, fire and rescue organizations.

* Survellance Systems: Although technicaly these devices are not imaging systems, for
regulatory purposes they will be treated in the same way as through-wall imaging
systems used by pdlice fire and rescue organizations and will be permitted to gperate in
the frequency band 1.9910.6 GHz. Surveill ance systems operate & “seaurity fences’ by
establishing a stationary RF perimeter field and detecting the intrusion of persons or
objects in that field. Operation is limited to law enforcement, fire and rescue
organizations, to public utilities andto industria entities.

* Medical Systems: These devices must be operated in the frequency band 31-10.6 GHz.
A medical imaging system may be used for a variety of hedth applications to “seé’
inside the body of a person or animal. Operation must be at the direction of, or under the
supervision d, alicensed hedth care practitioner.

Vehicular Radar Systems. Provides for the operation of vehicular radar in the 22-29 GHz
band using drectional antennas on terrestrial transportation vehicles provided the center
frequency of the anisgon and the frequency at which the highest radiated emisson occurs
are greder than 24.075GHz. These devices are ale to detect the location and movement of
objects near a vehicle, enabling features such as near collision avoidance, improved airbag
adivation, and suspension systems that better respord to road conditions. Attenuation of the
emissons below 24 GHz is required above the horizontal plane in order to protect space
borne passive sensors operating in the 23.6-24.0GHz band.

Communications and Measurement Systems. Provides for use of a wide variety of other
UWB devices, such as high-spead hane and business networking devices as well as storage
tank measurement devices under Part 15 o the Commisdon's rules subject to certain
frequency and pawer limitations. The devices must operate in the frequency band 3.210.6
GHz. The gquipment must be designed to ensure that operation can oy occur indoas or it
must consist of hand held devices that may be employed for such activities as pea-to-pee
operation.
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1. BACKGROUND

6. Part 15 of our rules permits the operation of authorized low power radio frequency (RF)
devices without a license from the Commisson or the need for frequency coordination? The technical
standards contained in Part 15 are designed to ensure that there is alow probability that these unlicensed
devices will cause harmful interference to other users of the radio spectrum.®* Part 15 intentional
radiators, i.e., radio transmitters, are permitted to gperate under a set of general emisson limits* or uncer
provisions that allow higher emisson levels in certain frequency bands” Part 15 intentiona radiators
generally are not permitted to operate in certain sensitive® or safety-related frequency bands that are
designated as restricted bands,” or in the frequency bands allocated for television (“TV”) broadcasting.
Only out-of-band a spurious emissons from Part 15 transmitters are permitted in these restricted bands.

7. UWB radio systems typicdly employ pulse moduation where extremely narrow (short)
bursts of RF energy are modulated and emitted to convey information. Because of the very short duration
of these pulses, the amission bandwidths from these systems are large and often exceead one gigahertz.® In
some caes, “impulse” transmitters are employed where the pulses do not moduate acarier. Insteal, the
radio frequency emissons generated by the pulses are applied to an antenna, and the resonant frequency
of the aatenna determines the center frequency of the radiated emisgon. The frequency response
charaderigtics of the antenna provide band-pass filtering, further affecting the shape of the radiated
signal. UWB devices can be used for precise measurement of distances or locations and for obtaining the
images of objects buried under ground @ behind surfaces. UWB devices can also be used for wireless
communications, particularly for short-range high-speed data transmissions slitable for broadband access
to networks.

8. The aurrent Part 15 rules pose two primary obstades to the implementation of UWB
technology. First, the wide bandwidth that is intrinsic to the operation of UWB devices can result in
transmisgon of the intentional emissons into restricted frequency bands or into the TV broadcast
frequency bands, which is prohibited under the Part 15 rules. Second,the airrent emisson measurement
procedures ecified in aur Part 15 rules were developed for relatively narrowband systems and may be
inappropriate for, and pee unrecessary restrictions to, UWB technology, particularly impulse systems.
For example, the Part 15 measurement procedures require the goplication of a pulse desensitization

2 Devices are permitted to operate dter they have been verified to comply with existing operational

restrictions. See 47 C.F.R. Chapter 2, Subpart J. & 47 C.F.R. 88 151 et seq.

3 In addition to the limiting technical constraints, one of the primary operating conditions under Part 15 are

that the operator must accept whatever interference is receved and must corred whatever interference is caused.
Should harmful interference occur, the operator is required to immediately corred the interference problem, even if
corredion of the problem requires ceasing operation of the Part 15 system causing the interference See47 C.F.R. §
155.

4 See 47 C.F.R. § 15209

s See 47 C.F.R. 88 1521515407. In some cases, operation a the higher emission levels within these
designated frequency bandsis li mited to spedfic goplications.

6 The sensitive bands referenced here ae bands employed by radio services that must function, as a nature of

their operation, using extremely low receved signal levels. These systems may be passve, such as radio astronomy,
or adive, such as satellite down links and wildlife tracking systems.

! See47C.F.R. § 15205

8 Typicd pulse widths used by UWB devices currently are on the order of 0.1-2 nanoseconds, or less in

width. The emisdon spedrum appeas as a fundamental [obe with adjacent side lobes that can deaease dowly in
amplitude. Therise time of the leading edge of the pulse and the passband of the radiating antenna are major fadors
in determining the bandwidth of the UWB emisson.
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correction factor.” The gplication of this correction factor is not appropriate for very wideband systems
and rngly can cause UWB systems to exceed the peak emisson limits currently spedfied under the Part 15
rules.

9. The Federa Government operates safety-of-life and aher critical systems in several of
the restricted frequency bands and hes raised concerns abou the potential for UWB devices to interfere
with these operations. The National Teleammunicaions and Information Administration (NTIA) at the
U.S. Department of Commerce is responsible for managing the Federal Government's use of the radio
frequency spedrum. In this capacity, NTIA condwted measurements and analysis of potentia
interference to a range of Federal systems including, for example, the Global Positioning System, Seach
and Rescue Satellite System, Air Traffic Control System, and Meteorological Radar System. NTIA and
the FCC have worked closely throughou this proceeding to ensure that the public interest is best served
by the implementation of UWB technology. Spedficdly, the two agencies have worked together to
develop a regulatory paradigm that permits the deployment of promising new UWB technology while
adequately safeguarding both Government and nonrgovernment operations.

10. On May 10, 2000the Commisson adopted a Notice of Proposed Rule Making (“Notice")
that proposed rules to allow the operation of UWB transmisson systems under the Part 15 regulations.™*
In the Notice, the Commisson requested comments on various aspects of UWB operation, including
applications, general characteristics, operation onan uricensed basis, hov UWB shoud be defined, the
frequency ranges of operation, appropriate emission levels, cumulative impad concerns, and
measurement procedures. In addition, the Commisgon requested comments concerning the existing
prohibition againgt Class B, damped wave emissons, the operation d wide bandwidth transmitters under
the eisting Part 15 rules, and the transition provisions that shoud be applied. In resporse to the Notice,
the Commisson received 159comments and 80reply comments, as shown in Appendix A."

11. Subsequent to the Notice, the Commisson, onJanuary 24, 2001 requested comments on
two studies presented NTIA regarding the potential for UWB transmisson systems to cause harmful
interference to U. S. Government radio operations between 400 MHz and 60® MHz.™ In resporse to
these studies, the Commisson received 16 comments and 7 reply comments, as shown in Appendix C.
Subsequent to the NTIA filing, the Commisdon, on March 26 2001, requested comments on additional
studies addressing potentia interference from UWB operation to the Global Positioning System (GPS
and to the Personal Communications Services (PCS) telephanes.** Time Domain,> NTIA,'® and the

o HP Applicaion Note 150-2 spedfiesthe use of a pulse desensitization correction facor.

10 See 47 C.F.R. §8 1535(b) and 15209 UWB systems that operate with a low duty cycle would have peak
levelsthat are quite high compared to the average emission levels.
1 See Notice of Proposed Rule Making in ET Docket No. 98-153 65 Fed. Reg.3732, June 14, 200Q

http://www.fcc.gov/Bureaus/Engineaing_Tednology/Documents/Notices/2000fcc00163doc. See, also, Notice of
Inquiry in ET Docket No. 98153 63 Fed. Reg. 50184 September 21, 1998,
http://www.fcc.gov/Bureaus/Engineaing Tednology/Documents/fedreg/63/50184pdf.

12

A large number of late filed comments and ex parte comments continued to be filed in this proceading long
after the end of the comment period. While these cmomments were examined and evaluated, the commenting parties
are not shown in Appendix A. A list of all parties filing comments in this procealing can be found by referencing
the Commission’s Eledronic Comment Filing System located at www.fcc.gov/e-file/eds.html.

13 See NTIA Speda Publicaion 01-43, Assessment of Compatibility between Ultrawideband Devices and
Selected Federal Systems, January 2001, and NTIA Report 01-383 The Temporal and Spectral Characteristics of
Ultrawideband Signals, January 2001 See, also, Public Notice of January 24, 2001, DA 01-171

14 See Public Notice of March 26, 2001, DA 01-753
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Department of Transportation'’ submitted GPS interference studies. Qualcomm submitted the PCS
study.’® In response to these studies, the Commisson recéved 22 comments and 16reply comments, as
shown in Appendix D.*°

V. DISCUSSION
A. Authorization and Regulatory Treatment of UWB

12. In the Notice, we stated that UWB technology holds sgnificant promise for a vast array
of new applications and devices, which may offer significant benefits for public safety, businesses,
consumers, and could enhance @mpetition and the econamy. In addition, we indicated that UWB
technology might enable increased use of scarce spectrum resources by sharing frequencies with other
services without causing interference. We noted that most of the near-term applications for UWB
tedhnology involve relatively low powers and short operating ranges. Further, most UWB devices are
intended to be mass marketed to businesses and consumers making it impradical to individualy license
ead device. We observed that these characteristics are largely consistent with devices that operate onan
unlicensed basis under Part 15 of the rules. Accordingly, we tentatively concluded that regulating UWB
devices under Part 15 o the Commisson's ruleswould be gpropriate.®

13. A large number of parties filed comments in response to the Notice suppating the
authorization of UWB techndogy and suggesting applications for its use. While many of these
endarsements did not provide technical comments on the operating parameters that should be gplied to
UWB devices, they do provide significant insight into the pullic interest and demand for the wide array
of products that could be developed using UWB tedhniques. Several UWB applicationsincluding grourd
penetrating radar (GPR) systems, wall-imaging systems, automotive lli sion avoidance systems, radar
level gauges used in storage tanks, and communicaions g/stems recaved significant suppat. Intel, for
example, believed that the greaest potential use is short-range communications in the home or business,

(...continued from previous page)

15 See Time Domain’s submission of March 9, 2001, Final Report UWB-GPS Compatibility Analysis Project,
8 March 2001, prepared by Strategic Systems Department, The Johns Hopkins University/Applied Physics
Laboratory. The study consists of testing performed by the University of Texas aong with an anaysis by the
Applied Physics Laboratory of Johns Hopkins University.

16 See NTIA Spedal Publicaion 0145, Assessment of Compatibility between Ultrawideband (UWB) Systems
and Global Positioning System (GPS) Receivers, February 2001, and NTIA Report 01-384, Measurements to
Determine Potential Interference to GPS Receivers from Ultrawideband Transmission Systems, February 2001,
submitted to the Commission on March 9, 200L.

1 See the study submitted March 21, 2001, by NTIA on behalf of the Department of Transportation regarding
tests performed by Stanford University.
18 See the March 5, 2001, submisson of Qualcomm.

19 As with the Notice, a number of late filed comments and ex parte comments were filed in this procealing

regarding the potential for UWB transmission systems to cause interference to GPS recevers. While these
comments were examined and evaluated, the ammmenting parties are not shown in Appendix D. A list of all parties
filing comments in this procealing can be found by referencing the Commission's Eledronic Comment Filing
System locaed at www.fcc.gov/e-file/ecfs.html.

20

While the Commission reagnized that UWB technology may be developed for higher power applicaions
such as wide-areamobil e radio services, it found that such applications raised many new and novel questions, such
as consistency with the international and domestic table of frequency all ocaions, and how such services might be
licensed to share spedrum aaosshbroad frequency ranges used by multiple existing services and licensees. Asthere
was insufficient information in the record to addresssuch issues, no proposals were made to al ow high power UWB
devicesto operate under Part 15 a on alicensed besis.
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alowing equipment mobility and high data rates to facilitate information sharing.” Fantasma noted
similar applications for supplying simultaneous video, audio, and Internet use throughout homes, schools,
libraries, medical and elder-care facilities, and businesses.”? AT&T expressed interest in providing high
throughput, short-range voice, data and video services on premises and campus environments. > National
Safe Skies Alliance believed UWB could be used to detect airport runway incursions and provide data
distribution within airport terminals, personnel location, and other features.®* Siemens Automotive ZF
suggests using UWB technology for forward looking and lane change collison avoidance systems,
backup warning systems, and airbag proximity measurements.”® TDC noted the potential for using UWB
devicesin dozens of applications.®®

14. Most parties supporting UWB also support authorization of UWB technology under Part
15 unlicensed operations. Delphi, Endress Hauser, Lucent and Bosch note that they intend to mass-
market UWB devices to businesses and consumers. They argue that licensing UWB devices would be
impractical and unwieldy and would increase costs to consumers?’ Valeo Electronics supports
unlicensed operations for UWB but also suggests that higher-powered UWB use should be permitted with
individual licensing or under product-specific waivers® Similarly, Zircon, while supporting unlicensed
operation for UWB devices complying with the 47 C.F.R. § 15.209 emission limits, indicated that UWB
devices that comply with the limits for Class A digita devices should be minimally encumbered by any
licensing requirements.”®

15. In general, the commenting parties associated with authorized radio services are opposed
to authorization of UWB technology in their frequency bands of operation or suggest that UWB only be
allowed on alicensed basis. For example, Cingular and other PCS operators suggest that UWB devices be
limited to spectrum above 6 GHz or below 1 GHz for GPRs only.*® The U.S. GPS Industry Council
asserts that it is inappropriate for communications applications of UWB to be regulated under Part 15, as
these are intentional emitters that experience very high peak powers® ARINC and ATA state that
licensed UWB operation would provide protection to existing users through frequency coordination, but
recognize that another rule making proceeding would be required to address the table of frequency
alocations.® Alloy states that licensing is essential until UWB is found to be non-interfering.* MSSI,

2 Intel reply comments at pg. 3.

z Fantasma comments at pg. 2.

= AT&T comments at pg. 5-6.

2 National Safe Skies Alliance comments at pg. 1.

% Siemens Automotive ZF comments at pg. 1. See, also, M/A-COM comments at pg. 2.

% TDC reply comments at pg. 4-19.

2z Delphi comments at pg. 7, Endress Hauser comments at pg. 2, Lucent comments at pg. 2, and Bosch

comments at pg. 2 and reply comments at pg. 1.

2 Valeo Electronics comments at pg. 4.

» Zircon comments at pg. 2. It should be noted that the Commission already declined to permit UWB
devices to operate at the Class A digital device limits contained in 47 C. F.R. § 15.109(b). See Notice, op cit., at
para. 40.

%0 See, for example, Cingular ex parte comments filed August 20, 2001.

3 USGPSIC comments at pg. 29-30.

2 ARINC and ATA joint comments at pg. 9 and 10. Also, ATA et al ex parte comments of 6/6/01, 5/18/01.

3 Alloy reply comments at pg. 6-9. Alloy also believed that the first round of equipment to be authorized

under the rules would be restricted to ground penetrating radars and through-wall imaging systems employed mostly
by professionals.
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while apropanent of UWB operation, states that GPRs are inappropriate for unlicensed operation kecause
of their high pawver level requirements and limited market.®*

16. Boeing requests that a new rule part be established under which UWB devices would be
licensed.*®> Boeing expresses concern that the potential aggregate impad of UWB devices is too
significant to permit unlessthere is aufficient means to control the number of UWB devicesin use. Under
Boeing's proposal, the UWB manufadurers would oltain from the Commisson authority to manufacture
and market a fixed number of UWB devices under spedfic technical and operating condtions, such as
limiting distribution to only public safety officials. Similarly, Lockhead states that the Commisson reeds
to establish a regulatory regime that allows it to limit the number of devices that can operate & one time
in the same aea® Professor Peha suggests a scheme where the Commisson would issue permits for
UWB devices and allow only a fixed number of devicesto beintroduced per yea. Professor Peha agues
that this approach would allow the Commisson to tradk usage and the number of devices deployed.®’
SIA and Sirius also request that we implement some form of blanket licensing to limit the number of
devices that can be operated in ore aea® Sirius believes that licensing enables potentially affected
services to receive alvance natice of the proposed UWB use and to comment on those proposals. Kohler
oppases licensing and the use of permits stating that the Commisgon des not have the authority to
implement this method d licensing. Kohler argues that such an approach would create mutual exclusivity
by designating the number of UWB devices that could be authorized per year and would not comport with
47U.S.C. 309)).¥

17. Based on arr review of the record, we continue to believe that UWB techndogy offers
significant benefits for public safety, businesses and consumers. We anticipate that the authorization of
UWB tedhnology will create new businessopportunities for manufadurers, distributors and vendars that
will enhance @mmpetition and the econamy. We dso find that the use of this techndogy would promote
spectrum efficiency by sharing frequencies with ather services without causing interference. We dso
note that authorizaion of UWB is consistent with Sedion 7 d the Communicaions Act of 1934, as
amended, which requires the Commisgon "... to encourage the provison d new techndogies and
services to the public."*°

18. We ae wgnizant; however, that the substantia benefits of UWB techndogy could be
outweighed if UWB devices were to cause interference to licensed services and aher important radio
operations. Our analysis of the record and the various technical studies submitted indicates that UWB
devices can be permitted to operate without causing harmful interference if appropriate technica
standards and operational restrictions are gplied to their use. In this regard, we are establishing different
technical standards and operating restrictions for different types of UWB equipment based on their
potential to cause interference. As discussed below, we ae, inter alia, adopting emisson limits for UWB
that are generally more stringent than those imposed on ather Part 15 devices and li miting the frequency
range below which certain UWB products will be permitted to operate. We believe that this combination

34

5/18/01.
35

MSS comments at pg. 12 MSS subsequently cosigned the ATA et al ex parte comments of 6/6/01,

Boeing comments at pg. 13-14.

% Lockheed reply comments at pg. 5. Lockheed suggested that unlicensed operation could be considered only

on frequencies where there is no reasonabl e interference @ncerns for safety services.

3 Prof. Peha coomments at pg. 6.

8 SIA reply comments at pg. 5. Sirius reply comments at pg. 3, 11 and 18.

3 Kohler reply comments at pg. 5-6.

40 See 47 U.S.C. § 15/(a) (1998).
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of technical standards and operationd restrictions will enable UWB devices to coexist with the authorized
radio services withou the risk of harmful interference.

19. We dso continue to believe that unlicensed operation under Part 15 o our rules is the
most appropriate manner in which to authorize UWB devices at thistime. These products, in general, will
operate with very low power making licensing unrecessary. In this regard, we ae not permitting UWB
devices to be employed in higher power applications, such as wide-areamobile radio services. Instead,
we ae aopting emisson limits that are designed to ensure that harmful interference to the authorized
radio services is minimized, including interference from the awmulative dfed of multiple UWB devices.
We adso are pladng several restrictions on hav and where UWB devices may be operated to ensure that
harmful interference is not caused by these operations. We do not believe that requiring licensing is
appropriate. However, we ae implementing a coordination requirement for imaging devices, as
requested by NTIA.** We dso do rot believe that it is practical to limit the number of devices being
produced by a manufadurer. We anticipate that many of these devices will be small or portable and
therefore any such limits would not necessarily limit the number of transmitters concentrated in any
specific location. We believe that regulating UWB through power restrictions and other technical
requirements is sufficient and has worked successfully for other Part 15 devices. Accordingly, we seeno
benefits, commensurate with the added costs to the public and manufacturers, from requiring individual
operators to dbtain a license or from attempting to limit the yearly production d individua UWB
manufadurers. Thus, we are promulgating the regulations for UWB operation under Part 15 of our rules.

20. For regulatory purposes, we have ategorized UWB devices into threetypes: 1) imaging
systems (including GPRs), 2) vehicular radar systems, and 3 communications and measurement systems.
We believe that these categories provide alogical way to address the various technical characteristics of
the different applications. Most imaging systems emit energy that is largely absorbed by the materia
against which they are placed. A GPR operates only when in contact with or within close proximity to the
groundfor the purpose of detecting or obtaining the images of buried dbjects. Imaging systems can be
used to detect objeds within o on the other side of walls. A wall imaging system is designed to detect
the locdion d objects contained within a “wall,” such as a concrete structure, the side of abridge, or the
wall of a mine. A through-wall i maging system detects the locaion or movement of persons or objects
that are located onthe other side of a structure such as awall or a iling. A surveillance system is a
stationary radar system used for security purposes by establishing an RF perimeter and detecting the
movement of persons or ohjects within that perimeter. Vehicular radar systems are ale to detect the
location and movement of objects near a vehicle, enabling features sich as nea collision avoidance,
improved airbag adivation, and suspension systems that better respord to road condtions.
Communicaions and measurement systems consist of indoor and hand held devices that can encompassa
wide variety of applications including high-speed hame and business networking devices.”” The term
“hand held devices,” as used in this Order, refers to patable devices, such as a lap top computer or a
PDA, that are primarily hand held while being operated and that do not employ a fixed infrastructure
when operating outdoors.

21. We have established dfferent standards for these devices based on their individua
operating characteristics and pdential for causing interference to the aithorized radio services. We
reaognize that our initial restrictions on applications, operating frequencies and emisgon levels may limit
some UWB applications. However, we believe that we should be caittious until we have gained further
experience with this tecnology. Once alditional experience has been gained with UWB operation, we

4 See letter of February 13, 2002 from William T. Hatch, Associate Administrator, Office of Spedrum
Management, U.S. Department of Commerce to Edmond J. Thomas, Chief, Office of Engineaing and Tednology,
FCC. A copy of theletter ison file in this procealing.

42 Indoar systems, becaise of the alditional shielding provided by building walls, are @le to operate with

dightly higher levels of unwanted emissons.
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may consider whether more flexible standards are gopropriate. Within their permitted bands of operation,
UWB devices may operate & the emisgon limits spedfied in 47 C.F.R. § 15.209. The other basic
operating parameters for these devices are summarized below:

Imaging Systems. Imaging systems include GPRs, wall imaging systems, through-wall
imaging systems, surveil lance systems and medical systems. All i maging systems are subjed
to coordination with NTIA through the FCC. NTIA has indicated that coordination will be &
expeditious as passible, requiring no longer than 15 business days, and may be expedited in
emergency situations. Except for medica imaging systems, the operators of imaging devices
must be digible for licensing under Part 90 o our rules. The standards for the different
imaging systems are asfoll ows:

Ground Penetrating Radar Systems: GPRs must be operated with their -10 B
bandwidth below 960 MHz or in the frequency band 3.210.6 GHz. GPRs operate only
when in contact with, or within close proximity of, the ground for the purpose of
detecting or abtaining the images of buried objects. The energy from the GPR is
intentionally directed davn into the groundfor this purpose. Operation is restricted to
law enforcement, fire and emergency rescue organizations,”® to scientific reseach
ingtitutions, to commercial mining companies, and to construction companies.

Wall Imaging Systems. Wall imaging systems must be operated with their —10 B
bandwidth below 960 MHz or in the frequency band 3.310.6 GHz. Wall-imaging
systems are designed to deted the location d objeds contained within a “wall,” such asa
concrete structure, the side of a bridge, or the wall of a mine. Operation is restricted to
law enforcement, fire axd emergency rescue organizations, to scientific research
ingtitutions, to commercial mining companies, and to construction companies.

Through-wall Imaging Systems: These systems must be operated with their =10 B
bandwidth below 960 MHz or in the frequency band 1.9910.6 GHz. Through-wall
imaging systems deted the location a movement of persons or objectsthat are located on
the other side of a structure such asawall. Operationis limited to law enforcement, fire
and emergency rescue organizations.

Surveillance Systems: Although tedhnically these devices are not imaging systems, for
regulatory purposes they will be treated in the same way as through-wall imaging
systems used by pdlice fire and rescue organizations and will be permitted to operate
with their =10 dB bandwidth in the frequency band 199-10.6 GHz. Surveill ance systems
operate & “seaurity fences’ by establishing a stationary RF perimeter field and detecting
the intrusion of persons or objects in that field. Operation is limited to law enforcement,
fire and emergency rescue organizations, to public utilities and to industrial entities.**

Medical Systems. These devices must be operated with their —10 dB bandwidth in the
frequency band 3.1:10.6 GHz. A medicd imaging system is used to detect the location
or movement of objects within the body of a person or animal. Operation must be at the
direction of, or under the supervision of, alicensed hedth care practitioner.

43

As used in this Order, law enforcement, fire and emergency rescue organizaions refers to parties eligible to

obtain alicense from the FCC under the digibility requirements edfied in Sedion 90.20(a)(1) of this chapter.

44

As used in this Order, the reference to public utilities and industrial entities refers to the manufadurers

li censees, petroleum licensees or power licensees defined in 47 C.F.R. § 907.
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e Vehicular Radar Systems. Provides for the operation d vehicular radar systems using
directional antennas on terrestrial transportation vehicles provided the center frequency of the
emisson and the frequency at which the highest radiated emisgon occurs are greaer than
24.075GHz. The -10 B bandwidth must be between 22 and 29 GHz. These devices are able
to detect the location and movement of objects near a vehicle, enabling features such as near
collision avoidance, improved airbag adivation, and suspension systems that better respond
to road conditions. Attenuation d the emissons below 24 GHz is required above the
horizontal plane in order to protect space borne passive sensors operating in the 23.624.0
GHz band.

e Communications and Measurement Systems. Provides for use of a wide variety of other
UWB devices, such as high-spead hane and business networking devices as well as storage
tank measurement devices under Part 15 o the Commisdon's rules aubject to certain
frequency and paver limitations. The devices must operate with their —10 dB bandwidth in
the frequency band 3.310.6 GHz. The eguipment must be designed to ensure that operation
can orly occur indoors or it must consist of hand held devices that may be employed for such
adivities as peer-to-pea operation. The limits on unwanted emissons are more stringent for
hand held devices than they are for indoor-only systems.

B. UWB Definition

22. Proposal. In the Notice, the Commisgon proposed to adopt a modified version of the
UWB definition established by the OSD/DARPA UWB radar review panel.*® Spedficaly, the Commisson
propcsed to define a UWB device as any device where the fractional bandwidth is greaer than 025 or
occupies 1.5 GHz or more of spectrum.*® The formula propased by the Commisson for caculating
fractional bandwidth is 2(fy-f,)/(fy+f.) where fy is the upper frequency of the —10 dB emisson point and
fL is the lower frequency of the —10 dB emisson point. The center frequency of the transmisson was
defined as the average of the upper and lower —10 dB paints, i.e., (fu+f.)/2.* The Commisson proposed
to base its modified definition o an UWB deviceon—-10 dB bandwidth, rather than the —20 dB bandwidth
used by OSD/DARPA, becaise under the Part 15 limits, UWB devices operate so close to the noise floor
that in many cases it may na be possible to measure the —20 dB bandwidth. The Commisson also
propcsed that the bandwidth be determined using the antenna that is designed to be used with the UWB
device Comments were requested on: 1) the proposed definition; 2) whether the fractional bandwidth
shoud be dhanged to accourt for the narrower bandwidth that would be measured using the —10 dB
emisgon pantsinstead of the —20 dB paints; 3) whether we should use some other method to determine
the amission bandwidth, such as a calculated bandwidth based on puse width; 4) whether we should
define UWB devices as limited to devices that solely use pulsed emissions where the bandwidth is
directly related to the pulse width;*® and 5) whether extremely high speed data systems that comply with
the UWB bandwidth requirements only because of the high datarate enployed, as oppacsed to meding the
definition solely from the narrow pulse width, should be permitted. In the Notice, the Commisson
indicated it would pusue aconservative initial approach urtil more experience was gained with UWB

° Assessment of Ultra-Wideband (UWB) Technology, OSD/DARPA, Ultra-Wideband Radar Review Panel,
R-628(Q Officeof the Seaetary of Defense, Defense Advanced Reseach Projeds Agency, July 13, 1990.

46 Under the proposed definition of an UWB device, the 1.5 GHz maximum bandwidth limit would only

apply where the center frequency is greaer than 6 GHz.

4 In some UWB systems, there is no clea center frequency as with other modulation techniques, such as AM

and FM. Furthermore, the shape of the transmitted spectrum may be significantly modified by the frequency
response of the antenna such that even the carier frequency, where employed, may not represent the center
frequency.

8 Other types of moduation, such aslinea sweeg FM, could be enployed to produce UWB equipment.
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operations.

23. Comments. The cmmmenting parties generally suppated basing the definition d UWB
either on a fractional bandwidth or some minimum emisson bandwidth.*° They disagreed, however, on
the specific values that shoudd be gplied for a device to be defined as UWB. There was also
disagreement among the parties with regard to limiting the moduation to pulsed moduation, and
requiring that the bandwidth be directly related to the narrow pulse width instead of the datarate. There
were no dojections to determining the bandwidth of the UWB emisson using the antenna designed to be
employed with the UWB transmitter.>

24, A number of commenting parties supported the propasal in the Notice to use the —10 dB
emisson points to determine the fradional bandwidth. Bosch, for example, stated that the definition of
UWB shoud be based solely on bandwidth using the —10 B emisson points.>® It stated that the —20 dB
emisson points were too nea the noise floor to be measured reliably. Bosch also noted that the 20 dB
emissgon mints would be anbiguous as such points appear on hkoth the fundamental lobe and the side
lobes. Similar concerns about use of the —20 dB emission points were echoed by Valeo,”* Kohler,”® and
others.

25. Objections to the use of the—10 dB emisson pantsto determine the fractional bandwidth
were filed by NBAA. It stated that the —10 dB fractional bandwidth was arbitrary and asserts that it
would ignore @nisson comporents that “could acamunt for peak powers of hundreds of watts.”>* NBAA
suggests that the bandwidth of the device be more than 5 percent of its center frequency. AOPA requests
that the bandwidth be based onthe —20 B points stating that emisgon levels vary too much to use the —
10 oB points.®® ARRL requests that the bandwidth be determined using the —23 dB points believing that
this would be consistent with other Commisson regulations on spurious and out-of-band emissons.>

26. Several parties requested that the fractional bandwidth of 0.25 and minimum bandwidth
of 1.5GHz limit be reduced from that proposed in the Notice due to the use of —10 dB rather than the —20
dB emisson pants.>” SME and Valeo, for example, requested a fractional bandwidth of around 017 and

49 See, e.g., the omments of Aether Wire and Location at pg. 7, ANRO at pg. 1, CSSIP at pg. 1, Delphi at pg.
10, EndressHauser at pg. 3, Lucent at pg. 5, M/A-Com at pg. 1, Bosch at pg. 2, TDC at pg. 21, and Zircon at pg. 2.
We have used the term “minimum bandwidth” in this proceeding to reference the bandwidth above which a product
gualifies asa UWB deviceregardlessof its fradional bandwidth.

%0 Asnoted by Aether Wire and Locaion, the antennaiis an integral part of the system that affeds the radiated
bandwidth and the phase response. Aether Wire and Location comments at pg. 7.

1 Bosch comments at pg. 2-3 and reply comments at pg. 1-2.

2 Valeo comments at pg. 4.

3 Kohler comments at pg. 4.

4 The limits being adopted in this proceeading do not permit pegk emisgons approaching this amplitude.

s AOPA comments at pg. 4.

% ARRL comments at pg. 18. It should be noted that these emisson points are representative of the
attenuation requirements for the authorized radio services where the radiated emission levels are powerful enough to
be eaily measured.

> ARRL requested that a minimum frequency bandwidth be gplied to the UWB definition since a 0.25
fradional bandwidth would na result in a very wide emisson for a system operating at, say, 3.5 MHz. See ARRL
comments at pg. 13. However, ARRL did not suggest a lower limit. We did not address this issue in this proceeding
snce UWB systems, other than GPRs and certain imaging systems are required to operate in considerably higher
frequency ranges. GPRs and imaging systems need to operate & frequencies higher than 3.5 MHz in order to oltain
the neaded oljed resolution.
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an upper bandwidth limit of one gigahertz.>® Siemens requests that the fractional bandwidth be reduced to
0.15with a 1 GHz upper bandwidth limit.>® Bosch requests a fractional bandwidth of 0.150.20 and a
minimum bandwidth of one to 1.5 gigahertz.®® ANRO and Kohler request a fradional bandwidth of
0.20°' Daimler Chrysler requested an upper bandwidth limit of one gigahertz.*

27. Delphi requested that a minimum bandwidth of 500 MHz be used to define UWB,
regardless of center frequency, and that all forms of moduation be permitted.®® It added that absent such
changes manufacturers producing radar devices under the arrent regulations would be disadvantaged
becaise they would na be permitted to operate their equipment within the restricted bands. M/A-Com
objected to Delphi’s request stating that the Commisson is not promoting the operation d narrowband
systems in restricted bands.** On the other hand, MSSI stated that UWB systems should be permitted
with bandwidths as low as 200 MHz, indicating that UWB devices could be constructed with bandwidths
as narrow as 20-30 MHz.%°

28. With regard to the use of moduation types other than pulsed or impulse amissions,
AOPA expressed concern that such proposals to expand the definition of UWB would open the door for
additional types of devices.®® These additional devices could have different interference charaderistics.
Similarly, TDC did not believe that all devices above a @rtain minimum fractional bandwidth or upper
bandwidth limit shoud be daraderized as UWB, stating that most of the benefits of UWB come from
having very few cycles within the pulse ewelopes, not the duration of the pulse ewelope itself.’” TDC
also raised concerns that minimal information exists regarding the interference potential and applicable
measurement procedures for stepped and swept frequency systems.®® EndressHauser and USGPSC also
expressed concerns about permitting the operations of linear sweep systems and chirped systems
respedively. ® On the other hand, ARRL agreed with Delphi that all moduation types sould be
permitted provided proper pesk, average and power spedral density limits are met.”> CSSP"*, Krohre™,
Siemens” and Valeo™ spedfically requested that stepped frequency or swept frequency systems be

%8 SME comments at pg. 2 and 4. Valeo comments at pg. 4.

%9 Siemens comments are pg. 2.

60 Bosch comments at pg. 2-3 and reply comments at pg. 1-2.

61 ANRO comments at pg. 1. Kohler comments at pg. 4.

62 Ex parte fili ng of Daimler Chrysler on July 31, 2001.

63 Delphi comments at pg. 9-17. Delphi later amended its proposal to include only pseudo-noise dired

sequence binary phase shift key type of modulation. Delphi ex parte filing of July 13, 2001.

64 M/A-Com reply comments at pg. 2.

65 MSS comments at pg. 15.

66 AOPA reply comments at pg. 10-11.

o7 TDC comments at pg. 21.

68 TDC comments at pg. 25.

69 EndressHauser comments at pg. 3-4 and USGPSIC comments at pg. 2 of Attachment A.

0 ARRL reply comments at pg. 9.

& CSSP comments at pg. 1.

& Krohne mmments at pg. 4.

& Siemens comments at pg. 2.

a Valeo comments at pg. 5.
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permitted under the UWB definition. Krohne agued that there is sufficient information onmeasurement
procedures and emisgon limits for these devices.

29. Bosch stated that basing the definition onthe use of a narrow pulse width to achieve a
wide anisgon bandwidth could impede the development of novel pulse or moduation schemes, including
high-speed data systems.”” XSl stated that we should include extremely high-speed deta systems that
comply only because of the high-speed data rate and not because of narrow pulse width.”® XSl stated
that the threat of harmful interference depends primarily on the average and peak emisgons and the
location d significant spectra lines and is affeded little, if at al, by the nature of the moduating signal.
AOPA objected indicating that other moduation techniques, such as chirping, are likely to have diff erent
interferencepotential characteristics.””

30. Discussion. We ae aopting our proposal to use the —10 dB emisson points to
determine the bandwidth and the center frequency of the UWB emission. As pointed out by Bosch and
others, the —=20 dB emisgon pdnts could be so near the noise floor that making acarate measurements
would be difficult or impractical. Similarly, it would be impractical to specify the —23 B paints
reaoommended by ARRL. In addition, we agreethat the minimum required fractional bandwidth should
be reduced given that the use of the —10 dB bandwidth measurement points will result in a smaller
measured bandwidth.”® Accordingly, we are reducing the —10 dB fractional bandwidth from 0.25to 020.
For this same reason, we dso are reducing the minimum bandwidth limit from the 1.5 gigahertz propcsed
in the Notice to a limit of 500 megahertz for UWB devices.”® A minimum bandwidth limit of 500
megahertz shoud acocommodate most of the proporents in this proceading. While some parties have
suggested that we could eliminate al restrictions on fractional bandwidth and minimum bandwidth, we
disagree. Inthe dsence of aminimal bandwidth requirement, many devices could be designed to operate
in restricted bands even though they have no real to do so. For example, devices guch as radio control
toys typicaly employ bandwidths of 25 kHz or less and there are ample provisions to operate such
devices outside of the restricted bands.

31. We dso do rot beieve that there is any judtification for reducing the minimum
bandwidth to 200 MHz, as ought by MSS. One of the major regulations being addressed in this
proceeding is the operation d Part 15 devices in the restricted bands described in 47 C.F.R. § 15.205.We
are anending the rules in this Report and Order to permit UWB devices to emit in certain restricted bands
because the bandwidths employed by those systems are so wide that they have difficulty finding spectrum
to operate without transmitting in ore or more of the restricted bands. We do ot find a similar difficulty
finding 200 MHz of contiguous spectrum outside of the restricted bands. For example, unicensed Part 15
operation at, or higher than, the emission levels being permitted for UWB devices currently is permitted
in the frequency bands 1722.2-2200 MHz, 29033260 MHz, 33593600 MHz, 515635350 MHz, 5460
7250MHz, etc. Further, Part 15 devices operating in these bands could be employed for any purpose
without having to comply with the additional standards that are being adopted for UWB devices. At this
time, we do not wish to open the restricted bands for operation by any Part 15 device that can operate

& Bosch comments at pg. 3.

& XS comments at pg. 8.

" AOPA comments at pg. 5.

8 The fradional bandwidth value of 0.25, or 25 percent, was established by the OSD/DARPA UWB radar
review panel based on the use of a—20 dB emission bandwidth.
0 As noted, UWB devices would be required to have a—10 dB fradional bandwidth of at least 0.20 a a-10

dB bandwidth of at least 500 MHz. The dfed of this change is that UWB systems with a center frequency greaer
than 25 GHz neel to have a—10 dB bandwidth of at least 500 megahertz while UWB systems operating with a
center frequency below 2.5 GHz ned to have afradional bandwidth of at least 0.20.
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satisfactorily between the restricted bands. Accordingly, we ae li miti ng the minimum bandwidth limit to
500MHz. Onceadditional experience has been gained with UWB operation, we may revisit these values.

32. We areewith Bosch and XSI that transmission systems $ioud not be precluded from
the UWB definition simply because the bandwidth of the emissonis due to ahigh speed data rate instead
of the width of the pulse or impulse. We dso agree with ARRL and Delphi that various moduation types
shoud be permitted as long as the products comply with all of the technical standards that are being
adopted in this proceading. Thus, as long as the transmission system complies with the fradional
bandwidth o minimum bandwidth requirements at al times during its transmisson, we aree that it
shoud be permitted to operate under the UWB regulations. We recognize that this may predude cetain
types of moduations, such as swvept frequency (e.g., FMCW), stepped frequency or frequency hoppng
systems. The aurrent measurement procedures require that measurements of swept frequency devices be
made with the frequency sweep stopped.®*® The sweep is stopped because no measurement procedures
have been proposed or established for swept frequency devices nor has the interference apects of swept
frequency devices been evaluated based on the different measurement results that would be obtained from
measurements taken with the sweep active. Similarly, measurements on a stepped frequency or frequency
hoppng modu ated system are performed with the stepping sequence or frequency hopstopped. With the
sweep, step function a hopping stopped, it is unlikely that swept frequency (linea FM or FMCW) or
stepped frequency moduated emissons would comply with the fractional bandwidth or minimum
bandwidth requirements. It also is unlikely that frequency hoppng systems would comply unless an
extremely wide bandwidth hopdng channel is employed.®

C. Frequency Bands and Operational Requirementsfor UWB Devices

33. Propaosal. In the Notice, the Commisson indicated that it considered a number of factors
in addressing which frequency bands shoud be made available for UWB devices. First is the nedl to
proted from interference the vitaly important and critical safety systems operating in the restricted
frequency bands, including GPSoperations. Seaond, there are abroad variety of potential applications for
UWB tedhnology, ead of which has unique spectrum attributes and requirements. Third, various regions
of the spectrum have different propagation characteristics. To realize the full benefits of this techndogy,
the Commisgon indicated that it should establish as few restrictions as possble on UWB operating
frequencies, except as necessary to protect existing services against interference.

34. The Commisson naed that it had a number of concerns about generally permitting the
operation of UWB devicesin the region d the spectrum below approximately 2 GHz. Thisis perhaps the
most heavily occupied region d the spectrum and is used for public safety, aeronauticd and maritime
navigation and communicaions, AM, FM and TV broadcasting, private aaxd commercia mobile
communicaions, medicd telemetry, amateur communications, and GPSoperations. Further, 41 of the 64
restricted frequency bands are at or below 2 GHz, not courting the TV broadcast bands. Of particular
concern isthe impad of any potentia interference to the GPSband at 15531610MHz. The Commisson
also expressed concern abou interference to any additional frequencies allocaed to GPS eg., the
planned L5 frequency in the 960-1215MHz band. GPSwill be increasingly relied uponfor air navigation
and safety, and is a cornerstone for improving the dficiency of the ar traffic system. GPSaso may be
used by commercial mobhile radio E-911 services to enable police and fire departments to quickly locate
individuals in times of emergency. Moreover, businesses and consumers are now employing GPS for
various applicaions, such as for navigation by automobiles, boats and other vehicles, surveying, hiking,

8 See 47 C.F.R. §15.31(c).

81 We note that NTIA recently agreed that a waiver could be issued to Krohne to permit the Part 15 operation

of its level measuring radar system in sted tanks. This dhould alleviate Krohne's concerns in the UWB proceeding.
See letter of September 5, 2001, from William Hatch of NTIA to Bruce Franca, Acting Chief, OET, FCC. See, aso,
letter of October 26, 2001, from Bruce A. Francato Fish & Richardson granting Krohne its waiver request.
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and geologic measurements. Therefore, any harmful interference to GPScould have aserious detrimental
impad on public safety, businesses and consumers. In addition, propagation losses are not as great below
2 GHz, and services in this region d the spectrum tend to employ omnidirectional antennas that do rot
discriminate ayainst undesired signals. These factors tend to increase the risks of interference below 2
GHz.

35. In light of these factors, the Commisdgon expressed concern about the operation & UWB
devices, except for GPRs and pasbly through-wall i maging devices, in the region d the spectrum below
approximately 2 GHz. Comments were invited on whether UWB devices shoud be restricted from
operating on frequencies below 2 GHz, and the impad such a restriction would have on the potential
applications for UWB techndogy. Comments also were requested as to the precise frequency below
which the operation of UWB devices may nee to be restricted.® For example, should operation be
restricted below the GPSband at 1610 MHz, or below the restricted band at 1718.8- 1722.2MHz, or
below the Personal Communication Serviceband at 1850 - 1990MHz, or below some other frequency?

36. Notwithstanding the a&ove concerns, the Commisgon naed that GPRs must operate at
frequenciesin theregion below 2 GHz in order to oltain the penetration depth and resolution recessary to
detect and dbtain the images of buried dbjects. It noted, however, that the risk of interference from GPRs
is low because the mgjority of their energy is direded into the ground. In addition, GPRs are expected to
have alow proliferation and wually operate at infrequent intervals. Accordingly, the Commisson
propcsed to allow GPRsto operate in any part of the spedrum. It proposed to define aGPR as an UWB
devicethat is designed to operate only when in contact with, or in close proximity to (i.e., within 1 meter),
the ground for the purpose of detecting or obtaining the images of buried objects. It also proposed to
require GPRs to include a switch or other medhanism to ensure that operation occurs only when the
deviceisactivated by an gperator andis amed directly down at the ground.

