
 227 Central Avenue 

 Metuchen, NJ 08840-1242 

 (732) 494-6400 Phone 

 (732) 494-6401 Fax 

Consultants in Electronic Media Technology / Management 

 

Technical Statement 
Request for Program Test Authority 

WFOX-TV, Channel 14, Jacksonville, FL 
Cox Television Jacksonville, LLC 

Construction Permit in File Number 0000034616 
Facility ID 11909 

 

Introduction 
Station WFOX-TV (“WFOX”) was assigned to Channel 14 in the Post-Incentive Auction Spectrum Repack 

and holds a construction permit, in File Number 0000034616, for Facility ID 11909, on that channel at a 

site in Jacksonville, FL, known as the SBA Tower.  Its principle operating parameters are 663 kW ERP, 

using a directional antenna at a radiation center height of 289 m above ground level and 295.4 m above 

mean sea level.  WFOX-TV initially was assigned to Repack Transition Phase 7, which ended on January 

17, 2020.  WFOX was unable to meet the Phase 7 transition date, and a timely request was made to 

move the station to Phase 10 – a request the FCC granted.  As the necessary work to meet the special 

conditions required of stations moving to Channel 14 continued, it became apparent that the end of 

Phase 10 also could not be achieved.  The FCC granted a waiver, which currently is in effect, permitting 

WFOX-TV to continue operations on its existing Channel 32 facilities through an end date of September 

8, 2020. 

The work necessary to meet the special condition for operation on Channel 14 contained in the WFOX 

construction permit has been completed.  As the Commission is aware, the process of locating and 

eliminating interference either directly from or triggered by Channel 14 signals into the Land Mobile 

Radio (LMR) spectrum positioned just below Channel 14 with no guard band can be a difficult and time-

consuming process.  The difficulty is only exacerbated when trying to achieve the necessary results 

when the necessary industry resources were dedicated to the spectrum repacking of nearly 1000 

television stations.  Cox Television Jacksonville, LLC, licensee of WFOX-TV, greatly appreciates the 

flexibility and support provided by the FCC and its staff in WFOX-TV’s successful effort in resolving these 

issues and moving to Channel 14. 

In the WFOX-TV Channel 14 Construction Permit, there is a Special Condition that reads as follows: 

Merrill Weiss Group LLC 
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During equipment tests, authorized by Section 73.1610 of the Commission’s Rules, the 

permittee shall take adequate measures to identify and substantially eliminate objectionable 

interference that may be caused to existing land mobile radio facilities in the 460 to 470 MHz 

band.  Documentation that objectionable interference will not be caused to existing land mobile 

radio facilities shall be submitted along with the request for Program Test Authority.  Program 

tests shall not be commenced under Section 73.1620(a) of the Commission’s Rules and may only 

be started after specific authority is granted by the Commission.  An application for a license 

must be filed within 10 days after the start of program tests. 

The information contained in this Technical Statement and its attachments is that needed to satisfy the 

requirements of the Special Condition. 

Steps Taken 
Three principal areas were identified that had to be successfully addressed if the outcome of 

broadcasting on Channel 14 with no interference to nearby LMR operations was to be achieved.  Those 

three areas are the performance of the transmission system, the performance of the reception systems, 

and the generation of Passive Intermodulation (PIM) anywhere between the transmitter and any of the 

receivers.  The transmission system required careful output (mask) filter design in combination with a 

transmitter having high-performance with respect to its out-of-band noise generation.  Receivers 

required evaluation for adequate selectivity to “tune out” the Channel 14 signal power along with 

adequate linearity of any amplifiers used to avoid generating intermodulation products in the receiving 

systems.  The environment required inspection to look for potential PIM generators and probing in 

several forms to determine whether PIM already was present. 

The first area, the transmission system, naturally would be addressed as part of the design process prior 

to the Channel 14 system being available for testing.  The last area, possible PIM generation, could be 

partially evaluated before the transmitter was available for testing but only could be conclusively 

analyzed when the high-power Channel 14 signal was broadcast over the air for testing purposes.  The 

receivers, as a practical and cost matter, could be tested only after the Channel 14 signal actually was 

being transmitted.  Consequently, the areas were prioritized to put the transmitter design first, to do as 

much evaluation of PIM generation as possible next, and to leave receiver testing for last – after the 

transmitter had been constructed and could be turned on.  At the same time, it was recognized that 

contact with LMR operators would be necessary and that they should be identified and contacted as 

early in the process as reasonable. 

