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Executive Summary

The NTIA Reports provide a foundation upon which regulations can be based. Indeed,
the reports offer assurance that UltraWideband (“*UWB”) can be implemented without undue
risk of harmful interference and without unduly redtricting the introduction of this new

technology.

Time Domain Corporation (“TDC") and othersin their opening comments analyzed the
impact of numerous “rea-world” mitigating and operationa factors that were not reflected in
NTIA’sanalyss. Taking these rlevant red-world factors into account would provide between
40 and 60 dB of additiond signa margin for UWB. In these reply comments, TDC shows that,
for currently proposed UWB signd parameters, incorporating these factors would alow UWB
equipment to operate safdly at current Part 15 limits both above and below 3.1 GHz. Inan
Appendix, TDC uses NTIA’s mode and accompanying andysis to show that relaxation of the
proposed pesk-to-average ratio limit to 41dB is viable and assures flexibility for the design of

UWB equipment.

The Commission’s decisons on the authorization of UWB technology will not only
impact the degree to which the beneficia uses of the technology can beredlized. The choices
could have far-reaching ramifications. Setting excessively redtrictive power limitsfor UWB
without sound judtification will impede not only the development of UWB, but will set abad
precedent for ahost of other spectrum-based technologies and services both for government

and commercid usars.



i -
The Commission has structured this rulemaking into well-defined ages. The

Commission used the NPRM to organize the did ogue around the issues thet are revant to
defining rulesto alow for the deployment of UWB equipment. Cdlsin the commentsfor a
Further Notice of Proposed Rulemaking and further testing are nothing more than an attempt to
dday this proceeding and delay introducing the benefits of UWB technology. The FCC
expected that the testing stages would proceed apace and provide much-needed input. The
agency’ s Office of Engineering and Technology staff has been closdly monitoring the severd
testing programs, and its record of involvement illugtrates that the Commisson will havein its
hands afull and solid record, which will be generated in response to multiple cals for public

comment, upon which to base sound regulatory decisons.
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|. Introduction

TDC believesthat the NTIA Reports provide useful information. However, on their
face, the reports do not provide sufficient evidence that UWB devices operating at Part 15
levelswill cause harmful interference or, for that matter, have any noticeable operationa impact
on any of the tested systems. NTIA quantified UWB interference potentia by measuring the
level a which UWB sgna power exceeds “protection criteria” TDC explained in its opening
comments that this bears little relation to the concept of harmful interference, as both the FCC
and NTIA definethat term. In order to understand fully NTIA’s UWB compatibility

assessment, the test results must be extended to incorporate a number of “real-world”
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mitigation factors — many of which are acknowledged by NTIA as rdevant, but none of which

arereflectedin NTIA’s conclusions.!

TDC is pleased that even the U.S. GPS Industry Council recognizesthat “[t]he
chdlenge is not to seek ways to debunk or bury UWB, but to harness its promise without
unduly damaging the nation’s I'T economic engine.”* With the countless benefits and innovative
goplications of UWB technology, there is no doubt that FCC authorization will further fuel the

nation’ s information economy engine.

1. UWB Opponents Fail to Acknowledge the | mpact of the Mitigation
Factors

Inits opening comments, TDC explained that in order to put the NTIA andyssinto
proper perspective, aminimum of 40 dB of additionad margin must be incorporated into the
conclusons. This sgnificant amount of Sgna margin is based on the handful of mitigation factors
that NTIA explicitly acknowledges as well as a collection of mitigation factors that NTIA does
not mention. To comprehend fully theimpact of the NTIA Report, it iscritica that these

mitigation factors be taken into account, for these reasons. (1) NTIA’s model was based on

! Infact, in Section V and in Appendix A of these Reply Comments, TDC uses the
information presented by NTIA as abasis for recommending that the Commission authorize a
maximum pesk-to-average ratio of 41 dB.

2 Comments of the U.S. GPS Industry Council (Feb. 23, 2001) (“GPSIC”) at 9.
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“ided conditions,”~ which do not represent redity, and (2) not one of these relevant factorsis

reflected in the conclusons made by NTIA.

AsTDC explainsin these Reply Comments, taking 40 to 60 dB of additiond “red-
world” lossinto account is akey step towards removing the restrictions on UWB signds that
are presented in the NTIA Report. Thus, NTIA’s conclusion that operations above 3.1 GHz
can be accomplished with fewer restrictions than operations below 3.1 GHz, aswell asthe
sweeping conclusions drawn by severd commenters’ that UWB operations below 3.1 GHz

must be prohibited, lack proper foundation.

Not surprigngly, none of the commenters who want to delay the introduction of UWB
technology account for, or even mention, the critica impact of the mitigation factors. Quite
surprisingly, however, these parties expect the FCC to accept clams that UWB causes harmful

interference to licensed serviceswhen NTIA did not identify or quantify any “red-world”

3 NTIA Report at 5-25.

4 See, e.g., GPSIC at 9 (no UWB devices should be permitted to operate below 3.1
GHz and no UWB devices— licensed or unlicensed — should be alowed to operate in bands
restricted for safety of life.); comments of Multispectra Solutions, Inc., (*MSSI”) a 2 (arguing
that NTIA demongrated the potentid for significant interference below 3.1 GHz); comments of
Nationa Association of Broadcasters (Feb. 23, 2001) at 3 (NTIA found that a UWB device
operating at Part 15 levels would cause interference to dmost every system tested and that
multiple UWB devices operating below 3.1 GHz would cause interference to existing licensed
sarvices.); supplementa comments of Rockwell Collinsat 4 (“it islikely these important aviation
services would be disrupted”), and at 10 (undisputed evidence that UWB operations below 3.1
GHz will cause harmful interference to current licensees).
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operational impact.> Experience has shown that the application of “red-world” technical and
operaiond factorsis key to efficient spectrum use, the introduction of new and innovative

technologies, and the development of responsible policy decisions.

I1l. TheNTIA Federal Systems Test Report Provides Adequate
I nformation on Which to Base Regulatory Decisions.

A. A Further Notice of Proposed Rulemaking I's Not Necessary.

The Commission has dtructured this proceeding into well-defined stages. TDC believes
that the Commission’s approach has been extremely prescient. First, the FCC issued a Notice
of Inquiry (“NOI”) to gather basic information about UWB. Then, 21 months later in May
2000, the agency released its Notice of Proposed Rulemaking (“NPRM”). The Commission
has used the NPRM to st the diadogue around the issues that are rlevant to defining rules that

would adlow UWB equipment to be deployed in the most timely and least redirictive manner.

° NTIA’s results were based on a computer model that calculated UWB signd levels at
particular distances and determined whether they exceeded particular protection criteria
AT&T Wirdess Sarvices, Inc. has the mistaken bdlief that NTIA’ s tests concentrated on
harmful interference from UWB devices to government systems. See Comments of AT& T
Wireless Services, Inc. (Feb. 23, 2001) at 2. Lockheed Martin also believesthat NTIA has
provided evidence of potentidly harmful interference. See Comments of Lockheed Martin
Corp. a 3. Lockheed Martin comments (at 2) that the NTIA tests serioudy undermine the
FCC' searlier concluson of the feasibility of UWB operations above 2 GHz. Each of these
partiesiswrong, as demondtrated herein.
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The Commission expected that the testing stages would proceed gpace and provide the

necessary input.’

In the NPRM, the agency explained that “various parties are planning experimenta
programs to study the interference potential of UWB devices.”” The Commission aso noted
that its staff will be monitoring the progress of the tests and will request comments on the test
results and analyses.® The FCC has been true to its word, as the Commission’s Office of
Engineering and Technology staff has been closely monitoring the testing programs. Moreover,
in the Public Notice issued by the Commission requesting comment on the ingtant report, the
FCC dated that it would issue subsequently a Public Notice seeking comment on the test data
and analyses of UWB to GPS receivers.” Thisrecord of involvement by the Commission
sgnas that the agency will continue in this oversght role as the testing progresses. Moreove,
thisillugtrates that the Commission will have in its hands a solid and complete record —
generated in response to multiple calls for public comment — upon which to base sound

regulatory decisons. Accordingly, a Further Notice of Proposed Rulemaking is not necessary,

e NTIA conducted extendve tests to quantify and measure the most pertinent
characteristics of UWB sgnds. These include effects of UWB sgna pulse repetition
frequencies (“PRFS’), average power levels, peak power levels, smilarity to white gaussan
noise, the relationship between PRF and victim receiver bandwidth, aswell asthe
characteristics of dithered and non dithered UWB signds.

! NPRM at 7 31.
8 Seeid.
9 See Comments Requested on Test Data Submitted by the Nationd Telecommunications

and Information Adminigtration Regarding Potentia Interference from Ultra-Wideband
Transmission Systems (ET Docket No. 98-153), Public Notice, DA 01-171 (Jan. 24, 2001).
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and calsin the comments for an FNPRM™ and additiond tests are nothing more than an

attempt to delay this proceeding and ddlay introducing the benefits of UWB technology.™

In the NPRM, the FCC announced that it would seek comment on the results of the
UWB compadtibility tests. We are currently in the first stage of this test results comment period,
asthe FCC has requested comments on NTIA Federd Systems Test Report. On Friday,
March 9, 2001, NTIA released its compatibility assessment of GPS and UWB operations. On
March 9, 2001, Johns Hopkins University Applied Physics Laboratory submitted a report
andyzing GPS and UWB operations based on testing conducted at the University of Texas
Applied Research Laboratory. TDC expects the Commission to set comment and reply
comments periods to solicit input on the interpretation of these reports as they pertain to the
NPRM asit has done with the instant report. This sound process will provide the Commission

with a subgtantia record on which to base regulatory decisions.