37. In the Notice, the Commisson also indicated it is unclear whether the same
considerations apply to ather imaging devices used to detect or obtain the images of objects inside or
behind walls or other surfaces. ® For example, in contrast to GPRs where signals are amed at the
ground,wall imaging and through-wall i maging devices could aim their energy in any direction. While
the wall structure could attenuate these signals, the amourt of attenuation can vary widely depending on
the coomposition d the wall. The Commisson nded, howvever, that it expeded that such systems would
have alow proliferation and would be operated infrequently. Thus, the Commission indicated that one
option would be to treat all imaging devices the same way as GPRs. Alternatively, it indicated that it
could restrict the operation d such devices to bands below a cetain frequency or apply other restrictions
to such devices. Comments were invited on: 1) these ad other approaches for GPRs and imaging
systems; 2) the provisions neaded to ensure that these systems operate only when they are in contact with
awall; 3) whether the operation d through-wall i maging systems shoud be limited to parties eligible for
licensing under the Public Safety Podl of frequenciesin Part 90 of our rules, as required under the erlier
waiver to Time Domain;®* and, 4 whether through-wall imaging systems shoud be required to
incorporate auitomatic power control features that would reduce power levels to the minimum necessary to

82 Our concerns apply to al emissons within the —10 dB bandwidth of the UWB signal, not just at the center

frequency.

8 Time Domain’s throughwall imaging system, authorized under a waiver issued on June 29, 1999, by the

Chief, Office of Engineeing and Technology, operates over a frequency band ranging from a few hundred Hertz to
greder than 4 GHz. Through-wall imaging systems are limited to products that deted objeds located on the other
side of awall. Under the waiver, operation was limited to parties eligible for licensing under the Public Safety Pool
of frequenciesin Part 90 d this chapter.

84 Waivers were issued on June 29, 1999, to Time Domain Corporation, Zircon, and U.S. Radar and on

August 6, 2001, to Kohler Co. to permit the limited marketing of UWB devices.
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function based on the composition of the surface and its absorption of RF energy.

38. The Commission observed that it appears that most other applications of UWB
technology could satisfactorily operate in a variety of regions of the spectrum. It further observed that
UWB devices generaly can operate compatibly with other radio services in the region of the spectrum
above approximately 2 GHz without causing harmful interference to other radio services for two main
reasons. 1) the UWB signals will quickly fall off to levels below the background noise because of the
high propagation losses at 2 GHz and above; and 2) most radio services operating above 2 GHz use
directiona antennas that generally discriminate against reception of undesired signals. Accordingly, the
Commission proposed to alow the operation of all types of UWB devices on frequencies above
approximately 2 GHz, subject to the general limits on technical operation set forth elsewhere herein.

39. The Commission also requested comment on aternative approaches to restricting or
prohibiting operations in the frequency bands below 2 GHz. It noted that certain UWB applications
might be feasible using extremely low signal levels. Comments were invited as to whether and at what
levels, if any, operation should be permitted in the restricted bands below 2 GHz for devices that can
operate using extremely low signal levels. While UWB technology generally cannot completely notch out
certain frequency bands, comments were requested as to the viability of establishing a general emission
limit for UWB devices below 2 GHz, and whether a more stringent limit, or notch, should be applied to
the GPS band.

40. Discussion. As discussed above, we are establishing different technical standards and
operating restrictions for three categories of UWB devices based on their potentia to cause interference.
These three categories of UWB devices are 1) imaging systems including ground penetrating radar
(GPR), wall, through-wall, surveillance, and medical imaging devices, 2) vehicular radar systems, and 3)
communications and measurement systems. The discusson below sets forth the frequency and
operational limitations that will apply to each of these device categories.

1 Imaging Systems

41. Most of the commenting parties support alowing GPRs to operate in all frequency bands
provided that certain conditions are met, such as requiring a switch to avoid unattended operation and
ensuring that they are operated in close proximity to the ground. The commenting parties expressed
differing views, however, with regard to other types of imaging systems. Some parties state that imaging
systems need to operate across a broad range of frequencies in order to accommodate the wide range of
applications and to alow imaging sensors to effectively penetrate a wide variety of materials. Other
commenting parties are concerned that imaging systems may be more likely to cause interference to
licensed services. These parties suggest limiting imaging systems to certain frequency bands and
applying other restrictions on their use.

42 The ARRL, for example, states that it does not object to permitting GPRs to operate
anywhere in the spectrum, subject to appropriate emission limits® It states that these devices are
expected to be deployed in limited numbers and will direct their signals towards the ground. ARINC,
ARRL, and ATA state that limiting UWB operations in restricted bands to GPRs that direct most of their
energy into the ground may serve to minimize the impact of any harmful interference to GPS and other
safety-of-life operations®® Nortel states that GPRs are unlikely to cause significant interference to
communications systems as the energy is directed into the ground and extraneous radiation is low.*

& ARRL comments at pg. 16.
8 ARINC & ATA comments at pg. 13.

8 Nortel comments at pg. 7.
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Nortel also agreed that a switch or other mecdhanism shoud be required to ensure operation oy when
adivated by the operator and aimed at the ground.The USGPSIC also requested that GPRs be eguipped
with a switch to shut off the transmitter if it was not in contad with the ground.®® Sirius requested that
GPRs operate exclusively below 2 GHz so as to avoid the DARS frequency band® Aether Wire
indicated that the use of frequencies below 1 GHz is optimal for transmitting through walls, pavement,
debris, earth, water, snow, etc.*® The Colorado School of Mines stated that, depending on soil conditions,
GPR operation may be in the 100MHz to 2 GHz region’* On the other hand, USGPSIC stated that there
isnovalid reason why GPRs can not operate @ove 3 GHz.*

43. AOPA questioned permitting GPRs to operate one meter from the ground It argued that
one meter represents a half-wavelength of about 150 MHz and indicates that GPRs can emit significant
energy above this frequency and states that there is the possibility of substantial “coupling leskage” and
reflection from the grourd’s surface®  Alloy requested that GPRs be limited to a maximum one-foot
separation from the ground, requiring the GPR to be & close to the ground as possible, since metal
objects could refled the RF signal.** Peter Annan objeded to requiring an automatic switch permitting
operation oy when the GPR is pointed at the ground, indicating that GPRs may be operated on steep
slopes, into the sides of cliffs, or retaining walls, in underground pipes, and at other locations.®™ Mr.
Annan requested that GPRs be permitted to have an override switch, e.g., a pressto operate switch. He
also requested that certification d GPRs not be required since the interference patential from GPRs is
low.

44, With regard to imaging systems, Bosch argued that the emisson limits for UWB shoud
ensure that there is no interference to other services and that the use of wall contact switches as well as
automatic power control are unrecessary.*® It pointed out that automatic power control is impradiceble
becauseit is not possibleto predict the exad attenuation of every wall. TDC indicated that the best center
frequency for through-wall sensorsis 2 GHz due to the aility at this frequency to penetrate construction
materials.’” TDC also expressed concern regarding the requirement for awall contad switch, roting that
there may nat always be flat surfaces, e.g., walls in a collapsed building.”® TDC also noted that police
would prefer the aility to operate these devices remotely for the safety of their personnel. Zircon stated
that its UWB radar operates between 200 MHz and 4 GHz, adding that the use of frequencies below 2
GHz is necessary to oltain through-wall i maging cefinition o narrow objeds.”® While Zircon stated that
it does not oppose acontad switch in principle it neals an override mechanism to permit afew seconds of

8 USGPSIC comments at pg. 23-24.

8 Sirius comments at pg. 15.

© Aether Wire mmments at pg. 6.

o Colorado School of Mines reply comments at pg. 3-4.

92 USGPSIC reply comments at pg. 10.

% AOPA commentsat pg. 7. NBAA comments at pg. 8. Sirius comments at pg. 19-20.

o Alloy reply comments at pg. 14.

= A. Peter Annan comments at pg. 3. The Colorado Schoad of Mines on page 4 of its reply comments also

noted that GPRs are sometimes used to investigate diff faces and overhangs.

% Bosch comments at pg. 3 and reply comments at pg. 2.

o7 TDC comments at pg. 11.

8 TDC comments at pg. 26.

9 Zircon comments at pg. 1 and 5.
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calibration or to pass closely over uneven surfaces that might not always permit direct contact. *® XM
stated that it is unlikely that imaging systems would pose a significant threat of interference to DARS. '

45, Nortel noted that caution is needed with systems that are designed to penetrate walls or
floors as emissions from these systems could interfere with in-building communications systems.'® Alloy
expressed concern that through-wall-imaging systems could be aimed at CMRS antennas and wants these
devices activated only if they arein direct contact with awall surface and equipped with automatic power
control. *® USGPSIC requested that the use of through-wall imaging systems be restricted to public
safety applications or to the protection of life or property in order to avoid proliferation of the
equipment.’® It also stated that these devices must be required to meet all of the conditions established
by NTIA for UWB devices operating under a waiver from the Commission.'® These conditions mandate
the keeping of records of al parties to whom the equipment is marketed, coordination by the equipment
users of detailed areas of operation with the Frequency Assignment Subcommittee of the
Interdepartmental Radio Advisory Committee under NTIA, and other requirements. TDC stated that the
operation of through-wall systems should not be limited to law enforcement and public safety even though
the more sophisticated versions were likely to be used by these groups'® TDC noted that similar
technology could provide high security sensors for commercial and residential applications. Zircon also
requested that the Commission not restrict the operation of imaging systems to safety-of-life or property as
its customers would be contractors and remodel ers who would not be permitted to use the equipment under
these conditions. '

46. Discussion. Based on the record and recommendations from NTIA,® we find that imaging
systems can be permitted to operate in most regions of the frequency spectrum without causing harmful
interference provided appropriate technical standards and operational restrictions are applied to their use.
With regard to GPRs, we find that these devices must operate over arange of frequencies, including in the
region below 2 GHz, in order to obtain the penetration depth and resol ution necessary to detect and obtain
the images of buried objects. We also agree with the majority of the commenting parties that the risk of
interference from GPRs is low since the energy from these devices is directed into the ground, where
most of the energy is absorbed, and emissions in other directions can be shielded without affecting the
operating characteristics of the GPR. Further, we expect that GPRs will have a low proliferation and
usually operate at infrequent intervals. In addition, the low heights at which GPRs are operated and the
low duty cycles employed by GPRs'™ ensure that there is a minimal risk of interference from these
devices.

47. GPRs must operate only when directed at the ground and in contact with, or in close
proximity (e.g., 1 meter) to, the ground for the purpose of detecting or obtaining the images of buried

100 Zircon reply comments at pg. 3.

101 XM reply comments at pg. 6, footnote 8.

102 Nortel comments at pg. 7.

103 Alloy reply comments at pg. 14-16.

104 USGPSIC comments at pg. 23-34.

108 See letter of June 15, 1999, from William T. Hatch of NTIA to Dr. Dale Hatfield, Chief, OET, FCC.

106 TDC comments at pg. 26.

107 Zircon reply comments at pg. 3.

108 See |etter of February 13, 2002, from William Hatch, supra.

109 GPRs generaly operate at low PRFs as they must pause between pulses to give the signal transmitted into

the ground sufficient time to be reflected and to return to the receiver.
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objects, and we will require that they be tested at their operational height. This will ensure that any
emisgons due to leakage or to reflections can be detected. We do ot agree with Alloy that reflections
that may occur from infrequent metal objects that may appear under the GPR would increase the potentia
for interference. Such dbjects would likely be quite small and would reflect the signal low to the grourd
where it would quickly be dtenuated with distance and by intervening objeds. To ensure that operation
occurs only when the GPR is directed towards the ground,we ae requiring that the device be equipped
with a switch accessble by the operator. The switch shall be manually operated and shall cause the
transmitter to cease operation within 10 seconds of being released by the operator. It is permissible for the
switch to be operated by remote control provided the GPR system ceases transmisson within 10seands
of the remote switch being released by the operator.

48. We regject the request to exempt GPRs from the Commisgon's equipment certification
procedure. This procedure was established as a method to ensure that RF products comply with the
appropriate standards before they are imported, marketed or used. We do nd have sufficient experience
with this equipment at this time to ensure that such devices do, or will continue to, med our technicd
standards.

49. We reaognize that wall, through-wall, and medical imaging systems generaly do ot
direct their energy into the ground and therefore present a somewhat greater risk of interference.
However, it is desirable for these imaging systems to operate acrossa broad range of frequenciesin order
to acommodate different applications and to effedively penetrate awide variety of materials. We
believe that sufficient protection from harmful interference can be achieved by a cmmbination d technical
requirements and operational restrictions on imaging systems. We are therefore designating three classes
of imaging systems, ead subject to different technical standards and operational restrictions.

50. Low-frequency imaging systems. The first classof imaging systems includes al imaging
systems operating with a—10 dB bandwidth that is wholly contained below 960MHz. These systems wil |
be permitted to operate at the emisson limits contained in 815.209. They are aso required to med the
following out-of-band emisson limits:

Frequency in MHz EIRPin dBm
9601610 -65.3
16101990 -53.3
Above 1990 -51.3

51. We ae restricting the use of this class of equipment to parties eligible for licensing under
the provisions of Part 90 of the FCC's rules. We also are requiring that the operators of imaging systems
in this class complete acoordination procedure with the Government. These devices radiate energy in
arbitrary directions and gperate in the vicinity of materials that may provide, in some instances, very little
energy absorption. While the record showed that the GPS and aher authorized services are generally
robust againgt interference from devices, such as GPRs, with low PRFs, the record dd not directly
suppat extending this conclusion to all systems operating in this low frequency range. Other technicd
and operational requirements for low-frequency imaging systems are antained in new Sedion 15.%9 in
Appendix D. The specifics of the coordination process are detailed in the Section 15.525contained in
Appendix D of this Order.

52. High-frequency Imaging Systems. The second class of imaging systems are those that
operate with a-10 dB bandwidth between 310 GHz and 10.6GHz.*'® Emisson levels from this category

110 It should be noted that GPRs are aspedalized application of imaging systems and can operate under this

seoond caegory of imaging systems using any PRF provided, however, that they comply with al of the other
technicd and operational restrictions associated with this equipment caegory.
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of device must med an emissions mask for the gopropriate frequency bands. The anisgon limits are &

follows;

Frequency in MHz EIRPin dBm
Below 960 15.209li mits
9601610 -65.3
16101990 -53.3
19903100 -51.3
310010600 -41.3
Above 10600 -51.3

The high-frequency imaging system class includes GPRs, wall, and medical imaging

devices. As with the low-frequency imaging systems, Government coordination is required for the
operation d these devices, following the procedures described in Section 15.525n Appendix D. Specific
technical and operational requirements for high-frequency UWB devices are antained in Section 15.8.3
in Appendix D.

54. Mid-frequency Imaging Systems. This class of imaging systems consists solely of
through-wall and surveillance systems. These devices operate with a— 10 dB bandwidth between 1990

MHz and 10,600MHz.

imaging devices are permitted. The emissonlimits are asfollows:

Frequency in MHz EIRPin dBm
Below 960 15.209li mits
9601610 -53.3
16101990 -51.3
199010600 -41.3
Above 10600 -51.3

Higher unwanted emisson limits than those gplied to the other classes of

55. Parties seeking to operate this mid-frequency class of devices must be digible for
licensing under the provisions of Part 90 of the FCC's rules. The systems in this class are considered to
pose agreater risk for harmful interference because of the lower frequency of the fundamental emission
and the higher power levels reflected in the lessconservative eamissons mask; however, consideration o
the substantial benefits to the public safety and the limited user base tend to mitigate the interference
concerns. This class of UWB imaging systems requires Government coordination. This coordination will
provide for operation in a pre-approved geographic aeg with perhaps, certain restrictions on specific
locations identified by the Government. This should provide maximum flexibility to safety services while
still asauring that the risk for harmful interferenceis appropriately minimized. Surveillance systems will
operate only at fixed locations such that harmful interference can be avoided through coordination. In
addition, if harmful interference were to occur the source can be readily identified and corrected. See
Sedion 15.511 for the specific technical provisions for mid-frequency UWB devices.

56. Thelimits gecified above for imaging systems reflect an abundance of caution to proted
the GPSand PCS services, and the pasgve bands employed in radio astronamy and by satellite sensors.
We believe that by restricting the parties and requiring coordination before the device is used that the
proliferation d these systems will be limited and the use antrolled to a narrow range of applications that
shoud na present interference concerns. We believe that the requirement for coordination will have a
minimal impad on UWB equipment users as NTIA must complete its coordination efforts within 15
businessdays of itsreceipt of the request for routine UWB operations. Specia temporary operations may
be handled with a much faster turn-aroundtime when circumstances warrant. Further, the operation of
UWB systems in emergency situations can be commenced immediately pursuant to the notification
procedures gedfied in 47C.F.R. Sedion 2.405(a)-(e). We believe that these technical regquirements and
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operational restrictions will ensure that imaging systems do rot cause harmful interference

57. We greewith Bosch, TDC and Zircon that there is no reed for awall contact switch or
automatic power control for imaging devices. However, as with GPRs, we are requiring that wall
imaging systems be equipped with a manually operated switch, the release of which causes the transmitter
to cease operation within no more than 10 seconds. Reaognizing that police and aher public safety
officials may employ these systems in hcstil e situations, we will permit this switch to operate by remote
cortrol. We do nd agreewith the request from USGPSIC to require detailed record keeping such as that
which was required by NTIA for the UWB manufadurers that obtained waivers from the Commisson.

2. Other UWB Devices

58. Comments. The comments from parties associated with an authorized radio service
generally objected to the operation of UWB devicesin “their” spectrum regardlessof the emisson level.
For example, objections to the operation of UWB were filed by ARRL regarding the amateur bands,
Cisco regarding MM DS operations, Motorola and Sprint PCS regarding operation in the PCS band, Sprint
on several services including MDS, ITFS PCS and LMDS, XM and Sirius regarding operation in the
SDARS band, Nortel regarding PCS, UNII™! and fixed wireless acess systems, AT&T on UNII
operation, MCHI regarding MSS and several others® Based on these objedions, several different
frequencies were suggested in the comments below which UWB devices dould not be permitted to
operate. For example, Nortel requested that UWB systems not be permitted to operate below 5.9 GHz.**®
Sirius requested that UWB systems not be permitted to operate below 2.9 GHz, with a possible exception
for GPRs and wall i maging systems.*** Lockheed Martin requested that UWB systems be excluded from
operating below 2.9 GHz due to the sensitive nature of many operations conducted in restricted bands
used for military and public safety applications and other sensitive uses.> MCHI requested that UWB
devices, other than certain ground radars, nat be permitted bdlow 3 GHz.'*® Rockwell requested that
UWB devices be prohibited from operating below 5.15 GHz, except for GPRs and wall i maging systems,
in order to acoommodate radio atimeters at 4.2-4.4 GHz and MLS receivers at 5.03-5.09GHz."'" ARRL
requested that non-GPRs be located above 2.5 GHz."'® XM requested that UWB devices be prohibited
from operating below 3 GHz in order to provide protection to DARS.**® Alloy wants all UWB devices,
except GPRs, to operate aove 2.7 GHz."*® ARINC & ATA want UWB operation permitted only above
5.5 GHz and then orly outside of the existing restricted bands** ATA and several other industry

1L UNII devices operate under Part 15 of our rules and are not provided any protedion from harmful

interference. See47 C.F.R. § 155.

12 ARRL comments at pg. 2-3. Cisco comments at pg. 3. Motorola mmments at pg. 11-30. Sprint PCS reply

comments at pg. 2. Sprint comments at pg.3. XM comments at pg. 10. Sirius comments at pg. 7-10. Nortel
comments at pg. 6. AT&T comments at pg. 5. MCHI comments at pg. 1-2. We note that UNII is a Part 15
operation and is provided no protedion from harmful interference See 47 C.F.R. § 15.5.

13 Nortel comments at pg. 6.

14 Sirius comments at pg. i and 7-10.

15 Lockheed Martin comments at pg. 8.

116 MCHI comments at pg. 4.

17 Rockwell comments at pg. 5.

118 ARRL comments at pg. 17.

19 XM comments at pg. 1 and 10

120 Alloy reply comments at pg. 16.

121 ARINC & ATA reply comments at pg. 7.
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representatives stated |ater that UWB operation must be above 6 GHz."*> American Trans Air stated that
UWB devices should not be permitted to operate in any of the safety-of-life bands.**® M/A-Com noted
that the bands within which Motorola, Sprint, Nortel, Cisco and others requested that UWB systems be
prohibited from operating are not restricted bands and may already be used by Part 15 devices.”*

59. TDC stated that the best center frequencies are as follows. 2 GHz for wireless local area
networks with precision tracking, precision tracking systems, buried victim rescue radar, and security
fences;, 4 GHz for RF identification tags, medical telemetry tags, short range high resolution radar, and
short range data links; and 8 GHz for automotive pre-crash sensors, airbag deployment sensors,
construction inspection equipment, and high resolution radars.** Fantasmaindicated that it could operate
above 2 GHz.'*® MSSI stated that UWB should initially be allowed above 3.1 GHz.™®" XSl indicated that
its UWB equipment could operate with a center frequency above 3.1 GHz. Valeo Electronics stated that it
expects automotive radars to be designed at frequencies above 4 GHz as antenna aperture is proportional
to wavelength and space is limited.”®® Daimler Chrysler wants to operate its vehicular radar systems with
a center frequency at 24.125 GHz."*

60. XM noted that radio receivers for several services operating above 2 GHz do not rely on
directional antennas, but added that most radio receivers operating above 3 GHz do rely on directiona
antennas.”*® MSSI noted that fifty percent of the U.S. Government radio operations and forty percent of
non-government radio operations occur below 3.1 GHz and requested that UWB operation be permitted
above this frequency.” NTIA, in its analysis of potential interference from UWB systems to non-GPS
systems, concluded that the operation of UWB devices is feasible in portions of the spectrum between
about 3.1 and 5.65 GHz at heights of about 2 meters with some operating constraints but that operation
below 3.1 GHz would be quite challenging."®* This statement by NTIA was echoed in severa of the
comments filed in response to the NTIA analysis.

61. Aether Wire stated that rather than confining operation to above 2 GHz we should set
reasonable limits in the GPS bands consistent with noise sources that already exist and let manufacturers
choose how to meet these limits."* It added that an outright ban to UWB operation below 2 GHz would
be dictating a poalitical solution to an engineering problem and would favor some UWB systems over
others. The USGPSIC requested that we require UWB transmitters to be equipped with filters to protect
the GPS band, stating that it is impossible to prevent significant changes in the frequency and bandwidth

122 ATA et al ex parte comments of 6/6/01, 5/18/01.

123 American Trans Air reply comments at pg. 2.

124 M/A-Com reply comments at pg. 2.

125 TDC comments at pg. 11.

126 Fantasma comments at pg. 3.

127 MSSI comments at pg. 2.

128 Valeo Electronics comments at pg. 7.

129 Daimler Chrysler ex parte filing of 7/31/01.

130 XM comments at pg. 10.

13 MSSI comments at pg. 10 and reply comments at pg. 2.

152 NTIA Specia Publication 01-43, supra, at pg. x. We note that NTIA, in performing its analysis leading up
to this statement, did not consider the 12 dB reduction below the Part 15 general emission limits that was proposed in
the Notice.

13 Aether Wire comments at pg. 7.
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of a UWB emitter due to accidental or intentional changes to the UWB antenna™* It attached a new
element to a UWB antenna and removed a radiating element from another UWB device to demonstrate
that the UWB transmitter could be made to change frequency.

62. Discussion. We recognize that the UWB proponents wish to build various types of UWB
devices oriented towards the general consumer marketplace. However, we aso are concerned about
harmful interference absent sufficient constraints. As noted earlier, we believe that a cautious approach is
needed during the initial stages of UWB development. For that reason, we are adopting very conservative
emission limits for consumer UWB applications for three categories of devices. vehicular radar systems;
indoor; and hand-held, short range, peer-to-peer systems.

63. Vehicular Radar Systems. We are limiting vehicular radar systems to operation with a
center frequency greater than 24.075 GHz.*® Further, we are requiring that the frequency at which the
highest radiated emission level occurs also must be greater than 24.075 GHz and that the -10 dB
bandwidth be contained between 22-29 GHz. This is high enough in frequency to ensure antenna
directionality along with a high level of signal attenuation with increasing distance and intervening
objects. It aso is high enough in frequency to permit the use of an antenna small enough to be mounted
on an automobile. Further, by requiring the center frequency to be this high the emissions appearing
within the frequency bands below 10.6 GHz that were investigated by NTIA and others should be similar
to spurious emissions from conventional Part 15 transmitters or to emissions from digital devices and of
no greater interference threat. Consistent with our cautious approach, we are requiring that emissions
below 960 MHz be at or below the § 15.209 limits and that emissions appearing above 960 MHz conform
to the following emissions mask:

Frequency in MHz EIRPindBm
960-1610 -75.3
1610-22,000 -61.3
22,000-29,000 -41.3
29,000-31,000 -51.3
Above 31,000 -61.3

64. While we believe that the emission mask that we are adopting will prevent harmful
interference to radio systems operating in these bands, out of an abundance of caution we also are
requiring that vehicular radar systems employ directional antennas or other methods that will attenuate the
emissions 38 degrees or higher above the horizontal plane in the 23.6-24.0 GHz band by at least 25 dB
below the Part 15 general emission limits.*® As requested by NTIA, and as discussed in paragraphs 195-
197 of this Order, this level of attenuation will be increased in steps such that emissions 30 degrees or
higher above the horizontal plane in the 23.6-24.0 GHz band must be attenuated 35 dB below the Part 15
general emission limits by January 1, 2014. Since we expect vehicular radar to become as essential to
passenger safety as air bags for motor vehicles, the greater number of vehicles using these systems could
pose an increased risk to terrestrial passive sensing by satellites. Therefore, we are adopting the
additional emission requirements. See Section 15.515 in Appendix D for the specific provisions for

134 USGPSIC comments of 7/25/01. XSl in its comments of 7/25/01 at pg. 4 and 9 noted that its antenna can not
be manipulated in such amanner. The Commission also previously recognized that UWB devices might not be able to
notch out frequency bands that are a subset of their operating frequencies. See Notice, supra, at para. 23 and 30.

135 Most comments supporting UWB operation for vehicles wished to operate above 24 GHz.

136 The angle above the horizontal plane is based on measurements from a properly installed vehicle radar

system with the vehicle resting horizontally.
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vehicular radars.

65. Indoor UWB Systems. Devices operating under this category must demonstrate that the
system units will fail to operate if they are removed from the indoor environment. One accetable
procedure may be to show that the transmitting unit requires AC power to function. Based on the
concerns expressed by NTIA and others regarding operation below 3.1 GHz, we are requiring that —10 dB
bandwidth of indoor UWB systems must lie between 3.1 GHz and 10.6GHz. We ae alopting a very
conservative out of band emisdon mask to addressthe concerns of companies which make or market
indoor electronic equipment. In the frequency band below 960 MHz these devices are permitted to emit
at or below the 8 15209 limits, and emissons appearing above 960 MHz will conform to the following
emisgons mask:

Frequency in MHz EIRPin dBm
9601610 -75.3
16161990 -53.3
19903100 -51.3
310010600 -41.3
Above 10600 -51.3

66. An additional requirement for indoa UWB devices is that they may transmit only when
operating with a recaiver. A device @mnneded to AC power is not constrained to reduce or conserve
power by ceaing transmission, so this restriction will €liminate unnecessary emissons. In addition, if a
deviceis designed to operate pointed dovnwards in an enclosed structure such as a metal or underground
storage tank, it may operate & the levels allowed in this sedion. SeeSection 15.517in Appendix D. We
are onvinced that the conservative enisgon limits and restrictions we ae alopting for UWB indoor
devices will prevent harmful interference. Not only will indoor operation provide alditional attenuation
due to surrounding structure, the signals from the UWB transmitters would no longer be directly in the
beam of high gain antennas, such as MMDS antennas mournted on rocftops or agonautical antennas at
airports. Indedl, the majority of interference problems reported by NTIA in its analyses of interference to
nonGPS systems concerned oudoor systems and especialy outdoar systems operating at an elevation o
30 meters.™®” These provisions will ensure that even nearby RF devices, including devices that also may
operate indoors, will not receve interference

67. Hand Held UWB Systems. Sedion 15519 d Appendix D contains the provisions for
miscdlaneous UWB devices that are primarily hand held and intended to operate in a peer-to-pea mode
without restriction onlocation. Operation among pee-to-pee devices is expected to be astrong driver
for the development of UWB technology. We recognize that the greatest concerns of interferencein the
reaord were centered about the potential for uncontrolled proliferation of these devices. Therefore, out of
an abundance of caution the limits that we are adopting here are the most stringent for UWB operation.
We are requiring that these devices operate with a—10 dB bandwidth between 3.1 GHz and 10.6 GHz.
We are aopting an extremely conservative out of band emisson mask to address the concerns of the
grea majority of commenters. In the frequency band below 960 MHz these devices are permitted to emit
at or below the § 15.209imits, and emissons appearing above 960 MHz must conform to the following
emisgons mask:

Frequency in MHz EIRPin dBm
9601610 -75.3
16101900 -63.3
19003100 -61.3

187 NTIA Spedal Publicaion 01-43, supra.
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3100-10600 -41.3
Above 10600 -61.3
68. Further, we also require that these devices transmit only when in communication with an

associated receiver. The transmitter will cease transmission within 10 seconds unless it receives an
appropriate acknowledgment from the associated receiver, and the acknowledgment will continue during
the transmission at 10-second intervals. Devices operating under these emission levels should result in
battery operated, hand held units with a viable range of about 10 to 15 meters. The out of band emissions
are reduced by 10 dB below the requirement for indoor devices except in the GPS bands where the limit
is aready approaching the practical bound on our ability to verify compliance by measurement. We are
adopting these requirements out of an abundance of caution and we believe that these emission levels and
restrictions address the mgjority of the concerns and analyses in the record. See Section 15.519 in
Appendix D for the specific technical requirements for these devices.

69. We find no validity to the statement from USGPSIC that an operator would modify the
UWB antenna to change operating frequency or bandwidth or that equipment that has been damaged in
such a fashion would continue to be operated. We are aware that the emitted frequency of an impulse
system is a function not only of the pulse width and shape but also of the resonant frequency of the
antenna. Any major modification to the antenna could result in the UWB transmitter operating at a
different frequency. However, such a significant change would a so render the equipment unusable as the
associated receiver would now be on the wrong frequency. Significant phase errors likely would be
introduced as well. Because of this, we expect that UWB manufacturers would design equipment with
some serious thought to protecting the antenna from damage. Accordingly, we find no basis to require
UWB transmitters to be equipped with filters.

D. Analyses of Interference Studies

70. Proposal. In the Notice, the Commission noted that NTIA and others were planning
experimental programs to study the interference potential of UWB devices. The Commission encouraged
these testing programs, believing that the information they yielded would be important for developing
emission limits for UWB devices. The establishment of emissions limits requires a firm understanding of
the characteristics of UWB signals, their impact on victim receivers, and the minimum separation distance
between UWB devices and victim receivers. Thus, the Commission requested parties performing
interference tests to consider and provide information on receiver susceptibility to UWB signals along
with the spatial geometries assumed for evaluating potential interference.

71. Submissions. Severa parties submitted analyses of potential interference to various radio
services from UWB devices. NTIA™ NTIA on behaf on DOT*®, and TDC'* provided reports addressing
potential interference to GPS receivers NTIA presented two studies regarding the potential for UWB
transmission systems to cause harmful interference to U. S. Government radio operations between 400 MHz
and 6000 MHz. *** In addition, DOD provided a mathematical analyses of possible interference from

138 See NTIA Specia Publication 01-45, supra, and NTIA Report 01-384, supra.

1390 NTIA, on behalf of DOT, also submitted a preliminary version of this report on October 30, 2000.
140 The study consists of testing performed by the University of Texas along with an analysis by the Applied
Physics Laboratory of Johns Hopkins University.

1 See Public Notice of March 26, 2001, DA 01-753.

142 See NTIA Special Publication 01-43, supra, and NTIA Report 01-383, supra. See, also, Public Notice of
January 24, 2001, DA 01-171, requesting additional comments on this study.
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UWB operation to its Space-Ground Link Subsystem (SGLS) at 2.2-2.3 GHz."*® The following additional
reports were filed: ARRL caculated increases to receiver noise floors for receivers located at 420 MHz
and 2500 MHz;'** Motorola,** Sprint PCS, Telcordia Technologies and Time Domain Corporation,**® and
Qualcomm™’ performed analyses and testing of potential interference to PCS systems; Cisco presented an
analysis of interference to MM DS systems;**® and XM calculated the impact on Satellite DARS systems.'*
Comments were specificaly requested on the NTIA, DOT, TDC, and Qualcomm reports.™ In the following
section, we summarize each of these analyses and present our findings.

1 NTIA, DOT and TDC Analyses of Potential Interferenceto GPS

72. NTIA, DOT, TDC, and Qualcomm performed measurements and analyses to determine
the UWB emission levels necessary to prevent interference to GPS operation.  Qualcomm conducted
UWB interference test on a GPS receiver that is intended to provide location information for E-911
services. The information below summarizes various measurement reports on UWB interactions with
GPSreceivers.

73. Measurements: Initially, NTIA tested two GPS receivers, a coarse/acquisition (C/A) code
tracking receiver architecture that is representative of most GPS applications, and a semi-codeless
receiver architecture used for applications that are less dynamic and require more precision such as
surveying. In a follow-on measurement effort, NTIA also performed measurements on a GPS receiver
employing a narrowly spaced correlator architecture and an aviation GPS receiver compliant with FAA
Technical Standard Order-C129a (TSO-C129a) also employing the C/A code receiver architecture.™ The
performance criteria used to define and assess interference to receiver operations were: (a) break-lock
(BL), a condition that causes a loss of signal lock between the GPS receiver and the satellite, and (b)
increase in reacquisition time (RQT), the amount of time it takes a receiver tracking a GPS signal to
reacquire the signal after it has been momentarily removed. NTIA also developed a representative set of
impul se waveform parameters to characterize the UWB emission environment. The parameters included
four PRFs of 0.1, 1, 5, and 20 MHz; four modulation types consisting of constant PRF, On-Off keying,
2% relative reference dither, and 50% absolute dither; and two types of signa gating - 100% and 20%;
resulting in 32 permutations. These permutations identified the single source UWB signal structure. An
additional set of 5 aggregate signal structures was developed to investigate how severa UWB devices
acting together would affect the GPS receiver performance.

74. NTIA performed testing to determine the interference thresholds of the GPS receiver. A
GPS simulator was used to establish the GPS receiver operational state. In the test constellation, GPS
signals from a four satellite constellation (five satellites were used for the TSO-C129a compliant receiver
in order to meet receiver autonomous integrity monitoring requirements) based on ephemeris data taken

143 Filing of U.S. Department of Defense submitted 10/1/00, Attachment 2.

144 ARRL comments at Appendix A.

145 See Motorola comments at pg. 11-38.

146 Sprint PCS and TDC joint comments at Attachments 1 and 2.

147 See Public Notice of March 26, 2001, DA 01-753.

148 Cisco comments, Attachments 2 and 3.

149 XM comments, Technical Appendix.

150 Other parties indicated that test reports would be filed with the Commission, but these have not been

forthcoming.

s See NTIA Report 01-389 Addendum to NTIA Report 01-384: Measurements to Determine Potential
Interference to GPS Receivers from Ultrawideband Transmission Systems, September 2001.
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from an actual GPSconstellation present on December 16,1999. For the measurements performed onthe
C/A code, narrowly-spaced correlator, and TSO-C129% recevers the simulator power of the satellite
being monitored was t to the minimum spedfication level of —130 dBm at the GPSrecdver input.'*?
The simulator power of the satellite being monitored for the semi-codeless receiver was st to —133 dBBm
at the GPS receiver input. One commenter states that using the minimum guaranteed signal power
represents an overly worst-case scenario.™® The mmmenter also provides a detailed discussion of the
difficult propagation conditions that GPSrecsivers must operate in.*>* Tracking and aaqquiring/reacquiring
satellites in an open field with noobstructions is relatively straightforward. The callenge comes when
there is a partial blockage that reduces the anourt of signal energy that reades the receiver. As pointed
out by the commenter, the key fadors that characterize the GPSsignal propagation include multi path and
blockage from buildings and foliage. These factors reduce the recsived GPSsignal level in urban and
sububan aress where GPSreceavers are used in land-based applications. The received GPSsignal levels
from unolstructed satellites can be & much as 7 dB higher, than the guaranteed minimum signal level;
however, it isthe difficult propagation environment for land-based GPSreceiver applications that justifies
the use of the minimum signal level in the establishment of regulatory limits.

75. Conduwcted measurements were used to evaluate the interference levels on the GPS
reaaivers, and radiated measurements, using an anechoic chamber to determine whether the GPSantennas
atered the UWB radiated signals before they reached the GOS receiver. The results of the radiated
measurements confirmed that the GPS antenna does not cause any effects to the portion of the UWB
signal within the GPS operating band beyond that of amplifying the signal by the aitenna gain in the
direction of the UWB device One commenter criticized the NTIA and DOT measurements programs for
not including outdoor radiated measurements in assesdng the impad of UWB devices on GPS
receivers."> We believe that condicted measurements that are repeatable in a controlled environment are
more gpropriate & this stage where we are trying to set conservative limits for a new technology. Since
the anbient noise environment and the contributions from multi-path will change for ead geographic
location, autdoor, radiated measurements performed in a specific location are more difficult to interpret
for establishing regulatory limits and that we have an inadequate record at this time for basing standards
on such measurements.

76. The measurements performed by NTIA also included collecting amplitude probability
digtribution (APD) statistics, which, together with results from the interference measurements of the GPS
receivers, were used to classify the UWB signal interference dfectsin the GPSrecdver into 3 categories;
pulse-like, CW-like, and noise-like. The pulse-like cdegory was defined by receved UWB pulses that
were independent,’*® and low duty cycle (low PRF), and could not cause a GPS break-lock condtion
within the available power of the UWB test generator. The CW-like cdegory was defined by areceived
UWB environment composed of dominant spectral lines, which produced severe disruption in GPS
reaiver performance when ore spectral line digned with a C/A code line in the received GPS signal.
The noise-like cdegory was defined as UWB spedra withou dominant lines and with repeaable
measured values for GPSrecdver reaquisition thresholds. The UWB signals and GPS noise measured
signals were expresed in terms of a 200MHz bandwidth (centered at 157542 MHz), and powver

152 Global Positioning System Standard Positioning Service Signal Spedfication, Second Edition, GPS
NAVSTAR (June 2, 1995 at pg. 18.

153 TDC Commentsin resporse to Public Notice a pg. 40.

154 Id at pg. 49.

155 Id at pg. 36.

156 Pulses are independent when the filter bandwidth is greaer than the pulse repetition rate. To remain

independent the minimum pulse repetition period d a dithered signal must be greaer than the duration d the filter
impul se response.
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measurements were expressed as RMS power levels. The measurements produced values of the RMS
power level for interference using BL and RQT threshalds for dl of the 32 UWB signal variations and 5
aggregate UWB signal cases.

77. NTIA’s classificaion of the UWB signals, as they existed in the GPSreceivers tested, is
similar to classifications for genera interference to GPSmade by the RTCA (pulsed, CW, and broadband
noise) and the ITU-R (CW and troadband noise).™. The ITU-R and the RTCA have both derived
permisshbleinterfering signal limits for each dof these classes of GPSinterference. For the cae of in-band
pulsed interference, the RTCA derived limit is a peak power of +20 dBm for pulse widths less than 1 ms
and puse duty cycleslessthan 10%. For thein-band CW interference case, both the RTCA andthe ITU-
R interference limits are defined as—1205 dBm for GPSreceivers operating in the tracking mode.**® For
in-band kroadband roise interference, both the RTCA andthe ITU-R limitsare-110.5 @m/MHz for GPS
receivers operating in the tracking mode.**® The NTIA measurement and analysis results are mnsistent
with these values. These RTCA and ITU-R limits are based ona minimum available GPS C/A code
signal level of —130 dBm with the GPSrecéver antenna gain assumed to be -4.5 dBi.'® The RTCA and
ITU-R interference limits are based ona Minimum Operational Performance Standard for GPSreceivers
used for Category I/11/111 predsion approadhes.

78. NTIA demonstrated that independent UWB pulses of sufficient amplitude would saturate
one or more dements in the GPSreceiver during the pulse period. If the pulses are relatively short, and
produce an impulse resporse & the output of the filter, and are of arelatively low duty cycle, they will not
seriously degrade GPS performance.  Further, the interference dfect is independent of the pulse
amplitude as long as the anplitude is below the receiver peak pulse power limit (approximately +20
dBm). NTIA concluded that GPS performance is relatively robust to pulse-like UWB emissons. The
NTIA measurements for the C/A code receiver architedure show that a UWB signal with a PRF of 100
kHZz™' causes a low-duty cycle pulse-like interference dfect that does not degrade GPS receiver
performance The measurements performed by NTIA for the narrowly spaced correlator and TSO-C-
12% receivers, which use the C/A code achitecture, also show this low duty cycle, puse-like
interference dfect.

79. NTIA aso performed measurements of UWB interference to a semi-codeless GPS
reaiver. The measured susceptibility values, based on the RQT performance citerion, are for a variety
of UWB characteristics. The GPSreceiver performance criterion for RQT is a “sharp” increase in the
average time to reaquire a GPSsignal that has been interrupted for ten seconds. This average time was
determined by measuring the reacquisition time for each o ten trials (for the same set of test conditions)
and then computing the arerage time of the successful reacquisitions. That is, if the receiver was not able
to reacquire within the time dlowed for a trial, this tria was not considered in the determination of
average reacquisition time. The RQT threshold value was determined by engineaing judgment by
observing a plot of average reacquisition time and dedding at what UWB input signal level there was a

157 NTIA Spedal Publicaion 01-45, supra, at pg. 2-8.

158 ITU-R Recommendation M. 1477, Technical and Performance Characteristics of Current and Planned
Radionavigation-Satellite Service (Space-to-Earth) and Aeronautical Radionavigation Service Receivers to Be
Considered in Interference Studies in the Band 1559-1610 MHz (2000, at Tables 1 and 2. As noted in footnote 2 to
these tables, the interference threshold already takes into acount the dfeds of GPS intra-system interference based
on random code analysis. Thisthreshold value must account for all other aggregate interference.

159 Id

160 Document Number RTCA/DO-229B, Minimum Operational Performance Standard for GPS/Wide Area
Augmentation System Airborne Equipment (January, 1996. Recommendation ITU-R M.1477, supra, at ANNEX 1,
Sedion 3-2.

161 These low PRFs are found in most of the propased GPR systems.
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sharp increase in reacquisition time. In general, this darp increase was more evident for the UWB
signals involving higher PRFs (i.e.,, 5 and 20 MHZz) and was more ajudgment for the lower PRF
condtions.**?

80. The DOT sponsored measurements considered a UWB signal with a PRF of 1200kHz and
came to the same conclusion as NTIA. Thus aslong as the PRF of the UWB emisgon is no greater than,
100kHz, and the output level of the UWB emisson is low enough so as not to overload the front end of
the GPSreceiver, interference to GPS from UWB operation is unlikely. Based on the test data, UWB
devices could operate & the Part 15 general emisgon limits, provided the PRF does not exceed 100 kHz,
without causing interference to GPS recegtion. Thus from the GPS protection viewpaoint, GPRs with
PRFsless than 100 kHz are not an interference @ncern.

