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1 OVERVIEW AND EXECUTIVE SUMMARY::

In the Experimental Radio Servicelicensethat the Federal CommunicationsCommission
("FCC" or "Commission™) issued to Clarity Media Systems, LLC ("' Clarity™) on April 24,2008
(Cdl Sign WE2XNE, File No. 0692-EX-PL-2007) ("' Experimenta License™), Clarity was
directed, inter alia, to file a progress report “detailing how it met its interferencelimitations when
the system initially became operational (e.g., successful coordination with [the Society of
Broadcast Engineers]), any reported interferencecaused by the system, and the means of
remediationof such interference.” Clarity Experimental License at 4 (Special Condition No. 6).
This Report is prepared and submitted in fulfillment of this condition.

A. Claritv Objectives

Clarity completed principal operations under the Experimental Licenseduring thefirst two
weeks of June 2008. As laid out in the underlying application for the Experimental License, the
Clarity program had the following objectives:

1. Ascertain the minimumsignal level at thefence line (—150 meters to —300 metersfrom
the Clarity transmitting antenna, depending on the Flying J Travel Plaza) a which
Clarity can provideits required signal quality to parked tractor trailers without suffering
the negativeeffects of multipath distortions.

2. Takeenough signal strength measurementsfrom a Clarity transmitting antenna
operating at the minimum signal level (determined per No. 1 above) at the Flying J
Travel Plazafence line (FL) to enable an accurate conclusion about the overall signal
strength pattern to be drawn, and to determinewhether Clarity's transmissionsystem
meets the minimum desired-to-undesired(D/U) signal ratio of 8 dB for the digital ENG
equipment that is now transitioningto the 2025-2110 MHz band.

Clarity used its authorized experimental operations to gather comprehensive, accurate, and
meaningful measured data a two Flying J Travel Plazas- one in Winslow, Arizonaand the other
in North Salt L ake, Utah - that together are representativeot the approximately 250 FlyingJ
Travel Plazas around the country where Clarity seeks to deploy its system.



B. Establishment of -72 dBm/Channel as Clarity’s Reauired Signal L evel at the Fencel ine

Pursuant to the first objective, Clarity used its experimental operationsto establish that -72
dBm per channel is the minimum signal strength it requiresat thefence line of the truck parking
areas wherethe Clarity receiverswill be located in order to meet its modest coverage and signal
guality objectives. Whether thefence lineis 150 metersfrom the transmitting antenna (asit is at
the smallest Flying J Travel Plazas) or approximately 300 meters (asit is at the travel plazas with
thelargest truck parking areas), the Clarity transmission system would be optimized during
install ation through acombination of transmitting antenna height above ground, electrical and
mechanical beam downtilt, and ERP/transmitter power output (" TPO™) per channel to produce, at
thefar side of thetruck parking area, a-72 dBm per channel signal in the principal azimuth of the
directional 120° half-power beamwidth of the sector antenna. This signal strength level
corresponds, as a general matter, to a TPO per channel of between 1 and 5 milliWatts (or,
aternatively, an ERP per channel of between 10 and 50 milliWatts).

A signal strength level of -72 dBm per channel at the fence line means that the received
signal level (“RSL”) at specified distances beyond the fence line will be constant across the Flying
J system — regardless of how far thefenceline isfrom the transmitting antenna. As aresult,
measurementsof RSL at variousdistancesfrom a Clarity transmitting antennathat is optimized
for coverage of the largest of the Flying J Travel Plazas (i.e., the transmission system is set up to
producea-72 dBm per channel signal at 300 meters away), along eight azimuths spaced every 45"
around the compass, produce an RSL grid that representsthe operational worst case for assessing
the potential for harmful interferencefrom Clarity operationsanywherein the nation. To the
extent that there are smaller plazas that bring the grid pointsin by as much as 150 meters," or there
are terrain and/or man-made obstacles that block reception of the signal out to the grid points,
thesefeatures will only serveto reduce any potential for harmful interference that may otherwise
have been found.

C. Winslow and North Salt L ake RSL M easur ements

In its experimental operations at Winslow on June 3 and 4,2008, Clarity's technical team
made RSL measurementsat 45" azimuths at intervalsof 300m, 600m, 1200m, and 2400m from a
transmitting antennathat was installed less than 10 meters above ground and optimized for a-72
dBm per channel signal strength 300 meters from the transmitting antenna. TPO per channel at
Winslow was 5 mW, and ERP per channel was 50 mW. Through these measurements, Clarity
devel oped a comprehensive data record of the energy produced by the Clarity directional
transmitting antennaat distances of up to 2400 meters(or 1.5 miles) from the same transmission
system Clarity seeksto deploy at Flying J Travel Plazas around the country. Clarity also took
RSL measurementsat as many of the radial points and distances as it could access during
experimental operations at North Salt Lake on June 8 and 9,2008. In the North Salt Lake case,
the transmission system was optimized for a-72 dBm/channel signal strength 150 meters from the

"In thisregard, an RSL measurement taken at 2400 metersfrom a Clarity transmitting antennathat is optimized to
producea-72 dBm per channel signal a 300 meterswould be the same value as an RSL measurement taken at 1200
metersfrom an identically-oriented Clarity transmitting antenna that is optimized to producea-72 dBm per channel
signal at 150 meters.



transmitting antenna. TPO per channel & North Salt Lake was 1 mW, and ERP per channel was
11 mW,

The data generated by Clarity during these experimental operations are notablein several
respects.

O First, the RSL measurementsat Winslow — where the transmission system was
optimized to cover a parking lot that extended as much as 300 metersfrom the
transmitting antenna - represented the highest RSL s that would be experienced at
any Flying J Travel Plazain the country.

9 Second, the data generated at the two test sites are universally applicable through
the Flying J system unlessthere are terrain factors or other obstructions that will
block reception of thesignal at certain distances.