B. Part 15 Isthe Proper Place for UWB Technology.

The commenters seeking licensing or other extraordinary regulatory burdens for UWB™

challenge the core of the pragmatic Part 15 approach.”® As TDC has explained throughout this

10 See Comments of Lockheed Martin at 5 (FNPRM should be issued following the
concluson of dl interference tests to ensure fair opportunity for public comment). GPSIC & 8
(FNPRM should be released before adopting any rules); comments of ARINC and ATA (Feb.
21, 2001) at 3 (NTIA’sconclusons are preliminary; NTIA emphasized that further
measurements and anaysis are needed before authorizing UWB)

u Moreover, any party wishing to supplement an earlier filing or provide new information
isfreeto do so under the Commission’s well-defined ex parterules.
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proceeding, the successful history of Part 15 and the amilarities of earlier decisons (and
related arguments made in opposition) to the present Stuation provide the basis for authorizing
UWB operations usng levels heretofore unusable for heretofore unheard of live-saving and

critica communications gpplications. TDC highlights these points below.

Over its 50-year evolution, Part 15 has led to the development and market entry of
countless new and innovative products. It has spurred competition, and it has lowered
consumer costs while opening new options for security, convenience, leisure, learning and
busness. Billions of useful Part 15 devices and millions of communications products (such as
wirdess handsets) that emit low-leve radio “noise” are part of our every day lives. Thereare
over 100 devices capable of emitting RF energy in the average home and countless more in the
typicd busness complex. Asthe Commission has reported, “at any time of day most people

are within afew meters of consumer products that use low-power, non-licensed transmitters’*

12 See Cingular Wirdess LLC (Feb. 23, 2001) at 2, 3; comments of Lockheed Martin
(Feb. 23, 2001) at 4; comments of Sirius Satellite Radio, Inc. (Feb. 23, 2001) at 2, 4.

13 The U.S. GPS Industry Council (“GPSIC") has stated that authorization of UWB on an
unlicensed basis gives the FCC no control or recourse if harmful interference occurs. See
Comments of U.S. GPS Industry Council (Feb. 23, 2001) at 6. GPSICiswrong. This
Satement presumes that the Commisson will make a migtake in this rulemaking proceeding.

The Commission and GPSIC can find solace in the fact that emissons from devices operating in
compliance with Part 15 have never been found to condtitute harmful interference. Moreover,
as TDC has aready explained, devices that comply with Part 15 rules are not permitted to
cause harmful interference, and the operator is obligated to stop transmissionsif interferenceis
caused.

14 See Understanding the FCC Regulations for Low-Power, Non-Licensed Transmitters
a 1, OET Bulletin No. 63, edited and reprinted Feb. 1996.
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and digjtal devices™ dl of which emit radio “noise’ into the environment.® TDC and others
are amply asking that UWB technology be permitted to use the same Part 15 levelsto provide

criticd life saving and communications capabilities.

IV. Aqgagregation of UWB Devices Poses No Greater Risk Than
Currently Authorized Part 15 Emitters.

When mitigating factors are properly incorporated into NTIA’ s andlysis, UWB
equipment is shown to operate safely with the Federd Systems andyzed by NTIA. AsTDC
has explained throughout this proceeding, competibility assessment analyses must include
atenuation from buildings, foliage and terrain masking. Moreover, these andyses must also

include system specific congderations.

NTIA’s aggregate analyss should have considered the UWB propagation channd. As
discussed at length in TDC's Opening Comments and in Appendix A to these Reply
Comments, a proper propagation model would have added 40 to 60 dB of attenuation to the
UWB dgnd. Figure 1 isamap showing the location of the SARSAT Locd User Termind in
Suitland, Maryland. The circle on the map has aradius of 2.9 km, the range a which the NTIA

mode predicts that a single UWB emitter at a height of 2 meterswould affect the SARSAT

1 See Understanding the FCC Regulations for Computers and Other Digital Devices at 2,
OET Bulletin No. 62, edited and reprinted Feb. 1996.

16 In addition, tens of millions of non-communications devices such as microwave ovens

emit energy as RF noise on an unlicensed basis pursuant to Part 18 of the Commission’s Rules.
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earth gation.”” As can be seen from this map arather substantia suburban population fals
within this required excluson zone. Itisaso an areawith substantia foliage. Inthis
environment, UWB devices would have heavily obstructed propagation path. It isaso very

likely thet thereis dready a collection of Part 15 devices emitting Sgnas well within thisradius.
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Map showing location of the NOAA SARSAT Locd User Terminasin
Suitland, MD.

After taking into account propagation losses and usng NTIA’s questionable criteria, the
range at which UWB emitters might interact with the SARSAT system would be afew tens of

meters. Sincethe LEOLUT system uses high gain receive antennas mounted 12 meters above

v See NTIA Report, Table 1 at viii.
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the ground, at such short ranges, UWB emitters would be well out of the beam of the receive

antenna.

It is aso important to note that the NTIA analysis was based on a(° elevation. The
COSPAS-SARSAT organization specifies that the LUT shdl be able to track the LEO
SARSATS when they reach 5° above the horizon (5° elevation).”® Links below this elevation

are unrdiable, especidly with smdl antennas. The FCC has amilar rules.”

NTIA dated that the sgnd levels from UWB devices add linearly.” Redying on this
statement, severa parties expressed concern with the potentia proliferation of UWB devices®
These commenters believe that somehow large numbers of UWB devices will sgnificantly add
to the noise floor. As TDC dated in its opening comments, had NTIA adequately considered

the attenuation from buildings, foliage, and terrain irregularities, for example, aggregate UWB

18 “COSPAS-SARSAT LEOLUT Performance Specifications and Design Guiddines,”
COSPAS-SARSAT, Document C/S T.002, Issue 3, Rev. 1 (Oct. 1999) Section 3.5 at 3-1.

® See 47 C.F.R. 825.205, Minimum angle of antenna eevation. “ Earth gation antennas
shdl not normally be authorized for transmission at angles less than 5° measured from the
horizonta plane to the direction of maximum radiation. However, upon a showing that the
transmission path will be seaward and away from land masses or upon specia showing of need
for lower angles by the gpplicant, the Commisson will consder authorizing transmissons a
angles between 3° and 5° in the pertinent directions. In certain instances, it may be necessary to
gpecify minimum angles greater than 5° because of interference consderations”

2 In making this determination NTIA measured the emissons from atota of two UWB
devices having identical Sgnd characterigtics.

2 See NTIA Report at Section 6.4. See, e.g., Comments of NAB at 3 (noting same).
Supplementa Comments of Sprint at 6 (UWB industry used “unredistic’ assumptions and drew
“mideading” conclusons)
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emissons would be subgtantialy reduced from the levelsthat NTIA cdculated. While white
noise sources add linearly, the propagation effects have to be taken into account. In the real
world, avictim recaeiver will not “see’” the arithmetic sum of the output power of alarge number
of UWB emitters. Rather, it will be the sum of the attenuated powers because of attenuation

due to the propagation channd.

Power is not manufactured out of the ether. 1t iswell understood that white noise
power will aggregate on alinear basis. Two independent white noise sources, equally distant
and in the main beam of avictim receiver would input twice as much power into the recelver as
asngle source. TDC agreeswith NTIA that noise-like UWB sources will add linearly, and that
the aggregation of multiple sources must account for the additiona losses, not limited to, but
including foliage, buildings and terrain. In Section 5.6.2 of the report, NTIA concludes that
aggregate interference from uniformly distributed emitters a distances of lessthan 1 km would
decrease by at least 15 dB in suburban areas and 20 dB in urban areas relative to the free

space loss modd that NTIA used.

The Johns Hopkins University Applied Physics Laboratory Report, which was released
on March 9, 2001, andyzed data taken by the University of Texas Advanced Research
Laboratory to determine whether the effect of multiple UWB devices on a GPS receiver was
different from what would be expected from multiple sources of white noise as regulated under
Part 15 of the FCC Rules. UT:ARL tested collections of 16, 8, 4, 2 and 1 UWB device(s) a
various distances away from GPS receivers to determine whether the effect of multiple devices

was alinear sum of the white noise from each device. Johns Hopkins found that “[t]he UWB
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devices tested by ARL:UT produce sgnds that are white noise-like. The aggregate sgndl
produced by more than one of these devicesis dso white noise-like” Thus, sngle and multiple
UWB emissons are white noise sources, which means that standard and well-known RF
system model's can be applied to evauate the impact of UWB devices on systems. UWB does

not require the development of new theories or models.

Aeronautica Radio (ARINC) and the Air Transport Association of America(ATA), in
their joint comment, repest the claim made by the NTIA that a single UWB device emitted at
the proposed power level would interfere with the operation of the Search and Rescue Satdllite
System (SARSAT).”? These parties unfortunately fail to recognize that NTIA’s model did not
include the operationd characteristics of the system or a reasonable propagation modd for the
UWB dgnds. Had these factors been considered, NTIA would have concluded that UWB

would not create a problem for the SARSAT system.”

z See Joint Comments ARINC and ATA (Feb. 23, 2001) at 2.