81. For the measurements of the C/A code receiver architecture, NTIA classfied 190f the 32
UWB signal permutations in the pulse-like cdegory. The majority of the PRF values were 100 kHz (8
cases) and 1 MHz (7 cases), however two of the 5 MHz PRF (2% relative and 50% absolute dither with
20% gate), and ore 20 MHz PRF (2% relative dither, 20% gate) produced pulse-like interference dfects.
The NTIA measurements confirmed, as theory would predict, that there is a relationship between the
interference dfect and the receiver bandwidth. For example, some of the UWB signals (particularly
among the 1 MHz PRF signals) that produced pulse-like interference effects in the wider band GPS
reaivers (the 10 MHz C/A code and 16 MHz narrowly-spaced correlator receivers) produced a response
charaderistic of the more disruptive noise-like or CW-like interference dfects in the narrower bandwidth
reciver (2 MHz TSO-C12%). As the PRF of the UWB emisson increases above 1 MHz, the
interference to the GPS receiver can be dassified as either noise-like or CW-like. The noise like signal
permutations included the 5 and 20MHz PRF, 100% gated waveform with 2% relative or 50% absolute
dithering. Among these four noise-like ases, the worst-case measured interference threshold for the C/A
code receiver was -95 dBBm/20 MHz (-108 BBm/MH2z) corresponding to the 20 MHz PRF, with 50%
absolute dithering signal. Nine of the 32 UWB signal permutations were categorized as CW-like. There
were four 5 MHz and four 20 MHz PRF cases and one 1 MHz PRF signal set that resulted in CW-like
GPSinterference effeds. Among these 9 CW-like caes, the worst-case interference threshold measured
for the C/A code receiver was —995 dBm/20 MHz. The adjustments to convert this value to the power
level for asingle spectral line in a one MHz bandwidth include a3 dB reduction for the division of power
between discrete spedral lines and the antinuous gpectrum for on-off keying (OOK), a7 dB reduction to
acount for the 20% gate-on time relative to total time of 20 milliseconds, and a 7 dB reduction to adjust

162 Of particular concern for the interference protedion of the semi-codeless GPS recever is the reaquisition

data point listed for the UWB signal with a 100 kHz, 2% relative dither and 20% gating. The listed value is -88
dBm/20 MHz. This sngle value would indicae the semi-codeless recaver is ausceptible to low PRF UWB
interference. This sngle valueis at least 17 dB lower than the other listed values for a 100 kHz PRF UWB signal.
This 17 dB difference includes a 7 dB adjustment to determine the average interference power for the 20% gated
signal. Because this 17 B differenceis sgnificant in determining interference protedion requirements, a further
review of this data point was caried out. The measured data plots for al the 100kHz PRF, 20% gated UWB signal
cases for the semi-codeless receiver tests were reviewed. This resulted in reviewing four data plots for reaquisition
tests from the measured data report. As previously stated the reaquisition threshold was determined throudh a
judgment as to the power level where asharp increase in reaquisition time occurred. For threeof the data plots, the
previous judgment was that no sharp increase was observed over the range of measured interference power levels.
Only in the cae of concern (100 kHz with 2% relative dither and 20% gating) was a reaaquisition threshold
selected. In retrosped, because the arves are dl similar, a wmparative review of the data acossthe four cases
would indicae that a reaquisition threshold should not have been selected over the range of UWB signal powers
measured for the 100 kHz PRF, 2% relative dither and 20% gating case. Thus, the entry in Table 2-2 of NTIA
Speda publicaion 01-45 should be [-66] rather than -88. The [-66] shows that this was the limit of the power
available in the test setup and the dfed of interest (the reacquisition threshold) was not observed. This GPS recever
performance, in the presence with low PRF UWB interfering signals, is in agreement with the C/A code recaver
architedure results.
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for a single spectra line that is moduated by a sinc function by the gating period, prodwcing —116.5
dBm."® The measured level at which interference occurred to the GPSC/A code recéver was 8 dB less
for a CW-like UWB signal than for the noise-like UWB signal.'® This measured dfference is in
agreement with the RTCA and ITU-R standards noted above which identify a 10 dB difference for the
two interference effeds.

82. Analysis. In ader to calculate the maximum allowable EIRP for a UWB device a
source-path-receaver analysis must be performed. The basic parameters that must be defined for this type
of analysis are the receiver interference threshold, the source output power and antenna gain, the
propagation path between the transmitter and receiver, and the antenna gain of the recever in the
direction d the source transmitter. The data obtained from the measurements performed by NTIA define
the interference threshold level at the input of the GPS recaiver as a function d UWB signal structure
(e.g., power, PRF, moduation scheme) for each of the GPSrecaiver architectures examined. The EIRP of
an UWB device can be estimated by the Part 15 emisson limit to which it is subject. However, this EIRP
thus derived is in most pradical cases an overestimate, particularly when the recever of interest has a
bandwidth which is narrow compared to the difference between the upper and lower frequency of a
emisgon limit.

83. In the cae of the amissionlimitsin Appendix D, the bradket containing the GPSbandis
960-1610MHz with atotal bandwidth of 650 MHz. Part 15 devices are measured for approval purposes
using the methoddogy contain in ANSI Standard C63.4.1%° This methoddogy chedks the limit, expressed
in field strength urits, over the whole bandwidth of the bracket and over a surface3 meters away from the
device under test with measurement height ranging from 1 to 4 meters. Furthermore, the device is
measured over a anducting surface that causes refledions of emissons to reat the antenna in addition
to drect rays from device under test. This multipath contribution to the measured field strength means
that the measured field strength corresponds to an EIRP 4-5 dB higher than a mathematicd cornversion
from field strength to EIRP would indicate. Furthermore the fact that the highest field strength
measurement over a g/linder 3 meters in radius and 3 meters high and over the whoe bandwidth of a
bradket is used for compliance @mparison, leads to an additional overestimate compared with the signal
that might be emitted from a UWB devicein a spedfic direction and at a specific frequency measurement
with a1 MHz bandwidth. For the following analysisto determine UWB emisgon limits we will use the
worst case, but probably unredistic, assumption that the EIRP in the direction o the GPSrecaver or any
other victim receiver is the same & implied by compliance measurement. This is necessary at this time
because we do not have reliable information in the record concerning the evenness of the spedral
emissons over frequency and the variability of UWB antenna patterns with frequency and drection.

84. In order to make reasonable asumptions regarding the remaining values needed for the
analysis, information regarding how the transmitter and receiver can interact within their operating
environment is necessary. Collectively, this information defines an operational scenario, which
establishes how close the two systems may come to ore ancther under actual operating conditions, and
the likely orientation of the antennas. This information is then used to compute the propagation loss and
the receive aitenna gain in the direction d the transmitter. The operational scenario can also be used to
determine the gplicability of fadors auch as building attenuation, multiple transmitters, and safety
margins.

163 NTIA Spedal Publication 01-45, supra, at pg. 2-12.

164 Our discussion in this sdion primarily is directed to noise-like UWB emisdons. Additional protedion

will be provided to GPS reception of CW-like emissions to acaommodate the 8 dB difference measured by NTIA
and the 10 dB spedfied in the RTCA and ITU-R standards.

165 See 47 C.F.R. § 15.31(a)(6).
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85. NTIA, RTCA, and the USGPSIC performed analysis to compute the maximum all owable
EIRP for the UWB devices with the GPSreceiver and UWB device for diff erent operational scenarios.
NTIA hosted a series of open public medings to develop operational scenarios to be @mnsidered. The
medings were annownced in the Federal Register and participation was encouraged within the UWB and
GPS communities and among the interested Federal agencies. Specific proposas for operationa
scenarios to be cnsidered included GPSreceivers used in the following applications: land-based (e.g.,
public safety, emergency resporse vehicle navigation, geographic information systems, precision macine
control); maritime navigation (in constricted waterways, harbors, docking, and lock operations); railway
operations (positive train control); surveying; and aviation (en-route navigation and nonpredsion
approad). The inpu received at the public medings was used by NTIA to develop the operational
scenarios considered in their analysis. RTCA Working Group 6devel oped operational scenarios for GPS
reaivers used in Category I, Il, and Ill predsion approach landings. The USGPSIC developed an
operational scenario for an E-911 GPS receiver. Since the Notice did not specify any operating
restrictions for UWB devices, the operational scenarios considered bah indoor and oudoor operation d
UWB devices. These operationd scenarios are the developers best estimates of acceptable geometries
between GPSreceivers and UWB devices. However, the scenarios do nd have the legal status of law or
regulation and ou willingness to use them for this analysis is based mostly on the dsence of other
standards that reflect a broad consensus and a balancing of all public interests. Spedrum management is
a complex subject and interference protection goals in general must consider both the benefits of
authorizing new emitters as well asthe interferencerisk to ather systems.

86. There are two operational scenarios proposed on the record that serve & the limiting
scenarios for establishing the emisson limits for UWB devices operating indoars: 1) the land-based
multiple UWB device operationa scenario developed by NTIA and 2 the E-911 ogerationa scenario
developed by the USGPSC. The following paragraphs provide adetailed discusson o these operationa
scenarios.

87. The first limiting operational scenario for the indoar use of UWB devices is where there
are several UWB devices operating inside of a building and the GPS recever is operating outdoors. The
following table provides an overview of the technical factors for noise-like interfering UWB signals
considered in the analysis for this operational scenario. In order to err onthe conservative side, worst case
asumptions have been used for most parameters, as advocaed and explained by NTIA.

Table1l Technical Factors Considered for Indoor UWB Interferenceto GPS

Parameter Value Value
GPSRecaver Interference Susceptibility (dBm/MHZ) -102.5 -108
(Performance Metric) (BL) (RQT)
Propagation Loss(dB) 55 55
(Minimum Distance Separation (m)) (8.6) (8.6)
GPSRecdve Antenna Gain (dBi) -3 -3
UWB DeviceInterference All otment (dB) -3 -3
(Percentage UWB) (50) (50)
Allotment for Multiple UWB Devices (dB) -6 -6
(Number of Devices) (4 (4
Manufacturer Variation (dB) -3 -3
Average Buil ding Attenuation (dB) 9 9
Allowancefor Acquisition (dB) -6 0
Maximum Allowable EIRP (dBm/MH2z) -59.5 -59
47 C.F.R.815.2® Emisson Limit (dBm/MHz) -41.3 -41.3
Additional Attenuation Required (dB) 18.2 17.7
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88. The UWB emission limit recommended in the above table is calculated by adding the
values in the columns. As shown in the table, for noise-like UWB signals an additional 18 dB of
attenuation below the 47 C.F.R.815.209 emission limit is necessary to protect the GPS receiver under the
conservative assumptions in this operational scenario. The following paragraphs will provide a detailed
discussion of each of the technical factors considered in this operational scenario.

89. The GPS interference susceptibility levels used in this analysis correspond to the break-
lock and reacquisition performance metrics of the GPS receiver. As discussed earlier, the GPS receiver
interference susceptibility referenced to the input of the receiver was obtained from the single source
measurements performed by NTIA. The values used in this analysis are based on the UWB signal
structure that causes the most susceptible noise-like interference threshold that was measured by NTIA.

90. The propagation loss is computed using the minimum distance separation between the
GPS receiver and the UWB device as defined by the operational scenario considered. For this operational
scenario the minimum distance separation is computed from the slant range with the GPS receiver |ocated
5 meters from the building and the UWB device 7 meters above the GPS receiver. The computed
minimum distance separation is 8.6 meters. For this distance separation the free space propagation model
is applicable. One commenter suggests that a factor for loss due to vegetation be included in the
analysis.'® Although such a factor may be applicable in other operational scenarios, NTIA does not
believethat it is appropriate in this case and that it should not be included in the analysis. The commenter
also suggests that a factor be included for scattering loss that would result from the fact that most of the
world is cluttered with objects that will reflect the UWB signals and create frequency selective nulls.*’
Signal scattering similar to the effects of multi-path is difficult to predict and are highly dependent on the
surrounding obstacles. Since there is no way to accurately predict the types of obstacles that exist in a
given area, the inclusion of such a factor in this analysis may not be appropriate given the lack of
operational experience with UWB.

91. The UWB devices, which are indoors, in this operational scenario, are located above the
GPS receiver, which is outside. The antenna model used by NTIA for the GPS receiver indicates that the
receive antenna gain is 3 dBi. The antenna for the UWB device is assumed to be omnidirectional. One
commenter suggested that the antenna gain of the UWB device in the direction of the GPS receiver be
reduced by 2 dB to account for off-axis antenna alignment.’® Another commenter stated that in the
analysis of aggregate interference to airborne GPS receivers it is appropriate to reduce the gain of the
UWB device based on the elevation angle®® The commenter states that most UWB applications will
employ omnidirectional antennas that will provide essentially uniform coverage in the horizonta
direction and in the vertical direction for low elevation angles.'” The commenter recommends that the
antenna gain of the UWB device be reduced by approximately 40 dB to 4 dB respectively for elevation
angles from the vertical down to 45 degrees’™ At the lower elevation angles, the commenter does not
recommend a reduction in the UWB device antenna gain. We agree that it would be appropriate to include
such a factor if the UWB devices were employing directional antennas and the locations of the devices

166 TDC Commentsin Response to Public Notice at pg. 64.

167 Id

168 Id.
169 Comments of XtremeSpectrum, Inc., On Issues of Interference Into Global Positioning System Receivers
(April 25, 2001) at pg. 21.

170 Id

171 Id
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were known. However, it may nat be gpropriate to include an dff-axis antenna dignment factor in the
analysis of this operational scenario, where omnidirectional antennas might to be employed. Off-axis
discrimination is typicaly employed when analyzing stations in the fixed radio service for example,
where the locations of the transmitters and antenna pointing angles are known. Since the locations, the
types of antennas being employed, and the antenna pointing angles of the UWB devices are al unknowns;
it may be inappropriate to include afador for off-axis antenna alignment in this analysis. An df-axis
antenna dignment factor could be applied in an operational scenario examining aggregate interference to
an airborne receiver from a large number of land-based UWB devices, such as in an en-route navigation
operational scenario. However, it may not be appropriate to include such a factor in the analysis of this
operational scenario based onthe record.

92. One commenter states that antenna palarization mismatch loss should be included in the
analysis to minimize the interference dfects of UWB devices to GPSreceivers.!” Polarization mismatch
loss aso referred to as polarization discrimination or polarization isolation, is the ratio a a receiving
point between received power in the expected polarization and received power in a polarization
orthogona to it from a wave transmitted with a different polarization. Polarization mismatch is a
common technique used in sharing the same frequency for fixed point-to-point microwave systems and
fixed satellite earth stations. The key factor being that the transmitter and receiver antennas are fixed and
their polarization are known. Moreover, the polarization of an antenna remains relatively constant
throughout the main lobe of the antenna pattern, bt varies considerably in the minor lobes.'® In pradice,
poarization of the radiated energy varies with the direction from the center of the antenna, such that
different parts of the antenna pattern and different sidelobes have different polarizations.'™ This is also
true for GPSantennas where in the mainbean the pdarizationis circular, bu outside the mainbeam in the
lower elevation angles the pdarization is nearly linear. Since the locaions of the UWB devices, and
poarizations are unknown at this time we do nd believe that a factor for polarization mismatch loss
shoud beincluded in the analysis.

93. In addition to the potential interference from UWB devices, several other potential
sources of interference to GPSreceivers have been identified. These potential sources of interference
include but are not limited to: 1) adjacent band interference from mobil e-satellite service Mobile Earth
Terminals (METS); 2) harmonics from television transmitters; 3) spurious emisgons from 700 MHz
pubic safety base, mobil e, and portable transmitters; and 4) spurious emisgons including harmonics from
700 MHz commercia base, mobile, and portable transmitters. Multiple sources of interference, which
might individualy be tolerated by a GPSrecaver, may combine to create an aggregate interference level
that could prevent the reliable reception of the GPSsignal. The emisson limit of the MSS METs, 700
MHz pubic safety and commercial transmittersis—<40 dBm/MHz for noise-like interference. The zone of
interference of ead of these transmitters could be as much as a drcle of 30-meter (100-foat) radius, if it
emits out-of-band radiation at the limit. The emisson from digital televison (DTV) transmittersis—-110
dBc and will result in a zone of interferencethat is as much as a drcle of 270 meters (884-foat) radius at
the same height as the antenna. As a mnsequence these transmitters do rot have to be located next to a
GPSreceiver to disrupt signal reception in land-based applicaions. In this conservative operational
scenario one half of the total alowable interference budget is all otted to UWB devices and the other half
is alotted to all other interfering sources combined. The factor for UWB deviceinterference dlotment is
computed from 10 Log (UWB interference al otment ratio). For a UWB device interference all otment of
50% (aratio of 0.5), a3 dB factor isincluded in thisanalysis. One commenter argued against including a
factor for interference alotment in the analysis.'”> However, their argument is at odds with their other

172 TDC Commentsin Resporse to Public Notice & pg. 64.

73 Antenna Engineeing Handbod, R.C. Johnson, H. Jasik (Second Edition) at pg. 1-7.
174 Antenna Analysis, E.A. Wolff (1966) at pg. 17

s TDC Commentsin Resporse to Public Notice & pg. 56.

35



Federal Communications Commission FCC 02-48

comments, wherein they acknowledge that there may be sources of interference such as incidental and
unintentional radiators, as well as licensed transmitters with spurious emissons in the GPSbands.!”® The
use of alotments for multiple sources of interference is not a new concept in studies examining
interferencefrom one radio serviceto ancther. For example, ITU-R Recommendation F.10941 spedfies
an interference dlotment of 89% for transmitters of the same radio service an interference all otment of
10% for radio transmitters in ather radio services, and a 1% interference dlotment for all other sources
(e.g., unlicensed transmitters).'’” This is also consistent with ITU-R Recommendation M.1477, which
states that when there is a patential for more than ore source of interference at the same time, it will be
necessary to apportion the interference threshold among the potential interference sources.!”® Since the
GPSUWB measurements that are part of the public record in this procealing did na include other
potential sources of interference, it may be gpropriate to include afactor in the analysisto take them into
acount. Out of an abundance of caution, we shall do so here but may request comments in future
proceedings on appropriate interference modeling.

94. The fador for multiple UWB devices was obtained from the multiple source (aggregate)
measurements performed by NTIA. The measurements performed by NTIA verified that if the individual
signals cause an interference effed that is noise-like, the interference effect of the multiple noise-like
signals is noiselike. Based on the measurements, for UWB signal permutations that have been
charaderized as causing noise-like interference, afactor of 10 Log (number of UWB devices) isincluded
in the analysis. Based onthe record, it is unclear whether this modeling of cumulative dfects of multiple
spatialy separated UWB devices will be representative of typical UWB environments. However, erring
again onthe side of conservatism in order to proted GPSin the near future we ae accepting NTIA'S
analysis of multiple UWB deviceeff ects at thistime.

95. One mmmenter recommends that an activity factor of 3 dB be included in the anaysisto
account for the fact that UWB devices will not be transmitting continuausly.*”® The factor of 3 dB would
indicate that each UWB device is transmitting 50% of the time. The inclusion of an activity fador may
be gpropriate when there ae alarge number of UWB devices considered in the operational scenario.
The activity factor is also dependent uponthe UWB application. Sincethere are only four UWB devices
in this operational scenario and it is not possible to accurately estimate representative values of activity
factors at this time, we will not use an activity factor in this analysis (i.e.,, the UWB devices will be
cortinuausly transmitting).

96. A 2001GPSReceiver Survey lists 64 different manufacturers of GPSreceivers.'® The
survey lists approximately 500 different models of GPS receivers representing the C/A code, semi-
codeless, and rerrowly spaced correlator receiver architedures. The NTIA measurements included ore
receiver from ead of the three GPSarchitedures. Based onthe NTIA measurements, the results of the
other measurement efforts, and the analyses of the data that is part of the public record in this proceading,
initial engineering modeling of the interference dfects of UWB signals on the different GPS receiver
architedures has emerged. However, the number of diff erent models of GPS receivers and manufacturers
considered in the airrent measurement efforts may not completely represent the performance of all the

176 Id. at pg. 44.

rrr ITU-R Recommendation F.1094-1, Maximum Allowable Error Performance and Availability Degradations

to Digital Radio-Relay Systems Arising from Interference from Emissions and Radiations from Other Sources.

178 ITU-R M.1477 at Annex 5.
179 TDC Commentsin Resporse to the Public Notice d pg. 64.

180 GPSWorld Receiver Survey, GPS World Magazne, January 2001, at pg. 32.
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GPS receivers currently being manufactured. There may be differences in hardware, firmware™® or
software (e.g., tracking and acquisition algorithms) employed in the receivers that were not considered in
the current measurement efforts. There may be differences in the models produced by the same
manufacturer as well as between receivers produced by different manufacturers. Therefore, the inclusion
of afactor in the analysis to account for these possible differencesis reasonable at thistime. Based on an
analysis performed by NTIA of the data that is on the public record in this proceeding, the range of data
indicates that the more susceptible interference thresholds are within 3 dB of the median.® One
commenter objected to the inclusion of the 3 dB factor for manufacturer variation.'® The commenter
stated that the industry would not accept a 3 dB variance from the stringent specifications required by the
aviation and surveying receivers.’® With the exception of the aviation community, NTIA indicates that it
is unaware of any specifications for GPS receivers. The NTIA analysis included this factor to take into
account the small number of GPS receivers considered in all of the measurement efforts. The analysis
performed by JHU/APL aso acknowledged that there are differences in GPS receivers. Specificaly
JHU/APL concluded that variations in the measurements of performance due to different GPS receivers
are greater than those due to the operating modes of the UWB tested devices. JHU/APL further
concluded that the impact of UWB devices on al GPS receivers could not be assessed using a single GPS
receiver.'® Based on the analysis performed by NTIA, the absence of detailed information on receiver
variability in the record, and the conclusions reached in the JHU/APL anaysis, we are applying a value of
3 dB inthis analysis for manufacturer variation.

97. As part of a separate measurement effort, NTIA has conducted building attenuation loss
measurements at 912, 1920, and 5990 MHz.'® The measurements were performed for different buildings
representing typical residential and high-rise office construction. Based on the results of these
measurements, an average building attenuation of 9 dB in the range 960-1610 MHz in which GPS
operates is used in this analysis. The standard deviation for the measurements, however, is on the same
order of magnitude as the value of building attenuation loss.*®

98. The NTIA measurements did not consider the acquisition of a new satellite in the
presence of a UWB signal. The acquisition threshold is known to be more sensitive than the tracking
threshold, which can, in part, be attributed to the time and frequency search performed by the GPS
receiver as part of the satellite acquisition scheme. As part of the satellite acquisition process, the loop
filter bandwidths are increased, which causes the noise (N) to increase reducing the effective carrier-to-
noise ratio (C/N). The acquisition mode of the GPS receiver is extremely difficult to measure, because it
is highly dependent on manufacturer-specific acquisition algorithms. A 6 dB factor is typically used in
GPS interference analyses to account for the greater sensitivity of satellite acquisition.”®® This 6 dB
reduction in the interfering signal power level only provides protection of 2.5 dB in C/N+I, which is a

181 Firmware is software installed in a device that is typicaly stored in read only memory (ROM) or

programmable read only memory (PROM).

182 See NTIA Special Publication 01-47, Assessment of Compatibility Between Ultrawideband (UWB) Systems
and Global Positioning System (GPS) Receivers (Report Addendum), November 2001.at pg. 2-13.

183 TDC Commentsin Response to Public Notice at pg. 56.

184 Id.
185 JHU/APL Report at ES-2.

186 NTIA Report 95-325, Building Attenuation Measurements From Low-height Base Stations at 912, 1920,
and 5990 MHz, September 1995, at pg. 43.

187 Id. at pg. 36.

188 Understanding GPS Principles and Applications, E. D. Kaplan (Editor), Artech House, 1996, pg. 211; ITU-
R M.1477 at Annex 1
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critical factor in GPS receiver performance. Since the performance metric of break-lock is related to the
tracking performance of the GPS receiver, including the acquisition factor in the analysis when the
interference susceptibility is based on the break-lock performance is appropriate.

99. The second limiting operational scenario to be considered for UWB devicesis the indoor
use of E-911 GPS receivers. Because buildings and other structures attenuate the received GPS satdllite
signals, indoor reception has been not been possible previously. However, Global Locate and Snap Track
(Qualcomm) have developed technologies that permit indoor, enhanced GPS reception for E-911
applications. These technologies rely on enhancing the signal processing of the E-911 received GPS
signal with information provided from a separate GPS receiver located at the base station. This
supplemental information provides Doppler and code shift data to allow acquisition and tracking of low
level GPS signals. In addition, information involving phase shifts caused by the GPS navigation signal is
provided to allow coherent integration of the E-911 GPS signal for a period longer than 20 milliseconds.
The enhanced GPS receiver integrates the satellite signal over alonger time period, allowing the receiver
to obtain a 20 to 30 dB higher processing gain than a conventional GPS receiver. '* This higher
processing gain permits the reception of a GPS signal that is significantly below the receiver noise floor
in a1 MHz bandwidth.**

100. This processing, to determine location of the E-911 receiver, can be carried out at the E-
911 receiver using supplemental data from the base station that is provided via the phone connection. An
aternative is to do the final processing at the base station. For example, a snapshot (in time) of the
signals (in the GPS band) received at the E-911 receiver is forwarded to the base station via the phone
connection where the signal and supplemental information is processed to determine location of the E-911
receiver. These processing technologies require that the E-911 receiver not be on a platform that is
moving rapidly. Significant motion could, for example, invalidate the supplemental Doppler information
and/or invalidate the fina position solution, which involves some time latency due to the signa
processing procedure. At this time, it is expected that the E-911 position determination would not be
invoked until the emergency (911) cal is placed.

101. Regardless of the processing gain or the bandwidth of the tracking loop, the minimum
level of the GPS signal that can be used for an E-911 position determination will be determined by the
receiver system noise density. An interfering signal that adds to the system noise density will necessitate
a higher GPS signal level thus decreasing the indoor coverage of the E-911 position determination
capability. Thus, we believe that an analysis of an indoor UWB transmitter and an E-911 GPS receiver
provides the more stringent interference example. The USGPSIC provided an operationa scenario for an
E-911 GPS receiver.”® The following table provides an overview of the technical factors considered in
the USGPSIC analysis for this operational scenario.

189 Note that these are only estimates of what values of processing gain can be achieved and may vary

depending on the implementation of the technology.

190 No E-911 receivers were available for testing purposes. The information herein is based on our meeting

with Qualcomm on 9/26/01.

1ot Stephen D. Baruch, Counsel for the U.S. GPS Industry Council, Written Ex Parte Presentation in ET
Docket No. 98-153, June 21, 2001, at pg. 11.
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Table2 USGPSIC Analysis of UWB Indoor Interferenceto E-911 Indoor System

Parameter Vaue
Receaver Susceptibility Mask (dBm/MHz) -111.5
(Broadband Noise)
Public Safety Margin (dB) -6
Multiple System All otment (Excluding MSS (dB) -3
Single Emitter Allotment -6
GPSAntennaGain in Diredion d RFI Source (dBi) 0
Propagation Loss(dB) 46
(Minimum Distance Separation (meters)) (3
Noise-Like RFI Emisgon Limit (dBm/MHz) -80.5
47 C.F.R.815.2® Emisson Limit (dBm/MH2z) -41.3
Additional Attenuation Required (dB) 39.2

102 The UWB emission limit recommended in the @ove table is calculated by adding the
vaues in the columns. As fhown in the table, the USGPSIC states that for noise-like interference, UWB
signals must be 39 dB below the 47 C.F.R.815.209 emisgon limit to protect the GPSrecsiver under the
condtionsin this operational scenario. The foll owing paragraphs will examine and assess the viability of
ead of the technical factors considered in this operational scenario.

103 The interference susceptibility level specified by the USGPSIC is —111.5 dBm/MHz,
which is equal to an interference density of —1715 dBm/Hz. Thetypical receiver system noise density of
aGPSreceiver is—171.5dBm/Hz for a3 dB recever noise figure.'®* Therefore the spedfied interference
susceptibility represents an I/N of 0 dB or a 3 dB increase in the system noise density. This means that
interference d this level can cause a100% increase in the GPSreceiver system noise density. As stated
ealier, the receiver system noise density determines the minimum level of the GPS signal that can be
used for an E-911 pgaition determination. Therefore, an interfering signal that adds to the system noise
density will limit the GPSsignal level that can be tracked by the receiver. Conventiona GPSreceivers
require arelatively high C/Ny because of the wide loop bandwidths that are enployed. In contrast GPS
reaivers used in E-911 applicdions can take full advantage of communicaion network support to obtain
and remove the GPSnavigation data and to stabili ze the receiver clock. In addition, it is assumed that the
dynamics are very low (e.g., the user is walking). As aresult, the tradking bandwidth can be narrowed
very substantially, thus maintaining a positive signal-to-noise ratio in the tracking loop a much lower
C/Nogvalues. Receivers are being designed today which can tradk with a 20 d C/No, and the industry is
striving to tradk with a C/No of 10 dB. Based onthe system noise density of —171 BBm/Hz, a20 dB C/Ng
represents areceived signa level of —-151 dBm, and a 10 dB C/N, represents a recaved signal level of —
161 Bm. There are existing GPSreceavers that are cgable of tracking signals that are 21 dB wedker
than the signal levels considered in the measurement efforts that are part of the public record in this
proceeding. If improvements permit tradking at a C/Ng of 10 dB, the tradked signal level would be 31 B
weeker than the signal levels considered in the measurement eff orts. Based onthe lower received signa
levels that can be tracked by GPSrecavers, a 100% increase in the system noise may nat be accetable.
We are therefore limiting at this time the increase in system noise caused by noise-like UWB signals to
50%, which equates to an I/N of —3 dB. Based on the I/N of —3 dB the interference susceptibility level
used in the analysiswill be—114.5 Bm/MHz.

104 ITU-R M.1477specifiesa6 dB safety margin to acount for uncertainties on the aviation
side of the link budget that are real but not quantifiable, which include but are not limited to: multipath o
the GPS signal; receiver implementation losses; antenna gain variations; and approach path deviation.

192 The noise figure of a GPS receiver typicdly isin the range of 2 to 4dB.
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Since the GPS signal level cannot be increased, the aviation safety margin is implemented by lowering
the alowable interference. In Annex 5 of ITU-R M.1477 the need for an aviation safety margin is
justified by citing examples of other aviation systems such as the Instrument Landing System, and the
Microwave Landing System that both use asafety margin. ITU-R M.1477 specifies a 6 dB margin for
aviation safety of life goplicaions employing GPSreceivers. Therefore, it is not appropriate to apply this
margin to nonaviation safety of life gplications using GPSrecevers, and the public safety margin of 6
dB specified by the USGPSC shoud not be used in the E-911 operational scenario analysis.

105  The USGPSC defined E-911 GPSreceiver operational scenario includes a 3 dB fador
for multiple interfering systems allotment, excluding MSS This factor is used for the composite of all
UWB and future radio frequency interference sources. The 3 dB factor is equivalent to a 50%
interferencedlotment to UWB devices. The remaining 50% isto acount for all other potential sources of
interference. Sincethe GPSreaeiver is operating indoors this will minimize the patential for interference
from other sources such as 700 MHz commercial and pulic safety mobile and base stations transmitters
and hermonics from DTV stations. Furthermore, as sown in the table &ove, the minimum distance
separation is 3 meters. For operationa scenarios where the minimum distance separation between the
GPSreceiver and UWB devices is on the order of several meters, the UWB deviceis expected to be the
dominant source of interference. Therefore, for the E-911 GPS receiver operational scenario it is not
appropriate to include afactor for other sources of interference

106, The USGPSIC defined E-911 GPS recever operational scenario includes a factor for
multiple UWB devices. As hown in the table there is a fador that accounts for 4 UWB devices causing
noise like interference each operating at the minimum separation distance of 3 meters. Although this
minimum distance separation may be accetable when assessing interference from a single UWB device,
we believe that it is not appropriate when assessing interference from multiple UWB devices. Therefore,
for this operational scenario, it is not appropriate to consider multiple UWB devices operating a such a
close distance. When considering interference to GPS E-911 receivers from a single indoor system,
NTIA employed a minimum separation distance of 2 meters in this analysis. We have anployed the
antenna model specified inthe NTIA analysis, using an antennagain o 0 dBi in the direction of the UWB
device We dso have employed NTIA’s use of the free space propagation model to compute the
propagation loss.

107. The table below shows the amourt of additiona attenuation below the arrent 47

C.F.R.815.209 emisdon limits that is needed to protect an E-911 GPS recever under the revised
condtionrs.

Table3 Analysisof Indoor E-911 Using Revised Conditions

Parameter Vaue
Recaver Susceptibility Mask (dBm/MHZ) -114.5
(Broadband Noise)
GPSAntennaGainin Diredion d RFI Source (dBi) 0
Propagation Loss(dB) 42.4
(Minimum Distance Separation (meters)) (2)
Noise-Like RFI Emisgon Limit (dBm/MHZz) -72.1
47 C.F.R.815.2® Emisson Limit (dBm/MH2z) -41.3
Additional Attenuation Required (dB) 30.8

108 As down in the table a&ove, for naise-like interference UWB signals should be 31 dB
below the 47 C.F.R.815.29 emisdon limit to protect the GPS receiver in this operational scenario. This
conclusion is based on limited quantitative information that was inserted recently into the record by
NTIA. Out of an abundance of cautionto protect the newly emerging GPS-based indoor E-911 systems
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and their safety implications from UWB devices with which we also have minimal operational
experience, we ae basing our UWB rules onthis analysis.

109  Qualcomm submitted an ex parte presentation for the pullic record reporting on a series
of test to assess the impad of UWB emissions on the performance of a GPSenabled PCS phore.**® This
type of GPSreceiver is designed to provide location information for E-911 cdlersin compli ance with our
E-911 mandate. The Qualcomm measurements used a GPSsignal level at the input to the receiver that
resulted in a C/N, of 34 dB-Hz."®* The noise figure of the GPSrecdver was 4 dB.'® This resultsin a
receiver noise density level of <170 Bm/Hz (-110 Bm/MHZz) and a GPSsignal level of -136 BBm for a
34 dB-Hz condtion. Qualcomm seleded the 34 dB-Hz level asit represented a value exceeded in 5% of
the test cases for within building applications.**® The UWB signal was then input to the GPSreceiver and
the location acaracy determined as a function of UWB signal level. For dithered (noise-like) UWB
signals the 50" percentile position accuracy increased to 50m at -97.5 m/2 MHz or -100.5Bn/MHz.
Thisinterference level is 9.5dB above receiver noise (I/N = 9.5dB). However, our requirement for E-911
performance includes a specification for 95% of the alls. Using the Qualcomm cumulative distribution
plots for C/No, a value that would be excealed in 95% of the @ses can be determined.”®” This value is
225 B-Hz andis 11.5 B below the value for 5% of the cases. That isthe carrier (GPSsignal) is11.5
dB wedker. GPS performanceis related to the carier-to-interferenceratio so that an 11.5 B decrease in
carier level should result in arequirement to lower the UWB interference level by approximately 11.5 B
to maintain the required paosition accuracy. Relating this to the measured I/N of 9.5 would indicate an
I/N of -2dB would be required for 95" percentile C/N, level.

110 Similarly, the Qualcomm test effort evauated UWB signals with a constant PRF
resulting in a UWB spedrum with CW lines. As previously discussed in paragraph 82, supra, GPScan
be more susceptible to CW-like interference than to noise-like interference  The Qualcomm test results
showing 50" percentile position errors for noise-like and CW-like interference cases show very similar
position error versus UWB power level performance characteristics. This could be interpreted that there
was no dfferencein susceptibility for noise-like and CW-like interference. This could be explained by
considering the acairacy performanceisa 50" percentile value and ane would nat expect the ali gnment of
GPSand interference spectral lines to occur in a significant number of cases considering the narrow loop
bandwidths used in the E-911 GPSreceivers and the fairly short length o time to determine position. A
few instances of CW line dignment would not seriously impad the 50" percentile position error. As
shown in the test report an 800meter position error was used as a default value when there is not
sufficient information to dbtain a position measurement'®®, Examination of the UWB impad versus time
information shows 5 cases of 800-meter errors in approximately 50 cdls.'*® Some of these 800-meter
errors could have been caused by CW-like interference, which is expected to be alow probability event
for E-911 service In addition some E-911 GPSrecevers are reportedly using processing techniques that
in effead converts CW energy into broadband interference. It is not known whether the Qualcomm
reciver includes such processng. We believe, therefore, that the Qualcomm test data is inconclusive in
the areaof increased susceptibility of the GPS receiver tested to CW-like interference & compared to

103 Written Ex Parte Presentation, ET Docket 98-153 Revisions of Part 15 of The Commission's Rules
Regarding Ultra-Wideband Transmisgon Systems (January 11, 2002)

194 Id at pg.12.
19 |datFig4-19
9% |dat Fig3-6
197 Id

198 Id at pg. 14
19 |da Fig4-1
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noise-like interference.

111.  Based on the above analysis, of the two limiting operational scenarios for the indoor use
of UWB devices, a UWB signal level 31 dB below the Part 15 general emission limits would be required
for noise-like UWB emissions in the 960-1610 MHz range. Based on the various uncertainties at this
time and the lack of operational experience with UWB systems, we believe that an additional attenuation
of 3 dB is reasonable giving a total attenuation of 34 dB below the 815.209 emission limit. This
attenuation will be required for al indoor and outdoor non-imaging UWB systems, including vehicular
radars and hand held systems.

112. We are permitting imaging systems, vehicular radar systems and hand held devices to
operate outdoors, at any PRF provided the emissions in the GPS bands are below the Part 15 genera
emission limit. The limiting operational scenario considered for the outdoor use of GPS and imaging
systemsis given in the table below.

Table4 Outdoor Analysisfor Imaging System Interferenceto GPS

Parameter Vaue
GPS Receiver Interference Susceptibility -114.5
(dBm/MHz)
(Broadband Noise)
Propagation Loss (dB) 495
(Minimum Distance Separation (m)) (4.5m)
GPS Receive Antenna Gain (dBi) 0
Maximum Allowable EIRP (dBm/MHZz) -65
47 C.F.R. §15.209 Emission Limit (dBm/MHz) -41.3
Additional Attenuation Required (dB) 23.7

113.  Asshown in the table above, a signal level 24 dB below the Part 15 general emission
limit is required for noise-like emissions in the 960-1610 MHz frequency range from imaging systems
under the conservative assumptions we are using based on the record. We also believe that imaging
systems typicaly will emit RF energy only for short periods of time, so any possible interference from
operation at closer distance separations should be transient.

114.  Inlimited cases involving public safety uses of UWB imaging where there are positive
public safety benefits from the UWB use and where coordination can be used to limit the risk of
interference to safety-related uses of GPS, we believe that 12 dB less attenuation, resulting in an emission
level 12 dB below the 815.209 emission limit, represents the appropriate balancing of public interests.

115. The limiting operationa scenario considered for the outdoor use of GPS and vehicular
radar systemsis given in the table below.

Table5 Analysisfor Vehicular Radar System Interferenceto GPS Receivers

Parameter Value
Receiver Susceptibility Mask (dBm/MHz) -114.5
(Broadband Noise)
GPS Antenna Gain in the Direction of 45
UWB Device (dBi)
Propagation Loss (dB) 45.9
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(Minimum Distance Separation (meters)) 3)
Allotment for Multiple UWB devices (dB) -7.8
Noise-Like Emisgon Limit (dBm/MHz) -71.9
47 C.F.R. 8 15.20%misgon Limit -41.3
(dBm/MHz)
Additional Attenuation Required (dB) 30.6

116, Thetypical implementation of the vehicular radar systems will consist of multiple radar
systems (as many as 12 per vehicle) that are mounted on the bumpers and fenders of the vehicle.
Vehicular radar systems will also employ diredional antennas and will be installed at a height of
approximately 0.5 meters.*® Based onanticipated operationa use of vehicular radar systems the aitenna
discrimination of a GPS antenna in the direction of the vehicular radar systems and interference from
multiple vehicular radar systems must be considered in the analysis.

117.  Since the vehicular radar systems are mounted at a height of approximately 0.5 meters
they will typicaly be below the GPSantenna. Based on the antenna model provided by NTIA, the GPS
recive antenna gain in the direction d the vehicular radar systems would be 4.5 dBi. In ader to
determine the location of vehicles and dyjects that surroundthe vehicle multiple vehicular radar systems
employing diredional antennas will be eanployed. In this analysis it will be asumed that there are six
vehicular radar systems transmitting in the diredion of the GPSreceiver and a factor of 10 Log (6) or 7.8
dB will beincluded in the analysis.

118 The cdculations shown in Table 5 lead to a conclusion that a signal level 31 dB below
the Part 15 general emisdon limit is required for noise-like emissons from vehicular radar systemsin the
960-1610MHz frequency range based onthe mnservative asaumptions and limited record on ogrational
experience that we are using at this time. Because of the present uncertainties in predicting interference
from UWB devices for which we have no operational experience and our concern about certain safety-
related applications of GPS, we ajreeto employ the additiona safety margin applied by NTIA to the
reaaiver susceptibility mask, resulting in an emisson level 34 B below the Part 15 limits.

119 The previous discussion has focused on interference from naoise-like UWB emissions to
GPS UWB emisdons can also have discrete spectral lines or CW-like emissonsin additionto ndse-like
emissons depending on the statistica details of time spacing between adjacent pulses.®®* Now will we
consider limits onthese CW-like emissons.

120 The measured level at which interference occurred to the GPS C/A code receiver was 8
dB less for a CW-like UWB signal than for the noise-like UWB signal. As also indicated, this measured
difference is in agreement with the RTCA and ITU-R standards, which specify a10 B differencefor the
two interference effeds. Accordingly, we aree that UWB emissons appeaing within the 960-1610
MHz frequency range due to narrowband CW-like interference signals sould be 10 dB below the
emissgon paver level measured in a 1 MHz bandwidth permitted for noise-like emisgons. As discussed
in the section addressing emisgon limits, we ae implementing this by requiring that the UWB
transmitters be demonstrated to comply with this limit when measured with a spectrum analyzer

200 BOSCH presentation to European Ultra Wideband Workshop, Shat Range Automotive Radar (SRR ...
anaher generic (ultra) wide band dviceat 24 GHz (March 20, 2001) at. pg. 4.

201 In theory these spedral lines could be diminated, the requirement in pradica systems to have alower

bound on the time between pulses leals to structure in the signal’s autocorrelation function and therefore spedral
li nes of some magnitude.
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employing a resolution bendwidth no less than 1 kHz.**> The @ove requirements for UWB emisson
levels appeaing in the 960-1610 MHz frequency range dso will be satisfactory for GPSreceivers that
work with satellite-based augmentation systems (SBAS) and ground lased augmentation systems
(GBAS). ITU-R Recommendation M.1477 provides receiver specifications for an SBAS air navigation
recaaiver to be used in Category | predsion approach operations and a GBAS air navigation recever to be
used with Category Il/111 precision approach operations. In bah instances, the minimum required power
level at the input is gecified at —131 dBBm, only one dB lower than the specificdion for the C/A code
GPSreaiver. In bah cases, the specified receiver aggregate wideband interference threshold in track
and acquisition mode is identical to the RTCA and ITU-R thresholds for the C/A code GPS receiver.
Hence, the conclusions above will apply to SBAS or GBAS and GPSreceivers.

121  The semi-codeless GPS recdvers have more stringent requirements on GPS receved
signal levels (3 dB lower) than the C/A code GPSreceivers, and the wideband interference requirements
for tracking mode is 6 dB lower than the C/A code GPS receiver.?®® The wideband interference
requirement for aaquisition is the same for both classes of receiver. Because the semi-codel ess receiver
works with the GPS Rsignal, which has essentially no spectral line content, this receiver is not sensitive
to the spectra lines in the CW-type UWB emisdons, as demonstrated by NTIA’s measurements for the
C/A code receiver architecture. NTIA’s measurements also demonstrated the same robust operations for
low PRF signals as the C/A codereceiver. The NTIA measurements supported an increased sensitivity to
noise-like UWB emisdgons than for the C/A code receiver architecture. Nevertheless, the operationd
scenarios examined by NTIA involving surveying appli cations that employ the semi-codelessarchitecture
reaiver produced interference levels that were higher than the terrestrial operational scenarios. In any
case, since the semi-codeless receiver relies on the C/A code for initial acquisition and it typically
defaults to C/A code operation if the P-signal becomes unavailable the C/A code receiver performance
drives the UWB threshold limits for al receiver types discussed earlier.

2. NTIA Analysesof Interferenceto Various U.S. Gover nment Systems:

122 NTIA analyzed the interactions between UWB transmitters and a number of U.S.
Government radio communication systems to determine, inter alia, the maximum UWB emisdon levels
that could be dlowed without causing interference These analyses were based onan extensive laboratory
measurement program at the Institute for Telecommunicaion Sciences, in Boulder, CO. The
measurement program identified various methods being currently used to generate UWB signals and
charaderized the essentia parameters of UWB systems provided by various UWB manufacturers. The
ITS verified how filters of varying bandwidths respond to numerous types of UWB signals and
determined measurement techniques that corredly measure the emisson spectra of UWB devices. The
ITS dso performed a measurement program to determine the nature of the aggregation d UWB
signals®® NTIA aso initisted a measurement program consisting of field measurements of radiated
UWB signals at the FAA Aeronautica Center in Oklahoma City, OK to determine the dfects of one
UWB device operating at the current Part 15 limits on Air Route Surveillance Radars (ARSR), and
Airport Surveillance Radars (ASR) in order to validate the prediction models used in the analysis. In its
reports, NTIA provided quantitative values for UWB emisgon limits involving federal systems for the
following: RMS power limits for a UWB device located a 2 m and at 30 m above the groundfor 15
systems (and pedk power limits for two o the systems); and developed a computer model for assessing
the impad of aggregate UWB interference The NTIA interference analyses of the dfects of RMS and
pesk power were based on a link budget equation involving the system threshadd for interference, as

202 Thisis $milar to an approach we have used to proted GPS from Mobhile Satellite System (MSS out-of-

band emissions. See 47 C.F.R. 25.
203 ITU-RM1477at Annex 1 Table 3.
204 See NTIA Spedal Publication 01-43, supra, and NTIA Report 01-384, supra.
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determined using standard established interference protedion criteria, actual antenna elevation gain
patterns for the victim recavers, the smocth earth ogtion o the Irregular Terrain Model for propagation
loss estimated system losses, and the empiricaly determined correction factors for bandwidth to
determine the UWB limitsin paver per megahertz (dBm/MHz).