9 Third, thedatarevea that in nearly all cases, the measured RSLs werethe same as
or lower than the RSL s that Clarity's technical team anticipated or predicted based
on the transmitter proof of performanceit conducted.

9 Fourth, the data confirmed that Clarity's decision to use directional transmitting
antennas will decrease the RSL by 8 dB at +/- 90° from the principal azimuth of the
transmitting antenna, and by at least 20 dB at 180° off the principal azimuth,
regardless of the distance at which the measurement was taken.

D. Non-Participation bv Broadcaster swas No Obstacleto Gener ation of a Compr ehensive
Data Set for Assessing; Clarity's Potential Impact on Co-Freguencv ENG Svstems

Clarity coordinated the testing program at both the Arizonaand Utah locationsin advance
of the test dates with the Society of Broadcast Engineers ("' SBE") and potentially affected Local
Television Transmission Service licensees, as required by Special Condition Nos. 4 and 3 on its
licensefor Call Sign WE2XNE. Although the SBE and other broadcaster associationsand parties
with prior interest in the related Media Bureau proceeding regarding Clarity's proposed system
were invited to attend either or both sites, there was no attendanceor participation by broadcast-
industry representativesin the June 2008 experimental operations.

Clarity emphasizesthat the non-participation by broadcastersin the experimental
operationsdid not prevent Clarity from gathering the data it required to achieve the second testing
objective set out above. AsClarity explainsin this Report, it conducted tests in alaboratory
setting with a Clarity transmitting antennain the 2025-2109 MHz band and a co-frequency, digital
ENG link, where the ENG receiver was pointed directly at an ENG transmission source that was
set up right next to the Clarity transmitting antenna. The ENG link was operated successfully
when the desired-to-undesired (“D/U”) ratio of the ENG signal to the Clarity signal was
maintained at 8 dB or more. The ENG link reached an entirely satisfactory channel-state
information ("CSl") level when the D/U ratio of the ENG signal to the Clarity signal was
established at 12 dB (providing4 dB of link margin). When the D/U ratio was reduced to 3 dB for
oneof thetested conditions, the ENG link failed to reach satisfactory CSI. Thesetests confirm the



specifications provided by digital ENG equipment manufacturersthat the minimum D/U ratio for
this equipment is 8 dB, and that aslong as a12 dB D/U ratio is maintained in the presence of a
Clarity signal, Clarity will not cause harmful interferenceto ENG operations.

Clarity was a so able to take direct line-of-sight RSL measurementsaf a Clarity
transmitting antenna operating at the maximum power levels (50 mW ERP per channel, 5 mW
TPO per channel) that will be required at any Flying J Travel Plaza nationwidefrom at or near two
separatefixed ENG receivesites. For each of these particular measurements, Clarity temporarily
increased the ERP per channel of the North Salt Lake transmission system from 11 mW to 50 mW
(TPO per channel thus was increasedfrom 1 mW to 5 mW), and reoriented the directional antenna
so that the principal azimuth included the ENG fixed receive sites to which the particul ar
measurement corresponded. In thefirst case, an RSL measurement was taken from the roof of a
building in downtown Salt L ake City on which afixed ENG receivesiteis located, and in the
second case, an RSL measurement was taken from near afixed ENG receive site on amountaintop
northwest of downtown Salt Lake City. In thefirst case, Clarity's testing team was granted access
to the rooftop ENG site for measurements; in the second case, the ENG site was inaccessible to
unauthorized personnel, so Clarity picked alocation that is on the same azimuth as and a a
comparableelevation to the ENG site, but that was closer to the transmitting antenna than the
ENG receiver. TheRSL at the building rooftop (the Key Bank Tower, f/k/a the Beneficial Life
Tower, which is 8.37 kilometersfrom the transmitting antenna) was -108 dBm/channel. At the
mountain measurement site, which islocated just 2.3 kilometersfrom the Clarity transmitting
antennabut at a higher elevation, the measured RSL was-101.7 dBm/channel. For comparison
purposes, Clarity later reoriented its directional transmitting antennaon its proper bearing for
coverage of the parking area of the North Salt Lake Flying J Travel Plaza, and reset the TPO per
channel to 1 mW (the level needed to provide a-72 dBm/channel signal at thefenceline). It then
measured the RSL at an additional mountainsidesite, this one located 5.95 km from the Clarity
transmitting antenna. In this case, which is the true operational scenario for that facility, Clarity
measured the RSL to be lessthan -110 dBm (i.e., at least 18 dB below manufacturers' published
specificationsfor minimum receiver threshold sensitivity of -92 dBm/channel for COFDM).

E Reaults

The Clarity laboratory testsand RSL measurementsconfirmin every respect Clarity's oft-
stated expectation that the extremely low power transmission systems Clarity seeksto deploy at
Flying J Travel Plazasto bring television service to the cabs of resting long-haul truck driversis
effectively incapable of causing harmful interferenceto digital ENG links. TheD/U threshold for
digital ENG receivesystemsis, as the manufacturersof the equipment have informed Clarity, 8
dB. With agenerousaddition of 4 dB of link margin on top of margin built into the
manufacturers numbers, the D/U objective Clarity strovefor is 12 dB. Clarity's tests confirm:

1 Thereissimply no way that a Clarity transmission system serving atravel plaza
truck parking area that extends no more than 300 meters beyond the transmitting antenna can
causethe D/U ratio at fixed ENG receivesite to drop below 12 dB. Geographic separation
between Flying J Travel Plazas and the elevated, wide-coverage-areafixed ENG receive sites
alonewill providethe desired protection.



2.

For portable ENG receive equipment that may be operated by anews crew at or

near aFlying J Travel Plaza, thereis astatistically small possibility that the alignment situation
between the Clarity transmitting antenna, the ENG transmitting antenna, and an ENG receiver
could cause the D/U ratio for the ENG receiver to drop below the 12 dB target in particular
locations. The possibility of harmful interferenceis so low as to be insignificant.

a

The geographic area within which there is even the potential for aharmfully interfering
alignment with a Clarity transmitting antennais atiny fraction (muchless than 0.01%
in the worst case) of the coverage areaof a major-market broadcast station.