= Appendix A to these Reply Comments shows that by incorporating a conservative 40
dB correction factor to NTIA’s propagation model showsthat NTIA’s protection criteriaare
not exceeded for this system.
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V. Peak-to-Average Ratio and Other Technical |ssues Raised By the
NTIA Report

A. Peak-to-Average | ssue

There are two inseparable issues: the peak-to-average limits that should be applied to
devices emitting UWB signals and the measurement methodol ogy used to determine compliance
with those limits. These issues are closely related because different measurement procedures

lead to potentialy different results.

NTIA’sdiscussion of peak-to-average issue” like that of MSS* and Sprint,® misuses
the pesk-to-average limit proposed in the NPRM. All of these parties failed to understand the
impact of the FCC' s proposed peak-to-average requirement, which isintended to limit the

peak power emitted by any UWB device.

4 NTIA Report at v. “Moreover, operation of many proposed UWB devices under
current Part 15 rulesis made difficult because they seek to operate with much higher peak
powers than the rules permit (47 CFR 815.35(b).”

» See Reply Comment of Multispectrd Solutions, Inc. (Mar. 6, 2001).
» See Sprint Supplemental Comments (Feb 23, 2001) at 3.
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Figure 2. Graph Depicting How the FCC Proposed 50 MHz Band-limited Peak
Congrains the Peak Power of All UWB Systems.

Figure 2 shows how the proposed 20 dB peak-to-average limit would become the
limiting condraint on a UWB emitter when the pulse repetition frequency (PRF) islessthan 25
MHz (based on the 50 MHz measurement protocol). In thisfigure, the top-most line (i.e., the
dot-dashed line) at 74 dBnV/m, is 20 dB above the 54 dBnV/m average limit as proposed by
the FCC. When the PRF is greater than 25 MHz, arandomly dithered (i.e., noise coded)
UWB sgnd meeting the average limit would have a pesk-to-average ratio that fdls on the top
pink line (for the 50 MHz peak E-fied) and so the pesk-to-average ratio would be less than 20

dB. Theline depicting the average leve (i.e., the positively doped blue/square line) shows the
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effect the proposed 20 dB peak-to-average limit has on the actual radiated power a UWB

device with alower PRF can radiate.

When the PRF is less than 25 MHz, the peak-to-average limit is the effective constraint
and the average power must be reduced to comply with the 74 dBnV/m pesk limit. The
average power would then fal on the postively doped blue/square line and so be less than the
average limit. In short, for PRFs above 25 MHz, the UWB sgnd islimited by the average

level, and for PRFs beow 25 MHz, the UWB signd islimited by the peak-to-average limit.

The FCC aso proposed an absolute peak level that represents the absolute time
domain peek voltage level measured with an oscilloscope with infinite bandwidth. In order for
any receiver to “see” aUWB pulse, the receiver’ s bandwidth must be as wide as the UWB
sgnd’ s bandwidth. It isatautology to say that only UWB systems will see the absolute pesk of
aUWB waveform, not narrowband receivers — there are no “narrowband” receivers that have

a 500 MHz receive bandwidth centered at 2 GHz.#

& Or for that matter, there are no narrowband receivers with a one gigahertz receive
bandwidth centered at 4 GHz, or 2 GHz or greater receive bandwidth centered at 8 GHz.
These are the unique characteristics of UWB systems.
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AsTDC' s submissons on UWB signa measurements have documented, an absolute
pesk limit does not imply anything about the potentia of asgnd to interfere with a narrowband

sysem.”® Moreover, an absolute peak is not measurable, and therefore, superfluous.

B. Band-Limited Peak-to-Average Measurement Protocol

On the other hand, a band-limited peek is very redevant to estimating the interference
potentia of a UWB waveform and, as a secondary impact, would place a physicd limit on the
absolute band-unlimited peak. TDC'sfilings on UWB measurement issues have documented
the FCC' s concept of a 50 MHz band-limited peak measurement protocol (“50 MHz
measurement protocol”).” The advantages of this protocol over the bandwidth correction
factor modeling gpproach used by NTIA are that the former gpproach is both measurable and

immune to differencesin UWB signd characteridics.

% See TDC Comments (Sept. 12, 2001) at 34, 43; TDC Reply Comments (Oct. 27,
2000) at 52.

» See See TDC Reply Comments (Oct. 27, 2000) Appendix C (as updated in an erratum
filed Feb. 20, 2001); TDC Ex Parte Filing (Feb. 16, 2001). NTIA usedinitsandyssa
Bandwidth Correction Factor (“BWCF’). While this BWCF can be within afew decibels of
the results that would be obtained by using the TDC 50 MHz measurement protocol, the
BWCF cannot be measured and may not work for all UWB signals. However, the 50 MHz
measurement protocol uses afilter to obtain an actud measurement. Engineers, armed with this
peak-to-average measurement protocol and the average measurement protocol, have hard
information upon which to measure interactions with UWB sgnals.
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C. TDC's Proposed Peak-to-Average Limit
Figure 3 depicts TDC' s proposd for a peak-to-average limit using the 50 MHz
bandwidth limited measurement protocol. As can be seen in the figure, when the pesk-to-
average limit is41 dB even sysems with PRFs of as low as approximatdy 1 MHz will comply

with the peak-to-average limit without a reduction in average power level.

100 :

P AL e Ll L L L L L oI TR B R

£
[92]
®
£
o
©
3
'g 51 . —]
50 1 1
< 1
© 1
o] ]
40 A )
w i
I
30 .
1
)
1
20 ¥
1 10 % 100 1000

= = = Proposed 41 dB Peak-to-Average Limit
———50 MHz Peak E-Field from a Randomly Dithered UWB System
—— Average E-Field from a Randomly Dithered UWB System Held to the 20 dB Limit

Figure 3. Depiction of TDC's Proposed Peak-to-Average Limit

D. The 20 dB Peak-to-Average Limit

The 20 dB limit proposed by the FCC is an artifact of old narrowband regulatory
concepts and should not gpply to UWB signds. Documents submitted jointly by Sprint and

TDC andyzing the interaction of UWB and PCS showed that a5 MHz PRF noise-coded
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UWB sgnd (with a peak-to-average of 26 dB) can be modeled on the basis of average
power. Moreover, no other testing has shown a correlation between interference potentid and
the 20 dB peak-to-average limit proposed by the FCC. However, the 20 dB peak-to-average
limit proposed by the FCC would inhibit the fielding of vauable UWB systems that would not

cause harmful interference.

TDC hasidentified severd issues with the modd used by NTIA that cdl into question
NTIA’s dataand related conclusons. These issues include the failure to use gppropriate path
loss figures, the failure to recognize factors that add to the system noise floor, and, most
importantly, acritical oversight regarding the application of the FCC proposed 20 dB peak-to-
average leved. Many of theseissues were discussed in TDC' s opening comments. TDC
follows up this discusson with a detailed examination of NTIA’s modeling approach in

Appendix A to these Reply Comments.

NTIA’s analyssfails to recognize that a UWB device must Smultaneoudy comply with
the average and pesk signa level specifications proposed by the FCC. NTIA used Bandwidth
Correction Factors (“BWCFs’) to relate the UWB power level measured inal MHz
bandwidth, as specified in the NPRM, to the UWB power leve avictim receiver would seein
its bandwidth from the same signd. However, NTIA’s andysisfalled to account adequatdly for
the interaction of the FCC proposed specifications and the impact this would have on the actua
power agiven victim receiver would see in its bandwidth. In so doing, the NTIA analyss has

effectively shown that a higher pegk-to-average ratio should be authorized by the Commission.
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In Appendix A, TDC shows that the Commission can raise the peak limit from 20 dB
to 41 dB while continuing to meet NTIA’s own protection criteria. In fact, application of a
41dB peak limit will offer more protection than the levels represented in the NTIA Report
because NTIA did not account for any reduction in average power that isrequired in order to
smultaneoudy mest the pesk-to-average limit for lower PRFs. A peak-to-average limit of 41
dB will not saverely constrain UWB technology, as would the Commission's current 20 dB
proposa. The 20 dB proposal would impact average power levelsfor PRFs of 1 MHz or less
for non-dithered systems and for dithered sgndswith PRFsin the range of 25 MHz or less

based on NTIA’s anadyss.®

This 41 dB pesk-to-average proposa is much more aligned with the Commission's
historic policy of not imposing technica congtraints on any technology where such congraints
are not warranted. In Appendix A, TDC demondtrates that thislimit is an excdlent compromise
between higher limits that could be potentialy problematic and the lower limit proposed by the

FCC, which would unduly limit UWB technology.

VI. Conclusion

Based on the FCC' s prior decisons and its statements in the UWB NPRM, TDC urges
the Commission not to forego the current capabilities and future promise of UWB technology

based on the explicit conclusons of the NTIA Report. As TDC and others explained in the

% See NTIA Report at D-2.
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opening round of comments, NTIA’s measurement procedures and methodology were based
on theoretical protection criteria. They were not designed to measure the presence of harmful
interference. Harmful interference is the result of interfering Sgnas in the passband of avictim
receiver that “ serioudy degrades, obstructs, or repeatedly interrupts [the] radiocommunicetions
sarvice” It makes no difference whether the Sgnds emanate from a UWB device, another Part
15 regulated device, or from an unregulated source. The Commission’ s long-term experience
shows that the generd Part 15 limits, which were based on the digitd device limits, have
worked particularly well in preventing harmful interference. The NTIA Report proves this point
aswdl. Whenit isread with an understanding of the rlevant mitigation factors, the Federd

Systems Test Report offers the basis for authorization of UWB operations on a Part 15 basis.