WFOX and its consultant planned and executed an evaluation of the SBA Tower site to determine 

whether significant PIM generators were present.  Tests were conducted in mid-April 2017.  Substantial 

PIM was found being generated on and/or by the tower, with a visual inspection showing numerous 

potential sources of the problem.  The PIM levels were strong enough and the visual findings plentiful 

enough that it was clear at the end of the evaluation that remediation of the tower would be required if 

any operations on Channel 14 were to take place at the SBA Tower site.  As described below, WFOX 

contracted for the work, and the necessary PIM remediation at the SBA Tower site has been completed. 
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In August 2017, WFOX contracted with RF Notifications LLC to identify and help establish 

communications with LMR licensees in the Jacksonville region.  RF Notifications undertook to locate all 

LMR licensees listed in the FCC ULS database within 100 km of the WFOX transmitter site and sent 

written notification to all licensees that it found.  It identified 3683 separate licensee/frequency pairs 

within the search area and mailed letters to all their licensees.  The licensees were given the URL of a 

web site that RF Notifications set up to collect information on the LMR licensees and their licensed 

facilities – in particular, contact information to permit coordination of testing.  RF Notifications sent a 

total of 975 letters to cover 594 unique call signs related to LMR operations within the 460 – 470 MHz 

band.  It received through the website a total of 101 registrations of licensees covering 182 of the 

unique call signs.  A copy of a Certificate of Mailing for the letters sent is in Attachment A hereto. 

Following a number of delays that were beyond the control of WFOX and previously have been 

described to the Commission, in late December 2019, WFOX-TV conducted initial testing of the station’s 

Channel 14 operations in cooperation with LMR technical personnel responsible for a couple of nearby 

broadband, multi-user receiving systems.  These tests revealed severe interference problems related to 

the LMR reception systems at both locations – the SBA Tower, where WFOX-TV is located, and another 

nearby tower site located at Anders Blvd.  Accordingly, WFOX began planning remediation steps for the 

receiving systems at both sites in conjunction with PIM remediation on the SBA Tower that already was 

in progress. 

Given the large number of candidate interference cases identified in the RF Notifications information 

collection and LMR outreach processes, in early 2020, WFOX engaged Federal Engineering, Inc. (FE) to 

help analyze the data and cull the lists for potentially significant interference possibilities.  FE mapped 

the locations of many of the LMR operations and found that there were three sites near the WFOX 

transmitter facility that had LMR master antenna receiving systems.  WFOX had already identified two of 

those sites and had planned to replace the tower top input filter and amplifier systems (TTAs) there.  

The FE analysis indicated a potential need for an additional TTA system for the third such site, which 

belongs to American Tower Corporation (ATC) and is known as Newton Rd.  Since the Newton Rd site is 

relatively close to the transmitter at the SBA Tower, it was assumed that interference would be likely 

there.  Accordingly, the Newton Rd site was included in subsequent testing.  Moreover, as soon as the 

first TTA replacement unit had been shown to perform as expected and before the second one was 

delivered, a third TTA unit was ordered, to be installed at Newton Rd at least as a precaution against 

possible future interference, even if none were found currently. 

FE also evaluated the potential for interference from WFOX-TV on Channel 14 to all the other LMR 

operations within relevant distances of the WFOX transmitter site and not at the three nearby sites 

having master receiving antenna systems.  Based on the provisions of §73.687(e)(4)(ii), requiring that 

the vertically polarized emissions of a Channel 14 facility on the receiving frequency of a licensed LMR 

station not exceed 17 dBu field strength when measured in a 30 kHz resolution bandwidth that fully 

contains the LMR receive channel, FE was able to eliminate all but six of the remaining LMR licenses 

using conservative analysis methods. 
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Technical Issues & Solutions 
The effort to make the WFOX Channel 14 facility operate at its authorized power level of 663 kW ERP in 

close proximity to a number of master receive antenna LMR systems, along with even more single-

receiver systems, was divided into three 

aspects: the Channel 14 transmission facility, 

two types of reception facilities, and the 

paths between the transmitter and the 

receivers, which were known to include a 

significant number of PIM generators, at least 

on the SBA Tower where the WFOX antenna 

is located.  Complicating matters, one of the 

master-antenna receiving systems was 

installed on the very same tower as the WFOX 

transmitter.  Two other master-antenna 

receiving systems were about ¾ km and 1¾ 

km distant from the WFOX transmitter.  All 

the master-antenna receiving systems had 

receiving antennas at elevations of 150 m 

(roughly 500 feet) Above Ground Level (AGL) 

and above.  For reference, the WFOX 

transmitting antenna radiation center is at 

293 m (roughly 961 feet) AGL. 