Mobile ENG receiveequipment is rare, and is expected not to account for more than a
tiny percentagecof overall ENG operation in the 2025-2110 MHz band for the
foreseeablefuture.

In the highly unlikely event of a potentially harmful interfering alignment, there may
be terrain, foliage, or structural obstructionsthat prevent the ENG receiver from having
line-of-sight visibility to the Clarity transmitting antenna. Without line of sight,
harmful interferenceto the ENG link isimpossible.

Even if, against dl odds, a potentially harmfully interfering alignment were to occur
near aFlying J Travel Plaza, the situation would be readily alleviated by the broadcast
crew in any of several non-burdensomeways - e.g., by using the technical tools that all
crews have to select a polarization that is not affected by the Clarity transmission
(something that would be done as a matter of course by the technicianin setting up the
link), or changing the direction of the ENG transmission path so that it is not directly
aligned with the Clarity transmission path. Together, these two simple measures -
each of which requiresno action by a broadcast crew that the crew does not take today
in the absence of Clarity operations— will restore morethan enough link margin to the
ENG path to ensure that the D/U ratio remains considerably above 12 dB.

% ok ok

In the Sections that follow, Clarity will describe thefield and laboratory teststhat were
conducted pursuant to or infurtherance of its Experimental License under Call Sign WE2XNE;
provide detail s as to equipment used and results obtained; and discuss the implications of the tests
and resultson the ability of Clarity to successfully deploy its proposed system on a secondary
basisat Flying J Travel Plazalocations around the country.



2. DESCRIPTIONOF FIELD AND RELATED LABORATORY/BENCH TESTS:

A. Coordination with _TTS L icensees and Society of d___ Engineers

In satisfaction both of its pledge to cooperate with incumbent users of the 2025-2109 MHz
band and its obligations under the Experimental License to coordinate testing with the SBE,
Clarity sent aletter of invitation to the planned Winslow and North Salt Lake teststo the
Executive Director of the SBE and other broadcasting representativesthat had participated in the
MediaBureau proceeding on Clarity's applicationsfor CARS licenses. A copy of thisletter is
included as Attachment 1 to this Report. Following the letter, Clarity representatives made a
number of follow-up contacts — including one that postponed the planned dates of the teststo the
first two weeks in June. Regrettably, none of the contacted broadcast representatives chose to
cooperate or even respond to Clarity's coordination effort. Clarity received no reports of harmful
interferenceto ENG operationsfrom its June 2008 transmissionsfrom the two sites.

In satisfaction of Condition No. 3 on its Experimental Licensefor Call Sign WE2XNE,
Clarity also searched the Commission's databasesfor the identity of licenseesof LTTS systemsin
frequency bands and geographic areas that overlapped with the Winslow and/or North Salt Lake
operations. It identified just over two dozen entities that hold relevant LTTS authorizations, and
sent |etters to each licensee describing the date and type of the operations Clarity intended to
performat each site, and urging the licensee to contact Clarity to coordinate any potentially
affected operations. A copy of thetemplateof theletter sent to theidentified LTTS licenseesis
included as Attachment 2 to this Report. No LTTS licenseesindicated any concern in responseto
Clarity's coordination letter, and Clarity received no reports of harmful interferenceto LTTS
operationsfrom its June 2008 transmissionsfrom the two sites

B. Transmitter Proof of Performance

Before Clarity conducted RSL measurementsat either Winslow or North Salt Lake, it
conducted aseries of proof of performancepower measurementsfrom the transmitter. Attachment
3 to this Report containsthe report of this measurement, from the Test Engineer at Loma
Scientific International — the company that developed Clarity's transmitter. The report confirms
that al transmitter power output (" TPO") per channel measurementsaccurately conform to
industry practice of using professional test equipment calibrated with calibration traceableto the
National Institute of Standards & Technology (formerly the National Bureau of Standards).

C. Measurementsat Winslow and North Salt L ake
1. Establishment of Minimum Required Signal Strength:
Thefirst purpose of thefield tests was to confirm the minimum signal strength level that
Clarity would need to produceat the outer reaches of truck parking areas of Flying J Travel Plazas

to be served by the Clarity system in order to satisfy Clarity's quality of service objectives. The
longest transmitting antenna-to-fence-linedistance in the Flying J system is about 300 meters, and



the shortest distancefrom transmitting antennato thefence line in the systemis just under 150
meters. Through a series of measurementsconducted at varioustraffic levels on the Winslow
Flying J Travel Plaza, Clarity was ableto establish that asignal strength level of -72 dBm per
channel at thefenceline would enable its service quality objectivesto be met. The-72
dBm/channel level isthe level that Clarity requiresin the principal azimuth at thefenceline. With
Clarity's directional antenna, the signal level a any given distance in meters drops off the farther
away from the principal azimuth one moves at that distance. At the off-principal azimuth (i.e., the
azimuth 180° away from the principal azimuth), the signal strength level at the fence-line distance
(300 meters in the case of Winslow) would be -92 dBm/channel — fully 20 dB below the signal
strength at the same distance on the principal azimuth. Clarity has committed in the Media Bureau
proceeding on Clarity's CARS license applications not to use anything more than the minimum
required signal strength in the provision of its service.

To producea-72 dBm per channel signal at afenceline 300 meters away, the Clarity
transmission system would have to operate with a TPO per channel of approximately 5 mW (ERP
per channel of 50 mW), driving atransmiting antennathat is up to 10 meters above the ground.
To producethe same -72 dBm per channel signal at afencelinethat is only 150 meters away, the
Clarity transmission system would have to operate with a TPO per channel of just over 1 mW
(ERP per channel of -11 mW), driving atransmitting antennathat is up to 10 meters above the
ground. Therewould be a greater degree of mechanical and electrical beam downtilt in the 150
meter case than in the 300 meter case, in order to concentratethe peak of the radiated signal on an
areain the middle of the parking lot.