Respectfully,

Time Domain Corporation

By.  submitted electronically
Paul Withington
Vice President

7057 Old Madison Pike
Huntsville, AL 35806
256 922-9229

March 12, 2001



Appendix A —A Detailed Analysisof NTIA’s Model

In this gppendix, TDC examines NTIA’s modding approach. TDC hasidentified
severd issues with the modd used thet cdl into question NTIA's data and conclusions. These
issues include the failure to use agppropriate path loss figures, the lack of recognition of factors
that add to the system noise floor, and, most importantly, acritical oversight regarding the
gpplication of the FCC proposed 20 dB peak-to-average level. As shown herein, the following

key findings emerge from TDC' sinvestigation:

A well-crafted peak-to-average limit will effectively control the interaction of UWB with
Federd Systems and not gifle the deployment of UWB equipment. TDC and others
have shown that mitigation factors will reduce emissons levels by 40 to 60 dB. When
the conservative 40 dB factor is applied, the average UWB signd levels modeled by
NTIA show that compliance with NTIA’s protection criteriais feasible for UWB
devices operating at the —41.3 dBm power level posited by NTIA.

NTIA’smodd shows that the peak-to-average limit proposed in the NPRM over a50
MHz bandwidth can be set a 41 dB without exceeding the protection criteria used by
NTIA — except in the case of an FSS earth ation receiver with a5° devation angle.
However, the modeling of the FSS earth dtation at a 5° devation anglefalsto takeinto
account a number of additional mitigation factors. The model does not include (1) any
consderation of digital signal processing capahilities, (2) the appropriate interference
criteriafor communications systems (i.e., carrier-to-noise rather than interference-to-
noise), or (3) any measure of the likelihood of needing to use a5° devation angle for
regular reliable C band service because in an urban or suburban areaa 5° devation
angle would likdly have a C band satdllite antenna looking toward buildings and other
obstructions.
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To assg with its presentation, TDC uses the tables from the Executive Summary of the
NTIA Report that summarize the assessments for average power (Table 1) and peak power

(Table 2) interactions®

3 In the following presentation, TDC uses NTIA’s own modeling and protection criteria
to illustrate that the Commission must increase the peek-to-average ratio for UWB in order to
enable dl the benefits of UWB while controlling the potentid for any adverse interaction. This
does not mean that TDC agrees with NTIA’s gpproach. As TDC has stated, it does not agree
that the protection criteria used by NTIA can be equated with harmful interference. TDC
believes firmly that many additiond factors have to be included in the caculus to determine the
presence of harmful interference. Nor does TDC believe that the Bandwidth Correction Factor
(“BWCF") approach posited by NTIA is the most appropriate means to model emissions from
aUWB device. TDC has developed in comments responsive to the NPRM a measurement
procedure based on a 50 MHz bandwidth. See TDC Reply Comments (Oct. 27, 2000)
Appendix C (as updated in an erratum filed Feb. 20, 2001); TDC Ex Parte Filing (Feb. 16,
2001).
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Table 1 From NTIA Report

TABLE 1 Summary of Assessment of Effects of UWB Devices on Federal Systems For
Average Power Interactions

UWB Height 2 Meters UWB Height 30 Meters
Non-Dithered Dithered Non-Dithered Dithered
. MinSep MinSep MinSep
Freq.| UWB  [Max ERP M'f';?'le(gm) Max.EIRP| (km) [Max.EIRP| (km) [Max.EIRP| (km)
SYSTEM (MHz.) PRF to Meet dBm/MHz to Meet | for-41.3 | to Meet | for-41.3 | to Meet | for-41.3
(MHz) Protect (RVS) EIRP Protect | dBm/MHz | Protect | dBm/MHz | Protect | dBm/MHz
Criteria to Meet Criteria [(RMS) EIRP| Criteria |(RMS) EIRP| Criteria [(RMS) EIRP
(dBm/MHz Protect (dBm/MHz| to Meet |(dBm/MHz| to Meet [|(dBm/MHz| to Meet
(RMS)) o (RMS)) Protect. (RMS)) Protect. (RMS)) Protect.
Criteria. o o o
Criteria Criteria Criteria
Distance Measuring
Equipment (DME) 960- |£0.1 -46 0.08 -46 0.08
Interrogator Airborne  [1215 B1 -47 0.09 -46 0.08
Rcvr
DME Ground 1025- [£0.1 -63 0.26 -63 0.26 -56 0.26 -56 0.26
Transponder Rcvr 1150 B 1 -64 0.29 -63 0.26 -57 0.29 -56 0.26
IAir Traffic Control
Radio Beacon Sys 1030 £1 -44 0.02 -44 0.02
(ATCRBS) Air 310 -37 NA -44 0.02
Transponder Revr
IATCRBS Gnd 1090 £1 -31 NA -31 NA -45 0.27 -45 0.27
Interrogator Revr ° 10 -21 NA -31 NA -36 NA -45 0.27
IAir Route Surveil. 1240-£0.1 -60 5.5 -60 5.5 -80 >15 -80 >15
Radar (ARSR-4) 1370 pO.1 -61 6.1 -60 5.5 -82 >15 -80 >15
Search & Rescue Sat. 01
(SARSAT) Ground 1544- |, 1' -68 2.9 -68 2.9 -65 5.5 -65 5.5
Station Land User 1545 -69 3.1 -68 2.9 -66 6.1 -65 5.5
Terminal (LUT)
IAirport Surveillance 2700- [£0.1 -44 0.8 -44 0.8 -64 1.3 -65 1.3
Radar (ASR-9) 2900 P1 -46 1.1 -44 0.8 -66 1.5 -65 1.3
Next Gen Weather 2700- [EO.1 -39 NA -39 NA -73 5.8 -73 5.8
Radar (NEXRAD) 2900 P1 -42 1.4 -39 NA -76 7.9 -73 5.8
Maritime Radars 2900- [E1 -56 1.2 -56 1.2 -57 1.2 -57 1.2
3100 P10 -50 0.6 -56 1.2 -51 0.6 -57 1.2
. £1 -36 NA -36 NA -42 .20 -42 .20
'(:Zsof Elaecztitr?)tlon 2;88 10 -26 NA -36 NA -32 NA -42 .20
2100 -20 NA -36 NA -26 NA -42 .20
. £1 -51 0.60 -51 0.60 -77 1.0 -77 1.0
'(:SSOSEE?ISQOS;)%O” 2288 10 -41 NA -51 0.63 -67 0.6 -77 1.0
2100 -35 NA -51 0.63 -61 0.4 -77 1.0
CW Radar Altimeters  [4200- [£0.1 25 NA 25 NA
at minimum altitude 4400 P 1 14 NA 14 NA
Pulsed Radar £1 14 NA 14 NA
IAltimeters 4200- |10 14 NA 14 NA
at Minimum Altitude 4400 P 10 14 NA 14 NA
Microwave Landing 5030- |£ 0.1 -45 0.07 -45 0.07
System 5091 B1 -54 0.16 -45 0.07
[Terminal Doppler Wx  [5600- |[E1 -35 NA -35 NA -63 6.0 -63 6.0
Radar (TDWR) 5650 B 10 -35 NA -35 NA -63 6.0 -63 6.0
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A. Interpreting The Information Presented In Table 1 of the NTIA Report

Column 1 ligts the systemsinvestigated by NTIA. These systems represent a cross
section of Federd system receivers that operate for the most part in restricted bandsin the
frequency range from just below 1 GHz to 5.56 GHz. The intermediate frequency (“IF’)
bandwidths of these systems range from 150 kHz to 40 MHz and the system sengitivities range
from about —110 to —130 dBm. These specifications are likely to cover mog, if not al, public

and commercid receiver systems operating in the above frequency range.

Column 2 ligts the operating band of the system and column 3 represents the range of
UWB PRFsthat were investigated. Although the range of PRFs investigated ranged from
0.001MHz to 500 MHz, NTIA grouped the results according to PRFs that produced smilar

modeled effects.

The next 8 columns present the caculated values that determine the sharing
requirements for UWB sources rdlative to the victim receiver sysems listed in column 1. UWB
operationa parameters that were incorporated into the analyss include the above range of
PRFs, non-dithered and dithered modes of UWB operation and UWB source heights of 2
meters and 30 meters. Columns 4, 6, 8 and 10 list the maximum EIRP (in terms of dBm/MH?2)
that a UWB source can have to satisfy the protection criteria specified by NTIA. The
protection criteria are based on the average UWB sgnd power leve at the victim receiver input

that would raise the victim receiver |F noise floor by either 0.5 dB or 1.0 dB depending on the
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gpecific recaiver. In this column, EIRP levels higher than —41.3 dBrm/MHz mean that a UWB
device operating a an EIRP power level of —41.3 dBm/MHz will pose no threet to the victim
recelver system, and EIRP levels lower than —41.3 represent the leve that a UWB device must
have its Signd atenuated to in order to pose no threst to the victim receiver system in the

context of the NTIA protection criteria at the specified height of the UWB emiitter.