123 The NTIA analysis was performed for 7 UWB PRFs ranging from 1 kHz to 500 MHz for
both dithered and undithered signals. The NTIA study used the aurrent Part 15 limit, an RMS EIRP of
-41.3 Bm/MHz at frequencies above 1 GHz, as the baseline for the study. The study determined the
alowable UWB emissonlevelsand dd na specificaly addressthe 12 dB reduction from the aurrent Part
15 level in the bands below 2 GHz as propaosed in the Notice. The analysis also assumed that the UWB
devices were located ou of doas. The following is a summary of NTIA’s report. A more detail ed
analysis has been placed in the docket file for this proceeding.

Table6 Maximum UWB EIRP for Outdoor Use of UWB at 2m & 30 m

Maximum UWB Maximum UWB
Frequency EIRP EIRP
System (MH2z) (dBm/MH2) (dBm/MHz)
uwB uwB
Outdoas Outdoas
2 m height 30 m height

DME, Interrogator 9601215 -47 Not Applicable
DME, Transporder 10251150 -64 -57

ATCRBS, 1030 -44 Not Applicable

Transponder
ATCRBS, 1090 -31 -45
Interrogator

ARSR-4 12401370 -61 -82
SARSAT 15441545 -69 -66
ASR-9 27002900 -46 -66
NEXRAD 27002900 -42 -76
Marine Radar 29003100 -56 -57
FSS 20 degrees 37004200 -36 -42
FSS 5 degrees 37004200 -51 =77

CW Altimeters 42004400 25 Not Applicable

Pulsed Altimeter 42004400 14 Not Applicable

MLS 50305091 -54 Not Applicable
TDWR 56005650 -35 -63

124.  NTIA investigated the potentia interactions of proposed UWB systems on 15 U.S.

Government systems operating between the frequencies of 960 and 5650MHz. The systems investigated
included Distance Measuring Equipment (DME) interrogator airborne receiver, DME groundtransponder
reaiver, Air Traffic Control Radio Beacon System (ATCRBS) air transponder recever, ATCRBS ground
interrogator receiver, ARSR), Search and Rescue Satellite (SARSAT) ground station land user terminal,
ASR, Next Generation Weather Radar (NEXRAD), Maritime Radar, Fixed Satellite Service (FSS) eath
stations, CW and Pulsed Radar Altimeters, Microwave Landing Systems (MLS), and Terminal Doppler
Weather Radar (TDWR). Table 6 denotes these systems and their frequency band o operation and
summarizes NTIA’s conclusions of emisgon limits necessary to preclude interference from a UWB
transmitter operating at a height of 2 or 30 meters. The maximum UWB EIRP is the maximum signal
level that NTIA cdculated at which a UWB transmitter could operate withou causing interference to the
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system when the UWB is all owed urrestricted outdoor operation independent of the UWB’s pulsewidth,
PRF, or other moduation schemes or the nature of it's intended operation (e.g. radio determination or
communicaion). Where there was a difference due to the PRF of the UWB emission, we have included
the results from the PRF that required the UWB emissions to be reduced to the lowest level. In the
column for 30 meters, “Not Applicable’ indicates that the particular scenario would involve a UWB
transmitter on a fixed antenna tower at the same dtitude as the airborne victim, which would not be
likely.

125 The NTIA protection criteria for most of the systems were determined from International
Civil Aeronautical Organization (ICAO), RTCA and ITU-R standards developed from system spedrum
sharing criteria. The protedion levels for the DME interrogator, the ATCRBS systems, and the MLS
were based, havever, on spedfic system performance specifications and on additional protection margins
recommended by the FAA’s Spectrum Management and Policy Program Division. NTIA chose to use
international and national sharing and coordination criteria partly becaise harmful interference is a
subjective aiterion. Moreover, these are well-established critical operations, many involving safety of
life situations. Therefore, NTIA believes that it is appropriate to provide them protedion from
interference rather than ensuring that harmful interferenceis unlikely. We recognize that there is usually
more than ore valid approach to interference analysis. In severa of the analyses discussed below, we
present a short discussion of the rationale for less conservative values also identified in the record.
However, ou of an abundance of caution, we have deferred to NTIA's experience with these systems and
used NTIA’s conservative analyses to develop the requirements for UWB operations. The following
discussion examines these protedion criteria for each of the examined systems.

126, DME, Interrogator. This system is used to provide civil and milit ary aircraft pil ots with
the distance from a spedfic ground leaon, the transponder, for navigational purposes. In Appendix A of
its report, NTIA referenced the RTCA specification®® for a 70 percent reply efficiency at a —-83 dBm
receiver sensitivity, and cdculated that the interference threshold should be set at =115 dBm, which is an
I/N of -7 dB as hown by Table A-9.?% NTIA concluded that for al conditions studied and proposed, a
UWB EIRP of 47 dBmis adequate to protect the operations of the DME interrogator receiver.

127.  Our evaluation of the NTIA approach used the -99 dBm RTCA protection criterion kut
fourd no basis for including the additional 16 B of safety margin suggested by NTIA. NTIA indicates
they applied a partitioning of total interference dlowing 10 percent for UWB (a-10 dB fador) and 6 B8
for an aeronautical safety margin dredly to the -99 dBm RTCA protection criterion calculating that the
interference threshold should be -115 dBBm. Employing a -99 dBm protection criterion appears to be
consistent with NTIA’s analysis of the ATCRBS systems where a very similar set of operationd
condtions applies, and where we aree with the NTIA methoddogy. We @ncluded that this g/stem
would not experienceinterferencefrom a UWB device operating at the Part 15 general emission level.

128 DME, Transponder. This device respords to interrogations from the DME airborne
comporent. NTIA applied a 10 dBB UWB partitioning and 6 dB aeronautical safety margin drectly to the
—106 dBm recaver thermal noise level calculating that the interference threshold shoud be-122 dBBm.
The NTIA initia study of the DME transporder showed that an EIRP of .64 dBm was necessary to
proted its operations from UWB emisdons with the additional caveat that no UWB could come & close
as 15 meters. NTIA’s analysis also showed that an EIRP of —41.3 dm would be adequate to proted the
transporder; however, it would be necessary to ensure that UWB devices not operate ay closer than 260
meters, which cannot be guaranteed. The operationa limits required for the protection o the GPSwill

205 Minimum Operational Performance Standards for Airborne Distance Measuring Equipment (DME)

Operating within the Radio Frequency Range of 960-1215 MHz, RTCA DO-189, at 2.2.11 (September 198b).
206 NTIA Spedal Publicaion 01-43, supra, at page A-19, Table A-9.
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also be alequate to protect DME operations.

129 We question the goplicability of the 10 dB value NTIA applied for “UWB partitioning.”
However, applying NTIA’s 16 dB protection criterion directly against the 94 dBm recaver sensitivity,
similar to the analysis applied to the DME interrogator, resulted in an interference criterion of =110 dBBm,
which is 4 dB below the receiver thermal noise floor. We concluded that a UWB EIRP of =52 dBm
provides an adequate protection threshold for the DME interrogator receiver and that the 260-m
separation distance determined by NTIA was a mnservative value. We nate that the protection criterion
employed by NTIA for this g/stem was based ona CW-type interfering signal level. Thus, we believe
that NTIA’s analysis results in a conservative protection value since UWB emissions are designed to be
predominantly noise-like. We ayree with NTIA that the operational limits for GPS protection will protect
DME operations.

130 ATCRBS Transponder and Interrogator. These systems are used in conjunction with the
ASR and ARSR and other air traffic control radars to provide controllers with the location, dtitude, and
identity of civil and military aircraft through an interrogate and reply operation. The protedion criteria
employed by NTIA were based onthe minimum triggering levels, that is the minimum inpu power levels
supdied to the sensor RF port that results in a 90 percent reply ratio for the transponder, -77 dBm, and a
90 percent reply ratio for the interrogator, -79 dBm. Both the interrogator and the transpornder must be
able to demoduate and decode 90 percent of the interrogations (replies) with a S/I of 12 dB.2°" NTIA
used the power level for 90 percent reply detection as the system threshold and applied the RTCA and
FAA 12 B 91 criterion to these values to determine the interference thresholds. NTIA’s final system
interference thresholds are 11 dB above the receiver thermal noise floor for the interrogator system and 9
dB above the receiver noise floor for the transponder system. We agreewith the NTIA analysis and note
that ATCRBS transponder and interrogator operations will be proteded from harmful interference at the
emisgon limits being established to protect to ather nearby systems (e.g., ARSR-4, and GPS).

131 ARSR-4. This g/stem is used by the FAA and DOD to monitor aircraft during enroute
flight to dstances of beyond 465km (250 rauticd miles). NTIA used a protection criterion of an
interference-to-thermal noise ratio of -10 B, i.e.,, I/N = -10 dB, while the current protedion criteria in
ITU-R Recommendation M.1463 is for an I/N of -6 dB for both radionavigation and radiolocation
applications of radar.® NTIA cadculated that low PRF operations of UWB devices, even near ground
level, must be limited to -60 dBm EIRP to protect the ARSR-4. We note that the amisson limits being
required for emissions in the GPSbands are alequate to protect ARSR-4 operations.

132 We noted in our analysis that the ITU-R rationale for I/N = -6 dB relates to the
desensitization of the radar recever for noise-type interference due to the increases in the gparent noise
floor that the receiver percaves. This desensitization effed results in a decrease of the maximum
working range of the radar (about 6 %) for the smallest cross sction target that the radar can detect. The
effed occurs only at the distance where the signal to noise (S/N) of the radar is marginal for normal
performance which is at the bourdaries of an azimuthal angular section of abou half the aimuthal beam
width in the direction of the UWB source We dso noted that radar range deaeases by much larger
amourts due to atmospheric efects sich asrain. We believe that the specific events that could cause this
effed, such as UWB device location and antenna orientation with respect to the radar, and the relatively

207 Minimum Operational Performance Sandards for Air Traffic Control Radar Beacon SystemyMode Select

(ATCRBS/MODE §) Airborne Equipment, Radio Technicd Commisgon for Aeronautics, RTCA DO-181A, at
2.2.8.1 (January 1992 and Federal Aviation Administration, US Department of Transportation, Specification for
Mode Select Beacon System (Modes) Sensor, Amendment 2, FAA-E-2716(March 1993).

208 An I/N of -6 dB trandlates to an increase in the noise floor of 1 dB and a reduction in the maximum radar

range of just under 6 percent. A value of —10 B trandates to an increase in the noise floor of about 0.5 dB and a
reduction in the maximum radar range of just under 3 percent
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mild nature of this effect greatly reducethe risk of interference. We further note that the NTIA analysis
did na include an effect due to the scanning beam of the operating radar. TDC stated that because the
antenna’s main lobe is actually tapered, the response signals being integrated could na have the UWB
transmitter fixed at the maximum of the lobe; instead, it appears smeaed over the beanwidth of the
antenna®® TDC aso stated that beam shape losses raise the level of the noise in a typica radar receiver
by at least 1.6 dB above the thermal noise floor and possbly as high as 3 dB.?'° We mncluded that the
potential for UWB interference to the ARSR-4 was more limited than the NTIA anaysis siggests.
However, a more detailed analysis would involve statistical estimates and require information specific to
individual radar sites. Therefore, we deferred to the NTIA analysis values for this system. These remarks
also apply to the ASR-9 and the Marine radar.

133  SARSAT-LUT. This g/stem provides distress aert and location information to appropriate
public safety rescue aithorities for maritime, aviation, and land usersin distress. NTIA used a protection
criterion of I/N =-9 dB. The NTIA SARSAT-LUT analysis was based onthe SARSAT receive antenna
operating at an elevation ange of 0 degrees, i.e., the receive aitennais pointed dredly at the horizon. At
this elevation angle, the large gain of the antenna anplifies emissons from a UWB device d 2 m height.
TDC and XSl correctly noted that the performance specification for SARSAT dictates aaquiring the
satellite when it reaches an elevation angle of 5° above the harizon where there is 10 dB less gain
provided by the SARSAT-LUT antennathan at 0°.**' However, the aquisition processbegins at, or near
0° elevation. The SARSAT-LUT antennais <anned to alower elevation angle to permit faster acquisition
of the COSPAS/SARSAT satellites as they appear above the horizon. Thus NTIA concluded that use of
the maximum antenna gain is appropriate. Of the UWB operations proposed, outdoors use will have the
gredest potential to interfere with SARSAT operations.

134.  Our analysis of the SARSAT noted that the NTIA protedion criterion was not referenced
from a spedfic standard or recognized criteria. SARSAT isadigital communicaions s/stem, and we do
not consider it necessry to protect communications systems from signals that are below the noise floor.
These systems operate at some margin above the naise floor to account for aging comporents, adverse
propagation conditions, and ather system degradations. Hence, we used the noise floar as the protection
level, i.e., an I/N of 0 dB. We dso used the angle of 5° above the horizon based onthe SARSAT
specification. We concluded that a UWB EIRP of -50 dBm was an adequate protedion threshold for the
SARSAT system for UWB emissons at a height of 2m. Further, we noted that the NTIA analysis values
are criticaly dependent on the height of the SARSAT antenna used in the analysis (NTIA used an average
height). Since there are only 7 SARSAT systems mostly located on Government installations, we
believed that each system could have been addressed individually and that this approadh would have
shown that UWB operations would not cause interferenceto SARSAT operations.

135  ASR-9. This radar monitors the location d civil and military aircraft in and arourd
airports to arange of 110 kn (60 rautical miles). NTIA stated that the protection criterion for this radar
was an I/N of =10 dB. The U.S. Submisgon to ITU-R Working Party 8B proposed thislevel in arevision
to ITU-R M.1464,which is under consideration by ITU-R Study Group 8andis an dfficia US position.
There is adso a proposal by Working Party 8B to deaease the I/N to —12 dB involving an evaluation of

209 TDC comments of February 23, 2001, at pg. 26-27. Also, Skolnik, M. I., Introduction to Radar Systems,
(1980) at pg. 58-59.

210 We believe that TDC means that the intensity of the recéved signal is reduced by 1.6 to 3 dB due to beam
smeaing.

21 TDC comments of 3/12/01 a pg. 10, footnote 18. XSI comments of 3/12/01 at pg. 7. See COSPAS
SARSAT LEOLUT Performance Specifications and Design Guidelines, Document C/S T.002, Isaue 3, Rev. 1 (Oct.
1999) in Sedion 3.5 at 3-1. This gates that the LUT shall be &le to tradk the LEO SARSATSs when they reach 5
degrees above the horizon.
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expected interference to radars from systems using Orthogonal Freguency Division Multiplex (OFDM)
moduation methods. The propcsal to change the I/N to —12 dB also includes noise like interference
sources, and is not solely based onan OFDM type enission®*? However, the —10 dB level isthe ayreed
uponU.S. pasition with the ITU andis appropriate for this analysis. In cdculating the required emission
limits for UWB devicesto proted the ASR-9, NTIA used average antenna heights and antennattilt angles.
Only indoor UWB operation in a 30 m building exceals the predicted protection limit for the ASR-9.
The ASR-9 requires a limitation of the EIRPs of UWB devices operating inside buildings to -57 dBm,
while the proposed limit for indoar UWB devices in this band is -51.3 dm. Further cdculations show
that if the protedion level is —51.3 dBBm, the required separation distance for a UWB operating at this
EIRP level is270meters. This 3.7 B difference effectively would reduce the I/N from —10to —6 for this
system and would increase the noise floor by 1 dB instead of %2 dB. While NTIA indicates that this
would diminish the caabilities of this radar in the same azimuth of the building, NTIA concluded that it
isnot as severe aproblem as the reduction of the mverage in this azimuth dueto the physical line-of-sight
blockage caused by a 10-story buil ding within 270 meters of an ASR-9.

136, NEXRAD. This radar provides quantitative and automated real-time information on
storms, precipitation, hurricanes, tornadoes, and a host of other important weather information. We note
that NTIA refersto ITU-R M.1464 the same specification called out for the ASR-9 but uses alevel of -6
dB below the noise floor as the agplicable protedion level since the NEXRAD radar is used for
meteorological purposes. Only indoa UWB operation in a 30 m building less than 760 meters away
exceeds the predicted protedion limit for the NEXRAD. The NEXRAD requires a limitation d the
EIRPs of UWB devices operating inside buildings to -57.3 d8m, while the proposed limit for indoor
UWB devices in this band is —-51.3 BBm. Given the 0.5-degree minimum elevation angle of the antenna
mainbeam, the beam would only be 6.6 meters above the ground at 270 meters. The buil ding itself would
at least partially obstruct the 3 dB beam width of the mainbean and be the limiting facdor along the given
azimuth and nd the UWB’s EIRP. An elevation angle of greater than 2 degreesis required to clear a 30-
meter obstacle at a distance of 270 meters.

137.  Our analysis of this weather radar examined the possble locations of the UWB devices
that were required to produce an interferencelevel -6 dB below the radar noise floor. At these locations,
we aomputed the field strength emitted by the radar. We concluded that UWB devices would not be
fourd at these locations because the radar fields were large enough to dsrupt the operation of standard
electronic devices. We aso were informed of NOAA's sting criteria®™® that requires a large exclusion
area aound the radar to assure operational capability. We were unable to confirm that such exclusion
areas actually exist as required due to the eésence of site specific data showing the distance and location
of large buildings aroundthe radar sites. Therefore, we deferred to the NTIA analysis values for this
system. These remarks also apply to the TDWR weather radar.

138 Marine Radionavigation Radar. These S-band radars provide information on surface
craft locations, obstructions, buoy markers, and ravigation marks, e.g., shore-based beamns and radar
beamnsto asdst in navigation and collison avoidance. NTIA employed an I/N protection criterion d —10
dB, indicating that this level is contained in a proposed revisionto ITU-R M.13131 under consideration
by ITU-R Study Group 8and entitled, Technical Characteristics of Maritime Radionavigation Radars.
Only the level proposed for UWB indoor operation at 30 meters height exceeds the calculations for
maritime radar. Indoa UWB operations in this band will be limited to -51.3 dBm. The level computed
for protedion of marine radar was—-56 dBm. The distance & which a UWB with an EIRP of -51.3 BBm

212 Sudy on 2700-2900 MHz Frequency Band Sharing Between Existing Aeronautical Radar Equipment and
Planned Digital ENG/OB and digital Aeronautical Telemetry Services, EUROCONTROL, Edition Date 29/05/2001.

213 See X S| ex parte comments of February 4, 2002 at pg. 21-22. XSl adso indicaes that there are similar
FAA siting requirements for its radar systems.
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satisfies the protection criteria equation is 370 meters. At such a dose separation distance, it does not
appear that marine radionavigation radar systems would receive harmful interference from UWB
operations. As dipbcoard UWB operation is prohibited at the request of NTIA, marine radar systems
must be lessthan 370meters from land in order to receive interference from UWB systems. At this
distance, the return signal from the target being deteded by the marine radar would be cnsiderably
higher than the signal received from the UWB device. Accordingly, no karmful interferencewould occur.

139 FSS These 4-GHz eath stations are used to reasive downlink transmissions from
geosynchronots satellites for a variety of applications including voice, data, and video services for
Government agencies. NTIA examined interactions with FSS systems employing antenna elevation
angles of 20 degrees and 5 cegrees. NTIA used an I/N protection criterion d —10 dB based ona general
discussion of factors affeding the sensitivity of digital communication systems. Only the level proposed
for UWB indoa operation at 30-meter heights exceeds the calculations for protection d receiversin the
fixed satellite service with an elevation angle of 8°. Emisgons from indoor UWB operations in this band
will be limited to -51.3 dBm. The level computed for protection of FSSreceivers with an elevation angle
of 8 degrees was 67 dBm. For the proposed level of -51.3 dBm, the required separation dstance to
satisfy the protection criterion, a separation distance of 240 meters must be maintained. For the given
scenario of an FSSearth station with an 8 elevation angle, if the separation dstance is lessthan 240
meters, a 30 meter building would at least partially obstruct the 3 dB beamwidth of the mainbeam of the
eath station antenna based purely on the geometry of the scenario. Hence the level —-41.3 dBm appeas
adequate.

140, Our analysis of the FSSnated that the NTIA protection criterion was not referenced from
a specific standard or recognized criterion. FSS is a digital communicaions g/stem, and as discussed in
the SARSAT analysis, we believe the noise floor should be gplied asthe protection level, i.e.,, an I/N of O
dB. We aplied the analysis procedure fourd in the Radio Regulations of the ITU** and concluded that
for an I/N of 0 dB, UWB interference would na be dlowed to occur for more than 2.5% of the time
without requiring coordination. We considered that UWB devices in tall buildings woud na be an
interference risk for the FSS terminals. The FSSantenna would not point at a building since the buil ding
would block signals from the satellite. We were unable to confirm this conjecture because of the absence
of site specific data showing the distance and location d large buildings aroundthe FSSsites. Therefore,
we defer to the NTIA analysis values for this g/stem.

141 CW and Pulsed Radar Altimeters. These systems provide pilots of civil and milit ary
aircraft and, through them, air traffic controllers with information onthe height of an aircraft above
ground level. NTIA’s investigation demonstrated that UWB devices operating at the Part 15 general
emisgon limits would na result in interference to these operations. For that reason, we have not
investigated these systemsin any greder detail.

142 Microwave Landing Systems. These systems are used for predsion approach and landing
of civilian and military aircraft. The MLS ground station supports navigation and guidance out to a range
of 43 km at an dtitude of 20,000feet. NTIA stated that RF interference could lead to errors in the
estimation d time intervals associated with beam passage of the MLS transmitting station’s antenna
beam.”*® It added that, depending on the frequency comporents of the error process and the arcraft flight
control system guidance loop kandwidth, this could lead to the physical displacement of the aircraft
relative to the desired approach path. NTIA added that the ICAO spedfied the maximum permissble

214 Radio Regulations of the ITU, Appendix 7, Method for the Determination of the Coordination Area Around

an Earth Sation in Frequency Bands Between 1 GHz and 40 GHz Shared Between Space and Terrestrial
Radiocommunications Services. Sedion 2.3, “Derivation and Tabulation of Interference Parameters,” and Sedion
2.3.1, “Permisdsble Level of the Interfering Emission,” was applied.

215 NTIA Spedal Publicaion 01-43, supra, at pg. A-17.
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interference power into a MLS receiver as —130 dBm to prevent this from occurring.”*® NTIA subtracted
4 dB from the ICAO threshold “to partition the UWB interference into the link budget,” resulting in
NTIA’s maximum permissible UWB interference level of —134 dBm, a level that is 22 dB below the
thermal noise floor of the MLS receiver and 31 @ below the sensitivity of the MLS reaiver. NTIA
employed a 5-dBi gain antenna, the maximum avail able to the drcraft at an ange of about 30 degrees
below the horizontal.

143 Our analysis of the MLS focused on two approaches. First, the receiver naise floor is —
112 Bm, and the ICAO maximum interference level is =130 dBm. This interference level is 18 dB
below the noise floor and 27 dB below the sensitivity level of the receiver. An interfering signal at 18 dB
below the noise floor would result in an increase to the ML S receiver noise floor of only 0.07 8. Sucha
small increase in the noise floor is not detectable by the receiver or by measurement instrumentation. We
believe that employing the ICAO vaue & a protection criterion is overly conservative for this g/stem.
Further, we do nd agreewith the cmments from Rockwell stating that the 4 dB additional safety margin
added by NTIA isinadequate for MLS operation in a Category Il approadh. Rockwell did not provide
any justification for an additional safety margin. Indeed, we believe that the ICAO threshold, even
without the 4 dB additional safety margin applied by NTIA, is too conservative. Seand, we note that
NTIA cdculated that harmful interference would be caused to MLS from a UWB transmitter operating at
the Part 15 general emisgon limits at a maximum separation distance of 160 meters. We dso note that the
expected operating range of the MLS system is 43 km at an atitude of 20,000 feet. There is little
likelihoodthat at this range from the MLS transmitter the arcraft will be within 160 meters of a UWB
transmitter. As the drcraft approaches the ground, it will come much closer to the MLS transmitter,
increasing the level of the recaved signal to the point that the MLS signal would be considerably greder
than the signal level from a UWB transmitter operating at the Part 15 general limits.**’ NTIA also stated
that its calculations were based on the aircraft being at a height of 30 meters. At this height, the drcraft
would be near the ML S transmitter, whase signal level would override any patential interference

144, TDWR. These radars operate in the 5600-5650MHz band and provide measurements of
gust fronts, microbursts, and ather weaher hazards at for improving safety operations at major airportsin
the United States. They are located within 24 kilometers (15 miles) of airports and reed to have aclear
line-of-sight (LOS) at the runway to odbserve weather phenomena for aircraft approaches and landings.
Indoa UWB operation is the only UWB operation not directly protected by the proposed limits. The
propcsed UWB EIRP leve for this band is -41.3 dBm which is 8 dB above the cdculated EIRP. To
achieve the required protection for the TDWR, a UWB located in a 30-meter buil ding would have to be
located 1370 meters away. Given the 0.2° minimum elevation angle of the antenna mainbeam, the beam
would orly be 5 meters above the horizon. The building itself would at least partialy obstruct the 3 dB
beamwidth of the mainbeam and ke the limiting factor along the given azimuth and nd the UWB’s EIRP.
An elevation angle of greater than 125 degrees is required to clear a 30-meter obstacle at a distance of
1370meters. Therefore, the geometry of the TDWR is the limiting fador for this scenario, not the EIRP
of the UWB.

216 International Standards and Recommended Pradices Annex 10 to the Convention d International Civil

Aviation, Volume 1 (Radio Navigation Aids) Fifth Edition, July 1996

27 In order for the aircraft to be within 160 meters, horizontal, from the UWB transmitter at a receve angle of

30 degrees, asemployed by NTIA inits cdculations, the arcraft would be lessthan 93 meters above the ground.

51



Federal Communications Commission FCC 02-48
Table7. Maximum UWB EIRP for UWB Use Indoors
Maximum Maximum UWB Average
Frequency | UWB EIRP EIRP Building
System (M HZ) (dBm/M HZ) (dBm/M HZ) Attenuation
uwB uwB Losses 218
Indoas Indoas (dB)
2 m height 30 m height
DME, Interrogator 9601215 -38 Not Applicable®™® 9
DME, Transponder 10251150 -55 -48 9
ATCRBS, 1030 -35 Not Applicable 9
Transponder
ATCRBS, Interrogator 1090 -22 -35 9
ARSR-4 124061370 -52 -73 9
SARSAT 15441545 -60 -57 9
ASR-9 27002900 -37 -57 9
NEXRAD 27002900 -33 -67 9
Marine Radar 29003100 -34 -45 12
FSS 20 degrees 37004200 -24 -30 12
FSS 5 degrees 37004200 -39 -65 12
CW Altimeters 42004400 37 Not Applicable 12
Pulsed Altimeters 42004400 26 Not Applicable 12
MLS 50305091 -42 Not Applicable 12
TDWR 56005650 -23 -51 12
145 The aove table reflects NTIA's cdculation of the maximum signal levels that could be

permitted for UWB devices operated indoors. The posshility of restricting most applications of UWB
technology to indoor use but imaging and vehicular radar appli cations was not considered in the NTIA
analysis because it was not specifically propased in the Notice. Thus, the @mnstraints NTIA’s anaysis
originally concluded were necessary to protect government receivers from outdoa use of UWB devices
must be reformulated to accourt for the indoor use of UWB devices and the inherent additional expected
propagation attenuation. This is done by simply adding a term for the value of expected huilding
attenuation as afunction d frequency to the link budget analysis model described ealier. The mlumn on
the far right contains the arerage building attenuation fador. NTIA analyzed UWB devices operating in-
doas at heights of 2 meters (roughly equivalent to groundlevel) and 30meters (roughly equivalent to the
tenth floor in a typical suburban, office building) and cdculated the maximum allowable UWB EIRP.
The building attenuation level was aubtracted from the values NTIA obtained in Table 6 to dotain the
indoor limits at a2 meter height. The results of the NTIA analyses are summarized in Table 7.

146,  UWB Interference due to Peak Emission Levels. NTIA also performed alimited analysis
of potential interference to SARSAT and FSS stations due to the peak level of the UWB transmitter.
However, NTIA did na consider the propcsed limits on peek power levels in the Notice, since their
measurements did not show a need for such limits for anadog systems and ory very limited

218 NTIA Report 95-325, Buil ding Attenuation, at pg. 43.

“Not Applicable” indicates that the particular scenario would involve an airborne recever at the same
altitude as a UWB transmitter, which should not occur.

219
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measurements were made on dgital systems. No conclusion can be made from the pe&k power analysis
due to the nonlinear nature of the digital systems, unique aror correcting schemes, and urknown
charaderistics of individual UWB systems operating in these bands. The actua impad to a digital
wideband system from the pe&k power recsived from a UWB device will depend on many recever
parameters not generally avail able such as moduation scheme, and bit error rates. As aresult, the peak
values NTIA used for its analysis are far in excess of the levels the Commisson proposed in the Notice. ??°
Consequently, we do nd envision interference problems from peak emissons from UWB devices if the
pegk power limits proposed in the Notice are anbraced.

3. U.S. Department of Defense Analysis of Interferencetothe SGLS

147.  DOD provided a mathematical analysis of possible interference from UWB operation to
its Space-Ground Link Subsystem (SGLS) at 2.2-2.3 GHz.*** DOD applied free space attenuation
without intervening objects, assumed a noise-like UWB emisdon, and applied SGLS receive antenna
gains ranging from 6 to 26 dB corresponding to antenna devation angles ranging from 20 to 3 degrees.
Interference was defined with I/N ranging from +17.5 @B to -5.4 dB. It caculated minimum separation
distances ranging from 19 metersto 1.522km.

148  Few details were included with the DOD analysis. We do nd agreethat it is appropriate
to use free space analysis or to assume the lack of intervening objects in determining propagation
attenuation. We also do rot believe that these DOD satellite receive stations will be located in areas were
UWB devices would be sufficiently close to cause interference problems, especially with the operational
constraints we ae aopting in this proceeding. Similarly, as with the SARSAT and FSSstations, these
antennas will not be directed at buildings or other structures that would block reception of the satellite
transmissons.

4, ARRL Analysis of Noise Floor Increasein Amateur Radio Bands

149 The ARRL presented analyses of potential increases in the noise floor in the Amateur
Radio Service frequency bands at 420-450 MHz (420 MHz) and 24002450 MHz (2450MHz). ARRL
performed cdculations to show that an amateur radio recaver operating in the 420 MHz band, wsing a 20
dBi receive antenna gain and a recaiver bandwidth of 1 kHz would experience a 56.5 d increase in the
noise floor a a distance of 30 meters from an UWB transmitter operating with an average EIRP of —-80
dBm/Hz (0 dBm/100MHz). Similar cdculations were performed showing that an amateur radio receiver
operating in the 2450MHz band wsing a0 dBi or a 20 dBi receive antenna gain and a receiver bandwidth
of 1 kHz would experiencea11.4and 31 @ increase, respectively, in the noise floor a a distance of 30
meters from a UWB transmitter operating with an average EIRP of —90 dBm/Hz (0 dBm/GHz).**
Additiona calculations showed that the increase in the receiver noise floor did not change if the receiver
bandwidth was increased from 1 kHz to 10kHz or from 1 kHz to 50MHz.?*®

150 Wefindthat ARRL’s calculations overestimate the potential increase in the noise floor to
amateur radio receivers from UWB devices. As an initia matter, the use of the thermal noise floor of a
reaaiver is not areasonable approad for evaluating whether or not harmful interference may occur. The
thermal noise floor represents the minimum signal level that can be received under ideal conditions. In

220 The primary effed of the Commission’s peak power limits as propcsed in the Notice is that the peak power

limit provides the restriction at lower PRFs whil e the arerage power limit provides the restriction at higher PRFs. .

221 Attachments to U.S. Department of Defense filing of 10/1/00.

222 ARRL employed arecéver noise level of —141 d8m and a noise figure of 3 dB, resulting in a thermal noise

floor of =139 Bm, for both 1 kHz bandwidth recevers used in its analyses.

23 Thiswould be expected with a constant envelope signal level.
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practice the actua received signal levels are typicaly well above the thermal noise floor of the receiver.
ARRL asaumed that the UWB transmitter would be operating at an average EIRP of -80 dBm/Hz at 420
MHz or a& 90 BBm/Hz at 2500 MHz. The specific limits proposed in the Notice were 200 uV/m, as
measured at 3 meters with a quasi-pedk detector, for 420 MHz and 300 uV/m, as measured at 3 meters
with an average detector and a 1 MHz resolution bandwidth, for 2450 MHz. These limits are equivalent
to an EIRP of 12 nW/120 kHz*** or —49.2 dBm/120kHz or ~100 dBnVHz at 420MHz and to an EIRP of
75 "W/MHz or -41.25 dBm/MHz or —101.25 dm/Hz at 2450MHz. Therefore, the levels ARRL applied
to the UWB emissions are 11to 20 B higher than those proposed in the Notice. We dso believethat itis
extremely unlikely that the UWB emisdon would be in the main bean of a 20 dBi gain antenna,
particularly given the operating restrictions we ae applying to UWB devices®®® Adjusting ARRL’s
analyses to take these factors into account substantially reduces ARRL’s estimate of the increase in the
noise floor of the receivers.

151 In addition, we note that Part 15 devices arealy operate in the 2400-2450 MHz band
used by the amateur radio service at considerably higher power levels that those proposed in the Notice.
For example, frequency hoppng spread spectrum transmitters are permitted to operate & asignal level of
36 BM/MHz and at even higher signal levels for fixed point-to-point links. Similarly, microwave ovens
and aher Part 18 cevices are permitted to operate on a primary basis within this frequency band without a
limit on the level of their emissons. Nevertheless, amateurs have existed successfully with these
devices. Thisleads usto conclude that it is unlikely that UWB devices will have any significant impad
on Amateur operations in this gectrum. We find rothing in the ARRL analysis that leads us to conclude
that the existing Part 15 emissions limits are inadequate to control interference from UWB devices to the
Amateur Radio Service.

5. Analyses of Potential Interferenceto PCS

152 Severa parties performed tests and analysis of potential interference to PCS systems
operating in the 1850 — 1910 MHz and 1930 -1990 MHz bands.”?® These studies are discussed in the
following paragraphs.

153  Motorola Analysis. Motorola performed mathematicd analyses of potential interference
from UWB devices to PCS systems. Motorola bases its definition o harmful interference on a PCS
reaiver as any signal that causes a1 dB rise in the recaver thermal noise floor, i.e., resulting from an
UWB device that produces dgnal in the PCS recaver that is 6 dB below the thermal noise floor.
Motorola assumed that the receiver would have al10 dB noise figure and an antenna with —8 dBi of gain.
Using free space #&enuation, it calculated that the UWB and the PCS receiver must be separated by at
least 13 meters. It then demonstrated how this sparation distance increased with increasing antenna gain
such that the minimum separation dstance becomes 65 meters when the receiving antenna gain is
increased to +6 dBI, i.e.,, the antenna employed with a base station.

154.  Protecting the PCS receiver to alevel 6 dB below the thermal threshold of the recever is
not reasonable because it represents the ideal performance of the receiver and is not representative of

224 At the PRFs commonly employed by UWB transmitters, it is expeded that a quasi-pesk detedor will tend

to measure closer to the ped level as oppased to the average level. However, the amateur narrowband recever
would respond to the average level of the UWB emisson. This could be considerably lessthan the pea level. In
any event, the devices operating below 1 GHz will be extremely limited in number and scope axd should not be a
source of interference

25 While a20 dBi Yagi antenna is feasible, such an antenna normally would be mounted high above aroof

where it isunlikely that a nearby UWB transmitter would be direaly in the main beam.

226 It should be noted that the PCS frequency bands are not restricted bands. Part 15 devices currently are
permitted to transmit in the PCS bands at alevel equivalent to —41.25 Bm/MHz EIRP.
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typical operating condtions. In pradice PCS receivers will normally receive signals well above the
thermal threshold of the recaver. Thus, Motorola s analysis affects recavers operating at the fringe of a
reaeption area. In addition, it is likely that intervening objects would provide significant attenuation to
UWB emisdons. Thus, we do nd believe that Motorola's calculations provide a reasonable
representation d the interference potential of UWB to PCS operations.

155 Sorint PCS, Time Domain Corporation and Telcordia Analyses. Sprint PCS and TDC
jointly submitted two documents. The first was a theoretical model developed by Telcordia Tedhnoogies
to analyze the impaa of UWB on the forward link on a CDMA PCS network. The second summarized
tests condicted by Sprint PCS, Time Domain and Telcordia. These tests included laboratory evaluations,
over the ar transmissons in an anechoic chamber, and field ssimulations. The over-the-air test conducted
in an anechoic chamber demonstrated the following™": (1) free space attenuation is appropriate for this
type of test; (2) the PCS handset had an antenna gain of —4.6 di;**®(3) the RSS measured by the handset
was 3 dB different from computed values;?*° (4) the measured E/N for the onset of frame arorswas5 dB,
consistent with expectations; (5) the handset power varied by 1.5 to 25 dB due to antenna polarization
and by 12to 15 B useto “heal loss’, i.e., signal blocking by the user; and (6) the dfect of UWB IX
appears to be the same & Gaussan noise.®® Much of the data from the open field tests was lost.”*! The
avail able test data enployed an RSS (total forward power received by the handset) of between —92 dBm
and-96 dBm. Asonly asingle test cdl was activated, noacount was taken of potential interferencefrom
other neaby cells. The minimum UWB separation dstanceto avoid interference at that signal level was
foundto be @out 0.35t0 0.56 meters. The cdl was dropped when the UWB emitter was moved to within
about 0.3 meters of the PCS handset.>** It also was noted that with a fully loaded system this distance
range would apply with the RSS at about 7 dB greater, i.e., at -85 dBBmto -89dBm. Several comments

were filed in response to this test.

156,  Sprint PCS stated that these tests confirm that a UWB emisson at alevel 12 dB below
the genera limitsin 47 C.F.R. 8 15.209will cause interference to a PCS CDMA system, resulting in the
handset, operating with a PCS received signal of —100 dBm, requesting 50 percent more power when only
2 meters from the UWB transmitter.?®® It added that a separate effect of UWB interference is call
blocking such that if between ore in twenty and ore in five PCS customers are within 2 meters of active
UWB transmitters 2 percent to 7.9percent of callswill be dropped or call attempts wil | be blocked.?**

157.  On the other hand, TDC believes that the theoreticd model of Telcordia does not
acarately describe the results of real world open field testing, adding that it is not possible for the PCS
receivers to detect UWB emissons even at separation distances less than 1 meter.*® It stated that the
PCS phore performance was dramatically better in an anechoic chamber than in an open field even

21 See Sprint PCS comments of 9/12/2000 at Attachment 2, pg. 2-3.

228 In the anechoic chamber test, it appeaed that the antenna was optimized for the transmit band rather than

the receve band resulting in a measured gain of —4.6 dBi.

229 Thus, the losses between the antenna and the recever are greaer than those used in the @ove cdculations.

230 Qualcomm stated that for commercial CDMA recévers it does not matter if the in-band noise has gpedral

lines or is white spedrum; what matters is total power in a 1.2288 MHz bandwidth. See Qualcomm comments of
5/10/01 at pg. 14.

z1 Sprint PCS comments of 9/12/2000at Attachment 2, pg. 4.
232 Sprint PCS comments of 9/12/2000at Attachment 2, pg. 4.
233 Sprint PCS comments of 4/6/01 at pg. 2.

234 Sprint PCS comments of 4/6/01 at pg. 2-3.

235 TDC comments of 4/25/01 at pg. 79.
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through the base station was clearly visible to the handset and the propagation path was unolstructed.**
According to TDC, the model developed by Telcordia predicted that in an anechoic chamber 1S-95
cdlphanes shoud not experienceframe aror rates greater than 2 percent at received signals levels as low
as—105 dBm; however, in the open field the FER would jump momentarily to as much as 8 percent even
when the received signal was as gred at -85 dBm. TDC adds that extrapolation from testing suggests
that the impad of the UWB emisgon on PCS might be observable when the PCS signal is marginal, at —
95 dBm, and the UWB deviceis continually transmitting and within 15 meters.®®” However, it concluded
that this was a mnservative estimate since during the open field testing with a PCS received signal level
of betwean 92 dBBm and —95 dBm no impad from the UWB emisdon was sen urtil the UWB emitter
was lessthan 1 meter from the PCS cellphane.

158 XSl aso believes that the ealier Sprint PCS/TDC tests demonstrated that UWB devices
would not cause substantial harmful interferenceto PCS, stating that the claim of interferenceis based on
numerous unrealistic assumptions and conflicting results.®*® XSl stated that it isimportant to note that the
anechoic chamber eliminated all external RF noise and any potentia interference due to other CDMA
cdls or multi-path which it says are the most important factors in understanding potential interferencefor
a PCS network.?®® The test that was performed at an outdoor facility showed that the PCS handset
exhibited a rise in traffic channel power and then dropped a all only when a UWB transmitter was
moved to within approximately 0.3 meters of the handset.**® XSI noted that the Sprint model did not
consider nonine-of-sight propagation effects, nor did it provide an all owancefor interference from other
base stations althowgh this effect is siown to be significant, resulting in as much asa 5 dB rise in the
effedive noise floor.*** XSI concluded that the live testing by Sprint PCS showed that effects such as
interference, ndse, and Rayleigh fading were severe enowgh to mask any effects predicted by the
analyticz;xl42model until the UWB emitter was moved to within approximately 0.3 meters of the PCS
handset.

159  Wefind that the testing in the anechoic chamber permitted the PCS receiver to function
properly down to the thermal noise floor of the receiver. Once this equipment was placed outdoorsin a
simulated environment, the UWB emissons had nosignificant interference effect except at distances less
than one meter. We find that it is extremely unlikely that UWB devices will be located this close to a PCS
reaiver, particularly given the operating restrictions we ae applying to UWB devices. Further, we do
not believe it is appropriate to use such a dose separation dstance a the basis for controlling harmful
interference. Any interference d close distances can be eaily remedied by moving the devices a short
distance gart.

160 Qualcomm Analysis. Quacomm performed a mathematical analysis accompanied by
laboratory testing using a PCS simulator. Based onits mathematical analysis, Qualcomm asserts that a
PCS mobil e unit would need to be at least 24 meters from a UWB transmitter operating at the47 C.F.R. 8
15.209limit in order not to receive harmful interference A more detailed discusson o the Qualcomm
analysis has been placed in the docket file for this proceeding.

236 TDC comments of 4/25/01 at pg. 83-84.
=7 TDC comments of 4/25/01 at pg. 85.

238 XSI comments of 5/10/01 at pg. 4.

239 XSI comments of 5/10/01 at pg. 5-6.

240 XSI comments of 5/10/01 at pg. 6.

241 XSI comments of 5/10/01 at pg. 7-8.

242 XSI comments of 5/10/01 at pg. 11.
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161 We observe that Quacomm’'s mathematicd analysis is based on defining harmful
interference & any UWB emisson that is greder than 6 dB below the thermal naise floor of the PCS
reaciver. While such an analysis can determine if a signal will increase the receiver naise floor in
situations where no RF badkground nase exists, this is not indicative of harmful interference to a
communicaions gystem. Modifying the antenna gain to —4.6 dBi to reflect the measured data from the
Sprint analysis, and using free spaceto reca culate the minimum separation dstance necessary to prevent
harmful interference to a PCS system, we find that a UWB transmitter must be 3.2 meters from the PCS
reciver if the UWB transmitter operates at the limit in 47 C.F.R. § 15.209nd 0.8 meters if the UWB
transmitter operates at 12 dB below the limit in 47 C.F.R. § 15.29, as proposed in the Notice. These
separation distances are based on worst case condtions as they do not assume that there is additional
attenuation of the UWB emisdons due to intervening objects, mismatched antenna polarizaions, head
loss or other effeds. They also assume that the UWB transmitter is operating at its maximum emisgon
limit with the emission directed at the PCS receiver.

162  Thelaboratory measurements performed by Qualcomm demonstrated that a §/1 of about a
6 dB isrequired to prevent interferenceto a PCS system. We believe that a PCSreceved signal level of —
96 dBm/1.25 MHz adequately charaderizes a low level PCS signal level based on red world
applications.**® Using free space aalysis, this PCS signal level anda 6 dB S/l for the UWB emisson, we
find that the UWB transmitter must be 7.2 meters from the PCS receiver if the UWB transmitter operates
at the limit in 47 C.F.R. § 15.209and 1.8 meters if the UWB transmitter were to operate & 12 dB below
the limit in 47 C.F.R. § 15209. Again, these separation dstances are based onworst case @nditions as
they do nd assume that there is additional attenuation of the UWB emissions due to intervening objects,
mismatched antenna polarizations, head loss or other effeds. They also assume that the UWB transmitter
iS operating at its maximum emisgon limit with the emisson directed at the PCSreceiver.