2. ldentification of Predicted Recelve Signal L evelsin dBm/Channel:

Using the-72 dBm per channel signal strength figure at the fence line, and taking into
account the characteristicsof the Clarity directional antenna, Clarity was able to predict the
received signal levels ("RSL") on any azimuth at 300m, 600m, 1200m, and 2400m from the
transmitting antenna. In a nutshell, the RSL level should drop by approximately 6 dB on any
azimuth each time the distance from the transmitting antennadoubles. Thus, if the RSL a 300
metersis-72 dBm/channel on the principal azimuth, the RSL at 600 meters on the same azimuth
should be -78 dBm/channel; the RSL at 1200 meters should be -84 dBm/channel, and the RSL at
2400 meters should be -90 dBm/channel.

Figure 1 below shows the predicted RSL levelsfor Winslow, and Figure 2 below shows
the predicted RSL levelsfor North Salt Lake.
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Figurel: Predicted RSL Valuesfor Winslow, AZ
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Figure2: Theoretical RSL Valuesfor North Salt Lake, UT

Clarity providesthesefigures to show, based on the transmitter proof of performance, what
the expected RSL s were at the two sites, and to illustrate the mitigative impact on some azimuths
of using adirectional antenna. The anticipated effect can be seen very clearly in Figure 1, where
the RSLs a 600m, 1200, and 2400m toward and in the town of Winslow, which happensto bein
the off-principal direction of the transmitting antenna, were anticipated to be 20 dB below the
RSLs a the same distancesin the principal direction of the transmitting antenna.



Thetwofigures alsoillustratethe anticipated differencein RSL from a Clarity transmitting
antennathat produces a-72 dBm per channel signal at 300 meters versus a Clarity transmitting
antenna that produces a-72 dBm per channel signal at 150 meters. For North Salt Lake, the 20 dB
reduction at 2400 meters from the principal bearing (-97 dBm/channel) to the off-principal bearing
(-117 dBm/channel) correlated with the principal-to-of f-principal reductionin Winslow.

However, the North Salt Lake RSL at 2400 meters, on all azimuths, was predicted to be about 6
dB lower than the RSL in Winslow at the correspondingazimuths and distances. In other words,
the RSLs at the smallest Flying J Travel Plazas (the 150 meter case) are predicted to be 6 dB lower
at any given distance/azimuth combination than the RSLs at the largest Flying J Travel Plazas (the
300 meter case).

3. Descriptionof RSL Measurementsand Presentation of Measured RSL Data:

RSL measurements were taken in Winslow, Arizonaon June 3 and 4,2008, and in North
Salt Lake, Utah on June 9 and 10, 2008. The operational equipment was comprised of the
following components:

Transmitter, Loma Scientific International Model No. LSI-67DTL
Transmodulator, Televes Model No. 5023

Transmission Line, Andrew Model No. LDF5-50

Transmit Antenna, Loma Scientific International Mode No. LSI-2100

Recelve Antenna (various gain, 9-11 dBi), Loma Scientific International custom
model s’

Block Down Converter, Loma Scientific International custom models

Digital Set-Top Box, EchoStar Modd No. 351

agrwpnE

NOo

At each of thetest locations, the transmitting antennawas mounted on the roof of a
building in the Flying J Travel Plazafrom which agood view of the truck parking area could be
had. In neither case was the transmitting antennalocated more than 10 meters above ground - in
fact, the transmitting antennaheight above ground was 9.8 meters at Winslow and 9.9 meters at
North Salt Lake. The transmitting antennaincorporated 4 degrees of electrical beam downtilt, and
additional mechanical beam downtilt was incorporated in order to concentratethe peak of the
antenna pattern toward the midpoint of the parking area (or a 150 meters in the case of Winslow).
In both cases, the 120" horizontal beamwidth of the directional antenna pattern allowed acceptable
signal coveragedf the parkingarea. This combination of relatively low antennaheight above
ground and electrical beam downtilt was designed to limit the interferencepotential from the
transmittingantennawhile permitting Clarity to meet its objectiveof providing adigital television
signal of sufficient quality to truck-bornereceivers at the edges of the Flying J parking areas. As
will be discussed below, the system proved to work just as designed.

2 During testing, prototypes of the receiveantenna that will be provided for operational use of the Clarity system
wereeval uated by Clarity in cooperation with the antenna manufacturers. These evaluations confirmed that either of
the two potential receive antenna models would operate effectively at the required signal strength of -72 dBm/channel.
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Theequipment Clarity used to take its measurementsis listed on thefirst page of
Attachment 3.

Attachment 4 to this Report contains the block diagramsand descriptions of the equipment
used during the testing at Winslow and North Salt Lake.

a. RSL MeasurementsOut to 1.5 miles (2400 meter s) from Transmitting
Antenna:

The Clarity transmitting antennais a 120 degree sectorized antennawith vertical
polarization. Thefront-to-back ratio is at least 20 dB (as reflected in the predicted levelsin
Figures 1 and 2 above). Figures3 and 4 below show the horizontal and vertical gain patterns of
the Clarity transmit antenna.