Column 4 shows EIRP vaues that meet NTIA’s specified protection criteriarange from
alow of =69 dBm to +25 dBm. By comparing the level shown in column 4 to aleve of —-41.3
dBm/MHz, one can determineif the protection criteriawould be met by a UWB device meeting
the average fidd strength limit specified in the NPRM. NTIA cdculated the maximum EIRP
vaue for acompliant UWB device operating under the proposed technica specification in the
NPRM to be —41.3 dBm/MHz. The sgnificance of the above comparison is that, based on
NTIA’sown modd, if —41.3 islower than the vaue listed in column 4, there will be no average
power interaction from UWB devices to that recelver system at the specified 2 meter height for

the UWB device.

Condgder, for example, the andyssfor CW and Pulsed Radar Altimeters. NTIA
concluded that UWB sources pose no threat of average power interactions with these systems
because the cd culated vaues of maximum EIRP average power interaction in columns 4 and 6
are higher than —41.3 dBm/MHz. The same holds true for other systems where the maximum
EIRP average power interaction levelsin columns 4, 6, 8 and 10 are higher than —41.3

dBm/MHz.
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NTIA used the following formula to compute the vaues in columns 4 through 11:

EIRPuax = lwax + BWCFap — Gr(Q) + Lp

Imax represents the interfering sgnd leve at the recaiver input (i.e., the Sgnd levd that just
meets NTIA’s protection criterid); BWCF,p is a correction factor to relate the average power
as measured in a1 MHz resolution bandwidth to the average or peak power in the victim
receiver |F bandwidth; G (q) isafactor that accounts for the victim recaeiver antenna elevation
and gain in the direction of the UWB device, and Lp is the propagation loss between the UWB
source and the victim receiver antenna. This equation was aso used to caculate the data

presented by NTIA in Table 2.

B. Incorporating the Real World Mitigation Factorsinto Table 1

Inits opening comments, TDC discussed the vast discrepancy between the results
cdculaed with this formulausing aminima path loss figure and the actud red-world impact on
path loss. NTIA acknowledged that the path loss figures used in their terrain mode did not
account for anumber of red-world mitigation factors, such as scattering due to vegetation,
buildings, and other man-made structures, aswell astypica terrain height variations and building
attenuation. TDC further demonstrated additiond influences related to in-Situ operationa
characteristics of the receiversraised their noise floors consderably. TDC determined that the
combined effect of these omissions would easily add between 40 and 60 dB of additional loss.

TDC now shows how incorporating this additiona loss would affect NTIA’s presentation.



- A7 -

Applying to Table 1 the more conservative 40 dB correction factor (rather than the
a0 judtified higher 60 dB factor)* and using the technique of graying areas that present no
threat to the various receiver systems, yields the vaues presented in Table 1A. Even with this
conservative 40 dB correction factor, only one “white’ block remains —the block related to the
ARSR-4 Air Route Surveillance Radar in the presence of an undithered UWB device that is 30
m high where NTIA caculated a separation distance in excess of 15 km. Note however, that
even for this system, UWB devices are within amere 0.7 dB of meeting NTIA’s protection
criteria® Moreove, it isdifficult to imagine when a UWB device would be & a 30 m height
and not be within abuilding, in which case an additiona 9 dB of building attenuation would have

to be considered.

% Note a0 that the use of the more conservative 40-dB correction factor provides an
additiona safety margin of a least 20 dB to the andysisthat follows.

® The antennafor atypicd ARSR-4 sysem is mounted on a 25-75 foot tower and
enclosed by a hemispherica radar dome to shield the equipment from the environment. The
tower isfurther enclosed in a50-100 foot fenced-in area, often with warnings that limit access.
Photographs of atypica ingalation are available a <http://www.rannoch.com/projs.html>.
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Table 1 from NTIA Report As Modified to Include
The 40 dB Correction Factor*

TABLE 1 Summary of Assessment of Effects of UWB Devices on Federal Systems For
Average Power Interactions

UWB Height 2 Meters UWB Height 30 Meters
Non-Dithered Dithered Non-Dithered Dithered
. MinSep MinSep MinSep
. UWB  |Max. EIRP lensezl(lém)Max. EIRP| (km) [Max.EIRP| (km) [Max.EIRP| (km)
SYSTEM I\;qu' PRF | to Meet d;‘;/MHZ to Meet | for-41.3 | to Meet | for-41.3 | to Meet | for-41.3
( ) (MHz) Protect RMS) EIRP Protect. | dBm/MHz | Protect | dBm/MHz | Protect | dBm/MHz
Criteria (t |\3| ¢ Criteria [(RMS) EIRP| Criteria [(RMS) EIRP| Criteria |(RMS) EIRP
dBm/MHz F?rotsit dBm/MHz| to Meet |dBm/MHz| to Meet |([dBm/MHz| to Meet
(RMS)) o (RMS)) Protect. (RMS)) Protect. (RMS)) Protect.
Criteria. o o o
Criteria Criteria Criteria
Distance Measuring
Equipment (DME) 960- [EO0.1 -6
Interrogator Airborne (1215 B 1 -7
Rcvr
DME Ground 1025-[£0.1 -23
Transponder Revr 1150 B1 -24
IAir Traffic Control
Radio Beacqn Sys 1030 £1 -4
(ATCRBS) Air 210 3
Transponder Rcvr
IATCRBS Gnd 1090 £1 9
Interrogator Revr 310 19
Air Route Surveil. 1240- [E0.1 -20
Radar (ARSR-4) 1370 BO.1 -21
Search & Rescue
Sat.
1544- -2
(SARSAT) Ground 1245 £0.1 _22
Station Land User 31
Terminal (LUT)
IAirport Surveillance [2700- [£0.1 -4
Radar (ASR-9) 2900 P 1 -6
Next Gen Weather 2700- [EO.1 1
Radar (NEXRAD) 2900 P1 -2
- 2900- £1 -16
Maritime Radars 5100 F 10 10
FSS Earth Station  [3700- i(l) ¥
° )
(20" Elevation) 4200 5100 bo
34

asis.

In each of the modified tablesin this Appendix A TDC has only dtered the Maximum
EIRP vdues. The Minimum Separation Distance entries have not been recaculated and are | eft




FSS Earth Station ~ [3700- -+ o et
(5° Elevation) 4200 [0 o e
3100 5 0.63
CW Radar Altimeters [4200- [E0.1 65 NA
at minimum altitude {4400 B 1 54 NA
Pulsed Radar £1 54 NA
Altimeters 4200- (10 54 NA
at Minimum Altitude ({4400 P 10 54 NA
Microwave Landing [5030-}£ 0.1 -5 . -5 0.07
System 5091 P1 -14 . -5 0.07
Terminal Doppler Wx [5600- [E1 5 NA 6.0
Radar (TDWR) 5650 P10 5 5 NA -23 6.0

C. Impact of 20 dB Peak-to-Average Level Proposal in the NPRM

TDC next shows additiond shortcomingswith NTIA’smodd. NTIA’s modd did not
account for the Commission’s proposed requirement to limit peak power in a50 MHz
resolution bandwidth® (or even the proposed requirement for true peak power across the total
emisson bandwidth).* NTIA only consdered the average limits proposed by the Commission,

and, because of this, NTIA’s conclusions are severely skewed.

The FCC' s peak-to-average limit effectively controls the average power aUWB device
may radiate for PRFs below approximately 10 to 20 MHz. For UWB equipment, the FCC
proposed to limit average emisson levels to 500 mV/m measured at a distance of 3 meters
(using instrumentation employing an average detector with a1 MHz resolution bandwidth filter).

The FCC as0 proposed to limit peak level emissions measured in a50 MHz bandwidth to

® The Noteto Table 2 of NTIA’s Report plainly states that peak-to-average power
levels greater than 30 dB were modeled by NTIA.

% NTIA’suse of BWCFs greater than 60 dB attests to this. See Tables 4-44b and 4-
45b.
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20 dB above the maximum permitted average level, equivaent to 5000 mV/m measured at 3

meters.® These two requirements are tightly interrelated.

To undergtand this interrelation as it concerns UWB systems, consder a UWB sgnd
with aPRF of 0.1 MHz that has an average level measured in a1 MHz bandwidth thet isjust
compliant with the NPRM proposal. Thisisthe UWB sgnd shown in Table 1A for the ARSR-
4 radar system as gl not meeting the specified protection criteria. To quantify the effect of the
20-dB pesk leve specification on average power, TDC usesthe NTIA formulas for peak leve
Bandwidth Correction Factors (“BWCFs’). These BWCFs are used to determine the
response of victim recelvers having different |F bandwidths reldive to the measurement

reference bandwidth of 1 MHz.

Equation 3-12 in the NTIA report can be used to calculate the peak response of a50
MHz system to a non-dithered PRF of 0.1 MHz. It isimportant to note that NTIA uses

average and peak BWCFs that are normalized to the average power level measuredina 1

¥ The average power and 20 dB peek-to-average limit are consgstent with the limits
currently contained in Sections 15.209 for average field strength and 15.35(b) for pesk fied
grength. See NPRM at 1143. The FCC adso proposed atota peak limit of 60 dB above the
average limit measured in a1 MHz resolution bandwidth (using aformula that would further
reduce the peak limit based on the 10 dB bandwidth of the entire emission). Thetota pesk
power has been previoudy addressed by TDC. See TDC Comments (Sept. 12, 2000) at 43-
44; TDC Reply Comments (Oct. 27, 2000) at 60.
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MHz bandwidth.*® Substituting into Equation 3-12 0.1 MHz for PRF and 50 MHz for

receiver bandwidth provides a pesk BWCF, of 51 dB.