As described above, PIM tests were 

conducted at the SBA Tower shortly after it 

was learned that WFOX would be moving to 

Channel 14.  In conjunction with the PIM 

tests, a visual inspection was conducted, with 

tower crew members looking for signs that 

potential PIM generators were present.  The 

facilities of WJAX-TV, which shared the same 

antenna and transmission line with WFOX and 

would continue to do so following the WFOX 

move to Channel 14, were used for all PIM 

testing.  WJAX-TV operates on Channel 19 at 

1 MW ERP.  A pair of Channel 19 bandstop filters was used in cascade to suppress the Channel 19 signal 

level by roughly 90–100 dB, as shown in Figure 1 for a pair of Channel 14 bandstop filters of the same 

type.1  By alternating insertion of attenuators and filters at the input of a high-dynamic-range spectrum 

 
1 The Channel 14 filters, used in another Channel 14-to-LMR interference case, demonstrate a suppression level in 
the stopband of over 90 dB, equal to the difference between the levels at markers M3 and M4.  When M4 was set 
further into the passband, i.e., lower in frequency, where there was less loss in the filters, the suppression value 
indicated was greater. 

Figure 1 – Channel 19 Intermod Lobes of WJAX-TV 
After Signal Suppression of Approximately 100 dB 

to Enable Visibility & Measurement (6-poleMask Filter) 

Figure 2 – Cascaded Bandstop Filters 
with >90 dB Channel Suppression 
(Channel 14 Shown as Example) 
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analyzer, it became possible to see and 

measure the power, relative to the Channel 

19 signal power, of the two “Intermod Lobes” 

that existed outside the filter stopband, at the 

top and bottom of the Channel 19 spectrum, 

as shown in Figure 2.  It is worth noting that 

the mask filter used for Channel 19 was a 

conventional 6-pole type.  The mask filter 

used by WFOX for Channel 14 is a 12-pole 

model with three cross-couplings; thus, its 

Intermod Lobes are at much lower levels 

relative to the channel power, as can be seen 

in Figure 9, discussed below. 

The described method2, 3, 4 was applied to the 

transmission line and antenna through a 

directional coupler, and it was applied to 

numerous locations on the tower that were 

probed with a loop antenna of the sort shown 

in Figure 3.  PIM that might be generated in 

the antenna or transmission line was 

evaluated by applying the measurement 

technique to the Reflected signal from the 

directional coupler.  Any increase in power in 

the reflected Intermod Lobes relative to the 

reflected channel power would indicate the 

generation of PIM in the antenna or 

transmission line.  None was found.  Using the 

loop probe to feed the attenuator/filter/ 

spectrum analyzer system permitted 

identifying the presence and approximate 

locations of PIM generators on or near the tower.  More than a few were found.  Figure 4 shows the 

spectrum signature of one of them, as it appeared on the spectrum analyzer with the bandstop filter 

 
2 S. M. Weiss, G. Best, “Taming DTV Interference to Co-Sited Adjacent-Spectrum Users,” Proceedings of IEEE 
Broadcast Technology Symposium, October 21, 2011.  (Won Matti S. Siukola Memorial Award for best conference 
presentation.) 
3 S. M. Weiss, “Interference from Passive Intermodulation (PIM) – Keeping the Red Flag Flying,” Proceedings of 
IEEE Broadcast Technology Symposium, October 18, 2012.  (Won Matti S. Siukola Memorial Award for best 
conference presentation.) 
4 S. M. Weiss, “Specifying and Measuring Passive Intermodulation (PIM) Levels in RF Components and Systems at 
Broadcast Power Levels,” Proceedings of IEEE Broadcast Technology Symposium, October 10, 2013. 

Figure 3 – Loop Antenna Used as RF Probe When Seeking & 
Measuring PIM Noise Energy on Tower 

Figure 4 – Intermod Lobes with PIM Signature 
 as Sampled using Loop Antenna as a Probe 
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ahead of its input.  The visual inspection of the tower by the tower crew also located numerous 

candidates for PIM generators.  The tower crew had been trained to search for rust and other forms of 

corrosion (the so-called “rusty bolt syndrome”), interconnection of dissimilar metals, connectors that 

were not properly installed or protected from the weather, connectors that were not sufficiently 

torqued to make tight connections, unused antennas, unused cables, loose or rusty structural and 

mounting components, and so on.  Many examples were found, a few of which are shown, pre-

remediation, in Figure 8 –Figure 7.  The result of the PIM measurements and the visual inspection was a 

determination that the tower would require significant remediation before it could be used for Channel 