TA-2004-4-120-T4 antenna at 2110 MHz
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Figures3and 4: Antenna Pattern of Clarity Transmit Antenna
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At Winslow, Clarity set the directional transmitting antennaon the roof of the plaza's
restaurant, and focused the principal azimuth of the coverage pattern to the southeast to cover the
truck parkingarea. As can be seen in Figure5, which shows an example overlay of the horizontal
antennagain on agrid of geographical coordinatesfor Winslow, this means that the principal
bearing of the antenna patternis pointed at 114°.>

To generatea-72 dBm per channel RSL at 300 meters over the parking area, Clarity set
the ERP a 50 mW/channel. Thistrandatesto aTPO of about 5 mW/channel — or 10% of the
maximum TPO/channel that was authorized in the WE2XNE license. Becausethere are no Flying
J Travel Plazas at which the target tractor-trailers would be parked morethan 300 meters from the
transmitting antenna, the scenario tested in Winslow representsa system-wide maximum case in
terms of the potential for interferencefrom a Clarity transmitting antenna.
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Figure5: Overlay of Horizontal Antenna Gain on Geographical Grid

3 Figure5 shows the overlay of the antenna pattern on a geographic grid from Winslow for the sole purpose of
illustrating the shape of the directional antenna pattern. The antenna pattern is not to scale, asit is without regard to
the power that isdriven through the transmitting antenna.



Attachment 5 to the Report contains photographs of the transmitter, roof-mounted
transmittingantennaand test receiversemployed for the RSL measurementsin Winslow.

Figure6 below shows aspectrum analyzer printout of the RSL at thefence line
(approximately 300 meters from the transmitting antenna). The valueis set at -72 dBm/channel.
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Figure6: Spectrum Analyzer Printout of Clarity Transmitting Antenna
(at 300m, Principal Azimuth)

Even in arelatively-flat, lightly-populated area such as Winslow, it turned out to be
impossiblefor Clarity to gain access to all 32 pointsit required to take RSL measurementsat the
300m, 600m, 1200m and 2400m points on 45° azimuths. Some measurement points wereterrain
blocked by nearby Interstate40 or scrub trees, some points were on gated private property and
inaccessibleto the public, and some points were blocked by the buildings of Winslow. Actual
measurementsfrom all of the grid points that were both accessibleand had clear line of sight to
the transmitting antennaare shownin Figure?7.
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Clarity was surprised to find that it could gain access to only about 60% of the grid
locationsit intended to measurein Winslow. Whilethis confirmed Clarity's general expectation
that many sitesfrom which there would even be a potential for harmful interferencefrom a Clarity
transmission system wereterrain-blocked or otherwise shielded or inaccessible, it meant that
Clarity would have to devise another mechanismfor generating the comprehensive RSL
measurementsit had set out to take.

To develop acomprehensiveset of RSL measurementsat al 32 of the grid points, and to
establish arepresentativeworst-case depiction of the RSL environment on al 8 azimuthsout to
2400 meters (1.5 miles) from adirectional Clarity transmitting antenna set to the maximum level
that would be required in operation, Clarity conducted a series of ** periscope’ measurements. For
thesetests, Clarity identified spots at 300m, 600m, 1200m and 2400m from the transmitting
antennathat had clear line of sight. At each location (which were on various azimuths), Clarity set
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the bearing of the location to the transmitting antenna as the principal azimuth and a technician
stationed on the roof of the building where the transmit antenna was mounted physically rotated
the antennamast until the antenna was pointed directly a the measurement location (a condition
that was readily observable on the spectrum analyzer to which the receive antenna was connected).
Oncethe RSL level on the principal azimuth was recorded, the technician would rotate the
transmit antenna by 45°, and a new measurement was taken. This was repeated until al 8
azimuthal measurements weretaken at each of the four measurement distances. Theresult isa
comprehensive grid of RSL measurements of Clarity's transmitting antenna operating at
maximum power.

The results of the RSL measurements taken in the Clarity periscope tests are produced in
Table 1. The measurements made are referenced to receive antennainput. The valuesshown in
black at each distance are the predicted values shown on the grid plot in Figure 1 above. The
values shown in red at each distance and on each azimuth are the measured RSL values. The
calculated values are based on free space path loss; the measurements were al made with the same
calibrated downconverter.

Tablel: Received Signal Level (RSL) Testing - Average Digital Power per Channel
in dBm from a Clarity Transmitting Antenna Operatingat 5 mW/channel

TPO( ERP of 50 mW/channel)
Ref. to Peak Distance from Claritv Transmit Antenna
Azimuth
(Degrees) 300m 800m 1200m 2400m
0 -72 -78 -84.5 -91
-73.5 -78.3 -86.5 -95
45 -74 -80 -86 -92
-74.4 -79.2 -87.4 -95.9
90 -81 -87 -93 -99
-81 -86 -93.2 -101.2
135 -89 -95 -101.5 -107.6
-91.8 -93 -102 -108
180 -92 -98 -104 -110.6
-93.5 -98 -104 -109.5(*)
225 -89 -05 -101.5 -107.6
-91.8 -96 -102.3 -107.7
270 -81 -87 -93 -99
-80.8 -86.8 -93.7 -102.9
315 -74 -80 -86 -92
-72.2 -79.9 -87.8 -96.5
(*) Measured RSL was at or below minimum test receiver sensitivity (the
receiver's noise floor is -110 dBm/channel)

In nearly all of the measurements, the RSL was below the predicted level — in some cases
by morethan 4 dB. In no case where the measured RSL was at or above the minimum test
receiver sensitivity was the recorded value more than adB or so higher than predicted. Still, there
was impressive correlation between the predicted values and the RSLs.
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For each measurement point, Clarity made aspectrum analyzer printout of the result.
Figure 6 aboveis the printout of the measurement taken on the principal azimuth at a distance of
300 meters. Figure 8 below is the diametrically opposite printout — the measurement taken on the
180° off-principal azimuth at adistance of 2400 meters.
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Figure8: Spectrum Analyzer Printout of Clarity Transmitting Antennaat 2400m.
Off-Principal

In the North Salt Lake, Utah tests on June 9 and 10, Clarity mounted the directional
transmitting antennaon theroof of the plaza's truck wash, focused the principa azimuth to the
northeast (which is generally away from Salt L ake City, which lies about five miles to the south
southeast) to cover the truck parking area. To generatea-72 dBm RSL/channel at 150 meters
over the plaza's truck parking area, Clarity set the ERP at 11 mW/channel. Thistrandatesto a
TPO of about 1 mW/channel — or just 2% of the maximum output powerlchannel that was
authorized in the WE2XNE license. The principal bearing of the patternfor the transmitting
antenna was on the 37" azimuth.