Thus, for the same 0.1 MHz PRF signd, the calculated peak level response of a system
with a 50 MHz wide bandwidth relative to the average level responsein a1l MHz bandwidth is
51 dB. However, the maximum permitted pesk level in a50 MHz bandwidth relaive to the
maximum average level in a1 MHz bandwidth proposed in the NPRM is20 dB. Accordingly,
to comply with the FCC proposed 20 dB peak-to-average leve, the 0.1 MHz PRF sgnad must
be attenuated by the difference between 51 dB and 20 dB, or 31 dB. This attenuation would
necessitate |lowering the average power by 31 dB. Although the proposed average power limit
permits a—41.3 dBm/MHz level, aUWB sgnd with a0.1 MHz PRF islimited to an average
power that is 31 dB below thislevd. Thus, the sgnd that supposedly exceeded the NTIA
protection criteria (i.e., for the ARSR-4 system) will actualy meet NTIA’s criteriawith over 30
dB of additiond margin when the UWB dgnd leve is atenuated to comply with the pesk limit

specification proposed by the Commission in the NPRM.

For dithered sgnds, the caculated BWCF for a 50 MHz bandwidth is 51 dB (through
gpplication of NTIA Equation 3-14). Thus, the above analyss on the effect of the 20 dB pesk

limits holds true for both dithered and non-dithered UWB signds.

® See NTIA Report at 3-2.
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Further, NTIA’s analys's shows that the average power of any non-dithered signa
with a PRF of lessthan 11 MHz would be restricted by the pesk leve limit to aleve lower than
the proposed average power limit and a dithered signa with a PRF less than or equal to 25
MHz would be restricted as a consegquence of the 20 dB pesk limit. Lower PRFsin both cases
would result in correspondingly lower average power levelsin order to comply with the 20 dB

peak-to-average limit.

D. NTIA’'sModel Clearly Shows That the Proposed Peak Limit Can Be — and,
Indeed, Must Be — Adjusted by 21 dB.

The proposed 20 dB peak limit specification imposes severe restrictions upon UWB
technology. Because UWB sgndswith PRFs below approximately 20 MHz would be
required to lower their average power to comply with this restrictive limit, nearly every UWB
goplication usng low PRFswould be precluded. TDC does not believe that the Commission
intentionaly intended to create this obstacle for UWB technology. To do so would be contrary
to one of the Commisson’s guiding principles, that is, regulatory requirements should not
impose artificid barriers to development of new technologies. The Commission haslong hed
that technicd regulations should only be imposed to the extent needed to prevent a sgnificant
probability of causng harmful interference thereby providing industry with the widest |titude

possible in developing products and competing in the market place with those products.

Armed with the underganding that NTIA’s andlyssis based on average power sgnd

levelswdll in excess of the average levels that would be permitted due to the restrictive nature of
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the pesk limit proposal, TDC will now explain how NTIA’s modd shows that relaxation of the

20 dB pesk limit can be accomplished without exceeding NTIA’ s posited protection criteria.

As noted above, NTIA’s average power analyss was based on a UWB average power
level equivaent to 500 uV/m at 3 meters (which NTIA cdculated to be-41.3 dBm/MHz)
irrespective of PRF.* NTIA’s own Table 1 shows that average power interaction effects are
typicdly minimaly related to PRF, asthereis only a 10 dB variation for UWB sgndswith
PRFs between 10 kHz and 10 MHz. In other words, NTIA has shown that for a specific
receiver, the interaction effects from a 10 MHz PRF are within 10 dB of the interaction effects
of a0.1, 0.01, or 0.001 MHz PRF provided the average EIRP of each signal is-41.3

dBm/MHz.

Based on thissmdl 10 dB variation with such awide range of PRF vadues, and the
reductions in average power that result when the 20 dB pesk limit specification in the NPRM
that was unaccounted for in the NTIA andyss, TDC illugrates that the Commission can raise
this peak limit specification. Indeed, raising the pesk-to-average limit to 41 dB will dlow UWB
technology to thrive while continuing to meet the protection criteria used by NTIA in that

agency’ sandyss.

NTIA’s andyss shows that the impact of UWB signd interaction based on average

power isonly minimaly related to PRF. From thisit is reasonable that the peak limit should not

® See NTIA Report &t vi.
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be so low that lower PRFs would be required to reduce the average power by more than 10
dB asafunction of PRF in order to comply with the pesk limit. TDC has retained this 10 dB
factor to account for the average power interaction variation as shown by NTIA to bejustified

asit rdaesto variationsin PRF.

TDC usesthis 10 dB PRF dependence factor to account for the average power
variation, and to show why the peak to average limit can be raised to 41 dB (as measured in a
50 MHz bandwidth) in the following manner: For a0.1 MHz PRF,* the response of a50 MHz
receiver bandwidth would be 51 dB above the average power of that Sgnad measured ina 1l
MHz bandwidth. TDC reduces the 51 dB calculated peak level response of 50 MHz
bandwidth system by the 10 dB PRF dependence factor to reach alimit of 41 dB. Thisisdone
so that the FCC will adequatdly account for the PRF interaction relationships for average power

that NTIA developed initsandyss.

If the 20 dB pesk limit is replaced by 41 dB, and the actua average UWB EIRP power
isrecaculaed, the level for the 0.1 MHz PRF sgnd will sill be 10 dB lower than NTIA’S
allowed 41.3 dBm/MHz level, which NTIA caculated asthe EIRP leve permitted by the
levels proposed by the FCC. Thisrequired reduction in UWB EIRP level would be reflected in

Table 1A for the ARSR — 4 system, for example, by raisng the—42 dBmyYMHz limit by 10 dB

“ Thisisthe same PRF (for the ARSR-4 system) where average power interactions were
within 0.7 dB of meeting the NTIA protection criteria after adjustment with the 40 dB
correction factor. See Table 1A, supra.
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to —32 dBm/MHz. Thus, the ARSR —4 radar would be afforded 9.3 dB of margin for

meeting NTIA’s protection criteria

When conddering the impact of the red-world mitigation factors (that provide 40 dB to
60 dB of additional margin) and the peak limit effects, it is clear that, asfar as average power
condderations are concerned, there will be no adverse interactions between UWB systems and
Federd systems of the kind modeled. Moreover, the imposition of apesk limit measured in a
50 MHz bandwidth that has been relaxed to 41 dB maintains protection for average power
interactions and provides an additiona 10 dB of margin to the average levels presented in
NTIA’sTable1. The41 dB pesk-to-average limit for UWB equipment would continue to
meet NTIA’ s protection criteria and would aso diminate the severe redtriction on UWB

technology that the 20 dB limit imposes.

E. Peak Level Interactions Between UWB And Federal Systems

Having addressed average power interactions and having shown that the 20 dB peak
limit can be relaxed by 21 dB with no deleterious effects, the anayss TDC gpplied to Table 1
can now be applied to the peak level interaction andysis NTIA presented in Table 2. Table 2
of NTIA’s Report, which is reprinted below, delineates the peak power interactions. (In Table
2, NTIA notesthat the shaded areas are for PRF values that would result in pesk-to-average
power levels greater than 30 dB. TDC will use shading in subsequent updates to this table to

indicate data that no longer are found to exceed NTIA’s criteria.)
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Table2 From NTIA Report

TABLE 2 Summary of Assessment of Effects of UWB Devices on Federal Systems For Peak
Power Interactions with Digitally Modulated Systems

UWB Height 2 Meters UWB Height 30 Meters
Non-Dithered Dithered Non-Dithered Dithered
uwB MinSep.(km) MinSep.(km) MinSep.(km) MinSep.(km)
system | Te: | prp [V EIRPY o 413 MaX EIRP) o an g [Max EIRPH ey 4y 3 TMEIRPY o 413
(MH2)| \z) ;Orc')\fs;t dBmM/MHz ;Oro'\:'sftt dBm/MHz ;‘;0'\:':?: DBmM/MHz ;Oro'\:'sftt dBm/MHz
~ 7 | (RMS)EIRP -~ | (RMS)EIRP - | (RMS)EIRP - | (RMS) EIRP
Criteria to Meet Criteria to Meet Criteria to Meet Criteria to Meet
(dBm/MHz Protect. (dBm/MHz Protect. (dBm/MHz Protect. (dBm/MHz Protect.
(RMS)) Criteria (RMS)) Criteria (RMS)) Criteria (RMS)) Criteria
Search & 0.001 |-104 >15 -104 >15 -101 >15 -101 >15
Rescue 0.01 |94 12.0 -94 12.0 -91 >15 -91 >15
Sat. (SARSAT) |1544-10.1 [-84 7.3 -84 7.3 -81 >15 -81 >15
Ground Station 1545 [1 -74 4.2 -74 4.2 -71 11.3 -71 11.4
Land User 10 [69 3.1 -68 2.9 -66 6.1 -65 5.4
Terminal (LUT)
0.001 |-89 6.6 -89 6.6 -95 >15 -95 >15
0.01 |79 3.9 -79 3.9 -85 >15 -85 >15
FSS Earth 3700- 0.1 |69 2.2 -69 2.2 -75 5.3 -75 5.3
Station 1200 1 -59 1.2 -59 1.2 -65 1.7 -65 1.7
(20° Elevation) 10 |39 NA -50 0.5 45 0.25 55 0.6
100 |20 NA -40 NA -26 NA -45 0.25
500 |20 NA -36 NA -26 NA -42 .20
0.001 |-104 12.3 -104 13.2 -130 >15 -130 >15
0.01 [-94 8.4 -94 8.4 -120 >15 -120 >15
FSS Earth 0.1 |84 5.1 -84 5.1 110 >15 -110 >15
Station 3700-1 |74 3.0 .74 3.0 1100 10.1 1100 10.2
(5°Elevation)  [290 10 |54 10 (64 17 (80 13 (90 =
100 |35 NA -54 1.0 -61 0.44 -80 1.3
500 |35 NA -51 0.6 -61 0.44 -77 1.0
(1) The calculations were made at UWB PRF Values of, 0.001, 0.01, 0.1, 1, 10, 100, and 500 MHz. When the
Note: dristantt):le values and Maximum EIRP values were the same for a range, they were grouped together to save space in
' the table.
Thus, for the LUT the calculations for 10, 100, and 500 MHz were the same and are shown in the row labeled 3 10
MHz. (2) The shaded areas are for PRF values that would result in peak-to-average power levels greater than 30 dB.