163  Summary of findings of analyses of interference to PCS. Uponreview of the various tests
and anayses submitted in the record, we do rot believe that UWB devices will present a significant risk
of harmful interferenceto PCS, particularly when evaluated under actual operating condtions instead of
in a laboratory environment. Nevertheless, given that we ae gplying a reduction d at least 12 B in
emissons in the GPSfrequency band, which is in close proximity to the PCS band, in an abundance of
caution we will require this reduction to extend through the PCS band to 1990MHz. We do nd believe
this will have any significant impaa on the viability of UWB devices. Further, this will ensure against
interferenceto PCS even under extremely close separation dstances.

6. Cisco Analysis of Potential Interferenceto MM DS

164. Cisco presented mathematical analyses to demonstrate that a single UWB transmitter
would cause asignificant increase to the noise floor of a MM DS receiver locaed several hurdred meters
away. Attadhment 2 to its comments addressed UWB pe&k emissons, and Attachment 3 to its comments
addressed UWB average amisdons. With regard to pe&k emisdons, Cisco cdculated, based on the
propcsal in the Notice for a limit on total peak power, that a UWB transmitter operating with a pulse
width of one nanoseand and pasessing a 1.5 gigahertz —10 dB bandwidth will have atotal pes
emisgon 49.4 B greater than the average limit. It then cdculated that for a UWB system to comply with
a49.4 B pes to average ratio it must operate with a pulse repetition frequency of 11.5kHz.*** Asthisis
less than the 12 MHz bandwidth employed by the MMDS receiver, Cisco calculated that the peak power
recived by the 12 MHz wide recaver will be 44.1 B greder than the arerage UWB received pover.

243 47 C.F.R. § 24236 states that the median field strength at any location o the border of the PCS service
areashall not exceed 47dBuV/m. Asthisisthe signal level established in the rules as what is necessary to prevent
interferenceto an adjacent license, it appeas likely that PCS systems are designed to operate & this level or higher.
For a50 ohm system, thisemisdon level isequivalent to areceved signal level of 96 dBBm.

244 No limit on the pe&-to-average ratio was propased in the Notice.
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165  Wefind that in calculating the =10 dB bandwidth of the UWB transmitter Cisco assumed
the use of a perfect antenna. It is unlikely that an antenna, which acts as a band-passfilter, would passall
of the energy over a 1.5 gigahertz bandwidth centered on the UWB emisson. The adual total peak
signal, based onthe proposal in the Notice, may be lower due to the narrower transmitted bandwidth.
Cisco aso assumed that the UWB transmitter had to med a pegk-to-average ratio whereas our propcsal
was to establish an average limit and a pe& limit with the latter consisting of two parts: a total pek
power based onthe bandwidth of the emisson and a peak power limit based ona 50 MHz bandwidth. In
adual pradice, a UWB transmitter will be subject to the average limit or to the pedk limit but nat bath.
Systems with low PRFswill be governed by the pe&k limits and systems with high PRFs will be governed
by the average limits.

166, With regard to average power levels, Cisco modeled a 2.5 GHz sinusoidal carier
moduated by a one nanosecond pulse with a PRF of 20 MHz. Cisco then assumed that the UWB
transmitter operated at the maximum limit and was pointed diredly at a 20 dBi antenna employed by the
MM DS receiver. Cisco also assumed that its MM DS operation should be protected to at least alevel of
10 B below the thermal noise floor of the MM DS receiver without adjusting the noise floor for line
losses and the receiver noise figure. With free space attenuation, this resulted in Cisco calculating a
minimum separation distance of 380 meters. Cisco then assumes that 10 or 100 UWB transmitters all are
emitting at the maximum all owable emisson limit at 2.5 GHz and are al pointed drectly a the MMDS
antenna to show how, using free space attenuation, the required separation distances increase to 1.2 km
and 3.9km.

167. We find that the protection of the MM DS receiver to alevel 10 dB below the thermal
threshold of the receiver is not reasonable.**® Second, we note that the actual thermal noise floor of the
MM DS receiver would be higher than that cdculated by Cisco orce line losss and the reasiver noise
figure areincluded. Unfortunately, these values are not provided by Cisco to permit the cdculations to be
redone. Third, a the distances employed free spaceis nat a practical methodto caculate path loss. At
these distances, intervening objects would provide significant attenuationto UWB emisdons. Fourth, itis
extremely unlikely that the UWB emission could be pointed at the main beam of a high-gain MMDS
antenna because such antennas generally are mourted ouside on roof tops or on the sides of buildings.
Because of this antenna placement, it is highly unlikely that a UWB transmitter would be dose to an
MM DS station a have its emisgons directed within the mean beam of the MM DS receiving antenna.  As
with the SARSAT and FSS stations, MM DS antennas will not be directed at buildings or other structures
that would block reagption d the MM DS transmissons. We dso nae that millions of other RF products,
such as gpreal spectrum transmitters operating in the 24002483.5MHz band wunder the provisions of 47
C.F.R. 8 15.27, drealy are permitted to place spurious emissons in the MM DS bands at the emisson
level propcsed in the Notice. The spread spectrum spurious emissons must be atenuated to41.25
dBm/MHz,%* the same level propased for UWB emissons.

7. XM Analysis of Potential I nterferenceto DARS

168 XM performed an analysis of patential interference to its satellite digital audio radio
service operating in the 2332.5— 2345MHz band. XM dstated that its satellite receiver operates with a
reacived signal of —109 dBm to —-90 dBm with a noise figure of 1.2 88 and a thermal noise of —110

245 See, for example, Second Memorandum Opinion and Order in WT Docket No. 99-168, 16 FCC Red. 1239
(2001), at para. 6-8.

246 This is the limit for emissons appeaing within the 24835-2500MHz band. The limit on emissions from

spread spedrum transmitters appeaing within the MM DS band above 2500 MHz is about +16 dBm but may be
higher for high gain antennas used with point-to-point spreal spedrum systems.
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dBm/2 MHz.**" XM then calculated, using free space, the required separation dstances between a UWB
device axd a DARS recever in order to ensure that the UWB emissons are below the thermal noise floor
of the DARS recaver. At alevel of 41.25 Bm/MHz, XM cdculated that the UWB device must be 35
meters from the DARS receiver.?*® XM also stated that the required S/IN for its receiver is 3 dB, the I/N
is 67 B and the minimum distance from an interference source must be based on 1 meter. Accordingly,
XM requests that the eamissions from UWB devicesin its 2332.52345MHz band be limited to —70 dBm.

169  Asdiscussed above, harmful interference is not caused to a receiver from aradio signa
that is below the thermal noise floor of a victim radiocommunications receiver. If we asume that the
UWB signal, emitting at —41.25 Bm/MHz, may not exceed the DARS recever thermal noise floor of —
110 Bm/2 MHz, an attenuation d 71.75 B is required. Free space a 2340 MHz achieves this
attenuation at a separation of around 39 meters. If we take into acount the 3 dB loss between XM’s
circular polarized antenna and the linear polarization expeded from UWB operation, the separation drops
to 279 meters. If only 10 dB of attenuation is applied to the UWB emission, the minimum separation
distance decreases to 88 meters. Thisis not an excessive separation dstance for a receiving system that
generally is expected to be mourted outside of atransportation vehicle or onthe roof or side of a buil ding.
Under practica operating condtions, there would be further attenuation of the UWB emissons due to the
presence of intervening objects, misalignment of the UWB transmitting and DARS receiving antennas,
and aher factors. Further, the DARS signal normally would be aove the minimum receved level
employed in this calculation. It aso is likely that the UWB emissons would be somewhat below the
maximum level permitted under the rules. These factors would considerably shorten the calculated
interference distance. Vehicle mourted UWB radar systems, which will be locaed closest to DARS
reaaivers, are being required to operate in a cnsiderably higher frequency band than that used by DARS.
This dhould result in emissions appearing in the DARS band that would be no more of an interference
threat than emissons from conventional Part 15 devices.®*® In any event, emissons from the vehicular
radar systems would likely be pointed in a direction ather than at the DARS antenna.  Further, since
vehicle manufacturers will provide DARS and UWB radar systems in the same vehicle the vehicle
manufadurer would engineer these systems to ensure that there is no mutual interference We also note
that DARS will be supplemented in major metropolitan areas with high powered terrestrial broadcasting
stations, further reducing the potential for harmful interference

8. Summary of Testsand Analyses

170, The protection levels established in this Order primarily are those determined in the
NTIA analyses of Government systems. The UWB emissons level NTIA developed for the GPS bands
provides a @mnservative protection level for all of the government and commercial systems operating
between 960 MHz and 1610MHz. We find that the various analyses were generally based on overly
conservative and worst case anditions. For example, tests were performed in some caes usng UWB
signals with charaderistics designed to cause the greatest interference effed. While we recognize this
could occur, in practice many UWB devices will have anisgon characteristics that are more benign
relative to particular receivers. We dso mote that severa of the aalyses ®e&k to protect
radiocommunications g/stems to levels below the reasiver thermal noise floor. This is a level of
performance that does not generally occur under actual operating conditions due to the presence of other

247 Referencing the thermal noise to 290K, the recéver noise level for a 2 MHz bandwidth is —11097 dBm.

A thermal noise referenced to 290K is appropriate & the omnidiredional antenna employed by the DARS recever
will encompasssurrounding terrain.

248 Sirius dated that with a typical noise figure of 2 dB, recever performance would be degraded by 3 dB at

150fed for line-of-sight and 25fed for non-line-of-sight. Sirius comments of 4/25/01 at pg. 3.

249 Due to the extremely wide frequency separation, it is likely that emissions in the DARS band would be

considerably lower than the Part 15 emission limits.
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sources of radio noise. Further, the fact that the noise floor may increase does nat necessarily indicate
that harmful interferencewill occur.

171  Certan o the anadyses applied only free space attenuation to determine propagation
losses and did na consider the dfects of intervening objects. Some mmmenting parties ught to ensure
that no interference would occur at unreasonable separation dstances, such a having the victim receiver
within ore meter of, or co-locaed with, the UWB transmitter. In some caes additional protection
margins were added to further ensure @nservative protection levels.  We observe that these various
studies and analyses have been useful in serving to illuminate the record in this proceading. However, we
do nd believe our regulations for controlling interference from UWB devices hould be based ona series
of worst case assumptions. Instead, we find that the various studies demonstrate conclusively that UWB
devices can be permitted under the proper set of standards without causing harmful interference to other
radio operations.

E. Emission Limits
1. General

172  Propcsal. In oder to control harmful interference from UWB devices, appropriate
emisgon limits must be established. The airrent Part 15 rules are based onthe equivalent of a power
spectral dengity, i.e., a field strength limit is Pecified aong with a measurement bandwidth. These
emisgon limits were dhosen to protect various classes of receivers from interference d certain separation
distances. The radiated limits below 1 GHz are based onmeasurements employing a quasi-peek detector
that effectively provides an average reading with some weighting for pea signal levels. The radiated
emisdgons limits for bath intentional and unintentional radiators above 1 GHz are based onmeasurements
using an average detector. However, intentional radiators also are subject to a requirement that the total
pedk levels of emissions above 1 GHz must be no greaer than 20 d above the average limits.**® Higher
pe&k levels could lead to an increased risk of interferenceto certain receivers. For example, if the pulse
repetition frequency of the UWB signal is much greater than the bandwidth o a receiver, the anisson
may appea to be randam noise, the dfect of which is propationd to the average power in the UWB
signal within the receiver’s bandwidth. However, if the PRF is much less than the receiver’s bandwidth,
the UWB signal may appea to the receiver asimpulsive noise and the dfect would be proportional to the
peek power of the UWB signal. In addition, UWB devices read their emissions over a wide bandwidth
as compared to most current intentional and unintentional radiators. As aresult, receivers that use wide
bandwidths are likely to receive more total energy from UWB devices than from most other existing Part
15 cevices.

173 Inthe Notice, the Commisson concluded that it is hecessary to regulate bath the peak and
average emisgon levels above 1 GHz and the quasi-pe&k emisson levels below 1 GHz from UWB
transmitters, just as it regulates these emisson levels for most other types of Part 15 transmisson
systems. The impad of UWB signals on a receiver appears to depend on the randamness of the UWB
signal and the relationship between the pulse repetition frequency (PRF) of the UWB signal and the
bandwidth of the recaiver.”®* If the UWB pulses are spacel evenly in time and each pulseis exactly the
same (as in many radar systems), then classic communications theory shows that the spectrum consists of
narrow spectral lines spaced at the PRF. The impad of these signals on a reaiver can be modeled by
treating ead spectral line & a narrowband conventional signal. This gives rise to ore possible way to
increase protedionto GPSreceivers from UWB GPR and through-wall i maging devices. Sincerepetitive

250 See 47 C.F.R. § 1535(h).

21 This assumes that the UWB signal is far enough from the recéver that it does not overload the recéver

causing ronlinea operation. The pe&k limits being considered in this procealing will ensure that recaver
overloadingis not a concern.
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identicd pulses are often applicable to GPRs and through-wall i maging devices, the Commisson noted
that it might be possible for designers to select system parameters to avoid GPS signal bands and thus
avoid co-channel interference It also may be passible to spacethe UWB signal’s spectra linesin places
within the GPSband where GPSrecavers are less ensitive to interference.  Comments were requested
on whether this technique is applicable to al types of GPRs and through-wall imaging devices and the
cost implication of using a stable frequency referenceto ensure the PRF creates a signal avoiding the GPS
bands.

174 For UWB communications systems, the emitted spectrum depends on the information
being sent. If the information is unchanging, such as a steady string of zeroes in the case of digita
information, the transmitted signa may become a set of spectral lines that has different interference
potential than the noise-like spectrum that would be produced under normal modulation. Depending on
exactly where these spectral lines are, the interference potential may increase. This could be avoided by
using scrambler technology, often used in digital wireline and ogical communications g/stems, which
prevents long strings of unchanging bits. The Commisgon sought comment on whether it should require
such scrambler technology for UWB communicaions g/stems or, aternatively, a performance
requirement that would show that the transmitted spectrum remains noise-like in the case of unchanging
input data.

175  Comments. The comments generally indicated that the proposal to placespectral lines
outside of critical frequency bands shoud not be implemented. For example, as hoted by AOPA dopger
shifts due to movements of the GPS satellites and to movements of planes would negate any ability to
avoid the GPSband.**> AOPA added that the frequency stability of the circuitry used to generate the PRF
would have to be very stable raising cost concerns. A. Peter Annan stated that this is an impractica
solution for GPRs that have low PRFs that make it impossible to spacethe spectral lines far enowgh apart
to avoid the GPSbands.?>®> ARRL noted that selecting PRFs to avoid generating signals in certain bands
would add alayer of regulatory complexity that could perhaps be better addressed through ather means.®>*
On the other hand, Aether Wire indicates that it may be possible for its equipment to avoid the GPSL1
and L2 bands by adjusting the spaces between the impulse doublets and between the impulses in each
douHbet of its transmisgon, nating that the oscill ation would have sufficient stability through the use of
temperature stabili zation.*°

176,  With regard to scrambler techndogy, the comments supparted requiring UWB signals to
be naise-like in certain bands, particularly GPS AOPA noted that sufficient dithering or scrambling of
the interference signal spectral lines in the instantaneous time or frequency domains would deaease the
probability of harmful interference but could increase aygregate interference®® Aether Wire stated that a
UWB system that ladks coding for channelization is sverely limited in its capabilities and that such a
system it the only one for which scrambler technology is applicable®’ It added that a performance
requirement that shows that the transmitted spedrum remains noise-like in the case of unchanging inpu
datais appropriate.

177. Discussion. We have come to the conclusion that there is no need to establish design
criteria for UWB systems, such as gecifying where spectral lines may be placed o requiring the

2 AOPA comments at pg. 13.

23 A. Peter Anan comments at pg. 4.

24 ARRL comments at pg. 14.

25 Aether Wire mmments at pg. 11.

26 AOPA comments at pg. 13.

%7 Aether Wire mmments at pg. 12.
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application of scrambler technology. Rather, we believe that we should specify only the emission limits
that are necessary to prevent interference to the authorized radio services. It will be up to the
manufacturers of UWB devices to determine how they will comply with these standards. A discussion of
the emission levels we are adopting follows. Aswill be noted, we are adopting a requirement to limit the
power level of the spectral lines that appear in the GPS frequency bands.

2. Average and Quasi-peak Emission Levels

178.  Proposal. The Commission stated in the Notice that the Part 15 general emission limits™®
have a long and successful history of controlling interference to other radio operations. However, the
general emission limits were never designed to protect against all possibilities of harmful interference.
Rather, these limits were designed to protect neighbors from causing interference to each other.® These
limits were designed as a reasonable compromise to protect the authorized radio services from receiving
harmful interference without requiring an analysis of the individual needs of every type of receiver design
used in every radio service. The Commission reiterated that it remains committed to protecting the
authorized radio services from receiving harmful interference from Part 15 devices, adding that it was
especially concerned about protecting radio services used for safety-of-life applications, such as GPS,
from such interference. Accordingly, the Commission indicated in the Notice that the general emission
limits contained in 47 C.F.R. Section 15.209 appear appropriate for UWB operations. These emission
limits are aready based on a spectral power density, measuring signal level per unit bandwidth.”® It also
proposed that additional protection be provided below approximately 2 GHz for emissions from UWB
devices. For emissions from UWB devices other than GPRs and, possibly, through-wall imaging
systems, it proposed that emissions that appear below approximately 2 GHz be attenuated by at least 12
dB below the general emission limits. This attenuation below the general emission levels would provide
additional protection to the congested spectrum below 2 GHz without affecting the viability of UWB
operations. Comments were requested on whether additional attenuation below 2 GHz is necessary.
Comments were also sought on whether the proposed reduction in the emission levels should apply to all
emissions below 2 GHz or only to emissions below 2 GHz that fall within the restricted bands shown in
47 C.F.R. 8 15.205. Comments aso were requested on whether UWB devices other than GPRs, and
possibly through-wall imaging systems, should be permitted to operate below 2 GHz provided they
comply with these reduced emission levels. Finaly, the Commission indicated that the emission limits
that were proposed in the Notice were a reasonable starting point for establishing standards. As
equipment continues to be developed and additional experience is gained with this equipment, future
changes to the standards would be considered.

179. Comments/Discussion.”®* A considerable number of comments were filed concerning the
levels of emissions that should be permitted for UWB transmitters. Most of the comments supported the
continued application of quasi-peak limits on radiated emissions below 1000 MHz and of average and

%8 See 47 C.F.R. §§ 15.109(a) and 15.209.

%9 While it is possible to establish emission limits that protect a user from his own interference at separation

distances on the order of one meter, such limits would significantly add to the cost of all Part 15 devices, including
computers, cordless telephones and receivers.

20 Emissions below 1 GHz are measured using a CISPR quasi-peak detector with a resolution bandwidth of

120 kHz + 20 kHz. Emissions above 1 GHz are measured using a 1 MHz resolution bandwidth. See 47 C.F.R. §
15.35.

%1 Some of the comments continued to propose that UWB devices be subject to the same emission limits as

those applied to Class A digital devices. The Commission considered this issue in the Notice and declined to
propose it. We find no new information in the comments that would cause us to reconsider. See Notice, supra, at
para. 40.
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peak limits on radiated emissons above 1000MHz.?%> NTIA, however, requested that average and peak
emisgon limits apply to all emisdons above 960 MHz. Some commenting parties requested that we
implement limits on spectral power density.”® However, the quasi-pes and average limits currently
contained in the Part 15 rules already are based onspectral power densities. For example, the quasi-pek
limits for emissons between 30MHz and 1000MHz are based onthe emissions that appea in a 120kHz
+ 20kHz bandwidth. The emisson limits above 1000 MHz are based onthe emissons that appear ina 1
MHz bandwidth.***

180,  There was no concurrence in the comments with regard to the emisgon limits that should
be aloped. The ARRL stated that the Part 15 general emisson limits have not been adequate to proted
all amateur operations; however, it could, with some reluctance, accept the ideathat permitting UWB
operation at those levelsis not much dfferent in kind from the types of operation permitted under the Part
15rules® It added that the impacd on amateur receivers from UWB signals that are noise-like would be
determined by the average power present in the victim recever bandwidth whereas for UWB signals with
low PRFs, the noise may appea as impulse and/or multiple discrete signals within the receiver passband
where the peak limit would be more important.?®® L ucent also agreed that the proposed pesk and average
limits were sufficient for interference protection provided average measurements are clarified.”®’ On the
other hand, parties such as XM requested that the emisson levelsin the satellite DARS band ke reduced
to an EIRP of —100 dBW, about 29 dB below the eisting Part 15 emission limit.?®® Parties such as
Siemens Automotive and others want the Part 15 emission levelsincreased at the higher frequencies.?®®

181  With the exception of GPR manufacturers, a few comments requested increases in the
Part 15 emission levels for UWB devices. MSS wished to operate with a one watt peak output into a 6
dBi antenna.®”® While MSS equated its UWB operation to the regulations for spread spectrum operation,
the aurrent rules designate specific frequency bands for spread spectrum operation?”* Implementation o
this same power level for operation in aher frequency bands was not supported by the erlier test data or
comments. Bosch, Saab, Siemens and Vaeo requested that the higher frequency bands be permitted
increased signal levels due to increased attenuation.”’? We agree that higher attenuation applies to RF
emisgons as frequency increases and that this may prove to be an acceptable approach to modifying the
Part 15 emission limits. However, we do nd believe that initid UWB operations ould begin with a
power increese.

262 See, for example, the comments of AOPA at pg. 12, Lucent at pg. 1, and NBAA at pg. 13.

263 See, for example, the omments of AT& T at pg. 6 and Cisco at pg. 6-9.

264 See 47 C.F.R. § 15.35(b).
25 ARRL comments at pg. 12.

266 ARRL comments at pg. 14.

27 Lucent comments at pg. 1.

268 XM comments at pg. A6 and reply comments at pg. 8.

269 See, for example, Bosch reply comments at pg. 3, SME comments at pg. 3, Siemens comments at pg. 2, and

MSS reply comments at pg. 2.

270 MSS reply comments at pg. 2. Also, MSS comments of 3/22/01 at pg. 4.

2 See 47 C.F.R. § 15247. The sprea spedrum frequency bands are 902928 MHz, 240024835 MHz, and
57255750 MHz.

22 Bosch reply comments at pg. 4. Saeb comments at pg. 3. Siemens comments at pg. 2. Valeo comments at

pg. 5-6. Vaeo adualy requested a variable limit where the emission would be & thermal noise & 10 meters using
freespace a0 dBi antenna and a 3 dB recaver noise figure.
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182  Asnated by TDC, the issue of what constitutes reasonable levels of emissions outside of
defined bands confronts the Commisson every time anew licensed or unlicensed service is proposed.””
However, several tests and analyses, discussd ealier, have been performed in this proceeding that permit
us to determine the gpropriate emisgon limits. As noted earlier, there were only a few instances where
UWB systems operating at the limits in 47 C.F.R. 8§ 15.2® demonstrated a clear potential to cause
harmful interference to the authorized radio services. In most of these instances, the UWB transmitter
and the victim recever were required to be in extremely close proximity to each aher before harmful
interference ould occur.

183  Asdiscussed earlier, the interference analyses performed by NTIA and ahers allowed us
to determine the emisgon limits that should be gplied to UWB devices operating under various worst
case condtions. Based onthe limited information in the record and ou ladk of operation experience with
UWB devices, we believe it best to proceed with an abundance of caution in establi shing emisson limits.
The limits we are adopting were @ordinated with NTIA, as well as with several other U.S. Government
agencies. *’* These limits are an appropriate first step in introduwcing UWB devices. The following table
specifies the arerage amissonlimits, in terms of dBm EIRP as measured with a one megahertz resolution
bandwidth, that we are implementing for UWB operation.

Table8 Average Emission Limits Applicable to UWB Operation

Frequency Imaging Imaging, Imaging, Indoa Hand held, Vehicular
Band (MHZz) | below 960 Mid- High applications including radar
MHz Frequency frequency outdoor

0.009960 §15.209 §15.209 §15.209 §15.209 §15.209 §15.209

960-1610 -65.3 -53.3 -65.3 -753 -75.3 -75.3
16101990 -53.3 -51.3 -53.3 -53.3 -63.3 -61.3
19903100 -51.3 -41.3 -51.3 -51.3 -61.3 -61.3
310010600 -51.3 -41.3 -41.3 -41.3 -41.3 -61.3
1060022000 -51.3 -51.3 -51.3 -51.3 -61.3 -61.3
2200029000 -51.3 -51.3 -51.3 -51.3 -61.3 -41.3
Above 29000 -51.3 -51.3 -51.3 -51.3 -61.3 -51.3

184. Mid-frequency imaging, consisting of through-wall imaging systems and surveillance
systems, must operate with the —-10 dB bandwidth within the frequency band 1990-10,600MHz. High
frequency imaging systems, equipment that will be operated exclusively indoors, and hand held UWB
devices that may operate anywhere, including outdoors and for peer-to-pee applications, must operate
with the —10 dB bandwidth within the frequency band 310010,600MHz. All other imaging systems
must operate with the =10 dB bandwidth below 960 MHz. Vehicular radar systems must operate with the
-10 B bandwidth within the frequency band 2229 GHz and with a carrier frequency greaer than 24.0/S
GHz. To further ensure that the operation of these UWB devices does not result in harmful interference,
we dso are requiring coordination with NTIA through the Commisson d the imaging systems. The
operators of these devices will be required to provide us with their address the charaderistics of the
UWB device, and a detailed record of the areas in which the egquipment will be operated. The information
submitted to the Commisdgon will be forwarded to NTIA for natificaion purposes. The operators of
UWB imaging systems must complete this coordination and authorization procedure before initial
operation of the equipment in a particular area.  As noted previously, in emergency situations a

2 TDC comments at pg. 19.

274 See |etter of February 13, 2002, from Willi am Hatch, supra.
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notification process may be used in lieu of coordination.?” Further, depending on the specific location it
may be necessary for the operators to coordinate day-to-day operations with nearby radio stations within
their operating area. The manufacturers of these devices will be required to inform the users of the
equipment of these requirements. Because of the tighter emission limits being employed, coordination is
not being required for indoor equipment, hand held devices, or vehicular radar systems.

3. Imaging Systems Including GPRs

185.  As noted throughout this Report and Order, we are taking a cautious approach to the
standards for UWB devices. One method of reducing interference potential is to restrict the applications
for using UWB devices and the locations where UWB devices may be operated. These devices will have
alow proliferation and would be used infrequently. Further, the primary energy from a GPR is directed
into, and absorbed by, the ground. In addition, the energy radiated by the GPR is at alow elevation where
it should attenuate rapidly.””® To ensure that the proliferation remains low, we are restricting the parties
that may operate GPRs to law enforcement, fire and emergency rescue organizations, to scientific
research institutes, to commercial mining companies, and to construction companies. As used in this
Order, law enforcement, fire and emergency rescue organizations refers to parties eligible to obtain a
license from the FCC under the eligibility requirements specified in Section 90.20(a)(1) of this chapter.
All users of GPRs must be €ligible for licensing under Part 90 of our rules, and these users must
coordinate with the FCC, which in turn will coordinate with NTIA, before operation.

186. Peter Annan stated that GPRSs need specia consideration on emission limits with more
power needed at |lower frequencies, particularly for operation below 250 MHz.*"" He requested that GPRs
be permitted to operate at an average power limit of 500 mW below 50 MHz and 20 mW above 250 MHz
with a logarithmic progression between these power levels between 50 MHz and 250 MHz. GSSI and
Sensors & Software, in extremely late filed comments, requested that GPRs operating with PRFs lower
than 500 MHz and at frequencies below 500 MHz be permitted to exceed the 47 C.F.R. § 15.209 limits,
up to a maximum level of 95 dBuV/m below 30 MHz.*"® These companies did not indicate how or at
what distance the revised emission limit should be measured, but we believe, based on their October 2,
2001, meeting with the staff of our Office of Engineering and Technology, that they desired these limits
to be based on an average measurement.

187.  Subsequent to the October 10, 2001, filing by GSSI and Sensors and Software, alate filed
comment was submitted on October 16, 2001, by Mr. Steven Koppenjan et al, identifying themselves as
the general chairs of the 6", 7", 8" and 9™ International Conferences on Ground Penetrating Radar. Mr.
Koppenjan et al indicated that new GPR products are being developed that will comply with the limits
proposed in the Notice. They add that pulse compression schemes can provide both low peak-to-average

s We note that US Government radio stations may be operated without coordination under emergency

circumstances. See Manual of Regulations and Procedures for Federal Radio Freguency Management, U.S.
Department of Commerce, National Telecommunications and Information Administration, January 2000, at Section
7.3.1. We aso note that no similar provision exists that would permit non-Government operation absent appropriate
coordination. However, we are implementing a procedure similar to that contained in 47 C.F.R. Section 2.405(a)-(€)
to facilitate the emergency operation of UWB imaging devices.

276 We expect that the emissions would attenuate with distance based on the cube of the inverse distance, not

the square as employed with free space propagation.

2 A. Peter Annan comments at pg. 3-5.

218 GSSI and Sensors and Software comments of October 10, 2001. The maximum limit was expressed as 20

log (500MHz/testing frequency in MHZz) dBuV/m. At, say, 20 MHz, the testing frequency is 9 kHz resulting in a
signal level of 94.9 dBuV/m or 55,600 uV/m. The existing limit at 20 MHz is 30 uV/m, as measured at 30 meters
with a quasi-peak detector, or 29.5 dBuV/m.
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power ratios in the time domain and low spectral power density in compliance with the proposals.

188.  Sufficient notice was not provided to the other parties interested in this proceeding to
permit us to address a relaxation to the emission limits below 500 MHz. In addition, the request to allow
certain GPR devices to operate at higher emissions levels was filed very late, which did not afford an
opportunity for analysis by other parties. We also note that GSSI did not provided any interference
analysis to support its proposals, other than a statement that existing GPRs have operated benignly with
these emission characteristics for 30 years. It appears that the basis of the proposals from GSS| and from
Sensors & Software is to accommodate existing equipment designs.*”® It also appears, based on the
comment from Mr. Koppenjan et al, that it may be possible for GPRs to be designed to comply with the
radiated emission limits proposed in the Notice. Thus, we are not persuaded that higher emission levels
are prudent especialy in the early stages of UWB standards development. Such higher limits could
overpower the front end of a nearby receiver or result in harmful interference to nearby television
broadcast reception.

189. In contrast to GPRs, other types of imaging systems may be used for a variety of
applications where the energy is aimed horizontally along the earth. We anticipate that the walls,
buildings or other objects against which the imaging system may be placed may absorb most of the
energy.”® However, we recognize that with imaging systems other than GPRs there is an increased risk
that some of the energy would not be absorbed and could be radiated in the direction of authorized radio
services. Thus, as a cautious approach we are restricting the use of imaging systems. Wall imaging
systems may be employed only by law enforcement, fire and emergency rescue organizations, by
scientific research ingtitutes, by commercial mining companies, and by construction companies. Only law
enforcement, fire or emergency rescue organizations may use through-wall imaging systems. Further, the
operators of through-wall and wall imaging systems must be parties that are eligible to obtain licensing
under the provisions in Part 90 of our rules. Finally, medical imaging systems may be used only at the
direction of, or under the supervision of, a licensed heath care practitioner. This will alow the
introduction of the compelling uses for UWB imaging systems cited by the commenters, such as for
hostage rescue, law enforcement, inspection of building walls and foundations, and detecting objects
inside walls when performing construction. At the same time, by limiting the applications for UWB
imaging we will minimize the risk of interference by controlling the proliferation of these devices. The
applications for UWB imaging systems will be controlled through our equipment authorization program.
In addition, the grantees of equipment authorization will be responsible for ensuring that the marketing
and distribution of these products is consistent with the restrictions on use.

4, Other Applications

190. While we believe that some of the interference levels characterized by the commenters
may not represent real-world situations, we agree that the initial UWB regulations should be implemented
cautioudly. Accordingly, we are implementing a reduction to the Part 15 general emission levels over
certain frequency bands to ensure that our introduction of UWB devices causes the least possible impact
to the authorized radio services. We investigated different standards for UWB devices depending on
whether they are operated outdoors or indoors. We believe that the combined operating conditions and
emissions standards will prevent harmful interference. The operation of UWB devices at the EIRP levels

219 The only UWB GPRs that have been certified by the Commission are those produced by U.S. Radar. U.S.
Radar received a waiver from the Commission, subsequent to extensive coordinated with NTIA, to permit the
marketing and use of its product. The marketing or use of any GPR that has not been certified, except under the
conditions specified in 47 C.F.R. § 15.211, isin violation of 47 U.S.C. 301 and 302 and is subject to the penalties
described in 47 U.S.C. 501-510.

%0 Similarly, we believe that medical imaging systems would be used indoors such that intervening walls

would attenuate the emissions.
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being adopted in this proceeding shoud provide sufficient attenuation to protect authorized services from
harmful interference from UWB systems operating neaby or in eevated locdions, such as inside
buildings.

191  With regard to GPS we are particularly concerned about protecting E-911 applicaions.
As noted above, GPS systems can experience harmful interference if they are within a few meters of a
UWB system operating at the general limitsin 47 C.F.R. § 15.209The anisgon limits being adopted in
this procealing within the GPS frequency bands, ranging from 12 to 34 B8 below the Part 15 genera
limits, were found to be more than sufficient to protect GPSfrom harmful interference. Further, we note
that GPS operates in the same frequency region as DME transporders, the ARSR-4, and SARSAT
systems.®® We dso note that the emission limits we ae applying to the GPS bands are more than
sufficient to prevent harmful interference to al Government systems operating in the 9601610 MHz
band.

192  We dso concluded from our analysis of the Qualcomm submisson that it could be
advantageous to provide additional protection to PCS operation in the 1850-1990 MHz band due to its
potential use in E-911 applications. The 12 dB of attenuation below the Part 15 general emisgon limits
appears more than sufficient to provide this protection, as described in our discusson d the Qualcomm
analyses. We do nd believe that additional attenuation is needed for UWB emissons falling in the
Cellular Radiotelephone Service bands at 824849 MHz and 88-894 MHz bands. In the first place, the
Part 15 general emission limits for the célular frequency band, urike thase for the PCS band, are
expressed as a quasi-pedk limit. The moduation employed by UWB devices will tend to be measured in
the cdlular band as a peak spedra power density whereas the célular receiver will respond to the
average signal level from the UWB transmitter. This should provide sufficient additional protection to
cdlular reception. Second, only imaging systems will operate at the low frequency employed for cdlular
operation. Third, the amissions from cdlular transmitters that fall within the band used by the mobile
receiver are permitted at alevel of =80 dBm, as measured at the antenna wnnector.”®* Thisis the level of
interference that a celular mobil e transmitter may cause to its own receiver. This dso is the level that
would be produced by a UWB transmitter, operating at the Part 15 general emission limits, at a separation
distance of about 4 meters using free space attenuation with no intervening objects. Thus, the separation
distance between a UWB transmitter operating at the general emisson limits and a cellular receiver is
abou the same & that of a UWB transmitter operating at 12 dB below the general emission limits and a
PCSreceiver. Accordingly, we find that no additional attenuationin the celular bandis required.

193  Based onthe &ove, we ae applying a 12 dB reduction below the general emission limits
over the frequency range 1610MHz to 1990MHz.*** We dso have gplied a 10 dB reduction below the
general emisson limits for emissons between 1990 and 3100 MHz to ensure protedion from harmful
interference to the U.S. Government operations within this band as well as the operation of DARS and
other communications g/stems operating within this band.

194.  One of the largest patential outdoa uses of UWB tedchnology is vehicular radar.
However, we do not believe that the proliferation of such devices will result in increased interference

281 GPS operation ocours at 11641215MHz for the L5 band, 12151240 MHz for the L2 band, and 15591610
MHz for the L1 band. DME transponders operate & 10251150MHz; the ARSR-4 operates at 12431370MHz; and
SARSAT operates at 15441545 MHz.

282 47 C.F.R. § 22917(f). This standard originally was established by the célular industry, working through
the Eledronics Industry Asciation, and was published in the Commission’s OST Bulletin No. 53, Cellular System
Mobile Sation— Land Sation Compatibility Spedfication, April 1981at Sedion 2.2.3.1.1.

283 As discussed elsewhere in this Order, an additional 8 dB of suppresson hes been applied to vehicular radar
systems and an additional 10 dB has been applied to hand held devices at the request of NTIA.
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concerns at the anisgon levels and frequency range being adopted. We ae requiring that the -10 dB
bandwidth be between 2229 GHz and that the center frequency be greaer than 24.07/5 GHz.*** In
addition, there is a high probability that other intervening objects, e.g., other vehicles, will cause the
emisgons to rapidly attenuate, especialy at the higher frequencies. Emisdons far removed from the
center frequency, e.g., emissons appearing below 10 GHz, shoud appear similar to spurious emissions
from other types of Part 15 devices.®® Because we ae requiring the lower frequency emissons to be
attenuated below the Part 15 general emisgon limits, the interference potential from vehicular radar
systems to lower frequency radio systems will be lessthan the interference potential of conventional Part
15 cevices.

195 Our primary interference concern with vehicular radar systems is cumulative interference
to passive sensing systems operating in the 23.6 to 24.0 GHz band onlow eath orbiting satellites,
including meteorological satellites® NTIA indicated that it performed an analysis of the potential
interference to EESSpassive satellite recaivers.?®” NTIA states that a potential for harmful interference to
EESSreaivers would exist if emissions below 24.0 GHz were permitted at the Part 15 general emisson
limits. NTIA based its analysis on a 22 to 23 dB antenna discrimination at elevation angles above 30
degrees above the horizon. It concluded that the emissions from vehicular radar systems in the 23.6-24.0
GHz band must be 35 B below the Part 15 general emisson limits at elevation angles greaer than 30
degrees above the horizon®®® NTIA indicated that an attenuation of 25 dB at elevation angles of greater
than 30degrees could be achieved at the present time. NTIA indicated that the radars would be placed on
transportation vehicles over a period of time and agreed to alowing a phased-in approach to obtain the
additional attenuation. It agreed to permit UWB vehicular radar systems provided these systems attenuate
emissons appearing within the 23.6-24.0 GHz band at greaer than 30 dB elevation above the horizontal
plane by the following amounts below the Part 15 general emisson limits: 25 dB by January 1, 2005 30
dB by January 1, 2010, and 35 B by January 1, 2014.

196  We believe that the anaysis performed by NTIA may be overly conservative®
However, to ensure that the awmulative impad of the potentially tens of thousands of transportation
vehicles employing these radar devices does not result in harmful interference to the passive satellite
reaivers we are requiring that the emissons 38 degrees or higher above the horizontal plane in the 23.6-
24.0 GHz band from properly installed vehicular radar systems be attenuated by more than 25 dB below

284 Part 15 radar systems currently are permitted to operate in the 24.075-24.175 GHz band. See 47 C.F.R. §
15.245.

285 The UWB antenna will ad as a band-pass filter. Emissions appeaing, say, 20 GHz below a transmitter

operating with a center frequency above 24 GHz will be arandom colledion of cabinet radiation and antenna
resonant frequencies.

286 See 47 C.F.R. § 2.106.

287 See letter of February 13, 2002, from Willi am Hatch, supra..

288 We note that it does not make a difference @& to whether this attenuation is achieved through antenna

diredivity, the suppresson of emissions below 24 GHz or some other method.

289 For example, NTIA did not provide ayy attenuation of the radiated emissions due to foliage, terrain,

buildings, or other vehicles as would be expeded at the low elevation angles involved. NTIA also assumed that
ead vehicle would have four radar transmitters direced towards the satellite, resulting in a 6 dB increase to the
receved level, with the emissions from these transmitters attenuated, due to antenna diredivity, by 21.9 dB at an
angle of 33.2 degrees, the lowest LOS elevation angle used in NTIA’s analyses. NTIA concluded in its cdculations
that an additional 10 dB of attenuation is necessary, resulting in an antenna diredivity of 31.9 dB at 33.2 degrees
above the horizontal plane, of 33.2 dB at 35.2 degrees, or of 40 dB at 90 degrees, depending on which of its four
analysis NTIA employed. However, NTIA then required that the antenna diredivity be increased to an even tighter
margin of 35 B at an elevation of 30 degrees. NTIA did not provide any justification for its additional protedion
margin.
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the Part 15 genera emission limit. The attenuation can be due to antenna directionality, a lowered
transmitter power level or whatever combination produces this desired result. For equipment authorized,
manufactured or imported on or after January 1, 2005, this attenuation below the Part 15 general emission
limit must be increased to 25 dB at 30 degrees or greater elevation. This attenuation at elevations greater
than 30 degrees shall increase to 30 dB by January 1, 2010, and to 35 dB by January 1, 2014. Weintend
to review these standards as additional experience is gained. In addition, we note that this limit on the
emissions from a vehicular radar in the vertical direction results in the emissions radiated towards the
passive satellite sensors to appear as spurious emissions. Thus, we are exempting Part 15 UWB devices
from the provisions contained in US Footnote 246 to the frequency allocation table.”*

197. We were able to reduce considerably the potential for harmful interference from UWB
systems by limiting outdoor devices to imaging and vehicular radar applications. These devices will likely
use directional antennas that reduce the probability that a UWB transmitter will be pointed at any
particular victim receiver. However, the UWB proponents indicated a desire to provide many other types
of UWB systems, especially communications systems. These systems likely would operate at high PRFs
with omnidirectional antennas in the lower frequency bands, e.g., with a center frequency lower than 5 to
7 GHz. Further, manufacturers indicated their desire to permit these operations with minimal restrictions
on who may use the equipment or on licensing. Indeed, some proponents requested that we establish an
emission limit that permits general outdoor operation.

198. XS, inits ex parte filing of October 22, 2001, among others, requested that we prohibit
outdoor infrastructure or establish lower emission limits to permit outdoor applications.”* XSl stated that
it would be willing to attenuate the emissions from its UWB communications systems to below the Part
15 genera emission limits by 12 dB over the band 2 GHz to 1.6 GHz, 18 dB below 1.6 GHz, and 35 dB
in the GPS band with an additional 10 dB in the GPS band for spectral lines. In its ex parte filing of
November 5, 2001, XSI suggested that the Commission require an additional reduction of 9 to 12 dB in
emissions below 3.1 GHz from peer-to-peer devices to provide the same attenuation that would be
provided indoor operation due to building shielding.*?

199. Based on our coordination with NTIA and other concerned U.S. Government agencies,
we believe that limited outdoors operation, including general peer-to-peer operations, can be permitted
provided the emissions from the UWB devices within the 1610-3100 MHz band and above 10.6 GHz are
attenuated by at least 10 dB below the emission levels being permitted for indoor applications. However,
we remain concerned that permitting UWB devices to be used outdoors could result in the devel opment of
large communications systems that could adversely impact the authorized services. For that reason, we
are prohibiting the use of antennas attached to outside structures or any form of fixed outdoor
infrastructure. To further prevent use of these products as fixed outdoor systems, we are requiring that
these devices be hand held products. Further, to ensure that these products do not emit energy when they
are not transmitting information to an associated receiver, we are requiring that hand held UWB devices
be designed to cease transmission within ten seconds unless an acknowledgment is received from the
associated receiver that the transmission is being received. This acknowledgment of reception must
continue to be received by the UWB transmitter at least every ten seconds in order for the UWB
transmitter to continue transmission. This will ensure that the UWB device transmits only when it is
sending information to an associated receiver. Finally, to further limit the proliferation of these products

20 See 47 C.F.R. § 2.106.

21 Prior XSI comments indicated that UWB operation would be restricted to indoor systems. See, for

example, XSl reply comments at pg. 5 where XSl states that indoors only operation should be required until the
Commission has developed a full technical record.

292 NTIA acknowledged building attenuation levels of 9 dB from 960-3000 MHz, 12 dB from 3000-5650
MHz, and 14 dB from 5650-7250 MHz. See NTIA Special Publication 01-43, supra, at pg. 5-31.
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we ae prohibiting the use of UWB devices for the operation o toys.**®> We believe that these condtions
reflect our desireto proceed cautiously with the introduction of UWB equipment.