Attachment 6 to the Report contains photographs of the transmitter, roof-mounted
transmitting antenna and test receivers employed for the RSL measurements in North Salt Lake.

Figure 9 below shows a spectrum analyzer printout of the RSL at thefenceline

(approximately 150 metersfrom the transmitting antenna) on the 37" azimuth. The RSL value
recorded is just about -72 dBm/channel.
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Figure9: Spectrum Analyzer Printout of Clarity Transmitting Antennaat 150m,
Principal Azimuth

In North Salt Lake, which is asignificantly more industrial areathan Winslow and hasthe
Wasatch Mountains close by, it was even moredifficult for Clarity to gain accessto all 32 pointsit
needed to take RSL measurements at the 300m, 600m, 1200m and 2400m points on 45° azimuths.
Indeed, less than haf of the points were usableor accessibleto Clarity's team. Actual
measurementsfrom grid points that were both accessibleand had clear line of sight to the
transmitting antenna are shown in Figure 10.
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Figure 10: North Salt Lake Grid Point M easurements

Clarity even had difficulty finding pointsfrom which it could take " periscope”
measurements at 300m, 600m, 1200m, and 2400m using the 1 mW TPO per channel level that the
small size of the North Salt Lake Flying J Travel Plazaindicated. As shown below, Clarity took
periscope RSL measurements at distancesof 250m, 716m, and 2100m from the North Salt Lake

transmitting antenna. These measurements were done in the same manner as was described above
for the periscope testsin Winslow.



Theresultsof the RSL measurementstaken in the Clarity periscopetestsfrom North Salt
Lake are produced in Table 2. The measurements made are referenced to receive antennainput.
Thevalues shownin black at each distance are the predicted values shown on the grid plotin
Figure 1 above, extrapolated for the different distances at which the RSL measurementswere
taken. The values shown in red a each distance and on each azimuth are the measured RSL
values. The calculated values are based on free space path |oss; the measurementswere made
with the same calibrated receive antennadownconverter that was used the week beforein
Winslow.

Table 2. Recelved Signal Level (RSL) Testing- AverageDigital Power per Channel
in dBm from a Clarity Transmitting Antenna Operating at 1 mW/channel
TPO (ERP of 11 mW/channel)

Ref. to Peak Distance from Clarity Transmit Antenna
Azimuth
(Degrees) 250m 716m 2100m
0 -77 -86 -95.8
-80 -89.3 -96.5
45 -78.5 -87.7 -97.3
-79.6 -89.7 -98
20 -85 -94.7 -104.3
-86.5 -99.2 -103
135 -93.5 -103.2 -112.8
-93.4 -107 -108(*)
180 -96.5 -105.2 -115.8
-95 -107 -110(*)
225 -93.5 -103.2 -112.8
-96.3 -102 -108(*)
270 -85 -94.7 -104.3
-85.8 -93 -103
3156 -78.5 -87.7 -97.3
-80 -90 -98
(") Measured RSL was at or below minimum test receiver
sensitivity (the receiver's noise floor is -110 dBm/channel)

In nearly al of the measurements, the RSL was below the predicted level - in some cases
by morethan 4 dB. In no case wherethe measured RSL was at or above the minimum test
receiver sensitivity was the recorded value morethan adB or so higher than predicted. There was
strong correlation between the predicted values and the RSLs.

b. Specialized RSL Measurementsat Altitudeand at ENG Receive Sites:

In both Winslow and North Salt Lake, Clarity used the opportunity of the tests to conduct
some specialized measurements. In Winslow, Clarity was ableto use an elevator truck located on
the principal bearing with line of sight a a distance of 858 meters to take RSL measurementsat
various heights from 4 meters to 30 meters above ground. The average RSL measured at elevation
was-81 dBm. Extrapolating from the theoretical predictionsin Figure 1, the predicted value at



858 meters away from the transmitting antennaon the principal bearingis-81.5dBm. The
measurementsshowed that signal strength diminishes with increasesin elevation of up to 30
meters at moderate distances.

In North Salt Lake, Clarity was aware of several locations with line of sight access to the
authorized transmitter site that are used by broadcastersfor central fixed ENG receivesites. As
shown in Figure 11 below, one of theselocationsis on the top of the Key Bank Tower (formerly
the Beneficial Life Tower) in downtown Salt L ake City — 8.37 kilometersfrom Clarity's North
Salt Laketransmitting antenna.” Clarity was eager to conduct an RSL measurement from the
rooftop of the Key Bank Tower becausethe prospect of harmful interferencefrom aClarity
transmitting antenna operating from the North Salt Lake Flying J Travel Plaza had been asserted
repeatedly — both specifically and as representativeof harmful interference situations system-wide
— by certain partiesto the Media Bureau proceedingson Clarity's CARS applications.

* Thecoordinatesof the Key Bank Tower rooftop are40° 46' 06" N, 111° 53' 21.2" W.
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On the testing days in North Salt Lake, Clarity arranged with the property manager of the
Key Bank Tower to gain accessto the building's roof for RSL measurements. Becausethe
principal azimuth of the North Salt L ake transmitting antenna as installed for the tests described
abovewas set on a bearing of 37" (i.e., morethan 100" away from downtown Salt L ake City), and
because the power required to cover thelocal FlyingJ Travel Plazatruck parking lot was low, the
receiver Clarity used for the testing program would not be able accurately to measure the
transmitting antenna's signal from the Key Bank Tower.> To conduct the RSL measurement,
Clarity temporarily reoriented the Clarity transmitting antennaso that the principal azimuth was
temporarily relocated to abearing of 145° - i.e., pointed toward the Key Bank Tower - and
increased the ERP per channel from 11 mW to the 50 mW system-widemaximum (i.e., TPO was
upped from 1 mW to 5 mW). The measured RSL from the rooftop of the Key Bank Tower at a
distanceof 8.37 km was -108 dBm/channel (which is right at the minimum threshold sensitivity
level for the Clarity receive e:quipment).6 For comparison, with the original transmitting antenna
orientation and ERP/TPO per channel levels, Clarity's North Salt L ake transmission systemer
would have produced an RSL at the Key Bank Tower rooftop of -124 to -125 dBm/channel.