In Table 2 NTIA provides an andysis rdated to peek leve interactions to three digita

communications systems presumably sendtive to peak related interactions. Because NTIA did

not incorporate any red-world interference mitigation factors related to digita signa processing

techniques, it follows that the NTIA analysisis an absolute worst-case scenario. To generate
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the numbersin thistable NTIA aso used Equation 3-1 as was used in the average power
andysis presented in Table 1. Table 2 shows that the maximum alowable EIRP to meet the
protection criteriamay be defined as afunction of PRF. Although this table presents the results
of peak levd interaction effects, columns 4, 6, 8, and 10 are specified in terms of the average

EIRP power level permitted from a UWB device to meet the protection criteria

Table 2 shows a maximum sendtivity to pesk related interactions is associated with FSS
Earth Stations from UWB sources using very low PRFs, i.e., 0.001 MHz equivadent to 1 kHz,

requiring the UWB EIRP sgnd leve to be no higher than -130 dBm.

The first step in addressing the issues presented by Table 2 of the NTIA analysiswill be
to incorporate the conservative 40 dB correction factor for unaccounted losses as was done for
Table1. Again, the grayed out data entriesin Table 2A are those vaues that now meet NTIA'S

specified protection criteria. Well over haf of the data now meet the protection criteria
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The 40 dB Correction Factor

Table 2 From NTIA Report As Modified to Include

TABLE 2 Summary of Assessment of Effects of UWB Devices on Federal Systems For Peak
Power Interactions with Digitally Modulated Systems

UWB Height 2 Meters UWB Height 30 Meters
Non-Dithered Dithered Non-Dithered Dithered
UwB MinSep.(km MinSep.(km MinSep.(km MinSep.(km
system | Fred:| pgg [Max-EIRP for-gl(.S ) vax. EIRP for-Zl(.B )| max. ERP for-Zl(.3 ) vax. EIRP for-Zl(.3 :
(MHD\wikz)| 0 MOl | dBmmkz | 10 MEt ldBmmkz oMot | demmnz | O M| demmkz
— | (RMS)EIRP — = | (RMS)EIRP -~ | (RMS)EIRP — =7 | (RMS) EIRP
Criteria to Meet Criteria to Meet Criteria to Meet Criteria to Meet
@BmMHZ] - b tect.  [(ABMMHZ) o ecr,  [(@BMMHZ | o et [(ABMMHZE o oect.
(RMS)) Criteria (RMS)) Criteria (RMS)) Criteria (RMS)) Criteria
Search & 0.001 [-64 >15 -64 >15 -61 >15 -61 >15
Rescue 0.01 [54 12.0 -54 12.0 -51 >15 -51 >15
Sat. (SARSAT)  [1544-0.1 |44 7.3 -44 7.3 -41 >15 -41 >15
Ground Station  [1545 |1 -34 4.2 -34 4.2 -31 11.3 -31 11.4
Land User 510 [-29 3.1 -28 2.9 -26 6.1 -25 5.4
Terminal (LUT)
0.001 [-49 6.6 -49 6.6 -55 >15 -55 >15
0.01 [-39 3.9 -39 3.9 -45 >15 -45 >15
FSS Earth 2700- 0.1 [29 2.2 -29 2.2 -35 5.3 -35 5.3
Station _ 4200 1 -19 1.2 -19 1.2 -25 1.7 -25 1.7
(o]
(20" Elevation) 10 1 NA -10 0.5 -5 0.25 -15 0.6
100 |20 NA 0 NA 14 NA -5 0.25
500 |20 NA 4 NA 14 NA -2 .20
0.001 [-64 12.3 -64 13.2 -90 >15 -90 >15
0.01 |54 8.4 -54 8.4 -80 >15 -80 >15
FSS Earth 0.1 |44 5.1 -44 5.1 -70 >15 -70 >15
Station 431;88 1 -34 3.0 -34 3.0 -60 10.1 -60 10.2
(5° Elevation) 10 |24 1.0 24 1.7 -40 1.3 -50 3.3
100 |15 NA -14 1.0 -21 0.44 -40 1.3
500 [-15 NA -11 0.6 -21 0.44 -37 1.0

TDC will now work towards incorporating NTIA’ s falure to recognize thet the

proposed pesk limit effectively limits both peek and average levels. However, in lieu of the

NPRM proposal of a20 dB maximum pegk-to-average limit, TDC will useits proposed 41 dB

pesk limit.
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The first step in this processis shown in Table 3. Table 3 shows the calculated pesk
leve response of a50 MHz IF bandwidth to UWB signds of varying PRFs. NTIA Equation 3-
14 was used to cdculate the levels for dithered sgnals and the equations in Section 3.5.1.2 of

the NTIA report were used for non-dithered signas.

Table 3. Calculated Peak Response Based on NTIA’s Model

PRF (MH2) Calculated Peak Response
In a50 MHz Bandwidth (dB)

Non-dithered dithered
0.001 n &
0.01 61 61
01 51 51
1 41 41
10 21 31
100 0 21*

500 0 *

* Applicability of Equation 3-14 to this PRF is questionable. See conditions for Equation D-6
that is aso applicable to dithered signasin this range.

It was previoudy shown thet, for lower PRFs, the need to meet both peak and average
limits effectively forces both the pesk and average levels to be atenuated by the amount the
peak limit specification measured in a 50 MHz wide bandwidth is exceeded. Table 3 shows
that, with the proposed 41 dB pesk-to-average ratio, signaswith PRFs of 0.1 MHz or less are

required to atenuate their peak levels by at least 10 to 30 dB. Table 3 dso shows the severity
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of the 20 dB peak limit. The proposed 20 dB pesk-to-average limit would require attenuation
of both the peak and average signa levels by 30 to 50 dB. Power reductions of this magnitude
would effectively prevent any useful deployment of UWB technology using lower PRF

technology.

Adjusgting NTIA’ s table for pesk power interactions to account for the 41 dB pesk limit
isprovided in Table 2B. Again, the grayed areas show where NTIA’s protection criterion is

being met.
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Table 2 From NTIA Report Further Modified With

The Proposed 41 dB Peak-to-Average Level

TABLE 2 Summary of Assessment of Effects of UWB Devices on Federal Systems For Peak
Power Interactions with Digitally Modulated Systems

UWB Height 2 Meters UWB Height 30 Meters
Non-Dithered Dithered Non-Dithered Dithered
UwB MinSep.(km MinSep.(km MinSep.(km MinSep.(km
system  |Fred-| pgp [Max EIRP for-gl(.S Imax. E1RP for-zl(.s )| max. ErRP for-Zl(.3 Imax. E1RP for-Zl(.3 :
MHD\wikz)| o MO | dBmmz | O MO | dpmmz | O MEEL | dBmmkz | 1O MES T dBmmk
~ 7" | (RMS) EIRP ~ | (RMS)EIRP ~ = | (RMS) EIRP -~ | (RMS) EIRP
Criteria to Meet Criteria to Meet Criteria to Meet Criteria to Meet
@BmMHz| b recr,  @BMMHZ) o e, [@BMMHZ Yo e, |ABMMHZ) b et
(RMS)) Criteria (RMS)) Criteria (RMS)) Criteria (RMS)) Criteria
Search & 0.001 |-34 >15 -34 >15 -31 >15 -31 >15
Rescue 0.01 |34 12.0 -34 12.0 -31 >15 -31 >15
Sat. (SARSAT)  [1544-0.1 |34 7.3 -34 7.3 -31 >15 -31 >15
Ground Station (1545 |1 -34 4.2 -34 4.2 31 11.3 31 11.4
Land User 510 |29 3.1 -28 2.9 -26 6.1 -25 5.4
Terminal (LUT)
0.001 |-19 6.6 19 6.6 -25 >15 25 >15
0.01 |19 3.9 19 3.9 -25 >15 25 >15
FSS Earth 3700- 0.1 |19 2.2 19 2.2 25 5.3 -25 5.3
Station 1200 1L -19 1.2 -19 1.2 25 1.7 25 1.7
[0}
(20° Elevation) 10 |1 NA -10 0.5 -5 0.25 15 0.6
100 [20 NA 0 NA 14 NA -5 0.25
500 [20 NA 4 NA 14 NA -2 .20
0.001 |-34 12.3 -34 13.2 -60 >15 -60 >15
0.01 |34 8.4 -34 8.4 -60 >15 -60 >15
FSS Earth 01 |34 5.1 -34 5.1 -60 >15 -60 >15
Station jggg' 1 -34 3.0 -34 3.0 -60 10.1 -60 10.2
(5° Elevation) 10 |24 1.0 24 1.7 -40 1.3 -50 3.3
100 |15 NA 14 1.0 21 0.44 -40 1.3
500 |15 NA 11 0.6 21 0.44 37 1.0

Table 2B shows that there is only one remaining system that does not meet the NTIA

specified protection criteria These data are for UWB devices that are 30 m high in proximity to

the 5° elevation angle FSS earth station.