200. Except for toys, we are permitting indoor systems to be used for any type of application,
including communicaion systems, provided emisgons are nat intentionally directed ouside, e.g., through
a window or doorway to perform an ouside function such as the detection of persons about to enter a
building. We aso are prohibiting the use of fixed outdoor antennas, such as antennas mourted onthe side
or top of a building, or other outdoass infrastructure. The =10 dB UWB bandwidth, encompassng bath
the center frequency of operation and the frequency at which the highest radiated emisson occurs, must
be greder than 3.1GHz. This will remove the highest emisson level comporents away from the more
sensitive radio services operating below this frequency. Building shielding combined with the emisson
limits being adopted shoud prevent interferenceto the authorized services, including the indoor operation
of cdlular, PCS and GPSsystems employed in E-911 applications.*® However, becaise indoor systems
will be permitted to operate at higher emission levels than outdoa systems, we find that we must adopt a
regulation that states that the UWB equipment, by the nature of its design, must be capable of operation
only indoors. If a manufadurer were to design a system that permits peer-to-peer operation to function
only indoors, we will permit it. An example would be where peer-to-pee operation can occur only when
an emisson from an associated base station aso is detected. A necessty to operate with a fixed indoor
infrastructure also may be sufficient to demonstrate indoors only operation. This actionis consistent with
the method we used with unlicensed PCS to ensure that portable devices were not introduced into areas
that had not yet been cleared of existing li censed users.*®

201 We aso note that TDC expressed specific interest in permitting the use of UWB for
surveillance systems.*®® These ae radar devices that establish a stationary RF perimeter field, similar to
that of a half-bubHe, that is used for security purposes to detect the intrusion into a designated area by
persons or ohjects. We believe that TDC' s request has merit but remain concerned about the potentia for
the proliferation of these devices. Accordingly, we are requiring the same coordination procedures that
we goplied to imaging devices. In addition, we are limiting the operation d surveill ance systems to law
enforcement, fire and emergency rescue organizations, to public utilities and to industrial entities. These
parties must be eligible for licensing under Part 90 of our rules.

5. Emission Levelsabove 1990 MHz

202. We previoudy discussed the analyses of potentia interferenceto U.S. Government radio
operations, amateur operation at 2450MHz, MM DS operation around 2500MHz, and satellite DARS at
23202345 MHz. The mmments also addressed concerns regarding possible harmful interference to
several other radio operations. AT&T requests that additional attenuation be provided as high as 2600
MHz to protect possible future 3G operations and aso requests that UNII operation at 5 GHz be
protected.”’ Lucent also requests additional protedion for future 3G systems.?®® Motorola lists svera

293 Thisis consistent with our desire to procead cautiously with the introduction of UWB devices. Thisis an

areathat we may wish to readdressin our further review of the UWB standards that is <heduled to occur in the next
six to twelve months.

204 Requiring the eguipment to be operated indoars also should provide an effea similar to that of a diredional

antenna. RF emissons would not be directed skyward due to increased rooftop attenuation. Variable atenuation of
the building walls and attenuation by randomly placed oljeds within the building will reduce the probability that
emissions radiated from the building will be pointed in any particular direcion.

295 47C.F.R. § 15307

29% See, for example, TDC's ex parte filing of November 20, 2001

297 AT&T comments at pg. 7-8. UNII systems operate under Part 15 and are not entitled to protedion from

interference See 47 C.F.R. § 155.
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operations above 2 GHz that should be protected from UWB operations, such as 3G, MDS, WCS, and
others, but does not provide aly information to demonstrate that UWB devices operating on these
frequencies would be aproblem.”*

203  We nate that the 10 B of attenuation below the Part 15 general emisson limits that are
being provided in the frequency range of 1990-3100 MHz to proted various U.S. Government radio
operations appears to be more than sufficient to proted nonGovernment operations from harmful
interference The only UWB operations not subject to this additional 10 dB of attenuation are through-wall
imaging systems used by public safety organizations and surveill ance systems employed by pulic safety
organizations and by puHic utilities and industrial entities. As used in this Order, the referenceto public
utilities and industrial entities refers to the manufacturers licensees, petroleum licensees or power licensees
defined in 47C.F.R. §90.7. We believe that the requirement for surveill ance systemsto operate d the Part
15 genera emisson limits in combination with the coordination procedures are sufficient to aleviate
concerns of harmful interference

204 Except for imaging devices operating below 960 MHz, through-wall systems,
surveillance systems and vehicular radars, all other UWB devices are being required to operate with their
—10 B bandwidth between 3.1:10.6 GHz. Above 3.1 GHz, it appears that the Part 15 general emisson
limits are sufficient to proted the various authorized radio services from harmful interference. The upper
frequency limit of 10600 MHz provides additional protection to the passive satellite receiving system
frequency band at 10,600-10,700MHz. Only vehicle radar systems are being permitted to operate with
their -10 dB bandwidth between 2229 GHz. Further, as requested by NTIA we ae requiring that
unwanted emisgons from vehicle radar systems be dtenuated 20 dB below the Part 15 general li mitsif they
are outside the 22-31 GHz band and 10 @B below the Part 15 genera limits if they are in the band 2931
GHz. Thefiling from SARA indicated that their equipment could comply with such an emisson li mit.3%

6. Dithering and Other Noise-Like Emission Requirements

205 As discussed earlier, the measured level at which interference occurred to a GPS C/A
code receiver was 8 dB lower for a CW-like UWB emisson than that at which interference occurred from
anoise-like UWB emisgon. This8 dB differenceisin agreanent with the international standards, which
specify that CW-like emissons necessitate 10 0B of additional interference protection*** Becaise aCW-
like emisdon consists of narrow spectral lines, the standard is gecified as the signal level contained
within a 700 Hz bandwidth.

206 We mncur with the test data and international standards that an additional 10 dB of
protedion should be provided to GPS emisgons from CW-like, narrowband emissons produced by the
UWB transmitter. However, we note that a 700 Hz bandwidth setting is not available on the
measurement instrumentation, such as a spectrum analyzer. XSl agreed with USGPSC that this 10 dB of
suppression could be demonstrated using a 10 kHz resolution bandwidth.**> We dso agreethat a 10 kHz
resolution bandwidth could be used to demonstrate that the CW-like emissons are suppressd 10 dB

(...continued from previous page)
298 Lucent comments at pg. 7.

299 Motorola mmments at pg. 36. While Motorolain its comments requested that UWB systems be required to

attenuate emissions 12 B below the Part 15 general limits, it later requested that 18 dB of attenuation be required
but supplied no datato suppart its request. Motorolareply commentsat pg. 2 and 7.
300

14.
o Recommendation ITU-R M.1477, supra.
302 XSI comment of 7/25/01responding to the USGPSIC comment of 6/21/01.

See, for example, the ex parte comments of December 5, 2001, from DaimlerChrysler and SARA on pg.
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below the limits applicable to noise-like emissons>**® However, we wish to specify the measurement
bandwidth as close @ passible to the specificaion employed in the ITU-R recommendation. While a700
Hz resolution bandwidth is not available, the use of a 1 kHz resolution bandwidth is adequate for this
measurement. A CW-like emisson will have the same amisson level whether it is measured with a 1
kHz, a10kHz or a1 MHz resolution bandwidth. Thus, we ae requiring the average emissons appearing
within the GPSfrequency bands, 1164-1240MHz and 15591610MHz, when measured with aresolution
bandwidth of no lessthan 1 kHz, to be attenuated by 10 dB below the average limit specified for a1l MHz
resolution bandwidth, i.e., the noise-like emisson limit. Specifying the resolution bandwidth for the CW-
like measurement as no less than 1 kHz permits noise-like UWB systems to be tested with a wider
bandwidth so that testing time may be reduced.*%*

7. Emissionsfrom Incor porated Digital Devices

207.  We note that many UWB transmisson systems will incorporate digital devices that, by
themselves, will radiate RF emisgons. We adso nate that requiring the amissions from these digita
devices to comply with some of the reduced levels being adopted in this proceeding may make production
infeasible. We seenoreason, kased onthe submisgonsin this procealing, that emisgons from associated
digital circuitry shoud be required to have any greder attenuation than required uncer the current rules.
To doso may make it technicaly infeasible or overly expensive to design UWB devices. However, we
note that the digita circuitry used with a transmitter for the purpose of enabling the operation d the
transmitter is not defined as a digital device but is considered to be part of the transmitter. Thus, this
digital circuitry would normally be subject to the emisson limits appli cable to the transmitter. Under the
current rules, emissions from digital circuitry used to enable the operation d the transmitter are not
required to be reduced below the general limitsin 47 C.F.R. 8§ 15.209. We seeno reason to change this
existing provision. Accordingly, we ae permitting the emissons from digital circuitry used to enable the
operation d an UWB device to gperate & the limits contained in 47 CFR § 15209 povided it can be
clearly demonstrated that those emissons are due solely to emissons from the digital circuitry and are not
intended to be radiated from the aatenna. We ae not addressing distinctions between Class A and B
digital devices asthisisnat considered in the aurrent regulations. However, if the digital circuitry is used
to control additional functions or cgpabilities, i.e., it complies with the definitionin 47 C.F.R. § 153(k)
for adigital device, that asped of the digital circuitry may comply with the standards for a ClassA digita
deviceor aClassB digital device as applicable, in accordance with the current rules.

8. Peak Emission Limits

208. Propcsal. In the Notice, the Commisson roted that the peak output level does nat
directly impaa the interference seen by a narrowband receiver. It is the power spedra density of the
pulse and the pulse repetition frequency that are important for controlling potential interference.
However, a limit on peek emissons is neassry to reduce the potential for UWB emitters to cause
harmful interference to radio operations above 1 GHz. The Commisson propcsed two methods of
measuring peek emisgonlevels. 1) the pedk level of the eanisdonwhen measured over a bandwidth of 50
MHz which is comparable to the widest victim receiver that is likely to be encourtered, and 2) the

303 If the signal is noise-like, the reduction from a 1 MHz resolution to a 10 kHz resolution bandwidth would

cause a20 B reduction in the measured signal level.

304 A true CW-like emisson will have the same measured emisson level regardless of the resolution

bandwidth provided only one spedral line is contained within the bandwidth of the measuring instrument. A true
noise-like emission will change by 10 dB for every 10 percent change in the measurement bandwidth, i.e., a signal
measured to be —-30 dBm with a 1 MHz resolution bandwidth will be .60 dBm when measured with a 1 kHz
resolution bandwidth. When noise-like and CW-like emissons are mixed, as with most UWB operations, the
measured UWB emission will deaease logarithmicdly with the deaease in resolution bandwidth until the imbedded
CW emissions begin to be deteded and resolved.
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absolute peak output of the emisson over its entire bandwidth. Comments were requested on the
suitability of these two measurements with regard to the potentia for interference from UWB transmitters
to wideband recevers used in the licensed radio services.

209. Inthe cae of the first definition of pek level, i.e., the peak signa strength measured
over a 50 MHz bandwidth, the Commisgon proposed to apply a 20 dB limit with respect to the maximum
permitted average emisson level > This limit is consistent with the limit currently contained in 47
C.F.R. 8 15.3(b). It aso propased that the absolute pe&k limit for the emisson over its entire bandwidth
be variable based on the anourt the —10 dB bandwidth of the UWB emission exceeds 50 MHz. The
Commisdon poposed to use the following formula to cdculate the amount that the dsolute peak
emisson level over the entire bandwidth of the UWB emisgon would be permitted to excee the Part 15
average amisgon limit: [20 + 20log1o(-10 dB bandwidth of the UWB emisson in Hertz/50 MHz)] dB
with the further stipulation that the asolute pesk emisson level nat be permitted to exceed the average
limit by more than 60 dB.>°® This 60 dB limit is comparable with the limit permitted urder the waivers
recently issued to Time Domain Corporation, U.S. Radar Inc. and Zircon Corporation.**” Comments were
requested onwhether wideband recsivers used in the licensed services are sensitive to peak signal level in
a unit bandwidth, such as the 50 MHz referenced above, or to the total peak emission produced by the
USB device and whether both pedk limits are needed to reduce potential interference to the authorized
radio services. If only one ped limit is needed, the comments shoud indicate which limit is appropriate.
The Commisdgonindicated that it intended to rely heavily on submitted test data in determining what peak
emisson standards sould apply to UWB products.

210. The Commisson requested comments as to whether the higher absolute peak limit will
cause increased interference problems, espedally using the proposed measurement procedures and the
limitations on frequency bands of operation. Comments were requested on the proposed method of
varying the asolute peak emisgon limit and whether other features, such as the excess bandwidth, i.e.,
the amourt of the occupied bandwidth/effective data rate exceeds a specified level such as 10 dB, should
be enployed in calculating a pe&k li mit.

211. Comments. Severa of the comments agreed with our spedfying a peak limit over a 50
MHz bandwidth. As gated by AOPA, 50 MHz is ample for current GPS GLONASS and AMS(R)S
receivers which have afront end bandwidth of about 30 MHz.>*® NBAA agreed that a 50 MHz bandwidth
is appropriate for protedion of the airrent radio services.**® AOPA and NBAA noted the posshility that
wider bandwidths may be neeled in the future if UWB is found to have operational and spectrum
efficiency advantages that make it desirable for use in aeronautical communicaions. Similarly, Valeo
Electronics stated that the proposal to measure peak over 50 MHz is appropriate and comparable to the
worst case of a likely victim recaver. *'° It also noted that adoption of this standard would make it

305 The average limit above 1000 MHz, 500 uV/m, as measured at 3 meters, is equivalent to an equivalent

isotropicdly radiated power (EIRP) of —-41.25 BBm/MHz. Thus, the proposed pe&k limit in a 50 MHz band would
be 5000 uVv/m, as measured at 3 meters, or —21.25 dBm/ 50 MHz EIRP. It appeas that severa of the ommenters
mistakenly believed that the Commission propaosed to apply a limit to the pe&-to-average ratio of the UWB
transmission instead of to the peak emisson level.

306 Thiswould be equivalent to atotal peak EIRP of +18.75 dBm.

307 See waivers issued on June 29, 1999, by the Chief, Office of Engineaing and Technology. While the
waivers gated that the maximum peak-to-average ratio was limited to 30 d, these ratios were caculated using 10
log: o[ (pulse width) x (pulse repetition frequency)] dB. For conventional pulses, the cdculation would have been
based on a20log;, fador, resultingin a maximum 60 dB peak-to-average ratio.

308 AOPA comments at pg. 14.
309 NBAA comments at pg. 15.

310 Valeo Eledronics comments at pg. 11.
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unrecessary to specify alimit on the total pes signal level. TDC also dbjeded to alimit on total peak
signal level as it would be relevant only to receivers that have abandwidth wide enough to receive the
entire UWB transmission®' Nortel noted that future software-defined receivers will use wider
bandwidths and that a 50 MHz bandwidth would na seem unreasonable in a few yeas.*** Bosch also
agrea that a 50 MHz bandwidth was a practical standard for a wideband receiver.*"

212. ANRO requested alimit on the total pe&k level, nating that peak measurements over a 50
MHz BW would be difficult and citing an uncertainty as to where in the spectrum 50 MHz measurements
shoud be made.** On the other hand, Kohler noted that the propasal to establish an absolute peak limit
based on the bandwidth o the UWB transmisson would encourage manufadurers to employ as wide a
bandwidth as possble in order to increase the peak limit and result in greaer UWB intrusion into a broader
range of frequencies®® SIRF Technology, Inc. & Trimble Navigation request that pes power be
measured on a “per-nanosecnd basis.”*!® USGPSC also requested that peek power be measured on a
“per nanosecond besis’ believing that otherwise UWB devices would be permitted to emit pesk power
levels in excess of a megawatt.*'’ XSl noted that the cdculation by USGPSC requires the use of an
impradical PRF of 1 second and that the average level employed by USGPSIC is 50 dB higher than that
propased in the Notice for emissonsin the GPSband.**®

213. The commenters did not agree on the peak signal limit that should be employed. TDC,
noting that the asence of pe& limits would allow UWB systems operating at low PRFs to emit
enormous pulse levels, stated that it was not clear how a 50 MHz measurement bandwidth and a limit of
20 B above the average limit were indicative of interference potential and that there was no justification
provided for these values®® TDC later requested that the peak power in a 50 MHz band be limited to 0
dBm EIRP.3* Kohler notes that its g/stem operates at an average level of -47.3 dBm/MHz and a total
pe signal of +7 dBm.** XSl stated that its equipment operates with a5 dB peak to average ratio.*?
CSSIP requested that a pesk limit apply below 1000 MHz.*** This limit, as measured in a 6 MHz
bandwidth, would be 20 B greaer than the quasi-pedk limit.

214. Discussion. There are two reasons for impasing a pe&k emisgon limit on UWB devices.

s TDC comments at pg. 34.

312 Nortel comments at pg. 4.

313 Bosch comments at pg. 5.

314 ANRO comments at pg. 2. ANRO also requested peak limits of 2 kW for UWB systems using diredional
antennas.

315 Kohler comments at pg. 5-6.

316 SIRF Tedhnology, Inc. & Trimble Navigation joint reply comments at pg. 3.

37 USGPSIC comments at pg. 41-42. The USGPSIC stated that this high power would occur from the use of
almw average UWB transmisgon using a pulse width of 1 nS.

318 XSl reply comments at pg. 6.

319 TDC comments at pg. 32-33.

320 TDC comments of 3/12/01 at pg. 17.

321 Kohler reply comments at pg. 2.

322 XSl reply comments at pg. 5. It appeas that the 5 dB peak to average aplies to average ad pesk

measurements over the same 1 MHz bandwidth.

323 CS9P comments at pg. 2. We note that the quasi-peak measurement closely approximates the peek level

of apulsed emisson. Accordingly, we seeno reason to apply a pe& limit on top d a quasi-pedk limit.
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The first, and most obvious, is to kegp from overloading the front end of a neaby victim recever. For
example, the interference protedion level for C/A-code GPS receivers from low duty cycle pulse-like
emissons is +20 dBm peak pulse power at the recdver input.®** This is considerably higher than the
signal levels we ae cnsidering in this proceading. The second reason is because pulsed emisgons with
low PRFs have high peak-to-average ratios and victim recevers will respondto the peak signa level
produced by the UWB transmitter if their bandwidth is wider than the UWB PRF. Thus, we nedl to
address the potentia total peak power that will be recaved in the bandwidth employed by the victim
reaiver. The total ped power produced by the UWB deviceis not relevant to interference potential as
there are no receivers employed with the authorized radio services that operate & the bandwidths
employed by UWB emisdons. For that reason, we are not adopting a limit on total peak power. The
comments generaly agreed that 50 MHz is about the widest bandwidth that would be employed by victim
radio receivers. Thus, there appearsto be no reason to measure peek power acrossawider bandwidth.

215. Thelow proliferation, infrequent operation, operation nea the ground, rapid attenuation
of emitted signals, and genera operation in the presence of surrounding objeds that would further
attenuate the emissons dould result in a low interference potentia from GPRs and other imaging
systems.®** Vehicular radar systems operate @ove 24 GHz where the amissions will attenuate rapidly
with distance and thereis ahigh probability of intervening objects further attenuating the UWB emissions
and reducing the probability of harmful interference We expect that most indoor and hand held systems
would operate & high PRF levels, resulting in potential victim receivers reading only to the average
emisson levels produced by the UWB devices. However, some UWB devices may be designed to
operate at a low PRF with a resulting high pe&k-to-average ratio. This could result in the peak power
level being a cntrolling factor in potentia interference to ather receivers. Accordingly, we believe that a
pe&k limit is needed to ensure that nearby victim receivers are not affected.

216. Inthe Notice, the Commisson propcsed a peak power limit in a50 MHz band equal to 20
dB greder than the maximum permitted average limit. The average limit is 500 W//m, as measured at 3
meters with a 1 MHz resolution bandwidth. Thisis equivalent to an EIRP of -41.25 Bm/MHz.**® Thus,
the peak power limit proposed in the Notice was equivalent to an EIRP of —21.25 m/50 MHz. The
comments generally did not addressinterference & the pedk limits being considered. Because of this, we
performed ou own analysis on the effect of peak power to a generic communicaions receiver.?’ We
found that a suitable pea&k EIRP power limit for a transmitter placad 3 meters away would be —-33.7
dBm/MHz. For a transmitter placed 10 meters away, the pe&k EIRP limit would be —23.3 BBm/MHz.
We a so note that the peak limit needs to be goplied at only onelocation, i.e., centered on the frequency at
which the highest level emisson occurs.®?®

217. As noted in the sedion on Measurement Procedures, we find that pea&k measurements
based ona 50 MHz (resolution) bandwidth may not be feasible. The widest readily available resolution
bandwidth that can be employed for pesk measurements is 3 MHz. Consequently, we prepared a
comparison of the differences in peak-to-average ratios, based onan average signal measured with a 1
MHz resolution bandwidth (RBW), as the PRF of the UWB emisson and the RBW of the measuring

324 NTIA Spedal Publication 01-45, supra, at pg. 4-3.

325 We dso note that many GPRs and imaging systems will operate below 1000MHz where they are subjed to

a quasi-peak emisgon limit. The quasi-pe emission limit should closely approximate the peak levels produced by
these devices.

326 Thereisadirea correlation between EIRP and field strength. Field strength in dBuV/m at 3 meters equals
EIRP (in dBm) plus 95.2.

321 Our initial analysis of the effect on a QPSK system has been place in the docket fil e for this proceading.

328 The bandwidth of the measuring instrument would be cetered on this frequency.
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instrument are varied.**® These graphs, shown in Appendix E to this Report and Order, compare
emisgons from conventional pulsed transmissions and dithered (Gaussian) pulsed transmissons.

218. As shown in the graph, the pes EIRP signal level of —21.25 ®m/50 MHz ** that was
propcsed in the Notice results in nontdithered pused emissons being average-limited if the PRF is
greaer than 11.11MHz and all dithered UWB emissons being pea-limited.>*" If the RBW is reduced to
3 MHz, the relationship isbased on a 20 log fador resulting in a deaease in the pedk level allowed with a
50 MHz RBW by 24.44dB. Thisresultsin an allowable pe& level of -45.69Bm/3 MHz, alevel that is
4.44 B lower than the permisgble average limit with a 1 MHz RBW. Reducing this further to
measurement with a1 MHz RBW lowers the permissible peak level to -5523 dBm/MHz, 14 B below
the aserage limit. In adual practice, we would not spedfy a peak level lower than the arerage limit. It
shoud be noted that a conventional pulsed moduated emisson would nd have a pe&k emisgon higher
than the average limit at PRFs greder than the RBW employed divided by 0.45.

219  Based onthe @ove, we believe that our proposal to permit a peek emisson within a 50
MHz RBW of only —21.2 dBm EIRP is too conservative. We believe that the peek emisson level of 0
dBm/50 MHz, equivalent to 58 mV/m at 3 meters, requested by TDC would nd result in harmful
interference problems to communicaions g/stems. This level trandates to a pe&k EIRP of —24.44 dBBm/3
MHz or 3.6 UWV/3 MHz, or to a pe&k fidd strength of 3.46mV/m at measured at 3 meters with a3 MHz
RBW. This pe&k level is 16.8 dB higher than the average level determined with a1l MHz RBW andis 3.2
dB lower than the peak limit permitted under the aurrent Part 15 rules. ** It results in dithered and ron-
dithered UWB emisdons being average-limited for PRFs greder than 1 MHz and pedk-limited for PRFs
below 1 MHz.

220 Our conversion from a 50 MHz resolution bandwidth to a 3 MHz resolution bandwidth is
based onthe worse case assumption that changes in the ped levels changes follow the sgquare of the
change in the resolution bandwidth. That is, the change in the alowable peak limit at 50 MHz to a pe&k
limit at 3 MHz was based on 20 log (3/50) dB. We reaognize that this could penalize some UWB
operations, particularly those operating with PRFs greaer than around 6.7MHz. According, we ae
adopting a pe& limit based ona dliding scae dependent on the actual resolution bandwidth employed in
the measurement. The peak EIRP limit being adopted in this Report and Order is 0 dBm when measured
with a resolution bandwidth of 50 MHz and 20log (RBW/50) dBm when measured with a resolution
bandwidth ranging from 1 MHz to 50 MHz. RBW is the resolution bandwidth, in megahertz, acually
employed. The minimum resolution tandwidth that may be employed is 1 MHz; the maximum resolution
bandwidth that may be employed is 50 MHz.

329 The formulas needed to perform this analysis are mntained in NTIA Spedal Publication 0143, supra, at

pg. D-1 through D-2.

330 This equatesto a20 dB peak-to-average level for the 50 MHz RBW curve.

331 “ Average-limited” means that the average emisson level will be the determining standard on whether the

equipment complies with the standards. 1f the emissons from the device mee the average limit, they will also med
the pedk limit. “Pedk-limited” is the counter to this where if the device meds the peak limit, it will also comply
with the average limit. However, it must be noted that the graphs are based on ided pulse charaderistics. Because
of extraneous emissions, e.g., emissons from an associated digital device antenna dfects, different pulse shapes,
and ather fadors it remains necessary to spedfy both peak and average emissions.

332 The pea limit above 1000MHz is 5 mV/m. Thisis equivalent to —21.25 dBBm EIRP. See 47 C.F.R. §§
15.33(b) and 15.209. However, it must be remembered that the pegk limit in the current Part 15 rulesis based on the
total peek emisgon level and not on a pe& level over a spedfied bandwidth.
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9. AC Power Line Conducted Limits

221. In the Notice, the Commisgon proposed to retain the existing limit in 47 CFR Sedion
15.207for controlling the anourt of energy permitted to be condwcted onto the AC power lines as a
reasonable gtarting point for establishing standards until additional experience can be gained with this
equipment.*** None of the mmments objected to retaining the existing Part 15 limits on RF energy
conducted onto the AC power lines.®** We concur and are adopting a limit of 250 W over the frequency
range of 450 kHz to 30MHz, as proposed in the Notice.

10. Summary of Emission Limits Being Adopted in thisReport and Order

222. As gated in the Notice, the establishment of emisgon limits requires a firm understanding
of the daracteristics of UWB signals, their impad on victim receivers, and the minimum separation
distance between UWB devices and victim recevers, amost any transmitter will cause interferenceif it is
too close to areaaiver.>** We have attempted to apply the data submitted in the various comments, tests
and analyses to determine what emisgon limits are accetable for UWB operation. Our task was to
determine limits based on reasonable, real-world applications and nd just on the results of laboratory
measurements conducted in anechoic chambers. While such measurements are necessary to determine if
further investigations are necessary or additional caution shoud be goplied, they demonstrate the posshle
performance caabilities of products in the absence of other RF noise sources. In some caes, we have
adjusted the levels determined from the various anayses to reflect our desire and the desire of NTIA to
proceed cautiously.**

223. Thelimits we ae alopting in this proceeding are considerably lower in some frequency
ranges than the current Part 15 levels. While these limits may prove to be lower than what is necessary,
we believe that such caution is needed in the early stages of UWB implementation. Once additional
experience is gained with this equipment and a better understanding develops regarding operating
frequency and allowable emissons levels, we may be ale to revist these limits. In the interim, the
following summarizes the emisson limits being adopted in this Report and Order.

224. Based on the procealing discusson, we ae aloging the following emisgon limits for
UWB devices:

- Coordinated GPRs, wall i maging and through-wall imaging systems may operate with the —10
dB bandwidth below 960 MHz at the Part 15 general emisson limits provided emissons in the
960-1610MHz band are atenuated below the general limits by 24 dB; narrowband emissons
in the GPSbhands are atenuated below the general li mits by 34 dB; emisgonsin the 1610-1990
MHz are atenuated below the general limits by 12 dB; and emisgons above 1990 MHz are
attenuated below the genera limits by 10 dB. There ae usage restrictions and a labdlling
requirement.

- Coordinated through-wall imaging systems and surveill ance systems may operate with the —

333 The Commission proposed to modify the AC power line conducted emisson limitsin 47 C.F.R. § 15207,

See Notice of Proposed Rule Making in ET Docket No. 98-80, 64 Fed. Reg. 62159, November 16, 1999
http://www.fcc.gov/Bureaus/Engineaing Tednology/Notices/1999fcc99296.wp.

334 See, for example, the mmments of ARRL at pg. 16, A. Peter Annan at pg. 7, and TDC at pg. 34. While
Mr. Annan's comments address conducted limits applicable to dgital devices, UWB devices are intentional
radiators though they also may contain digital circuitry.

335

Notice, supra, at para. 32.
336 See |etter of February 13, 2002, from Willi am Hatch, supra.
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10 B bandwidth within the band 1990 MHz to 10,800 MHz at the Part 15 general emission
limits provided emissions below 960 MHz do nd exceed the genera limits; emisgons in the
960-1610MHz band are dtenuated below the general limits by 12 dB; narrowband emissons
in the GPSbands are atenuated below the generd limits by 22 dB; emisdons in the 1610
1990 MHz band are dtenuated below the general limits by 10 dB; and emissions above
10,600MHz are dtenuated below the general limits by 10 dB. There ae usage restrictions and
alabelling requirement.

Coordinated GPRs, wall i maging and medicd imaging systems may operate with the—10 dB
bandwidth within the band 3100MHz to 10,600MHz at the Part 15 general emission limits
provided emissons below 960 MHz do ot exceed the general li mits; emissions in the 960-
1610MHz band are atenuated below the general limits by 24 dB; narrowband emisgonsin
the GPSbands are dtenuated below the general limits by 34 dB; emisgonsin the 16101990
MHz band are attenuated below the general limitsby 12 dB; emissionsin the 1990-3100
MHz band are attenuated bel ow the general limits by 10 dB; and emisgons above 10,600
MHz are attenuated below the generd limits by 10 dB. There are usage restrictionsand a
labelling requirement.

Indoa-only systems may operate with the—10 dB bandwidth within the band 3100MHz to
10,600MHz provided emissions below 960MHz do nd exceel the general limits; emisgons
in the 960-1610MHz band are attenuated bel ow the general limits by 34 dB; narrowband
emissonsin the GPSbhands are atenuated below the general limits by 44 dB; emisgonsin
the 1610-1990 MHz band are attenuated below the general limits by 12 dB; emissonsin the
1990-3100MHz band are attenuated below the general limits by 10 dB; and emissions above
10,600MHz are attenuated below the general limitsby 10 dB. Thereisalabelling
requirement.

Hand held systems may operate with the —10 bandwidth within the band 3100MHz to 10,600
MHz provided emisgons below 960MHz do nd exceed the genera limits; emisgonsin the
960-1610MHz band are dtenuated below the general limits by 34 dB; narrowband emissons
in the GPSbands are attenuated below the general limits by 44 dB; emissionsin the 1610
1990MHz band are atenuated below the general limitsby 22 dB; emissonsin the 1990
3100MHz band are dtenuated below the general limits by 20 dB; and emissons above
10,600MHz are attenuated below the general limits by 20 dB.

Vehicular radar systems may operate with the -10 dB bandwidth within the 22-29 GHz and
with the center frequency and the frequency at which the maximum emisson acaurs both
located above 24.05 GHz provided emissons below 960MHz do ot exceed the general
limits; emisgonsin the 960-1610MHz band are attenuated below the general limits by 34
dB; narrowband emissions in the GPSbands are attenuated below the general limits by 44
dB: emissonsin the 1610-22,000MHz band and in the band above 31 GHz are attenuated
below the general limits by 20 dB; and emissons between 29GHz and 31GHz are dtenuated
below the general limitsby 10 dB.

225. For dl UWB devices, emisson limits below 960 MHz are based on the use of a CISFR
quasi-peak detedor and average emissons above 960 MHz ae based on the use of an RMS average
detedor with a1 MHz resolution bandwidth. For systems operating above 960 MHz, thereis alimit onthe
pe&k emisson level contained within a 50 MHz bandwidth centered on the frequency, fy, a which the
highest radiated emisgon accurs. That limit isO dBm EIRP. A diff erent resolution bandwidth of between 1
MHz and 50 MHz may be enployed for the pe&k measurement provided the pes EIRP level does naot
exceal 20log (RBW/50) dBm where RBW is the resolution bendwidth in megahertz. Only ore pe&k
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measurement, centered onfy, isrequired. If the UWB transmitter conredsto the AC power lines, thereisa
quasi-peak limit of 250 W over the frequency range of 450kHz to 30MHz.%*

F. Cumulative Impact

226 Propcsal. While the Commisson indicaed that further testing and analysis is desirable
on this issue, it stated in the Notice that it appeared that cumulative impad is negligible at the power
levels and with the moduation types being proposed, especially when compared to the interference
patential from a single land mobile transmitter. Thus, the Commisgon believed that only the closest
transmitter placing an emisson onthe frequency of concern would be of importance, obviating the need
for additional attenuation to compensate for cumulative dfects. However, it added that the cumulative
impad of severa UWB devices might be different depending on their individua emission and
transmisgon characteristics. For example, how does the aumulative impad of those UWB transmitters
that emit a li ne spectrum compare to those that have a high level of randam pulse positioning or dithering
and may appea as Gaussian noise?*® Further, what is the relationship between puse repetition
frequency and the cumulative impad of a number of UWB devices? The Commisson roted that the
emisson limits were established based onthe potential interference from a single Part 15 device and
not take into acocount cumulative dfects that could occur if a number of devices are located closely
together. Comments and test data were requested along with relevant input from the Commisson's
Technical Advisory Courcil.

227. Comments. There was no agreanent among the comments. It is obvious that emissons
from multi ple UWB transmitters are alditive to some extent. Asthe UWB emisgons become more noise
like, they tend to add directly, as would be expected with noise emissons. This was demonstrated in the
University of Texas tests using multi ple UWB transmitters.>*® Other commenting parties have alvanced
various mathematical models of UWB system configurations to demonstrate whether the mgjor impad is
caused by the closest UWB emitter or is caused by the aumulative eff ect of al surroundng emitters.

228 XSl argued that there is little cumulative dfect from multiple UWB devices even when
they are concentrated in a small area®° XS| added that UWB devices could not add over distances
greder than abou 10 meters because of poor indoor propagation®*! XSl noted that devices located
within about 10 m of each other share acommon RF channel and so must reduce power, duty cycle, or
bath to avoid mutual interference  As stated by Aether Wire, a loca network of UWB devices will
generally have only one device transmitting at any time.>** Similarly, Sprint PCS stated that many types
of UWB devices will not transmit continucusly, but rather will transmit burst or padkets as necessary.**
Sprint PCS added that in that case it would na be redlistic to sum interference ontributions from
multi ple UWB transmitters that normally would na al be transmitting simultaneously.

229 Motorola stated that it expeded that the UWB devices closest to the victim recsiver

337 This limit could change in the future based onthe Notice of Proposed Rule Making in ET Docket No. 98-
80, supra.

338 Most UWB transmitters produce aline spedrum while those employing high levels of random pulse

positioning can appea more as Gaussian noise. For the former devices, the emission only appeas as noise
depending on the settings of the measurement instrumentation.

339 See TDC submission of 3/9/01, supra.
340 XSl ex parte response of 7/25/01 at pg. 3-4 and 5-6.

341 XSI was promoting an indoar-only system.

342 Aether Wire mmments at pg. 12.

343 Sprint PCS comments at Attachment 1, pg. 1-2.
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would daminate due to typical path losses*** Its Monte Carlo analysis demonstrated that the vast
majority of the time more than 90 percent of the interferenceis coming from the dosest oneto five UWB
transmitters. Thus, Motorola concluded that even with 1000 surroundng transmitters the effed of
cumulative interference was not as svere @ the dfect from the closest transmitters. Motorola' s anaysis
foundthat a aimulative dfed was more prevalent where the victim receiver was a base station with no
neaby UWB transmitters. Under this condition, it took a considerably greater number of transmitters to
contribute 90 percent of the interference power, using UWB emisdgon contributions from as far away as
600 m.>* As stated by AT&T, the important issue is how many transmitters operating simultaneously
within a specified range wil| cause an additive power problem.>*®

230 NTIA employed a mathematica analysis using successive, equally spaced rings
containing UWB emitters with their energy maximized in the direction d the victim reciver to
demonstrate that high concentrations of UWB transmitters could result in cumulative interference. 3’
However, XSI demonstrated that if only one UWB transmitter was placed within the inner ring used in
NTIA’s analysis the eamission from that single UWB transmitter would daminate the signal at the victim
receiver.

231 DOD provided mathematica analyses of possible cumulative interference from UWB
operation to its SEEK Skyhodk radar system, operating at 3.15 GHz and at 3.23 GHz.**® The SEEK
Skyhodk isa surveillance radar positioned 12,000feet above mean sealevel operating with arange of 278
km at an atitude of 3660meters. It currently is used to detect low flying aircraft for drug interdiction at
Cudjoe Key, Florida and operates with a narrow 40 dBi antenna tilted at —1.5 degrees. Based on these
specifications, DOD cdculated the groundarea illuminated by the radar antenna and the distance to the
center of that range to determine how many UWB emitters could be permitted per square kilometer based
on I/N levels ranging from -3 dB to =10 dB.>*** It concluded that a UWB emisson level of =53 dBm
covers most of the interference stuations it analyzed and that mitigating fadors from UWB antenna
patterns, intermittent operation, huilding attenuation, and dostade attenuation would permit a higher
signal level.

232 ARRL stated that while more distant radiators would create less noise, this would be
offset by the fact that there ae more of them seen by the victim receiver.®*® It added that the large
antennas used by amateur operators at UHF and higher frequencies would see acumulative dfect when
overlooking urban aress. ARRL added that a single UWB emitter may dominate if the interference
extended only for tens of meters, but as demonstrated by Motorola the interference ould extend for
hundeds of meters.>*' TDC argued that the dosest UWB transmitter would produce the greaest impad
as signals from more distant devices would be subsumed by the noise floor.

233 Discussion. We aree with ARRL that a single UWB emitter will dominate if the

344 Motorola comments at pg. 10 and 20-21.

345 Motorola cmmments at pg. 26-27.

346 AT&T comments at pg. 6.

347 NTIA Spedal Publication 01-43, supra, at pg. 5-1 through 5-34 and B-1 through B-27.

348 Fili ng of U.S. Department of Defense submitted 10'1/00, Attachment 1.

349 We believe that the power levels being permitted for UWB operation would need to be mnsiderably higher

in order to transverse the hundeds of kilometers necessary to cause interference to the DOD SEEK Skyhook radar
system.
350 ARRL comments at pg. 13-14.

1 ARRL reply comments at pg. 8.
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interference extendsfor only afew tens of meters. Earlier in this Report and Order, we demonstrated that
the interference impad of a single UWB device is on the order of “tens of meters’ or less with the
exception of afew sensitive receivers that operate at the noise floor and employ high gain antennas, such
as the ARSR-4 system.*** The ARSR-4 would na be particularly prone to cumulative interference as it
views only a narrow ground segment at any given time.®**® Systems prone to receving cumulative
interference ae those that employ high gain recaving antennas directed over large geographical arees.
Examples are arborne systems and receivers located on orbiting satellites. Wide mverage aea clular
and PCS base stations also may experience some amulative impaa athough it should be mnsiderably
less than that received by airborne receivers.

234 We have implemented considerable restraints on the technical and gperationa standards
for UWB equipment to ensure that cumulative interference will not occur. Primarily, we have limited
outdoor applicdions to imaging, hand held and vehicle radar systems. The directional antennas employed
by imaging and vehicle radar systems make it unlikely that the maximum emissgon comporents would be
directed towards a victim receaver. Thus, directional antennas prevent the occurrence of multiple UWB
emitters from producing equally received emisgon levels even if they are equally distant from the victim
reaiver. Also, the majority of the UWB radar devices being authorized drect their emissions into the
ground o horizortally, away from airborne or satellite receivers. In addition, limiting the goplicaions to
systems that operate & ground level®** ensures that the emissons attenuate more rapidly with distance and
have ahigher probability of obstructions between the UWB transmitter and the victim recever. Most of
the imaging UWB devices will operate only infrequently and will be far apart such that it is unlikely they
will cause any cumulative dfed. We also implemented constraints on the frequency bands in which the
equipment is permitted to operate. Limiting devices to operate &ove certain frequency bands ensures
that the maximum emisgons will not occur in lower frequency bands where greater propagation may
occur. Finally, we required UWB devices to operate & reduced emisgon levels between 960MHz and
1990MHz or higher, significantly reducing the range over which the UWB emissions in this band can be
detected. All of these features combine to ensure that UWB systems will not result in a cumulative
interference problem. While it is possible that indoor UWB devices, operating in an omnidiredional
mode, could be sufficiently concentrated in a small areato cause a wimulative effect, XS, Sprint PCS and
others have dready demonstrated that these devices wil | not operate simultaneously.®* It is more likely
that any high concentration of UWB devices operating indoas would be an interlinked system with a low
overall duty cycle so as to avoid mutual interference.

G. M easur ement Procedures

235  Inthe Notice, we propased to continue to employ quasi-peak measurements for emissions
below 1 GHz and average and peek measurements for emisgons above 1 GHz, as under the airrent
rules.**® Quasi-peak measurements provide aweighted average over a spedfied measurement bandwidth
while average measurements above 1 GHz are based on the use of a 1 MHz resolution bandwidth
(“RBW"). Comments were sought regarding the specific measurement procedures that should be

32 Interference to systems such as the ARSR-4 has been sufficiently addressed through the emission limits

being adopted in this proceeading.

33 The diredional signal charaderistics of the UWB systems also will reduce the number of UWB devices

“visible” to the ARSR-4 receiver.

34 We exped that most handheld devices would be operated indoars or at ground level.

35 Asnoted ealier, it will appea to outdoor recevers that indoar UWB systems are operating with diredional

antennas due to variable dtenuation from building walls and randomly placed obstades within the buil ding.

356 See 47 C.F.R. §§ 1535(b) and 15209(d). There ae dso certain rule sedions that specify the goplication of a
total peak power limit over awider bandwidth. See, for example, 47 C.F.R. 88 15247(b) and 15255€).
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employed.
1 Quasi-peak and Average M easur ements

236 For measuring average amissons, we proposed in the Notice that spectrum analyzer
video averaging with avideo bandwidth ("VBW") of no greaer than 10kHz or lessthan 10Hz be used in
conjunction with peak hold to determine the average level as a function of frequency. Alternative
tedhniques that can be shown to give mmparable or more acarate results would be nsidered.
Comments were requested on applying the measurement procedures gecified in HP Application Note
150-2. Under this note, if there was no dthering of the pulse position or pulse position moduation, the
average level of the fundamental and hermonic emissions would be measured using a spedrum analyzer
adjusted to produce a line spectrum with the VBW equal to or greater than the RBW. This requires that
the RBW belessthan, a equal to, 0.3times the pulse repetition frequency. The level of the highest linein
the emisson line spectrum being measured would be the average level. If the dithering or pulse position
moduation could not be turned off, the enisson would be measured with the spectrum analyzer settings
adjusted to oltain a true pulse spedrum. A pulse desensitization correction fador, based on the
cdculations provided in HP Application Note 150-2, would be added to the measurement to obtain a peak
level, and the average would be alculated using the duty cycle factor in dB.

237. Comments. Quasi-pe&k and average anisson measurements are well understood, and
ANSI**" and others have established appropriate measurement procedures. ANRO, Bosch and Zircon
suppated the propased average measurement techniques.®*® There were, havever, several requests for
variations from our measurement procedures. NTIA requested that we apply an average limit based on an
RMS average rather than a logarithmic average, such as would be obtained from a spedrum analyzer
employing a low video bandwidth.**° It stated that the average logarithm is largely insensitive to energy
contained in low duty cycle, high amplitude signals. It added that no single arerage detector function
adequately describes the interference eff ects of UWB signals but the RM S average better quantifies this.
NTIA also wished to apply the average emisdon limits above 960MHz instead of 1000MHz.>*°

238 On the other hand, Lucent requested that the VBW employed for an average
measurement be greater than 10 Hz because of the possibility of burst transmissons.®*' Lucent was
concerned that a 10 Hz VBW, approximating averaging over a 100millisecond period, would result in too
low a measured value, permitting the actual radiated emisgon to exceed ou average limits. Lucent
requested that the VBW be set no lower than 10kHz or that an undefined “ correction factor” be gplied
when the transmitter operating time was less than the aseraging time of the measurement. Metricom
requested that average measurements be made using a RBW of 50 MHz, just like the pedk
measurements.**> A narrower VBW would be employed to average the enission.

239, Most of the mmments were directed not towards the actua measurement instrumentation

7 American National Standards Institute (ANSI) ANSI C63.4-1992 Methods of Measurement of Radio-Noise
Emissions from Low-Voltage Electrical and Electronic Equipment in the Range of 9 kHz to 40 GHz, is pedfied in
the Part 15 regulations as the measurement procedure gplicable to Part 15 cevices. See 47 C.F.R. 8§ 1531(a)(6).

38 ANRO comments at pg. 2; Bosch comments at pg. 5; Zircon comments at pg. 4.

39 See NTIA Report 01-383, supra, at pg. 6-18 through 6-25 and A-1 through A-21. See, also, NTIA Spedal
Publication 01-43, supra, at pg. 2-1 through 2-2.

360 One of the U.S. Government frequency bands garts at 960 MHz, not at 1000MHz.

361 Lucent comments at pg. 3. Burst transmissions are extremely short transmission intervals that have alow

average emission level.