Clarity conducted asecond RSL measurement from a mountainside site with line of sight
to theFlyingJ Travel Plazain North Salt Lake a adistanced 2.3 kilometers. Thissiteisat a
comparableelevationto — but is some 2.5 kilometers closer to the Clarity transmitting antenna
than — a mountaintopfixed ENG receivesite that proved to be inaccessible to Clarity's measuring
equipment.” Clarity took this measurement while the transmitting antenna's principal azimuth was
temporarily oriented on a bearing of 145" (as opposed to the origina 37" bearing), and whilethe
power was temporarily increased to the system-widemaximum ERP/channel of 50 mW (up from
the nominal 11 mW ERP/channel for North Salt Lake) (i.e., TPO per channel was upped from 1
mW to 5 mW). The measured RSL at the site was -101.7 dBm/channel. Figure 12 below contains
aprintout of the spectrum analyzer reading Clarity took from this location. For comparison, with
the normal transmitting antennaorientation at 37° and the ERP per channel set tothe 11
mW/channel level needed to producea-72 dBm/channel signal a 150 meters, Clarity's North Salt
L ake transmissionsystem would have produced an RSL at the same site of -116 dBm/channel.

° Thereceiver's noisefloor is-110 dBm per channel. Asshown in Figure 2 above, the predicted RSL at 2400 meters
on the azimuth toward Salt Lake City (i.e., the azimuth to the SSE) is aready below -110 dBm/channel.

% The predicted RSL at 8400 meters from a 50 mW/channel ERP transmitting antenna on the azimuth tested is
between -107 dBm/channel] and -108 dBm/channel (based on a6 dB rate of decay for every doubling of the distance
from the transmitter). Thefact that the measured RSL at 8400 meters and at a substantially higher elevation (some
160 feet above the ground) was already down to -108 dBm/channel indicates the effectiveness of the mechanical and
electrical beam downtilt measures Clarity usesin itstransmitter installations.

" The coordinates of thissiteare40° 47 28" N, 111°53' 39" W. Thissiteis the*dirt road" site marked on Figure 11
above.
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Figure12: Spectrum Analyzer Printoutfrom Site Near RadioBroadcast Towers

Finally, to corroborate the theoretical/predicted results of RSL measurements taken from or
near fixed ENG sites, Clarity took an RSL measurement from an elevated, mountainside location
5.95 km (with line of sight) from the Clarity transmitting antenna wh| leon itsoriginal bearing
(37") and operating at 11 mW/channel ERP (or 1 mW/channel TPO).® The RSL a thislocation
was below -110 dBm/channel - i.e., below the minimum receiver sensitivity).

3. CONFIRMATIONOF 8dB ASTHE MINIMUM REQUIRED DESIRED-TO-
UNDESIRED (“D/U”) RATIO FOR 2.1 GHz BAND DIGITAL ENG RECEIVE

EQUIPMENT.

Clarity was awarefrom the outset of thisround of tests and measurements that the
gathering of even acomprehensive set of RSL measurement data would not, by itself, confirm
Clarity's longstanding assertion that its tiny travel-plazatelevision transmission system had
virtually no potential to cause interference to any co-frequency ENG operations. TheRSL levels,
low as they are now confirmed to be, do not indicate by themselves whether the broadcasters
ENG equipment would maintain minimum required desired-to-undesired (“D/U”) ratiosin the
presence of the Clarity signals.

It was Clarity's intention, as desired by the Commission, to conduct empirical tests using
actual 2.1 GHz ENG equipment operating in the presence of actual Clarity transmissions. Clarity
wanted to determine the extent, if any, to which its transmissions would harmfully interfere with
co-frequency ENG reception. Although it seems intuitive that broadcasters would want to know
thisinformation first-hand as well, the complete paucity of constructive participation by

® The coordinatesof thesecond siteare 40" 49' 28” N, 111° 54' 37" W. Thissiteisthe* Sandhurst Drive" site
marked on Figure 11 above.



broadcasters in connection with anything Clarity has tried to do over the last two and one-half
years to assuage broadcaster concernsled Clarity to develop a contingency plan for gathering data
that establishesthe D N ratiofor 2.1 GHz band ENG receivers.

Although the broadcast community ignored Clarity's invitations and attempts to coordinate
operations and assessment techniques, Clarity was neverthelessable to identify and confirm the
minimum D N ratio for COFDM ENG equipment in the 2.1 GHz band. Thelevel, as Clarity had
previously been informed by equipment manufacturers,is8dB. The8 dB level isrelativeto a
minimum receiver threshold sensitivity level in the ENG receive equipment of -92 dBm/channel.’
These data points alow an assessment to be made of the potential for Clarity's transmissions - at
the RSL levelsit has systematically recorded at various distances beyond the fence line of aFlying
J Travel Plazatruck parking area - to cause harmful interferenceto ENG equipment.

A. Overview of D/U Interference Testing

To establish theD N level, Clarity's technical team devised and carried out alaboratory
test that involved setting up a 2.1 GHz-band ENG link (comprised of atransmitter and a receiver).
Thislink, over which atelevision signal was transmitted, established the "' desired"” component of
the D N ratio. Thetechnical team then introduced co-channel interferencefrom a Clarity
transmitter that was broadcastingan AV signal fed from aDVD player. By systematically
adjusting the Clarity signal to correspond with differing D/U ratios as compared to the ENG
signal, Clarity was ableto establish that an 8 dB D N ratio for the ENG link was marginally
acceptable. A 3dB D N ratio was clearly unacceptable, as the ENG picture on the MPEG decoder
locked or froze. A 12dB D N ratio was clearly acceptable, as there was no picture locking or
freezing observed.