TDC noted above that the peak related interaction effects are directly related to PRF.

Consequently, it is both interesting and compelling to note that, based on NTIA’sandysis, a
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UWB source using a 266 Hz PRF should be more of a problem to the 5° devation FSS earth
dation than aUWB sgna with a1l kHz PRF. According to the NTIA modd, then, aUWB
sgnd with a PRF of 266 Hz would be expected to behave smilarly to the ignition system pulse
rate from an 8 cylinder, 4 cycle gasoline engine turning at 4000 revolutions per minute. At 4000
rpm, a6 cylinder engine fires a arate of 200 Hz and a4 cylinder enginefires at arate of 133
times per sec. For a UWB device with a PRF of 133 Hz, NTIA’smodd shows the average
EIRP level could be no higher than =139 dBm/MHz in order to meet the protection criteriawith

no possbility of pesk level interaction.

Based on NTIA’sanalyss model for peek rdated interference, it is clear that typica
gasoline engines would be much more likely to cause interference to FSS Earth Stations than a
UWB source would — specificdly a UWB source compliant with the proposed average field
grength limit with a proposed pesk limit of 41 dB, measured in a50 MHz bandwidth. Random
ignition interference would radiate at its own pesk level as would other unregulated incidenta
sources of high peek level emissons. While the average power in these incidental sourcesis
very low (relative to the proposed limit), they have very high pegk energy levelswdl above

those that would be permitted by TDC's proposed peek limit specification.

The gasoline engine scenario clearly cdlsinto question NTIA’s pegk leve interaction
mode for the 5° FSS Earth Station. An analys's based on an unredlistic absolute worst case
scenario cannot come close to accurately reflecting red world conditions relative to the
performance of these systems. If it did, the interactions from the previousy mentioned sources

of incidentd radiated energy would require the Ste to be isolated from traffic and other
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gpparatus at distances greater than tens of kilometersto preclude peak leve interactions and
render it usdlessin stormy wesather conditions. Theseisolated places are not places where

UWB devices are likdy to find consumer applications.

FSS C band earth stations are typically used to receive Sgnas from geo-stationary orbit
(“GS0O”) satellites. When the antennas of these Sations are dligned at a 5° devation angle, the
main beam and the first Side lobe of the antennawould cast alarge footprint on the surrounding
areawhere there would obvioudy be numerous incidentd radiation sources. One then has to
wonder how Earth Station systems can operate a these low angles and receive no interference

from the surrounding normal environmenta interference.

One possble answer liesin the unaccounted for digital Sgna processing capabilities
these systems have that was not included in the NTIA andlyss. The 40 to 60 dB correction
factor incorporated by TDC was based solely on corrections to the path loss model used by
NTIA. Digitd sgna processing capabilities do not affect the path loss and it is therefore
appropriate to consder these capabilities separately. NTIA, in discussing marine radar
interference to FSS Earth Stations operating at low antenna elevation angles, has even
acknowledged that “[a]dvanced digita signa processing techniques, such asforward error

correction coding and bit interleaving, can be very effective in reducing the susceptibility of an
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FSS earth gtation recelver to EMI from adjacent-band radar and from other interference

sources.”

Another posshility isthat the NTIA pesk level andysis produces results that are much
more severe than exigsin the red world aswe know it today. Interference andysisfor digitd
communications as a common industry practice uses bit error rate changes and/or carrier to
noise (C/N) ratios of gpproximatdy 12 dB for interference andyss” They do not use noise
power I/N ratios that are measured as incremental changesin the IF noise output of the victim
receiver. NTIA hashistoricaly gpplied an I/N ratio in radar system interference analys's, not
for communications sysems interference andyss® UWB equipment would easily meet such

CIN criteria™

The conclusions from the foregoing andysis may be summarized as follows:

NTIA showed that, for awide range of PRFs, average power interactions with the systems

andyzed varied by a maximum of 10 dB for PRFsbdow 100 MHz. Using NTIA’s

o NTIA Report TR-99-361, “Technica Characteristics of Radiolocation Systems
Operating in the 3.1 — 3.7 GHz Band and Procedures for Assessng EMC with Fixed Earth
Station Receivers’ at § 7.2.4.

” In paragraph 33 of the NPRM, the FCC urged commenters to discuss protection ratios
interms of signd to interference. NTIA Report TR-99-361 (seen. 41, supra) on FSS
interference caused by radar sysems usesa C/N ratio of 12 dB. Theleve of UWB signd
required to affect the 12 dB C/N ratio would be much higher than the I/N ratio used by NTIA
in its communication sysems andysisinvolving UWB.

® See NTIA Report TR-99-361.
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formulas, TDC's proposed 41 dB peak specification would effectively dlow UWB
devices to meet the protection criteria specified by NTIA without average or peak power

interactions with their systems.

A 41 dB pesk limit places asufficient pesk leve cap for the full range of PRFs. The EIRP
levels and distances cdculated in NTIA’sandyss are not vaid because they include UWB
systems with peak power levels greater than either 20 dB or 41 dB (measured in a50 MHz

bandwidith).

The adjusted permissble UWB EIRP level of -60 dBm for the 5° eevation angle FSS earth
dationsis 18.7 dB below the level that a UWB device compliant with the proposed 41 dB
pesk limit would produce. TDC posits some possibilities exist to account for this scenario,

thereby maintaining compliance with NTIA’s protection criteria for this system:

1. TheFSS Earth Station scenario il predicted by the revised NTIA numbersto be
problematic involves UWB devices a a height of 30m. TDC cannot envison a scenario

in which the UWB device a 30 m would not be located indde a building.

2. That thedigitd sgnd processing interference mitigation techniques employed by the
FSS Earth Stations that NTIA did not incorporate in their analysis will more than

compensate for the leve referenced above, and

44

Note that had the 60 dB correction factor been incorporated the FSS earth station

would not be an issue.
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3. Tha NTIA usedin its cdculations an incorrect protection criteria, i.e., an I/N ratio
developed for radar system analysis. Use of C/N ratios of the order of 12 dB for
performance cong derations relative to ambient background signals would be more
gppropriate as evidenced by industry practice, and would likely show that UWB

equipment would mest the latter criteria

The automobile engine scenario plainly demondrates that the pesk leve interaction model
for FSS Earth Station cannot come close to accurately reflecting redl world conditions

relaive to the performance of these systems.

TDC has shown that the Commission can raise the peak limit from 20 dB to 41 dB
while continuing to meet the protection criteriaused in NTIA’smodel. In fact, gpplication of a
41dB peak limit will offer more protection than the levels represented in the NTIA Report
because NTIA did not account for any reduction in average power that is required in order to
smultaneoudy meet the peek level limit for lower PRFs.* Further, apesk limit of 41 dB will

not severely constrain UWB technology, as would the Commission’s current proposal. The

® In Appendix D of itsreport, NTIA concludes that the lowest achievable ratio for pesk
power measured in a 50 MHz bandwidth to rms average power measured inal MHz
bandwidth for a dithered signal is 27 dB for a PRF of 25 MHz. See NTIA Report at D-2.
Suffice it to say that such aredriction on dithered UWB technology istotaly unwarranted.
TDC s proposd for a41 dB pesk limit in a50 MHz bandwidth would shift the point where the
average/pesk power leve interaction begins to affect the average power level down to
gpproximately a 1 MHz PRF for dithered and non-dithered signals.



- A27 -

Commission’s proposa would impact average power levelsfor PRFs of 11 MHz or lessfor
non-dithered systems and for dithered Sgndswith PRFsin the range of 20 to MHz or less

based on NTIA’sandyss.

NTIA’sandyssfalsto recognize that a UWB device must amultaneoudy comply with
the average and pesk signd level specifications proposed by the FCC. NTIA’sBWCFswere
intended to relate the power level measured in a1 MHz bandwidth, as specified in the NPRM,
to the power level avictim receiver would see in its bandwidth from the same sgnal. However,
NTIA’s analyssfaled to adequately account for the interaction of the FCC proposed
gpecifications and the impact this would have on the actua power a given victim recaeiver would
seeinits bandwidth. In so doing, the NTIA andys's can be effectively used to illudtrate thet a

higher peak-to-average ratio should be authorized by the Commission.

This 41 dB pesk-to-average proposa is much more aligned with the Commission's
historic policy of not imposing technica congtraints on any technology where such congraints
are not warranted. TDC has shown that a41 dB limit is an excellent compromise between
higher limitsthat could be potentially problematic and the lower limit proposed by the FCC,

which would unduly limit UWB technology.