362 M etricom comments at pg. 5.
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settings but to the test setup itself. With regard to GPRs, A. Peter Annan expressed concern that GPRs
may not be perfectly couded with the ground, suggesting that the GPRs be measured while suspended in
the air and 20to 40 B be subtracted from the results.*** Mr. Annan also requested that GPRs operating
below 250 MHz be measured with a resistive load substituted for the aitenna.  CSSP requested that
GPRs be measured with the antennas in contact with, or in close proximity to, the ground sing a suitable
media of dry sand, freshwater, salty-water or concrete made from specified materials*** An ex parte
filing by Sensors & Software and GSS requested the use of a mncrete dab, at least 8 inches thick, the
size of the GPR transducer and installed over 12 inches of gravel, be used as the absorptive material for a
GPR.** No metal or fiberglassreinforcing bar would be used in this base material.

240, TDC aso suggested several provisions for the test set-up for UWB measurements.**®
TDC requested that we permit measurements at 1 meter due to the need for the measured emissonto be
at least 10 dB above the noise level of the spectrum analyzer for accuracy purposes. Bosch suggested the
use of a arrugated horn antenna for measuring emissons above 1 GHz as these antennas have afixed
phase center and may be used over awide bandwidth.*®”

241  Discussion. Thereisno apparent difficulty in performing measurements of quasi-pe&k or
average anisgon levels. Such procedures are well documented in the aurrent FCC test procedures and
the application rotes published by spectrum analyzer manufadurers. There ae, however, a few areas
where we neal to provide clarification d the measurement procedures. A measurement procedure
applicable to UWB devicesis attached as Appendix F. The foll owing discussion provides the reasons for
several of the features we are including in these procedures.**®

242.  We oncur with NTIA’s request that logarithmic averaging not be permitted for UWB
average measurements. We aurrently do nd permit alogarithmic average to be employed for any Part 15
measurements with ore exception: if the peak-to-average ratio of an emission is low and the measured
emisgoniswell below our limits, we have permitted the use of logarithmic averaging in order to facilitate
measurements. While we normally perform measurements of emissions from Part 15 devices with the
detector on the spedrum analyzer set in the linea mode®®®, we reagnize that the test data and analyses in
this proceeding were performed based onRM S average eamissonlevels. In keging with our conservative
approadc to implementing UWB operation, we are adopting NTIA’s suggestion to specify the average
emisgon limits in terms of RMS average. A 1 MHz resolution bandwidth would be employed with an
RMS detector and an averaging time of 1 millisecond or less. Appendix F aso describes an aternative
method that can be used to measure RMS average amission levels using spedrum analyzers that do not
have an RMS detector. We also are implementing NTIA’s request to begin RMS average enisgon limits,
based onthe use of a1 MHz resolution bandwidth, beginning at 960 MHz.

243. Wedo ot agreewith Lucent that a minimum VBW of 10 kHz needs to be established®”®
or that a “correction factor” needs to be gplied to average emisson measurements of short burst

363 A. Peter Annan comments at pg. 7-8.

304 CSSP comments at pg. 2.

365 Sensors & Software axd GSSI ex parte filing of 10/10/01.

306 TDC comments at pg. 36-42 and reply comments at pg. 59.

367 Bosch comments at pg. 5.

368 We noted under the discussion on emission limits the need to test for narrowband emission levels in the

GPS frequency bands and the test procedure that would be goplied.

369 Linea averaging can be acomplished by using appropriate video averaging or by trace aeraging.

370 It is not necessary to spedfy avideo bandwidth with an RM'S detedor.
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transmisgons. Lucent has not provided any information to demonstrate why the application of a 10 Hz
VBW, representing an averaging period d 100 milliseconds, to a burst UWB transmissonwould result in
a higher interference potential. We agreethat burst transmissons would have alow average measurement
because of their short period of operation. However, the peak levels we ae establi shing would limit such
transmissons. A UWB system with a high peak-to-average ratio would be peg-limited, resulting in the
measured average amission level being well below our limits. We dso reject the propcsal by Metricom to
employ a 50 MHz RBW for average measurements. Metricom did not provide any justification as to why
such alarge RBW is necessary for average measurements. It appeas that Metricom wanted the use of a
wider RBW, without a correspording increase in permitted signal level, solely to reduce the levels of the
radiated emisdons. We dso nde that measurement equipment employing such a wide RBW is not
commonly available in laboratory environments, and we ae unsure &out the repeatability of
measurements made using such equipment.

244 In most cases, measurements will follow the procedures ecified in 47 C.F.R.
§15.3%a)(6). However, we believe that the measurement procedures applied to UWB devices aso should
address the manner in which the eguipment is designed to be operated. For example, through-wall
imaging systems are intended to transmit through awall that may nat dissipate much of the energy. Thus,
these systems may be tested with a ¥z inch section d gypsum board in front of the transmitting antenna.
No attenuating material would be employed in front of medicd imaging systems, vehicle radar systems,
indoor systems, or hand held devices.*”* On the other hand, GPRs and wall imaging systems are designed
to dissipate their transmitted energy into the grourd or other structure into which they are radiating.
Testing these devices over a ground pane would cause the transmitted energy to be reflected badk into
the ar. Thus, we agreewith CSSIP, Sensors & Software and GSS that GPRs and wall i maging systems
shoud be tested over an absorptive material. We are specifying that the transmitted emission from a
GPR or awall imaging systemisto be directed towards 20 inches of dry sand. We believe that the use of
dry sand will be eaier to establish than a concrete/gravel test bed and would na contain the discontinuity
at 8 inches as would occur with the mncrete/gravel interface Thisdry sand ked shall be at least the width
and length of the GPR or wall imaging system being tested. Further, no ground plane shall be located
under this dry sand bed. GPRs dal be suspended above this material at the height above ground at
which the eguipment isintended to operate. Wall i maging systems dhall be suspended above this material
at the separation dstance at which they are intended to operate from awall. Recognizing that the use of
this absorptive material will prevent the use of a turntable, measurements must be taken at a sufficient
number of radials to ensure that the measured emisson levels are maximized.

245 Becaise of the ladk of ground pane material in the test bed used for GPRs and wall
imaging systems, we ae establishing atest procedure than may be used for any UWB device & an option
to using a ground pane. We will permit RF absorptive material, such as that found in an anechoic
chamber, to be employed between the equipment under test and the measuring instrumentation.
However, if this absorptive material is used 4.7 dB must be alded to the obtained measurement results to
simulate the effect of an additive signal reflected from the groundplane. In addition, measurements may
be made & a closer distance as requested by TDC, following the existing procedures in 47 C.F.R. 8§
15.31f). However, measurements may not be made in the nea field.

2. Peak M easur ements

246 Propcsal. In the Notice, we recognized that the measurement of peak power based ona
50 MHz measurement bandwidth can na be performed with normal commercia EMC test equipment.
We noted that microwave receivers designed for radar interception and analysis are available with such
charaderistics and have @sts comparable to normal EMC test equipment. Further, the IF output of a

s The type of materia in front of these transmitters, if any, could vary. Thus, no attempt was made to

caegorizethis material.
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microwave receiver that uses a wide bandwidth, e.g., 50 MHz, could be analyzed using a conventional
oscilloscope in order to measure the peak level of the waveform in the time domain. Comments were
sought on the feasibility of this testing technique as well as its utility as a model for the interference
potential of peak UWB levels. Aswe are not adopting a standard for total peak power, there is no need to
discuss a corresponding measurement procedure.*”” Similarly, there is no need to reiterate the discussion
on antennas suitable for extreme bandwidth measurements.

247.  Commentg/Discussion. Severa of the comments responded to the systematic problems
of measuring a peak emission level over a 50 MHz bandwidth. TDC supplied a detailed measurement
procedure for accomplishing this.*”® We appreciate the efforts of the commenting parties. Unfortunately,
upon reflection we do not believe that peak measurements employing a 50 MHz bandwidth are practical
using currently available equipment. As has become obvious from the comments, there are considerable
difficulties maintaining phase accuracy over a 50 MHz bandwidth making calibration of the setup of the
test bed and the measurements of the radiated emissions difficult. Further, the choice of the variable-
frequency filter used to perform measurements over a 50 MHz bandwidth is extremely critical. It is
unlikely that measurements over a 50 MHz bandwidth would be repeatabl e from one test site to another.

248. Siemens suggested measuring the peak emission level using the maximum RBW
available on the instrumentation and calculating the peak emission at 50 MHz.** Valeo proposed a
method of integrating a measurement from a spectrum analyzer over 50 MHz.3” As stated by Fantasma,
the existing rules employing a 1 MHz RBW are simple and straight forward.>® While USGPSIC argued
against the use of a spectrum analyzer, stating that spectrum analyzers sample at too low a rate to capture
the peak power of UWB signals®”’, we believe that a spectrum analyzer can provide aredlistic view of the
peak emission level asit would be viewed by areceiver employing a similar bandwidth.

249. We believe that there is a simpler method of measuring peak emission levels in a manner
that also takes into account the interference potential of the equipment. In order to perform a peak
measurement on a spectrum analyzer, the VBW must be at least as large as the RBW. The largest VBW
on a spectrum analyzer is about 7 MHz. Thus, the widest RBW that could be employed is 3 MHz.
However, there are severa receivers used by the authorized radio services that employ greater
bandwidths. Thus, the concern is how to ensure that peak measurements performed with a3 MHz RBW
will protect receivers that employ awider bandwidth from harmful interference.

250. Appendix E attached to this Report and Order demonstrates the theoretical peak-to-
average relationship of a pulsed emission and a dithered emission that appears like Gaussian noise as the
PRF is varied. In these graphs, the average is based on measurements performed with a 1 MHz RBW.
The peak measurements are based on measurements performed with a RBW of 1 MHz, 3 MHz and 50
MHz. As can be seen, the major differences between changes in RBW are not based on a 10 log
relationship. Rather, they are based on a 20 log relationship.*”® We established a peak emission limit of 0
dBm as measured over a 50 MHz bandwidth. Under these conditions, reducing the RBW from 50 MHz

3z The comments noted considerable difficulties in attempting to measure total peak output levels. See, for

example, TDC comments at pg. 42-43.

373 TDC reply comments at Appendix C.

3ra Siemens comments at pg. 1.

37 Valeo comments at pg. 12.

316 Fantasma reply comments at pg. 9.

s USGPSIC comments at pg. 45, footnote 81.

378 The worst case comparison occurs when the PRF is lessthan RBW/0.45.
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to 3 MHz results in an attenuation of the peak limit of 20 log (3/50) or —24.44 dBm.*”® Reducing the
alowed pedk limit to an EIRP of —24.44 dBm when measured with a 3 MHz RBW ensures that the
emisson would be no greater than 0 Bm if it was measured with a 50 MHz RBW. Pe& measurements
using a spectrum analyzer with a3 MHz RBW arerelatively straight-forward and can be performed using
existing measurement procedures. It also is expeded that these measurements shoud be reproducible
between dfferent measurement sites. For these reasons, we ae alopting a peek measurement procedure
employing a 3 MHz resolution bandwidth. This measurement must be performed centered on the
frequency of emisson onwhich appears the highest average level emisson.

251 As dated earlier, our conversion from a 50 MHz resolution kbandwidth to a 3 MHz
resolution bandwidth is based on the worse cae assumption that changes in the peak levels changes
follow the square of the dhange in the resolution bandwidth. That is, the dhange in the al owable peak
limit a 50 MHz to a peak limit at 3 MHz was based on 20log (3/50) dB. We dso reagnized that this
could penalize some UWB operations, particularly those operating with PRFs greaer than around 67
MHz. To compensate for this, pedk limits were established based ona diding scale that is dependent on
the actual resolution bandwidth employed in the measurement. The peak EIRP limit is 20 log (RBW/50)
dBm when measured with a resolution bandwidth between 1 MHz and 50 MHz.%*° RBW is the resolution
bandwidth in megahertz adually employed. This bandwidth must be centered on the frequency at which
the highest radiated emisson occurs.

252  We intend to employ at our laboratory a measurement procedure using a 3 MHz
resolution bandwidth. However, we will permit resporsible parties to test their UWB products using
different resolution bandwidths ranging from 1 MHz to as high as 50 MHz. The use of a higher resolution
bandwidth may be particularly helpful for measuring a system operating at a higher PRF. If aresolution
bandwidth greater than 3 MHz is employed, the gplication for certification filed with the Commisgon
must contain a detailed description of the test procedure, caibration d the test setup, and the
instrumentation employed in the testing.

3. Frequency Range of M easurement

253  Propcsal. For impulse systems, the Commisson propased that the center frequency of
the emisson bandwidth, as determined by the —10 dB points, should be used as the reference for
determining the upper frequency range over which emissons should be measured.®®! Noting that the
emisgon spectrum will change depending on the specific measurement procedures employed, e.g., the use
of average versus peak measurements, comments were requested onany specific measurement procedures
that should be employed to determine the center frequency. For a carier moduated system, the
Commisdon popcsed that the carrier frequency shoud continue to be used as the reference for
determining the upper frequency range over which emissons dould be measured. However, the
Commisdon expresed concern that a manufacturer could employ a low frequency carrier with an
extremely narrow pulse or a narrow pulse impulse system could be used with a low frequency antenna,
resulting in emissions extending far beyond the tenth harmonic, the normal upper range of measurement.
Accordingly, comments were requested on whether a different method d determining the frequency
measurement range shoud be enployed, e.g., a system based on puise risetime and width. In addition, it
was noted that the lower frequency range of measurements would continue to be determined by the lowest

379 If peak measurements were to be performed using a 1 MHz bandwidth, the peak limit would be deaeased

by 201og (1/50) or to an EIRP of —34 dBm.

380 This may be mnverted to a peak field strength level at 3 meters using E(dBuV/m) = P(dBm EIRP) + 95.2.

381 While several references to the —20 dB emisson points were made in the mmments for defining UWB

emissions, we believe that the —10 dB emissions points are more gpropriate for determining the eenter frequency as
it isunlikely that the—10 dB points would be below the noise floor of a spedrum analyzer.
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radio frequency generated in the device. Comments were requested on whether the pulse repetition
frequency, pulse dithering frequency, modulating frequency or other factors would permit the
investigation of alow enough frequency range to address possible amplification of the emitted signal due
to antenna resonances below the fundamental emission.

254. Commentg/Discussion. There were no pertinent comments regarding the proposed
frequency range over which measurements should be performed. Vaeo stated that the measurement
ranges are appropriate as referenced to the carrier or center frequency.®®* Our primary concern is that a
sufficient frequency range be investigated to ensure that the emitted signals are no greater than the limits
contained in Part 15 so that harmful interferenceis not caused to other users of the spectrum

255.  UWB operation is unique with regard to the possible range of emissions that could be
radiated from the transmitter. The generated pulse could result in a fundamental emission that is several
gigahertz wide. Similarly, the side lobes also could be severa gigahertz wide with the amplitude of the
secondary lobe(s) only attenuated dightly below the level of the fundamental emission. It is the resonant
frequency of the antenna employed with the UWB transmitter that determines the relative amplitudes of
the radiated emissions.** The antenna can be resonant on several frequencies over awide range both low
and high. Thus, it isdifficult to precisely state afrequency range of measurement.

256.  We would rather proceed cautiously for these initia standards. We believe that the
frequency range over which radiated emissions are investigated should include at least the fundamental
emission and the secondary lobe regardless of the center frequency. This can be accomplished by
requiring that the emissions be measured up to at least the center frequency added to three divided by the
width of the pulse in seconds. Of course, we recognize that there is no need to require the emissionsto be
measured beyond 200 GHz, as could otherwise be required for extremely short pulses.®" On the other
hand, we do not wish to overburden equipment manufacturers with extensive measurement ranges that
may not be necessary. Accordingly, we believe that we can compromise by establishing the following
parameters. The radio spectrum produced by a UWB transmitter shall be investigated from the lowest
frequency generated within the device, without going below 9 kHz, up to the frequency range shown in
47 C.F.R. § 15.33(a) or to the center frequency added to three divided by the pulse width in seconds,
whichever is higher. The frequency range in 47 C.F.R. § 15.33(a) shall be based on the center frequency
unless a higher frequency, e.g., a carrier frequency, is generated within the UWB device. There is no
requirement to measure emissions beyond 40 GHz provided the center frequency is less than 10 GHz;
beyond 100 GHz if the center frequency is at or above 10 GHz and below 30 GHz; or beyond 200 GHz if
the center frequency is at or above 30 GHz.>®

H. Prohibition Against Class B, Damped Wave Emissions

257.  The rules prohibit the use of Class B, damped wave emissions.®® This prohibition stems
from a similar International Telecommunication Union regulation and is a throwback to the days when

382 Valeo comments at pg. 13.

383 Pulse shaping also could affect the characteristics and levels of the radiated emissions.

384 With the exception of radar transmitters operating between 76-77 GHz, 200 GHz is the current upper range

of measurements for Part 15 transmitters. See 47 C.F.R. § 15.33(a).

385 At this time, we are not adopting regulations that would permit UWB systems to operate with a center

frequency greater than 30 MHz. However, we see no reason not to adopt a general standard for the frequency range
of measurement.

386 See 47 C.F.R. §8 2.201(f) and 15.5(d).
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spark gap transmitters were employed.®®” Thereisno longer a clear definition of a Class B, damped wave
emisson®*® The Commisson popased to eliminate the prohibition against Class B, damped wave
emisgons indicating that this prohibition dces not appear to be relevant at the power levels being
propcsed for UWB transmisgons. These levels appear to be low enough to prevent harmful interference
to ather users of the spectrum. Further, unlike cnventional damped wave transmissonsiit is likely that
the recevers associated with UWB transmitters would attempt to recover as much o the transmitted
bandwidth as passible for information processing purposes.

258 Comments. Few commentswere filed in response to this proposal. TDC agreed with our
propcsal stating that the prohibition against damped wave emissons does not appear relevant to the
current UWB technologies.**® On the other hand, USGPSIC objected to removing the prohibition against
employing damped wave emisgons dating that there is no assurance that all future UWB appli cations
will employ low power levels3® USGPSIC stated that it is prudent to retain the prohibition wutil a
regulatory environment can be established that ensures gability of the national information infrastructure.

259  Discussion. The objection from USGPSIC has no technical basis. The regulations being
adopted addressthe amisdon limits from UWB devices, ensuring that these devices will not operate at
power levels that could cause harmful interference to the authorized radio services. Accordingly, our
original supposition has been satisfied, and we are diminating the prohibition against damped wave
operation for UWB devices.

I Other Matters
1 Operation of Wide Bandwidth Systems under the Existing Rules

260  Propcsal. In the Notice, we proposed specific regulations regarding the frequency of
operation and emisson levels that would apply to UWB devices. We expressd concern that UWB
manufadurers would wish to operate their products under a combination of both the UWB regulations
andthe existing Part 15regulationsin 47C.F.R. 88 15.21715.255. Thiswould result in atransmitter that
has an extremely wide bandwidth attempting also to operate under standards that were developed for
narrowband operation. An example would be aUWB device that operates at 5800 MHz attempting to
demonstrate ampliance with 47 C.F.R. § 15.2% over the frequency range 57855815 MHz while
demonstrating compliance with the UWB emisson limits outside of that frequency band. To prevent this
method d crossrule operation, the Commisgon proposed to amend 47 C.F.R. § 15.21%c) to state that
intentional radiators operated under the provisions of 47 C.F.R. 88 15.21715.255 o Subpart E of the
current regulations must be designed to ensure that the main lobe or the necessary bandwidth, whichever
is less, is contained within the frequency bands designated in those rule section urder which the
equipment is operated. The requirement to contain the fundamental emission within one of the specified
frequency bands would include the dfects from frequency sweeping, frequency hoppng and other
moduation techniques that may be employed as well as the frequency stability of the transmisson over

387 See Chapter I, Article 5, Section 8 of the Radio Regulations of the International Telecmmunication
Union.

388 The term “damped waves (Type B)” was last defined in Article 5, Sedion 1 of the 1938 version of the ITU
regulations as “[w]aves compaosed of successve series of oscill ations the amplitude of which, after obtaining a
maximum, deaeases gradually, the wave trains being keyed acording to atelegraph code.” A more modern version
of the term “damped wave” is defined in the IEEE Standard Dictionary of Eledricd and Eledronic Terms, IEEE Std
1001972, as “[a] wave in which, at every point, the amplitude of ead sinusoidal component is a deaeasing
function of time.”

389 TDC comments at pg. 44.

390 USGPSIC comments at pg. 47-48.
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variations in temperature and supply voltage. If a frequency stability were not spedfied, the regulation
would continue to recmmend that the fundamental emisson be kept within at least the ceitral 80 percent
of the band in order to minimize the possibility of out-of-band operation.

261 Comments. Interlogix expressed concern on hav to compute the necessary bandwidth
and measurements of the fundamental 1obe.®* It requested that the determination of whether an emisson
was contained within one of the frequency bands specified in 47 C.F.R. § 15.21715.255should be based
on the 20 dB bandwidth of the amisgon. Bosch requested that higher emisson levels be permitted for
UWB devices if the emissonis located in ore of the ISM bands.*** TDC requested that we not prohibit
dual mode devices provided each mode of operation qudifies separately under the pertinent
regulations.®*® Valeo and SARA also requested the aility for dual mode operation.*** In additi on, Delphi
and S@gl?A requested that higher UWB emissons be permitted if the anissions are located in the ISM
bands.

262 Discussion. We aree with Interlogix that the 20 dB bandwidth of an emisdon is an
appropriate method d determining if an emissonis operating within one of the frequency bands gecified
in 47 C.F.R. §§ 15.21715.255and are adopting this suggestion®*® We dso agree that dua mode
operation is not prohibited provided each mode of operation can be distinguished and demonstrated to
comply separately under the pertinent regulations.**’ However, we seeno tesis for permitting emissons
from UWB devices to exceal the standards being adopted in this proceeding simply because the
emissons happen to appea in an ISM band. There are asignificant number of other radio services and
devices operating within the 1ISM bands, some of which are dlocated spectrum for this purpose.
Examples include Location Monitoring Service systems in the 915 MHz band, Amateur Radio Service
and land mohile systems operating in the 2450 MHz band, and pdice radar systems operating in the
24.125GHz band. These are authorized radio services and are protected against harmful interference
from the operation d Part 15 cevices, regardless of whether they are located within ISM bands. The
commenting parties have not provided information demonstrating that their products could operate
without causing harmful interference to these authorized services. Even so, we ae nat persuaded that
higher emission limits for UWB operation are prudent at this time. Once we have gained additional
experience with the operation d UWB devices and their interference potential, additional changes to the
rules could be wnsidered.

2. Transition Provisions

263  In the Notice, we proposed that the regulations being adopted in this Report and Order
bemme dfective 60 days from its date of publication in the Federal Register. USGPS objected to our

31 Interlogix comments at pg. 4-5 and reply comments at pg. 2. We note that Interlogix redesigned its

equipment in order to be cetified under the provisions of 47 C.F.R. § 15249.

392 Bosch comments at pg. 5 and reply comments at pg. 5.

393 TDC comments at pg. 44-45.
394 Valeo comments at pg. 4; SARA ex parte filing of 11/14/01.

395 Delphi comments at pg. 17-18; SARA ex parte filing of 11/14/01. The “ISM” bands refer to the frequency
bands under 47 C.F.R. § 18301, e.g., the bands on which operation is permitted under 47 C.F.R. §8 15245-15.249,

396 Any emissons appeaing outside of the spedfied frequency band must continue to mee the emission limits

even if those limits require an attenuation of greaer than 20 dB. For example, a spread spedrum system operating
at 240024835 MHz under 47 C.F.R. § 15.245 must attenuate emissons in the 24835-2500 MHz band by
significantly greaer than 20 dB. We ae using the 20 dB bandwidth only to determine that the emission is contained
within the spedfied band.

397 We do not beli eve that a spedfic regulation is required for this interpretation.
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propcsal, stating that it is premature to permit the regulations to bewme effective within 60 days of
pubication in the Federal Register.*® USGPSC added that additional proposals are needed, and that
these would be major rule changes requiring congressional review.

264 We recognize that this procealing is considered to be a major action and that the
effedive date is delayed for 60 days under the Contract with America Advancement Act of 1996°%° This
provides Congress with sufficient time to review our dedsions, if it so desires. Absent adoption of a
petition for stay or a curt-order stay of this proceading, we seeno judtification for delaying further the
effedive date.

3. Existing Waivers

265  The Commisdon hes issued four waivers to permit the manufacure of UWB devices.
Three of the waivers were isaued onJune 25, 1999. TDC was issued a waiver for UWB systems that
would be used by pubic safety personnel for high resolution imaging of persons and djjects behind walls
or under debris. Zircon was issied a waiver for UWB radar systems that would be used by the
construction industry to detect objects hidden inside walls or other building materials. U.S. Radar was
isued awaiver for ground enetrating radar systems. A fourth waiver was issied on August 6, 2001 to
Kohler Co. to permit it to market UWB toilet ventilating devices. These waivers were scheduled to
terminate upon the eff ective date of the Report and Order in this proceading.

266 On August 16, 2001 Kohler filed a request to permit it to continue to market its product
under the waiver until one yea from the dfedive date of this Report and Order. Kohler, naing that the
adopted rules may be different than those under which the waiver was granted, cited the time necessary to
redesign its product, to test the redesigned device and to modify its toding. We sympathize with
Kohler's concerns and believe that these problems also would affect other companies marketing
equipment under awaiver. Accordingly, we ae extending the at-off dates of the waiversissued to Time
Domain Corp., to U.S. Radar, to Zircon, and to Kohler for a period of one yea from the dfective date of
this Report and Order.

4, Miscellaneous | ssues

267. Further Notice of Proposed Rule Making. A number of parties requested that the
Commisson issue afurther natice of proposed rule making before alopting final rules.*®® They argue,
generally, that the Notice was inadequate because it did not include the text of the propcsed rules. They
also claim that the Commisgon must update the proposals to take into account the information contained
in the various test reports filed in the record. As dated by ARRL, the Notice included no proposed rules,
listed a few generali zed tentative cnclusions about UWB, and was more &in to a Notice of Inquiry.***
Contrary to these mmments, Fantasma and X S| asserted that each regulatory measure was contemplated
in the Notice and can be implemented without a further notice of propased rule making.**

268 It istrue that the Notice did nat include the precise language of the rules we are adopting
today. However, the Commisson did provide ageneral picture of what it intended to do and that is

398 USGPSIC comments at pg. 48-52.
399 See5U.S.C. §8 8(L et seq.

400 See, for example, ATA et al late filed comments of 3/27/01, and MSS late filed comments of 10/9/01.
MSS rescinded its request in an ex parte filing of 11/12/01.

401 ARRL comments at pg. 3.

402 Fantasma late fil ed comments of 4/2/01; XS| late mmments of 4/12/01 and ex parte fili ng of 7/25/01.
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legally adequate under the Administrative Procedure Act.*® In California Citizens Band Assciation v.
U.S, 375F 2d 43, 4849 (9" Cir. 1967, cert. denied, 389 U.S. 844 (1967), the murt held that the
Administrative Procedure Act “...does not require an agency to publish in advance every predse proposa
which it may ultimately adopt as a rule. ..JA] notice of rulemaking is aufficient if it provides a
description of the subjeds and issues involved.” Similarly, the aurt in Forester v. Consumer Product
Sdety Com'n, 559 F 2d 774, 787(D.C. Cir. 1977) held that “Section 553(b) does not require that
interested parties be provided predse notice of ead asped of the regulations eventually adopted. Rather,
naticeis aufficient if it affords interested perties a reasonable oppatunity to participate in the rulemaking
process..” Additional lega citations were provided by Fantasmain itsfiling of April 2, 2001,and by XS
initsfiling of April 12, 2@1.

269  Several hundred comments have been filed in this proceeading, including comments on
the various technica reports and analyses. It is clear from this record that the commenters well
understood the regulations under consideration for amendment and the scope of propased changes under
consideration. We find that there is sufficient information in the record to make initial decisions at this
time that provide for the introduction of UWB techndogy based on standards that are extremely
conservative in protecting radio services against harmful interference. We recognize, howvever, that as
this technology develops and we gain experience with the patentia interference of UWB devices, it is
appropriate to reexamine these rules. Accordingly, within the next six to twelve months we intend to
review the standards for UWB devices and isaue a further rule making to explore more flexible technical
standards and to address the operation of additional types of UWB operations and techndogy. In the
meantime, we plan to expedite enforcement adion for any UWB products found to be in violation of the
rules we are adopting and will act promptly to eliminate any reported harmful interference from UWB
devices.

270 Delphi and Other Automotive Radar Systems. Delphi requested that we include its radar
system operating at 24.125 GHz under our provisions for UWB operation.*®* Delphi indicated that it
operates at 17 GHz and at 24125 GHz and uses several different moduation types, including swept
frequency moduation. However, it is the 24.125 GHz system operating with a pseudo-noise direct
sequence binary phase shift key waveform that Delphi requested for inclusion. This g/stem transmitsin
the restricted band below 24 GHz a the limit in 47C.F.R. § 15.209.SARA also has expressed interest in
a similar technology.*®®> We find that the SARA and Delphi systems, excluding the swept frequency
moduated system, fall under the definition keing adoped in this proceeding and that no further action is
necessary.

5. Other Matters

271. Operation in the PCS Bands. Sprint objected to the basic concept of UWB operation,
stating that the Commisgon dces not have alegal right to convert Sprint’s licenses into nonexclusive
li censes and to require Sprint PCS to share its spectrum with cthers, much less share it for free*®® Sprint
PCS added that it spent over $3 billion for exclusive PCS licenses and that Commisson authorization of
new users constitutes breach of contract and an urawful modification of licenses for which the

403 See5 U.S.C. 553.

404 SeeDelphi comments, reply comments and ex parte filings of 4/24/01, 6/07/01, 7/13/01, and ¥20/01.

409 SARA exparte filing of 11/14/01. SARA also expressd concern regarding the residual carrier emission

produced by its homodyne recaver. Thisissue will be addressed upon such time as the equipment is submitted for
authorizaion under our certificaiion procedure. However, we note that the levels of radiated emisdons due to the
locd oscill ator of a recever operating above 960 MHz is not addressed under Part 15, other than the requirement
that the emisgons not cause harmful interferenceto other radio operations. See47 C.F.R. § 15101(b).

406 Sprint reply comments at pg. 13-14 and comments of 4/25/01 at pg. 8.
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Government would be liable for damages.*”” However, no such contractual exclusivity exists. This
spectrum is not, and has never been, exclusive to Sprint or to any other licensee or user. While Sprint
PCS has been provided some exclusivity in operating licensed PCS systems within specified geographic
areas, Part 15 transmitters currently are permitted to operate within the PCS and cellular frequency bands
at considerably higher emission levels than those being adopted in this Report and Order.*® In addition,
there are countless other devices that emit radio emissions within these bands. In any event, we have not
in this proceeding permitted any UWB devices to deliberately emit in the PCS bands. Much as we have
done for other RF devices, we have simply established limits on out-of -band and spurious emissions from
UWB devicesthat are designed to reduce the probability that harmful interference would be caused.

272.  Exemption of Unlicensed PCS Transmitters from the Restricted Bands. Under the current
rules, unlicensed PCS transmitters operating under Subpart D of Part 15 are not subject to the restricted
band provisions in 47 C.F.R. § 15.205. The cross-reference in Subpart D to other applicable Part 15
regulations, as specified in 47 C.F.R. § 15.309, does not include Subpart C of Part 15 or any of the
individual regulations contained in that subpart. Thus, 47 C.F.R. § 15.205, which is contained in Subpart
C, does not apply to unlicensed PCS transmitters."”® We are taking the opportunity provided by this
Report and Order to clarify this current standard in our amendment to 47 C.F.R. § 15.205. As this
amendment to the rules only clarifies an existing regulation, prior notice and comment are unnecessary.*'°

273.  U.S Government Operation of UWB Devices. When the Part 15 regulations were amended
in 1989, the Commission opened several frequency bands for unlicensed operation even though those
bands were alocated for exclusive operation by the U.S. Government. The Commission took this action
following an informal agreement with NTIA that similarly permitted it to operate equipment in exclusive
non-government bands under the same Part 15 standards.**> We will continue this policy, permitting the
U.S. Government to operate in non-government frequency bands and in shared frequency bands under the
Part 15 standards. Accordingly, as a condition of their use of these bands U.S. Government specifications
for UWB devices operated by the U.S. Government agencies in non-government or in shared frequency
bands must conform to the standards and operating conditions that are being adopted in this Order.*™® We
believe that this will result in a greater number of UWB devices operating under the same parameters,
facilitating our studies to readdress the appropriateness of the UWB standards within the next six to 12
months.

V. PROCEDURAL MATTERS

274.  Paperwork Reduction Act of 1995 Analysis. This Report & Order contains modified
information collection subject to the Paperwork Reduction Act of 1995 (PRA), Public Law 104-13. It
will be submitted to the Office of Management and Budget (OMB) for review under Section 3507(d) of
the PRA. OMB, the general public, and other Federal agencies are invited to comment on the modified

a0 Sprint PCS comments of 4/6/01 at pg. 2.
408 See47 CF.R. §15.231.

409 Unlicensed PCS transmitters operate in the bands 1910-1930 MHz and 2390-2400 MHz. The exemption
from the restricted bands only affects the limits for some of the unwanted emissions. The unwanted emissions are
required to comply with the limitsin 47 C.F.R. 8§88 15.321(d) and 15.323(d), as appropriate.

410 See 47 U.S.C. 553(b)(B).

a1 See First Report and Order in GEN Docket No. 87-389, 4 FCC Red. 3493 (1989).

a2 See Manual of Regulations and Procedures for Federal Radio Frequency Management, U.S. Department

of Commerce, National Telecommunications and Information Administration, January 2000, at Sections 7.8 and 7.9.

413 The operation in non-government bands of UWB devices that are not in compliance with the technical and

administrative provisions contained in this Order is not permitted without the concurrence of the FCC.
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information collection contained in this proceeding.

275. Fina Regulatory Flexihility Certification. The Regulatory Flexibility Act of 1980, as
amended (RFA)*™ requires that a regulatory flexibility analysis be prepared for rulemaking proceedings,
unless the agency certifies that "the rule will not have a significant economic impact on a substantial
number of small entities."*"> The RFA generally defines"small entity" as having the same meaning as the
terms "small business," "small organization,” and "small governmental jurisdiction."**® In addition, the
term "small business' has the same meaning as the term "small business concern" under the Small
Business Act.**" A small business concern is one which: (1) is independently owned and operated; (2) is
not dominant in its field of operation; and (3) satisfies any additiona criteria established by the Small
Business Administration (SBA).*®

276. In this First Report and Order, we are amending Part 15 of our rules to permit the
marketing and operation of new products incorporating ultra-wideband ("UWB") technology. UWB
devices operate by employing very narrow or short duration pulses that result in very large or wideband
transmission bandwidths. UWB devices have the capability to provide for significant benefits for public
safety, businesses and consumers. With appropriate technical standards, UWB devices can operate on
spectrum occupied by existing radio services without causing interference, thereby permitting scarce
spectrum resources to be used more efficiently.

277.  We note that the Aircraft Owners and Pilots Association (AOPA) aong with the National
Business Aviation Association (NBAA) commented that the impact on small entities could not be
estimated at this time*® They added that their constituency substantially consists of small entities,
comprising individuals and small businesses that are aircraft owners and operators. AOPA and NBAA
expressed concern that there would be a severe and lengthy impact to aeronautical operations should the
UWB standards prove to be inadequate to protect aeronautical communications, nhavigation and
surveillance functions. However, as demonstrated in our analyses of the interference studies on GPS
there should be no impact to aeronautical radio operations from UWB devices operating under the
technical limits and operationa requirements we are adopting. Therefore, we find that our action will
have no negative impact on this industry and in fact will have a positive impact. Further, as noted in the
text we currently are limiting the expansion of UWB, out of an abundance of caution, until such time as
we gain additional experience. Thus, we expect that our actions do not amount to a significant economic
impact at thistime. Accordingly, we certify that the rules being adopted in this Report and Order will not
have a significant economic impact on a substantial number of small entities.

4 The RFA, see § 5 U.S.C. S 601 et. seq., has been amended by the Contract With America Advancement
Act of 1996, Pub. L. No. 104-121, 110 Stat. 847 (1996) (CWAAA). Title Il of the CWAAA is the Small Business
Regulatory Enforcement Fairness Act of 1996 (SBREFA).

45 5U.S.C. § 605(b).
416 5U.S.C. § 601(6).

a7 5 U.S.C. § 601(3) (incorporating by reference the definition of "small business concern” in Small
Business Act, 15 U.S.C. S§632). Pursuant to 5 U.S.C. § 601(3), the statutory definition of a small
business applies "unless an agency, after consultation with the Office of Advocacy of the Small Business
Administration and after opportunity for public comment, establishes one or more definitions of such
term which are appropriate to the activities of the agency and publishes such definition(s) in the Federal
Register."

418 Small Business Act, § 15 U.S.C. S632.
419 AOPA comments at pg. 16-17; NBAA comments at pg. 17.
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278 We will send a wmpy of the First Report and Order, including a wpy of this fina
certification, in a report to Congress pursuant to the Congressonal Review Act.*® In addition, the First
Report and Order and this certification will be sent to the Chief Counsel for Advocag/ of the Small
BusinessAdministration, and will be published in the Federal Register.**

VI. ORDERING CLAUSES

279 IT IS ORDERED that Part 15 d the Commisson's Rules and Regulations IS
AMENDED as gecified in Appendix D, effective 60 days after publicationin the Federal Register. This
adionistaken pusuant to Sedions 4(i), 302, 3®(e), 303f), 303(r), 304 and 307 of the Communications
Act of 1934,as amended, 47 U.S.C. Sedions 154(i), 302, 303e), 303f), 303r), 304 and 7.

280 IT IS RURTHER ORDERED that the waivers issued onJune 25, 199, to Time Domain
Corporation, to U.S. Radar Inc., and to Zircon Corp. and the waiver issued on August 6, 2001 to Kohler
Co. to permit the manufacture and marketing of their UWB devices remain in effect urtil one yea from
the effedive date of this Report and Order.

281 IT IS FURTHER ORDERED that the Commisson’'s Consumer and Governmental
Affairs Bureau, Reference Information Center, SHALL SEND a wpy of this Report and Order, including
the Fina Regulatory Flexibility Analysis, to the Chief Counsel for Advocag/ of the Small Business
Administration.

282  For further information regarding this Report and Order, contact JohnA. Reed, Office of
Engineaing and Techndogy, (202 4182455,jreed@fcc.gov.

FEDERAL COMMUNICATIONS COMMISSION

Marlene H. Dortch
Seaetary

420 See5 U.S.C. § 801(a)(1)(A)
421 See5 U.S.C. § 605(b).
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APPENDIX A
Commenting Parties

Parties filing comments:
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Aeronautical Radio, Inc. & the Air Transport Association d America, Inc.
Aether Wire & Location, Inc.

Aircraft Owners and Pilots Asociation

Alzheimer’s Association, Coastal Caroli na Chapter

Alzheimer’s Association, Middle Misdssippi Chapter

The Amyotropic Lateral Sclerosis Association, Keith Worthington Chapter
The Amyotropic Lateral Sclerosis Association, Western Ohio Chapter

A. Peter Annan

ANRO Engineeing, Inc.

. Senator Bill Armistead, Alabama State Senate

. Arc of Tennessee

. ARRL, The National Associationfor Amateur Radio
. Arthur D. Little, Inc.

. The Asociated General Contractors of America

. Asdstance of Independent Living, Inc.

. Astatula Police Department (Florida)

. AT&T WirelessServices, Inc.

. Ball & Associates

. Berwyn Fire Department (Illinois)

. A/Prof. Marek Bailkowski, University of Queensland
. Boeing Company

. Burbank Fire Department

. Centre for Sensor Signal and Information Processing
. Cisco Systems, Inc.

. Calingo, Williams, Heidelberg, Steinberger & McElhaney, P.A. (2)
. Comprehensive Cancer Institute

. Thomas J. Cooper

. Congressman Bud Cramer, et al.

. Daniel Group

. Decdur Police Department, Criminal Investigation Division (Alabama)
. Delphi Automotive Systems Corporation

. Deutsche Bank Seaurities Inc.

. William E. N. Doty

. DulacFire Protection District 4-A (Louisiana)

. DVP Incorporated

. Endress + Hauser GmbH & Co.

. Envoy Corporation

. Fairlawn Fire Department (Ohio)

. Fantasma Networks, Inc.

. Farmington Department of Public Safety (Michigan)

. Federal Law Enforcement WirelessUsers Group

. Federal Repuldic of Germany, Liaison Office for Defense Materiel USA/Canada
. Florida Adult Day Care Association

. Gordon E. Fornell

. Charles Alton Forsberg

. Fraternal Order of Police

. Frortier Capital, LLC

. Garmin International, Inc.
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49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
7.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

Genera Electric Company

Globe Fire Department (Arizona)

Golf-Domain

Groveland Police Department (Florida)

The Heat Center, P.C.

Helena Fire Department (Montana)
Hewlett-Padkard Company

Houma Poli ce Department (Louisiana)

Houston Police Department (Texas)
Representative Mike Hubbard, Alabama House of Representatives
Iberia Parish Council on Aging, Inc. (Louisiana)
Intelli gent Automation, Inc.

Interlogix, Inc.

International Association of Fire Chiefs
International Brotherhoodof Electricd Workers
Irmo Fire District (South Carolina)

Jore Corporation

Joseph Deasimo and Company

Kohler Co.

Krohne Americalnc.

L-3 Communications

Laborers International Union d North America
Leesburg Fire Department (Florida)

Lockheed Martin Corporation

Lockheed Martin Information Systems

Los Angeles County Sheriff’ s Department (California)
Senator Trent Lott

Lucent Technalogies Inc.

M/A-COM

Maricopa County Emergency Management (Arizona)
McNeese State University

Metricom, Inc.

Metro AreaAgency on Aging (W. Virginia)
Mobile Communications Holdings, Inc.

Moose Hill Enterprises, Inc.

Motorola, Inc.

Multispectral Solutions, Inc.

National Alliancefor the Mentaly Ill, Illinois
National Alliancefor the Mentaly Ill, Kansas

National Alliancefor the Mentaly Ill, South Dakota
National Asciation of Broadcasters

National BusinessAviation Association, Inc.
National Safe Skies Alliance

National Telecommunicaions and Information Administration
National Thoroughbred Racing Association
National Volunteer Fire Council

Noro-Moseley Partners (2)

Nortel Networks Inc.

Ohio Statewide Independent Living Courcil
OnSceng, Inc.

Plymouth Township Poli ce Department (Michigan)

100,  Professor Jon M. Peha, Carnegie Méellon University
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101 Qualcomm Incorporated

102  Rainbown/PUSH Codlition

103 RedwoodCity Fire Department (California)

104. Richards Lighting

105  Roane County Committeeon Aging, Inc. (W. Virginia)

106, Robert Bosch Gmbh

107. Rockwell Coallins, Inc.

108  Sa& Marine Electronics

109  San Mateo County, Office of the Sheriff (California)

110  Satellite Industry Association

1112 JamesJ. Schaffer

112  Professor Robert Scholtz, University of Southern California

113  ScienceApplicaions International Corporation

114  Senior Citizens, Inc.

115  Senior Companion Program, VVan Buren Community Development and Services Board
(Tennessee)

116  Senator Jeff Sessions, U.S. Senate

117.  Siemens Automotive

118  Siemens Corporation

119  SierraMonalithics, Incorporated

120, Singing River Hospital (Missssppi)

121  Sioux Falls Fire Rescue (South Dakota)

122 SIRF Technology, Inc.

123 Sirius Satellite Radio Inc.

124.  Sony Corporation

125 South Dakota Coalition of Citi zens with Disabilities

126,  Sprint

127.  Sprint Corporation

128  Staenberg Private Capital, LLC

129 Stanford University, Department of Aeronautics and Astronautics

130, STEPInc.

131  Stephensinc.

132  StevenT. Suess

133  Tacoma-Pierce County Chamber of Commerce (Washington)

134.  Talahassee Senior Center (Florida)

135  Congresgman Billy Tauzin, et al.

136. TennesseeDisability Coalition

137. Terrebome Parish Sheriff’s Office (Louisiana)

138  Time Domain Corporation

139  Peter W. Torode

140,  Tri-City Fire District (Arizona)

141 UCI

142 University of Mississippi, Office of the Chancdlor

143 Upper East Tennesseee Human Development Agency, Inc.

144.  U.S. Department of Justice, Federal Bureau of Prisons

145 U.S. Department of the Navy, Officeof the Assistant Searetary

146.  U.S. Department of Transportation

147.  U.S. GPSInduwstry Courxil

148  Valeo Electronics

149 VirginiaTask Force One

150  Virtual Education, Inc.

151  Wakefield Police Department (M assadhusetts)
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152  Congresgnan Curt Weldon

153  West Virginia Department of Health and Human Resources

154. Wheeling Jesuit University, Office of Law Enforcement Technology Commercialization (West
Virginia)

155  Lt. Governor Steve Windom, State of Alabama

156,  WirelessCommunicaions Association International, Inc. (*“WCA”)

157. XM Radio Inc.

158  XtremeSpedrum, Inc.

159 Zircon Corporation

Partiesfiling reply comments:

Aeronautical Radio, Inc. andthe Air Transport Asociation d America, Inc.
Aerospacelndustries Asociation

AerospaceStates Association (ASA)

Aircraft Owners and Pilots Asciation (AOPA)

Alliance for Teleammunicdions Industry Solutions (ATIS)
Alloy LLC

American Association of People with Disabilities
American Telemedicine Association

American Trans Air, Inc.