Figure 8 – Rusty Mounting Hardware 

Can Lead to PIM as in This Mount on the 

SBA Tower  

Figure 6 – – Rusty Bolt Example Found in Transmission Line 

Support on SBA Tower  

Figure 7 – Loose Connectors & Connectors with Broken Cable 

Connections, as Found at SBA Tower, 

Can Contribute to PIM Generation 

 

Figure 5 – Rusty Bolt Syndrome Is a Well-Known PIM 
Cause (Found on SBA Tower) 
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14 operations.  A set of instructions was provided to WFOX engineering personnel for use in defining a 

project scope for tower remediation (see Attachment B5). 

To provide the cleanest possible signal on Channel 14 and in the adjacent spectrum, a new transmitter 

was installed, along with a 12-pole Channel 14 Mask Filter.  A combination of a spectrum analyzer 

capture of the transmitter pre-filter output plus a network analyzer measurement of the mask filter 

 
5 Memo to Shane Emery, Jim McGue / WFOX Television from S. Merrill Weiss; Date: April 19, 2017; Re: Passive 
Intermodulation (PIM) Remediation on SBA Tower. 
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amplitude response is charted in Figure 9.  As can be seen in the blue plot, there are three cross-

couplings in the filter design, and they result in a region in the first ½ MHz below Channel 14 where the 

noise from Channel 14 is reduced by roughly an extra 10 – 20 dB attenuation when compared to the in-

band Channel 14 response and the lower-frequency out-of-band response.  That reduction is designed 

to provide a region in which receiving filters can transition from their passbands to their reject bands.  

The result of the combination is discussed later in connection with a description of the design of a filter 

set for use at the inputs of master receiving antenna systems.  For reference, the FCC spectrum mask 

described in §73.622(h)(1) is shown in orange, with the necessary correction factors applied to account 

for use of a 5 kHz resolution bandwidth (RBW), as provided in §73.622(h)(2). 

When the transmission system was completed, an initial test was conducted with the technicians 

responsible for maintenance of two of the nearby LMR sites.  The outcome of the test was that all 

communications into the receivers at the two sites experienced harmful interference.  Spectrum plots 

Figure 12 – SBA Tower, Channel 14 ON, 
CF = 460 MHz, Span = 25 MHz, RBW = 60 kHz 

Figure 10 – SBA Tower, Channel 14 OFF, 
CF = 465 MHz, Span = 25 MHz, RBW = 60 kHz 

Figure 13 – Anders Blvd., Channel 14 ON, 
CF = 465 MHz, Span = 25 MHz, RBW = 60 kHz 

Figure 11 – Anders Blvd., Channel 14 OFF, 
CF = 460 MHz, Span = 25 MHz, RBW = 60 kHz 
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taken at the two sites with Channel 14 turned off are shown in Figure 12 for the SBA Tower site and in 

Figure 13 for the Anders Blvd. site.  Spectrum plots taken with Channel 14 turned on are shown in Figure 

11 for the SBA Tower site and in Figure 10 for the Anders Blvd. site. 

As is apparent from comparisons of the spectrum captures in Figures 10 and 11 with those in Figures 12 

and 13, the noise floors at 470 MHz were raised by about 35 dB at the SBA Tower site and by about 

55 dB at the Anders Blvd. site.  (The green traces in Figures 12 and 13 show the peak hold levels with 

Channel 14 turned off.)  The test results showed that complete PIM remediation of the SBA Tower was 

required and that design and implementation of filter and amplifier systems had to be undertaken to 

replace the existing TTAs on the several towers having master antenna receiving systems. 

The fundamental filter design is shown in Figure 14.  It comprises a notch filter at the bottom of Channel 

14 to provide as steep an attenuation slope as can be achieved at a reasonable cost and in a moderate 

space, followed by a Channel 14 bandstop filter to reduce power in all but the bottom ½-MHz of the 

channel, followed by a low-loss coaxial band splitter to feed parallel bandpass filters for the 455 – 460 

MHz and 465 – 470 MHz LMR receive bands, a low-noise amplifier (LNA) for each of the two LMR receive 

bands, another bandpass filter for each of the LMR receiver bands, and a power combiner to feed the 

signals from both LMR receive bands to a transmission line down the tower.  Depending on each 

particular configuration, there was a distribution amplifier and a multicoupler arrangement on the 

ground to distribute the signals to a multiplicity of receivers. 