Thefirst step in the assessment involved setting up an ENG link. Figure 13 below shows
the transmission equipment. The transmission parametersfor the link are shown in Table 3 below.
Figure 14 shows a spectrum analyzer print-out of the transmitter output.

? Attachment 7 to this Report contains a data fact sheet from RF Central, a manufacturer of ENG equipment for the 2
GHz band. The data sheet identifiesthe minimum receiver threshold sensitivity level of RF Central's unitas - 92
dBm/channel.
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Figure13: ENG Transmitter, Test Coupler, and Power Sensor

Table3: BVB-T ENG/BAS Radio Link Parameters

Parameter
Power
ERP (2)
ERP (b)
ERP (¢)
Frequency
Bandwidth
Modulation
FEC
Guard Interval
Bit Rate

Value

0 dBm (-20 dB1)
-10 dBm (-30 dBi)
-20 dBm (-40 dB1)
2067.5 MHz ENG Ch. Adr
8 MHz
COFDM, 2K Carriers — QPSK
3/4
1/8

8.29 Mbps (MPEG 2 MP/ML VIDEO
COMPRESSION)
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Figure14: Spectrum Analyzer Plot of Transmitter Output (-20dB)

For the ENG receiver, the technical team used a 10 dB rectangular horn. A low noise
block downconverter is located in the same reference plan as the receive antennafor measuring
D/U ratios. Thereceiver is preset to the same frequency as the transmitter. The front panel of the
receiver displaysinput power and COFDM Channel-State Information (“CST”)."° Figure 15

shows the ENG receiver set up.

19 CSl is not the sameas Bit Error Rate (BER), but it does convey interferenceinformation based on selective
COFDM (pilot) carriers. CSl is useful as ametric for link reliability. For example: the baselineCSl is 5% for no
interference, whereas severe interferencefrom noise or poor D/U (co-channel) would read about 30% CSI. A 12%

CSl ismore than adequatefor agood quality link.



Figure 15: ENG Receiver Set Up

For the three ERP settings histed above. the recelver input levels are-50, -60 and -70 dBm,
respectively. Therefore the simulated RSLs into the receive antenna are-60, -70 and -80 dBm,
iespectively.  Figure 16 below shows aspectrum analyzer Sweep with these RSLs (the diamond
marker 1s set at -60 dBm). The sweep was made with only the ENG signal present; the simulated
Clarity signal had nor been introduced.
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Figure 16: Spectrum Analyzer Sweep of ENG RSLs




Figure 17 below 15 a photograph of the portable ENG receiver the technical team used in
the laboratory test
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Figure 17. ENG Receiver

Into this ENG link. co-channel interference from a Clarity transmitter isintroduced. After
turning on the Loma Scientific International Model LSI-67DTL transmitter, the technical team
made the measurements provided in Table 4 below. The interfering ERP is -24 dBm/channel out
of a 10 dB rectangular horn. The path distance from both the ENG and Clarity transmitters to the
ENG receiver was approximately 25 feet.

Table 4 Results of Intreduction of Clarity Signal Into ENG Link

3dB 99% locked

8 dB 30% ok or locking (marginal)
12dB 18% ok

18 dB 12% ok

Note: Picture “locked™ or "'locking™ refers to the freeze frame
output of the MPEG decoder




B. Concluson

CSI monitoring is a convenient and effective way to judge the quality of a COFDM
communicationslink. Correctionscan always be made to improve CSl.

Completely reliable ENG links are readily achieved with aD/U of only 12 dB, and the
testing confirmsthat 8 dB is the minimum D/U requiredfor digital ENG linksin the 2.1 GHz
band. With these results, and the RSL measurements that weretaken in Winslow and North Salt
Lake from operational Clarity transmission systems, an accurate and comprehensive assessment
may now be made of the potential for interference. In al cases, this assessment is able to rely on
empirical data- rendering any relianceon toolsthat merely predict the likelihood of interference
unnecessary.

4. ANALYSISOFERESULTS
A. Overview

Clarity's experimental operations under its Experimental Radio Service License Call Sign
WE2XNE proved several essential pointsthat support Clarity's quest to use an ultralow-power,
short-rangetelevision transmission system to bring afirst local television serviceto unserved
professional long-haul truck drivers who do their layovers each day at aFlying J Travel Plaza:

» Clarity's service can satisfy Clarity's signal quality objectivesif thesignal strength its
transmission system produces at thefence line of the truck parking areais -72
dBm/channel on the principal bearing of the transmitting antenna.

» System wide, Clarity requires no more than 50 mW/channel ERP (i.e., about 5
mW/channel transmitter power output) to produce asignal strength level of -72
dBm/channel at 300 meters on the principal bearing of the directional transmitting
antennaClarity will usefor its service. Many Flying J Travel Plazatruck parking areas
havefencelines that are substantially closer to the transmitting antennalocation than
300 meters, and the ERP and TPO per channel of the Clarity transmitting antenna at
these locations will be substantially lower than 50 mW/channel and 5 mW/channel,
respectively.

> Thefront-to-back ratio of Clarity's directional antennais 20 dB (meaning that Clarity
produces 20 dB lower signalsin the 180° off-principal direction than it does on the
principal bearing), and signal strength is 8 dB lower at +/- 90° off principal bearing.

» TheReceived Signal Level (""RSL") from a Clarity transmitting antennadecays to
background noise levels very quickly beyond thefenceline.

» Theminimum D/U ratio for 2.1 GHz band digital ENG equipment is 8 dB. Protecting

ENG equipment to a 12 dB D/U (with a CSl figure of 18%) will provide sufficient
margin.

29