10. Apple Vdlley Fire Protection District, California

11. ARRL, The National Associationfor Amateur Radio

12. AT&T WirdessServices, Inc.

13. Aviation Management Associates, Inc. (AMA)

14. Clovis Firefighters' Association

15. Colorado Schod of Mines, Department of Geophysics

16. Community Technology Centers Network (CTCNet)

17. Computer & Communicaions Industry Association (CCIA)
18. Consortium for School Networking (CoSN)

19. Consumers Union and the Consumer Federation of America
20. Courril of Chief State Schod Officers (D.C.)

21. Daimler Chrysler Research and Techndogy North America
22. Dain Rauscher Wessels

23. Delphi Automoative Systems Corporation

24. Disability Rights Education and Defense Fund, Inc.

25. Dr. William E. English

26. Fantasma Networks, Inc.

27. Fraternal Order of Police (Albuglerque, New Mexico)

28. Garmin International, Inc.

29. Dr. Jim Grigsby

30. Hays Medical Center (Kansas)

31. IberiaMedica Center (Louisiana)

32. Intel Corporation

33. Interagency GPSExeautive Board (IGEB)

34. Interlogix Inc.

35. IPEG Corporation

36. iTelehealth, Inc.

37. Kohler Co.

38. Krohne, Inc.

39. Lockheed Martin Corporation (2)

40. Lucent Techndogies Inc.

CoNoUR~WNE
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41.
42.
43.
. National Alliance for the Mentaly IIl, Tennessee
45.
46.
47.
48.
49.
50.
51.
52.
53.
. Rural Wisconsin Health Cooperative
55.
56.
57.
58.
59.
60.
61.
62.
63.
. STMicroelectronics (ST)
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.

M/A-COM
Motorola, Inc.
Multispectral Solutions, Inc.

National Association of County and City Health Officials
National Business Aviation Association, Inc.

National Catholic Educational Association

National Safe Skies Alliance

National Spectrum Managers Association

NAYV Canada, SatNav

NovAtel Inc.

Robert Bosch Gmbh

Rockwell Collins, Inc.

Rush Advanced Technology & International Health
Satellite Industry Association (SIA)

SBK Capital, LLC

Nancy J. Sharp

Don Siegelman, Governor, State of Alabama

SIRF Technology, Inc. & Trimble Navigation Limited
Sirius Satellite Radio Inc.

Sprint

Sprint PCS

Stroud Engineering Services, Inc.

Time Domain Corporation (2)

United States Catholic Conference

U. S. Department of Defense

U. S. Department of Transportation

U. S. GPS Industry Council

University NAV STAR Consortium

University of Arkansas for Medica Sciences, Rural Hospital Program
Verizon Telephone Companies

Dr. John Michad Williams

John A. Williamson, Sr.

Steve Windom, Lieutenant Governor, State of Alabama
Worldcom, Inc.

XM Radio Inc.

XtremeSpectrum, Inc.

Zircon Corporation
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Commentsin Responseto NTIA’s Study of Potential

Parties filing comments:
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Appendix B

Interferenceto non-GPS Systems

Aeronautical Radio, Inc. and the Air Transport Association of America, Inc. (ARINC/ATA)

AT&T Wirdess Services, Inc. (AT&T)
Cingular Wireless LLC (Cingular)
Fantasma Networks, Inc. (Fantasma)

Federal Law Enforcement Wireless Users Group (FLEWUG)

Nickolaus E. Leggett
Lockheed Martin Corporation (LMC)
Multispectral Solutions, Inc. (MSSI)

National Association of Broadcasters (NAB)
. Dr. Gary R. Olhoeft

. Rockwell Coallins, Inc.

. Sirius Satellite Radio Inc. (Sirius)
. Sprint Corporation

. 3Com Corporation

. Time Domain Corporation

. U.S. GPS Industry Council

Parties filing reply comments:

Nouh,rwdpE

AT&T Wireless Services, Inc. (AT&T)
Fantasma Networks, Inc. (Fantasma)
Multispectral Solutions, Inc. (MSSI)
Sirius Satellite Radio Inc. (Sirius)
Time Domain Corporation

XM Radio Inc.

XtremeSpectrum, Inc.
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Appendix C
Commentsin Response to Studies of Potential I nterferenceto GPS Systemsand to PCS

Parties filing comments:

Aeronautical Radio, Inc. and The Air Transport Association of America, Inc. (ARINC/ATA)
ANRO Engineering, Inc. (ANRO)

ARRL, The National Association for Amateur Radio (ARRL)
The Boeing Company (Boeing)

Centre for Sensor Signal and Information Processing (CSSIP)
Conexant Systems Inc.

Geophysica Survey Systems, Inc. (GSSI) (x2)

The Ground Penetrating Radar Circle of Finland

Johns Hopkins University Applied Physics Laboratory

10. Lockheed Martin Corporation (LM C)

11. Motorola, Inc.

12. Nokia, Inc.

13. Sirius Satellite Radio Inc. (Sirius) (x2)

14. Dr. Lee Slater

15. Sprint Corporation (Sprint)

16. Sprint Spectrum (Sprint PCS)

17. Dr. Ben K. Sternberg

18. Technos, Inc.

19. Time Domain Corporation (TDC)

20. U.S. GPS Industry Council

21. Dr. David L. Wright

22. XtremeSpectrum, Inc. (x2)

©COoNOOR~WNE

Parties filing reply comments:

Aeronautical Radio, Inc. and The Air Transport Association of America, Inc. (ARINC/ATA)
Dr. A. Peter Annan

ARRL, The National Association for Amateur Radio (ARRL)
Cingular Wireless

Common Ground Alliance

Geophysics Community

Interagency GPS Executive Board (IGEB)

Johns Hopkins University Applied Physics Laboratory
Mercedes-Benz USA (MBUSA)

10. Qualcomm Incorporated

11. Sirius Satdllite Radio, Inc.

12. Society of Exploration Geophysicists (SEG)

13. Time Domain Corporation (TDC)

14. U.S. GPS Industry Council

15. XM Radiolnc.

16. XtremeSpectrum, Inc.

CONOOA~WNE
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Appendix D
Changesto the Regulations

Title 47 of the Code of Federal Regulations, Part 15, is amended as follows:
1. Theauthority citation for Part 15 continues to read as follows:
AUTHORITY: 47 U.S.C.154, 302, 303, 304, 307 and 544A.

2. Section 15.35 is amended by revising paragraph (b) to read asfollows:

Section 15.35 Measurement detector function and bandwidth.

* * * * *

(b) Unless otherwise stated, on any frequency or frequencies above 1000 MHz the radiated limits
shown are based upon the use of measurement instrumentation employing an average detector function.
When average radiated emission measurements are specified in the regulations, including emission
measurements below 1000 MHz, there also is alimit on the radio frequency emissions, as measured using
instrumentation with a peak detector function, corresponding to 20 dB above the maximum permitted
average limit for the frequency being investigated unless a different peak emission limit is otherwise
specified in therules, e.g., see Sections 15.255, 15.509 and 15.511. Unless otherwise specified,
measurements above 1000 MHz shall be performed using a minimum resolution bandwidth of 1 MHz.

M easurements of AC power line conducted emissions are performed using a CISPR quasi-peak detector,
even for devices for which average radiated emission measurements are specified.

3. Section 15.205 is amended by adding a new subparagraph (d)(6), to read as follows:

Section 15.205 Restricted bands of operation.

* * * * *

(d)(6) Transmitters operating under the provisions of Subparts D or F of this Part.

* * * * *

4. Section 15.215 is amended by revising (c) and by removing paragraph (d), to read as follows:

Section 15.215 Additional provisions to the general radiated emission limitations.

* * * * *

(c) Intentional radiators operating under the aternative provisions to the general emission limits, as
contained in Sections 15.217 et seq. and in Subpart E of this part, must be designed to ensure that the 20
dB bandwidth of the emission is contained within the frequency band designated in the rule section under
which the equipment is operated. The requirement to contain the 20 dB bandwidth of the emission within
the specified frequency band includes the effects from frequency sweeping, frequency hopping and other
modul ation techniques that may be employed as well as the frequency stability of the transmitter over
expected variations in temperature and supply voltage. If afrequency stability isnot specified in the
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regulations, it is recommended that the fundamental emisson be kept within at least the cantral 80% of
the permitted band in order to minimize the passibility of out-of-band operation.

5. Part 15isamended by adding a new Subpert F, to read as follows:
SUBPART F —ULT RA-WIDEBAND OPERATION
Sedion 15.501 Scope.
This subpart sets out the regulations for unlicensed ultra-wideband transmisgon systems.
Sedion 15.503 Definitions.
(@) UWB Bandwidth. For the purpose of this subpart, the UWB bandwidth is the frequency band
bounded by the points that are 10 dB below the highest radiated emisson, as based onthe cmmplete

transmisgon system including the antenna. The upper boundary is designated fy and the lower bourdary
isdesignated f,. The frequency at which the highest radiated emisgon occursis designated fy.

(b) Center frequency. The center frequency, fc, equals (fy + fL)/2.

(c) Fractiond bandwidth. The fractional bandwidth equals 2(fy - f)/ (fy + fL).

(d) Ultra-wideband (UWB) transmitter. Anintentional radiator that, at any point in time, hasa
fractional bandwidth equal to o greater than 0.200r has a UWB bandwidth equal to or greater than 500
MHz, regardlessof the fradiona bandwidth.

(e) Imaging system. A general category consisting of ground genetrating radar systems, medicd
imaging systems, wall i maging systems through-wall imaging systems and surveillance systems. As used
in this subpart, imaging systems do nd include systems designed to detect the location d tags or systems
used to transfer voice or data information.

(f) Ground penetrating radar (GPR) system. A field disturbance sensor that is designed to
operate only when in contact with, or within ore meter of, the groundfor the purpose of detecting or
obtaining the images of buried dbjects or determining the physical properties within the ground. The
energy from the GPR isintentionally directed dowvn into the groundfor this purpose.

(g) Medical imaging system. A field disturbance sensor that is designed to deted the location or
movement of objects within the body of a person a animal.

(h)y Wall imaging system. A field disturbance sensor that is designed to detect the location o
objects contained within a“wall” or to determine the physicd properties within the “wall.” The “wall” is
a aoncrete structure, the side of abridge, the wall of amine or another physical structure that is dense
enough and thick enough to absorb the majority of the signal transmitted by the imaging system. This
caegory of equipment does not include products such as “stud locators’ that are designed to locate
objects behind gypsum, plaster or similar wall s that are nat capable of absorbing the transmitted signal.

(i) Through-wall i maging system. A field disturbance sensor that is designed to detect the
location a movement of persons or objects that are located onthe other side of an opague structure such
asawadll or a ceiling. This category of equipment may include products sich as“stud locators’ that are
designed to locate ol ects behind gypsum, plaster or simil ar walls that are not thick enough or dense
enough to absorb the transmitted signal.
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() Surveillance system. A field disturbance sensor used to establish a stationary RF perimeter
field that is used for security purposes to detect the intrusion of persons or objects.

(k) EIRP. Equivalent isotropically radiated power, i.e., the product of the power supplied to the
antenna and the antenna gain in a given direction relative to an isotropic antenna. The EIRP, in terms of
dBm, can be converted to afield strength, in dBuV/m at 3 meters, by adding 95.2. As used in this subpart,
EIRP refers to the highest signal strength measured in any direction and at any frequency from the UWB
device, as tested in accordance with the procedures specified in Sections 15.31(a) and 15.523 of this
chapter.

() Law enforcement, fire and emergency rescue organizations. As used in this subpart, this
refers to those parties eligible to obtain alicense from the FCC under the eligibility requirements
specified in Section 90.20(a)(1) of this chapter.

(m) Hand held. Asusedin this subpart, a hand held device is a portable device, such asalap top
computer or a PDA, that is primarily hand held while being operated and that does not employ a fixed
infrastructure.

Section 15.505 Crossreference.

() Except where specificaly stated otherwise within this subpart, the provisions of Subparts A
and B and of Sections 15.201 through 15.204 and Section 15.207 of Subpart C of this part apply to
unlicensed UWB intentional radiators. The provisions of Sections 15.35(c) and 15.205 do not apply to
devices operated under this subpart. The provisions of Footnote US 246 to the Table of Frequency
Allocations contained in Section 2.106 of this chapter does not apply to devices operated under this
subpart.

(b) The requirements of Subpart F apply only to the radio transmitter, i.e., the intentional
radiator, contained in the UWB device. Other aspects of the operation of a UWB device may be subject
to requirements contained elsewhere in this chapter. In particular, a UWB device that contains digital
circuitry not directly associated with the operation of the transmitter also is subject to the requirements for
unintentional radiators in Subpart B of this chapter. Similarly, an associated receiver that operates (tunes)
within the frequency range 30 MHz to 960 MHz is subject to the requirementsin Subpart B of this
chapter.

Section 15.507 Marketing of UWB equipment.

In some cases, the operation of UWB devicesis limited to specific parties, e.g., law enforcement,
fire and rescue organizations operating under the auspices of a state or local government. The marketing
of UWB devices must be directed solely to parties eligible to operate the equipment. The responsible
party, as defined in Section 2.909 of this chapter, is responsible for ensuring that the equipment is
marketed only to eligible parties. Marketing of the equipment in any other manner may be considered
grounds for revocation of the grant of certification issued for the equipment.

Section 15.509 Technical requirements for low freguency imaging systems.

(&) The UWB bandwidth of an imaging system operating under the provisions of this Section
must be below 960 MHz.

(b) Operation under the provisions of this section islimited to the following:
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(1) GPRsand wall imaging systems operated by law enforcement, fire and emergency
rescue organizations, by scientific research institutes, by commercial mining companies, or by
construction companies.

(2) Through-wall imaging systems operated by law enforcement, fire or emergency
rescue organizations.

(3) Parties operating this equipment must be digible for licensing under the provisions of
Part 90 of our rules.

(4) The operation of imaging systems under this section requires coordination, as
detailed in Section 15.525 of this chapter.

(c) Animaging system shall contain a manually operated switch that causes the transmitter to
cease operation within 10 seconds of being released by the operator. In addition, it is permissible to
operate an imaging system by remote control provided the imaging system ceases transmission within 10
seconds of the remote switch being released by the operator.

(d) Theradiated emissions at or below 960 MHz from a device operating under the provisions of
this section shall not exceed the emission levelsin Section 15.209 of this chapter. The radiated emissions
above 960 MHz from a device operating under the provisions of this section shall not exceed the
following average limits when measured using a resolution bandwidth of 1 MHz:

Frequency in MHz EIRPindBm
960-1610 -65.3
1610-1990 -53.3
Above 1990 -51.3

(e) In addition to the radiated emission limits specified in the above table, UWB transmitters
operating under the provisions of this section shall not exceed the following average limits when
measured using a resolution bandwidth of no lessthan 1 kHz:

Frequency in MHz EIRPindBm
1164-1240 -75.3
1559-1610 -75.3

(f) Thereisalimit on the peak level of the emissions contained within a 50 MHz bandwidth
centered on the frequency at which the highest radiated emission occurs, fy. That limitis 0 dBm EIRP. It
is acceptable to employ a different resolution bandwidth, and a correspondingly different peak emission
limit, following the procedures described in Section 15.521 of this chapter.

(g) Imaging systems operating under the provisions of this section shall bear the following or
similar statement, as adjusted for the specific provisionsin paragraph (b) of this section, in a conspicuous
location on the device:

Operation of this deviceisrestricted to law enforcement, fire and rescue officials,
scientific research institutes, commercial mining companies, and construction companies.
Operation by any other party isaviolation of 47 U.S.C. § 301 and could subject the
operator to serious legal penalties.

Section 15.511 Technical reguirements for mid-frequency imaging systems.
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(& The UWB bandwidth of an imaging system operating under the provisions of this section
must be contained between 1990 MHz and 10,600 MHz.

(b) Operation under the provisions of this section islimited to the following:

(1) Through-wall imaging systems operated by law enforcement, fire or emergency
rescue organizations.

(2) Fixed surveillance systems operated by law enforcement, fire or emergency rescue
organizations or by manufacturers licensees, petroleum licensees or power licensees as defined in Section
90.7 of this chapter.

(3) Parties operating under the provisions of this section must be eligible for licensing
under the provisions of Part 90 of our rules.

(4) The operation of imaging systems under this section requires coordination, as
detailed in Section 15.525 of this chapter.

(c) A through-wall imaging system shall contain amanually operated switch that causes the
transmitter to cease operation within 10 seconds of being released by the operator. In addition, itis
permissible to operate an imaging system by remote control provided the imaging system ceases
transmission within 10 seconds of the remote switch being released by the operator.

(d) Theradiated emissions at or below 960 MHz from a device operating under the provisions of
this section shall not exceed the emission levelsin Section 15.209 of this chapter. The radiated emissions
above 960 MHz from a device operating under the provisions of this section shall not exceed the
following average limits when measured using a resolution bandwidth of 1 MHz:

Frequency in MHz EIRPindBm
960-1610 -53.3
1610-1990 -51.3
1990-10600 -41.3
Above 10600 -51.3

(e) In addition to the radiated emission limits specified in the above table, UWB transmitters
operating under the provisions of this section shall not exceed the following average limits when
measured using a resolution bandwidth of no lessthan 1 kHz:

Frequency in MHz EIRPindBm
1164-1240 -63.3
1559-1610 -63.3

(f) Thereisalimit on the peak level of the emissions contained within a 50 MHz bandwidth
centered on the frequency at which the highest radiated emission occurs, fy. That limit is 0 dBm EIRP. It
is acceptable to employ a different resolution bandwidth, and a correspondingly different peak emission
limit, following the procedures described in Section 15.521 of this chapter.

(g) Imaging systems operating under the provisions of this section shall bear the following or

similar statement, as adjusted for the specific provisions in paragraph (b) of this section, in a conspicuous
location on the device:
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Operation of this deviceis restricted to law enforcement, fire and rescue officias, public
utilities, and industrial entities. Operation by any other party isaviolation of 47 U.S.C. §
301 and could subject the operator to serious legal penalties.

Section 15.513 Technical reguirements for high frequency imaging systems.

(@) The UWB bandwidth of an imaging system operating under the provisions of this section
must be contained between 3100 MHz and 10,600 MHz.

(b) Operation under the provisions of this section islimited to the following:

(1) GPRsand wall imaging systems operated by law enforcement, fire or emergency
rescue organizations, by scientific research institutes, by commercial mining companies, or by
construction companies.

(2) Medical imaging systems used at the direction of, or under the supervision of, a
licensed health care practitioner.

(3) Parties operating GPRs or wall imaging systems must be eligible for licensing under
the provisions of Part 90 of our rules.

(4) The operation of imaging systems under this section requires coordination, as
detailed in Section 15.525 of this chapter.

(c) Animaging system shall contain a manually operated switch that causes the transmitter to
cease operation within 10 seconds of being released by the operator. In addition, it is permissible to
operate an imaging system by remote control provided the imaging system ceases transmission within 10
seconds of the remote switch being released by the operator.

(d) Theradiated emissions at or below 960 MHz from a device operating under the provisions of
this section shall not exceed the emission levelsin Section 15.209 of this chapter. The radiated emissions
above 960 MHz from a device operating under the provisions of this section shall not exceed the
following average limits when measured using a resolution bandwidth of 1 MHz:

Frequency in MHz EIRPindBm
960-1610 -65.3
1610-1990 -53.3
1990-3100 -51.3
3100-10600 -41.3
Above 10600 -51.3

(e) In addition to the radiated emission limits specified in the above table, UWB transmitters
operating under the provisions of this section shall not exceed the following average limits when
measured using a resolution bandwidth of no lessthan 1 kHz:

Frequency in MHz EIRPindBm
1164-1240 -75.3
1559-1610 -75.3

(f) Thereisalimit on the peak level of the emissions contained within a 50 MHz bandwidth
centered on the frequency at which the highest radiated emission occurs, fy. That limit is 0 dBm EIRP. It
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is acceptable to employ a different resolution bandwidth, and a correspondingly different peak emission
limit, following the procedures described in Section 15.521 of this chapter.

(g) Imaging systems, other than medical imaging systems, operating under the provisions of this
section shall bear the following or similar statement in a conspicuous location on the device:

Operation of this deviceisrestricted to law enforcement, fire and rescue officials,
scientific research institutes, commercial mining companies, and construction companies.
Operation by any other party isaviolation of 47 U.S.C. § 301 and could subject the
operator to serious legal penalties.

Section 15.515 Technical requirements for vehicular radar systems.

(a) Operation under the provisions of this section is limited to UWB field disturbance sensors
mounted in terrestrial transportation vehicles. These devices shall operate only when the vehicleis
operating, e.g., the engineisrunning. Operation shall occur only upon specific activation, such as upon
starting the vehicle, changing gears, or engaging aturn signal.

(b) The UWB bandwidth fo avehicular radar system operating under the provisions of this
section shall be contained between 22 GHz and 29 GHz. In addition, the center frequency, fc, and the
frequency at which the highest level emission occurs, fy, must be greater than 24.075 GHz.

(c) Following proper installation, vehicular radar systems shall attenuate any emissions within
the 23.6-24.0 GHz band that appear 38 degrees or greater above the horizontal plane by 25 dB below the
limit specified in paragraph (d) of this chapter. For equipment authorized, manufactured or imported on
or after January 1, 2005, thislevel of attenuation shall be 25 dB for any emissions within the 23.6-24.0
GHz band that appear 30 degrees or greater above the horizontal plane. For equipment authorized,
manufactured or imported on or after January 1, 2010, this level of attenuation shall be 30 dB for any
emissions within the 23.6-24.0 GHz band that appear 30 degrees or greater above the horizontal plane.
For equipment authorized, manufactured or imported on or after January 1, 2014, thislevel of attenuation
shall be 35 dB for any emissions within the 23.6-24.0 GHz band that appear 30 degrees or greater above
the horizontal plane. Thislevel of attenuation can be achieved through the antenna directivity, through a
reduction in output power or any other means.

(d) Theradiated emissions at or below 960 MHz from a device operating under the provisions of
this section shall not exceed the emission levelsin Section 15.209 of this chapter. The radiated emissions
above 960 MHz from a device operating under the provisions of this section shall not exceed the
following average limits when measured using a resolution bandwidth of 1 MHz:

Frequency in MHz EIRPindBm
960-1610 -75.3
1610-22,000 -61.3
22,000-29,000 -41.3
29,000-31,000 -51.3
Above 31,000 -61.3

(e) In addition to the radiated emission limits specified in the above table, UWB transmitters
operating under the provisions of this section shall not exceed the following average limits when
measured using a resolution bandwidth of no lessthan 1 kHz:

Frequency in MHz EIRPindBm
1164-1240 -85.3
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| 1559-1610 | -85.3 |

(f) Thereisalimit on the peak level of the emissions contained within a 50 MHz bandwidth
centered on the frequency at which the highest radiated emission occurs, fy. That limitis 0 dBm EIRP. It
is acceptable to employ a different resolution bandwidth, and a correspondingly different peak emission
limit, following the procedures described in Section 15.521 of this chapter.

Section 15.517 Technical reguirements for indoor UWB systems.

(a) Operation under the provisions of this section islimited to UWB transmitters employed
solely for indoor operation.

(1) Indoor UWB devices, by the nature of their design, must be capable of operation only
indoors. The necessity to operate with afixed indoor infrastructure, e.g., atransmitter that must be
connected to the AC power lines, may be considered sufficient to demonstrate this.

(2) The emissionsfrom equipment operated under this section shall not be intentionally
directed outside of the building in which the equipment is located, such as through awindow or a
doorway, to perform an outside function, such as the detection of persons about to enter abuilding.

(3) The use of outdoor mounted antennas, e.g., antennas mounted on the outside of a
building or on atelephone pole, or any other outdoors infrastructure is prohibited.

(4) Field disturbance sensorsinstalled inside of metal or underground storage tanks are
considered to operate indoors provided the emissions are directed towards the ground.

(5) A communications system shall transmit only when the intentional radiator is
sending information to an associated receiver.

(b) The UWB bandwidth of a UWB system operating under the provisions of this section must be
contained between 3100 MHz and 10,600 MHz.

(c) Theradiated emissions at or below 960 MHz from a device operating under the provisions of
this section shall not exceed the emission levelsin Section 15.209 of this chapter. The radiated emissions
above 960 MHz from a device operating under the provisions of this section shall not exceed the
following average limits when measured using a resolution bandwidth of 1 MHz:

Frequency in MHz EIRPindBm
960-1610 -75.3
1610-1990 -53.3
1990-3100 -51.3
3100-10600 -41.3
Above 10600 -51.3

(e) In addition to the radiated emission limits specified in the above table, UWB transmitters
operating under the provisions of this section shall not exceed the following average limits when
measured using a resolution bandwidth of no lessthan 1 kHz:

Frequency in MHz EIRPindBm
1164-1240 -85.3
1559-1610 -85.3
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(f) Thereisalimit on the peak level of the emissions contained within a 50 MHz bandwidth
centered on the frequency at which the highest radiated emission occurs, fy. That limit is 0 dBm EIRP. It
is acceptable to employ a different resolution bandwidth, and a correspondingly different peak emission
limit, following the procedures described in Section 15.521 of this chapter.

(g) UWB systems operating under the provisions of this section shall bear the following or
similar statement in a conspicuous location on the device or in the instruction manual supplied with the
device:

This equipment may only be operated indoors. Operation outdoorsisin violation of 47
U.S.C. § 301 and could subject the operator to serious legal penalties.

Section 15.519 Technica requirementsfor hand held UWB systems.

(d) UWB devices operating under the provisions of this section must be hand held, i.e., they are
relatively small devices that are primarily hand held while being operated and do not employ a fixed
infrastructure.

(1) A UWB device operating under the provisions of this section shall transmit only
when it is sending information to an associated receiver. The UWB intentional radiator shall cease
transmission within 10 seconds unless it receives an acknowledgement from the associated receiver that
itstransmission is being received. An acknowledgment of reception must continued to be received by the
UWB intentional radiator at least every 10 seconds or the UWB device must cease transmitting.

(2) The use of antennas mounted on outdoor structures, e.g., antennas mounted on the
outside of abuilding or on atelephone pole, or any fixed outdoors infrastructure is prohibited. Antennas
may be mounted only on the hand held UWB device.

(3) UWB devices operating under the provisions of this section may operate indoors or
outdoors.

(b) The UWB bandwidth of a device operating under the provisions of this Section must be
contained between 3100 MHz and 10,600 MHz.

(c) Theradiated emissionsat or below 960 MHz from a device operating under the provisions of
this section shall not exceed the emission levelsin Section 15.209 of this chapter. The radiated emissions
above 960 MHz from a device operating under the provisions of this section shall not exceed the
following average limits when measured using a resolution bandwidth of 1 MHz:

Frequency in MHz EIRPindBm
960-1610 -75.3
1610-1900 -63.3
1900-3100 -61.3
3100-10600 -41.3
Above 10600 -61.3

(d) In addition to the radiated emission limits specified in the above table, UWB transmitters
operating under the provisions of this section shall not exceed the following average limits when
measured using a resolution bandwidth of no lessthan 1 kHz:

Frequency in MHz EIRPindBm
1164-1240 -85.3
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| 15591610 | -85.3 |

(e) Thereisalimit onthe pe& level of the emisgons contained within a50 MHz bandwidth
centered onthe frequency at which the highest radiated emissgon occurs, fy. That limit isO dBm EIRP. It
is acceptable to employ a diff erent resolution bandwidth, and a crrespondingly diff erent peak emisson
limit, following the procedures described in Section 15.521 d this chapter.

Sedion 15.521 Technical reguirements applicable to all UWB devices.

(@) UWB devices may not be enployed for the operation d toys. Operation anboard an aircraft,
aship or asatelliteis prohibited.

(b) Manufacturers and wsers are reminded o the provisions of Sedions 15.203 and 15.204of this
chapter.

(c) Asnatedin Section 153(k) of this chapter, digital circuitry that is used only to enable the
operation of atransmitter and that does not control additional functions or cgpabilitiesis not classified as
adigital device Instead, the emisgons from that digital circuitry are subject to the same limits as those
applicable to the transmitter. If it can be dearly demonstrated that an emission from a UWB transmitter
isdue solely to emissons from digital circuitry contained within the transmitter and that the emissionis
not intended to be radiated from the transmitter’ s antenna, the limits gown in Section 15209 of this
chapter shall apply to that emisgon rather than the limits gecified in this section.

(d) Within the tablesin the above rule sections, the tighter emisson limit applies at the band
edges. Radiated emissonlevelsat and kelow 960 MHz are based onmeasurements employing a CISFR
quasi-pedk detector. Radiated emisgon levels above 960 MHz are based onRM S average measurements
over al MHz resolution bandwidth. The RM S average measurement is based onthe use of a spectrum
analyzer with aresolution bandwidth of 1 MHz, an RMS detector, and a 1 millisecond a less averaging
time. If pulse gating is employed where the transmitter is quiescent for intervals that are long compared
to the nominal pulse repetitioninterval, measurements shall be made with the pulse train gated on
Alternative measurement procedures may be mnsidered by the Commisgon.

(e) The frequency at which the highest radiated emisgon aceurs, fy, must be contained within
the UWB bandwidth.

(f) Imaging systems may be employed orly for the type of information exchange described in
their specific definitions contained in Section 15.5030f this chapter. The detedion of tags or the transfer
or data or voiceinformation is not permitted urder the standards for imaging systems.

(g9 When apeak measurement is required, it is aacceptable to use aresolution bandwidth ather
than the 50 MHz specified in this subpart. Thisresolution bendwidth shall not be lower than 1MHz or
greder than 50MHz, and the measurement shall be centered onthe frequency at which the highest
radiated emission accurs, fy. If aresolution bandwidth ather than 50 MHz is employed, the peak EIRP
limit shall be 201og (RBW/50) dBm where RBW is the resolution bandwidth in megahertz that is
employed. This may be converted to apedk field strength level at 3 meters using E(dBuV/m) = P(dBm
EIRP) + 95.2. If RBW is greater than 3MHz, the goplication for certificationfiled with the Commisgon
must contain a detailed description of the test procedure, calibration of the test setup, and the
instrumentation employed in the testing.

(h) The highest frequency employed in Section 15.33 6this chapter to determine the frequency
range over which radiated measurements are made shall be based onthe center frequency, fc, uessa
higher frequency is generated within the UWB device. For measuring emissonlevels, the spectrum shall
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be investigated from the lowest frequency generated in the UWB transmitter, without going below 9 kHz,
up to the frequency range shown in Section 15.33(a) of this chapter or up to fc + 3/(pulse width in
seconds), whichever is higher. Thereis no requirement to measure emissions beyond 40 GHz provided fc
islessthan 10 GHz; beyond 100 GHz if fc isat or above 10 GHz and below 30 GHz; or beyond 200 GHz
if fcisat or above 30 GHz.

(i) The prohibition in Sections 2.201(f) and 15.5(d) of this chapter against Class B (damped
wave) emissions does not apply to UWB devices operating under this subpart.

(1) Responsible parties are reminded of the other standards and requirements incorporated by
referencein Section 15.505 of this chapter, such as alimit on emissions conducted onto the AC power
lines.

Section 15.523 Measurement procedures.

M easurements shall be made in accordance with the procedures specified by the Commission.

Section 15.525 Coordination requirements.

(8) UWB imaging systems require coordination through the FCC before the equipment may be
used. The operator shall comply with any constraints on equipment usage resulting from this
coordination.

(b) The usersof UWB imaging devices shall supply detailed operational areas to the FCC Office
of Engineering and Technology who shall coordinate this information with the Federal Government
through the National Telecommunications and Information Administration. The information provided by
the UWB operator shall include the name, address and other pertinent contact information of the user, the
desired geographical area of operation, and the FCC ID number and other nomenclature of the UWB
device. Thismateria shall be submitted to the following address:

Frequency Coordination Branch., OET
Federa Communications Commission
445 12" Street, SW

Washington, D.C. 20554

ATTN: UWB Coordination

(c) The manufacturers, or their authorized sales agents, must inform purchasers and users of their
systems of the requirement to undertake detailed coordination of operational areas with the FCC prior to
the equipment being operated.

(d) Usersof authorized, coordinated UWB systems may transfer them to other qualified users
and to different locations upon coordination of change of ownership or location to the FCC and
coordination with existing authorized operations.

(e) The NTIA/FCC coordination report shall include any needed constraints that apply to day-to-
day operations. Such constraints could specify prohibited areas of operations or areas |ocated near
authorized radio stations for which additiona coordination is required before operation of the UWB
equipment. If additional local coordination is required, alocal coordination contact will be provided.

(f) The coordination of routine UWB operations shall not take longer than 15 business days from
the receipt of the coordination request by NTIA. Special temporary operations may be handled with an
expedited turn-around time when circumstances warrant. The operation of UWB systems in emergency
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situations involving the safety of life or property may occur without coordination provided a notification
procedure, similar to that contained in Section 2.405(a)-(€) of this chapter, is followed by the UWB
equipment user.
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APPENDIX F
M easur ement Procedur es

This appendix isintended to provide general guidance for compli ance measurements of UWB
devices. The procedures herein are based onthe Commisgons current understanding of UWB technalogy.
Modifications may be necessary as measurement experienceis gained.

Except as otherwise described herein, measurements dall be made in acardancewith the
procedures gecifiedin Sedion 15.3(a)(6) of Title47 o the Code of Federal Regulations.

(1)

)

©)

(4)

Ground penetrating radars (GPRs) and wall imaging systems sall be tested urder condtions
that are representative of actual operating conditions. UWB devicesintended for these types
of application shall be compliancetested with the transducer at an operationally
representative height above atwenty-inch thick bed of dry sand. The use of this medium,
particularly for larger GPRs (e.g., those that are towed behind vehicles), will li kely predude
the use of aturntable in the measurement procedure. For these cases, diredionality gradients
shall be analyzed and measurements shall be performed at a sufficient number of radias
around the equipment under test to determine the radial at which the field strength values of
the radiated emissions are maximized.

Field strength measurements of through-wall i maging systems may be made with a4’ thick
gypsum or drywall board placed between the UWB device atenna and the measurement
system antenna.

RMS average field strength measurements, required for all frequencies above 960MHz, shall
be made using techniquesto oltain true RM S average. This can be accomplished by using a
spectrum analyzer that incorporates a RM S detector. The resolution bandwidth of the
analyzer shall be set to 1 MHz, the RM S detector selected, and a video integration time of 1
ms or lessisto be used. If the transmitter employs pulse gating, in which the transmitter is
quiescent for intervalsthat are long compared to the nominal pulse repetitioninterval, all
measurements $all be made while the pulsetrainis gated on. Alternatively, atrue RMS
level can be measured using a spedrum analyzer that does not incorporate aRMS detector.
This approad requires a multiple step technique beginning with a pegk detection scan of the
UWB spectrum with aRBW of 1 MHz and a VBW of nolessthan 1 MHz. The resulting
traceisto be used to identify the frequency and bandwidth of the five highest pe&ksin the
spectrum. The analyzer isthen to be placel in a “zero span” mode, with aRBW of 1 MHz, a
video bandwidth equal to or greater than 1 MHz, and a detector selected that does not distort
or smooth the instantaneous dgnal levels (e.g., a “sample” detector). With these settings, a
minimum of ten independent instantaneous points, representing the highest amplitude
readings, are to be obtained during the time that a pulse is present, in ead 1 MHz frequency
bin acrossthe bandwidth of ead of the five highest peaks identified in the previous gep.
Note that when the PRF of the device under test isless than the measurement bandwidth of 1
MHz, a significant number of samples may be required to ensure that a minimum of 10
samples with the pulse present are obtained. The data obtained from these measurements
must then be post-processed to determine true RM S average power levels. The post-
processing of the data can be performed manually or with the aid of appropriate software.

On any frequency or frequencies below or equal to 960 MHz, the fidld strength shall be

measured with equipment employing a CISFR quasi-pe&k detector function and related
measurement bandwidths, urless otherwise specified.
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©)

(6)

(7)

(8)

(9)

In the frequency bands 1164-1240MHz and 15591610 MHz, average radiated field strength
measurements $all be made with aresolution bandwidth of nolessthan 1kHz, using
tedhniques as described previoudly for determining true RM S average power levels.

Ped radiated emisson measurements dall be made using a spectrum analyzer with a3 MHz
resolution bandwidth and no less than a 3 MHz video bandwidth. The analyzer shoud be
used in a maximum-hold tracemode. The pe&k power level expressd in a3 MHz bandwidth
and the frequency at which this level was measured shall be reported in the goplicaionfor
ceatification. A different resolution bandwidth between 1 MHz and 50MHz may be
employed with appropriate dhanges to the standard. If aresolution bandwidth greater than 3
MHz is employed, a detail ed description of the test procedure, calibration of the test setup,
and the instrumentation employed in the testing must be submitted to the Commisgon. It is
recommended that measurements using a resolution bandwidth greaer than 3MHz be
coordinated with the Commisson'slaboratory staff in advance of the submisson for
certification.

Field strength measurements may be performed without the use of a groundplane; however, a
factor of 4.7 dB must be added to the measurement results thus obtained.

To the extent practicable, the device under test should be measured at the distance specified
in the gpropriate rule section. However, in order to obtain an adequate signal-to-noise ratio
in the measurement system, radiated measurements may have to be made & distances less
than specified. In these cases, measurements may be performed at a distance other than what
is gecified, provided: measurements are not made in the near field of the measurement or
deviceunder test antenna, except where it can be shown that near field measurements are
appropriate due to the dharacteristics of the device and, it can be demonstrated that the signal
levels necessitated a measurement at the distance enployed in arder to be accurately detected
by the measurement equipment.

To the maximum extent possble, field strength measurements sould be performed with the
equipment under test positioned asit isintended to be used in actual operating condtions.

(100 Radiated field strength measurements must be made using the antennato be employed

with the UWB device under test. The measurement antenna must be sufficiently broad band
to cover the frequency range of the measurements, and the use of multi ple measurement
antennas may be required. All measurement antennas used must be acarately cdibrated and
must demonstrate low phase dispersion over the frequency range of measurement. The
orientation of the measurement antenna shall be varied to determine the polarization that
maximizes the measured field strength.

(1)  The spectrum to be investigated should include & least the fundamental emission and the

secondary lobe regardiessof the ceiter frequency. In order to acamplish this, the frequency
spectrum shall be investigated from the lowest frequency generated within the device,
without going below 9 kHz, upto the frequency range shown in Section 15.33(a) of the FCC
rules or upto an upper frequency defined by adding threedivided by the pulse width in
semnds to the center frequency in Hz, whichever is greater. The frequency range in Sedion
15.334@) isbased onthe enter frequency unless a higher frequency, e.g., a arrier frequency,
is generated within the device Thereis no requirement to measure emissons beyond 40GHz
provided the center frequency islessthan 10 GHz; beyond 100GHz if the center frequency is
at or above 10 GHz and below 30 GHz; or beyond 2® GHz if the center frequency is at or
above 30 GHz.
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SEPARATE STATEMENT OF
COMMISSIONER MICHAEL J. COPPS

February 14, 2002

RE: Revision of Part 15 of the Commisgon's Rules Regarding Ultra-Wideband
Transmission Systems (ET Docket No. 98153

| believe that ultra-wideband (“UWB”) tedhnologies are destined to play a significant role across
America’'s communicdions landscgpe. UWB deviceswill savefirefighters and policemen’slives,
prevent automobile accidents, assist search-and-rescue aews in seeing through the rubble of disaster
sites, enable broadband connedions between our home dectronics, and all ow exciting new forms of
communicaionsin the yeasahead. Indeed, the U.S. Government already uses UWB extensively to make
our soldiers, airport runways, and highway bridges safer, and so much more is onthe horizon.

But opinion differs greatly onthe interference eff ect of the widespread use of UWB technologies
by the public. If interference does occur, it could conceivably affect critical government and non
government spectrum users. Our national defense and several safety-of-life systems depend on lands that
have the potential to be impaded by UWB devices.

Because the eff ects of widespread use of UWB are not yet fully known, and interference auld
impad critical spectrum users, | will support, albeit somewhat reluctantly, the ultra-conservative ultra-
wideband step we take today. The limits we placeon UWB are designed to reduce the interferencerisks
aswciated with the technology to levels far, far below those placed ontedhnol ogies that place energy into
narrower portions of the spedrum. These limits areintentionally at the extreme end d what FCC
engineas — the best spectrum engineasin the auntry — believe necessary. They were agreed to because
of the unique and novel impact of this technology, and shoud not be taken as precedent for any other
interferencedispute — involving other Part 15 devices, government bands, or other new technol ogies.

| strongly suppat the Commisson’s decisionto initiate afurther NPRM within 6 to 12months.
My hopeisthat we can phase in this exciting new technology with some sense of urgency, proceeding
through the conduct of expeditious step-by-step authorizations from the Commisgon for applications that
arewaiting in line. We owe it to our citizens and aur businessesto determine, just as quickly aswe
prudently can, whether we can loosen the ultra-conservative restrictions we put in placetoday. So | urge
al parties, especialy our government colleagues, to start collecting dataimmediately so we can have &
much data a paossible, including information about their own use of UWB and how UWB effects their
other uses of the spedrum, in atimely manner.

Delay, even when advisable, still has costs. If we find that our rules are too restrictive and we fail
to corred them promptly, the price may be that the United States loses its leadership rolein ultra-
wideband. The technology could easily move overseas, where, | wager, would-be competitors are only
too eager to get a step ahead of the USA. Let’s be cognizant, too, of the need to proceed so asto inflict
minimal harm on U.S. commercial interests. Some companies may be seriously inhibited by the
limitations being announced. We should not expect that they can aff ord to stand patiently by while
testing and approval proceeds at glacial pace | hopethat dl of us, whether in government or the private
sedor, will approach aur nation’ s deployment of ultra-wideband with the sense of urgency that it so
clearly merits.

Finally, | want to welcome Ed Thomas to the FCC. He started with ultra-wideband — atrial by
fire! 1 look forward to working with you. | also want to thank Julie Knapp and the whole OET team for
their dedication and hard work onthisitem. Lots of weekends and late nights went into this Order.
Thank you.
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Spedrum management decisions are always complex and challenging. In an environment where
the anount of unencumbered spectrum is decreasing whil e demand continues to grow, it is even more
critical we make interference and sharing decisions that do not waste this precious natural resource.
Inevitably, we will depend more and more on sharing the spectrum currently available to avoid such
waste. Sharing decisions are made particularly difficult in the mntext of the “fiefdom” mentality that
seams to characterize players who fervently guard their spectrum “turf,” regardless of whether additional
use can be acommodated. Unfortunately, the result is often unreali zed potential that can never be
recaptured.

| am excited that ultrawideband technology, which operates at powers 10,0 times lower than
PCS handsets, will alow usto take sharing to new levels, and help avoid such waste. These sophisticated
applications can potentially co-exist with spectrum usersin any frequency, whil e promising a host of
exciting military, public safety, medicd and consumer uses. Firefighters, police officers and emergency
personnel can make use of thistedinology to detect and image objeds that are behind walls, buried
underground or even inside the human body. Automotive goplications such as collision avoidance ad
improved airbag medhanisms will have adirect consumer safety impad. Consumers also stand to benefit
from enhanced laptops, phones, video recorders, and personal digital asgstants that can wirelessly send
andreceive streams of digital video, audio and data.

Most importantly, ultrawideband chall enges the nation that use of particular frequencies or bands
is necessarily mutually exclusive. In defianceof our traditional allocation paradigm that often forces us
to pick “winners and losers’ in the face of competing demands, this technology seans to allow more
winners al around.

I am disappdnted that we did not, at thistime, adopt more flexible limits that may have dlowed
for even more widespread use of thistecdhnaogy. | look forward to re-examining the technical
parameters established in this order once we have more data that will address the interference oncerns
expresed by NTIA.

I am optimistic that future technological developmentswill provide the Commisgon with more
such opportunitiesto insist onincreasingly efficient use of current spectrum. Ultimately, the anourt of
avail able spectrum and ou ability to useit is perhapslimited orly by technology. Today, howvever, we
must ad rationally to make the best choices within the spectrum constraints that face us now.
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