Notch: 470 MHz Bandstop: 470 – 476 MHz

Bandpass: 455 – 460 MHz

Bandpass: 465 – 470 MHz

LNA

LNA

Bandpass: 455 – 460 MHz

Bandpass: 465 – 470 MHz

Spare Output

Distr ibution Amp

Distr ibution Amp

Splitter SplitterCombiner

 

Figure 14 – Tower-Top Filter/Amplifier (TTA) & Receiver Multicoupler System Block Diagram 

There were several considerations that were important to the design of the replacement TTA system.  A 

major objective was to avoid any overloading of the amplifier at the system front end.  This started with 

reducing the Channel 14 power level fed into the amplifier through design of the filter characteristics, 

and it finished with selection of an amplifier that could withstand high input levels while retaining its 

linearity.  The filter amplitude response is shown in Figure 15.  The amplifier was selected to have a very 

good Noise Figure (0.4 dB at 500 MHz.), a high third-order intercept (IP3 = 40 dB at 500 MHz), a high 

power output capability (1-dB compression output level = +22 dBm at 500 MHz), and adequate gain. 
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Figure 15 – Amplitude Response of Channel 14 to Upper LMR Receive Band Pre-LNA Filter Set 

Performance of the cascaded notch filter, Channel 14 bandstop filter, and first upper LMR receive band 

bandpass filter in the TTA, which reduce Channel 14 signal power into the LNA, can be seen in Figure 15. 

Performance of the overall TTA system, including the several cascaded filters, band splitter, parallel 

bandpass filters for the two LMR receive bands, parallel LNAs, and output combiner is shown in Figure 

16. 

 

Figure 16 – Amplitude Response of Full Tower-Top Filter/Amplifier System Including LNA Gains 
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The ultimate objective of the overall system, including the transmitter mask filter and the TTA filters and 

amplifiers, is to make it possible for LMR receivers to receive very weak signals in the 450 – 470 MHz 

band in the presence of strong Channel 14 signals.  To achieve that result, the power spectrum of the 

transmitter and the frequency response of the receiving system were modeled together during the 

design process, and the power level of the Channel 14 signal delivered to the LNAs was calculated based 

on the worst case combination of receiving antenna gain and distance between the Channel 14 

transmitter and the LMR receiver.  To prove that the system was built and operating as designed, the 

WFOX signal was coupled directly from the Channel 14 transmitter output, through a directional coupler 

and attenuators to the TTA input.  The TTA output then was observed and measured on a spectrum 

analyzer to determine if the hardware built produced the output predicted in the design process.  They 

were close enough that there is no point here in presenting the design output separately from the real-

world output, the latter of which is shown in Figure 17. 

 

Figure 17 – Spectrum Analyzer Screen Capture of WFOX Channel 14 Signal through LMR TTA System 

The post-mask-filter Channel 14 channel power from the directional coupler into the TTA system input 

was measured directly on the spectrum analyzer prior to connecting it to the TTA and, in the case that 

produced the output shown in Figure 17, measured –0.89 dBm.  With the transmitter ERP at the 663-kW 

level authorized in the WFOX construction permit, received signal levels lower than that value are 

expected in most instances.  As can be seen in the figure, there is no rise in the noise floor around the 

residual Channel 14 signal remaining after filtering, followed by amplification in the LNA.  There are no 

signs of either intermodulation products or nonlinearity. 
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While the focus in the TTA development was on eliminating any interference in broadband master 

antenna receiving systems, other types of receiving systems are known to exist in the region around the 

WFOX transmitter site and beyond – for example, some that Federal Engineering identified.  They are 

single receivers connected to individual antennas that may not have adequate filtering of their RF inputs 

to avoid overload from the WFOX Channel 14 signals or generation of internal intermodulation products 

involving signals on Channel 14.  Typically, interference from Channel 14 in such cases can be eliminated 

with the addition of external bandstop filters to reduce signal power on Channel 14 or cavity filters to 

improve selectivity.  Sometimes, replacement of LNAs can be required if they already are in use. Rarely, 

LNAs may need to be added to overcome the losses introduced by external filters.  Early on in preparing 

for its Channel 14 transition, WFOX ordered a stock of Channel 14 bandstop filters to provide to LMR 

operators to help mitigate interference that might be found.  In its more recent outreach to individual 

LMR operators whose facilities might be susceptible to such interference, WFOX has offered to provide 

the bandstop filters upon request.  As of this writing, a small number or LMR operators have requested 

and received such filters.  WFOX stands and will remain ready to supply and install such filters and/or 

other components, as necessary, if LMR operators identify themselves as receiving Channel 14 

interference shown to originate with WFOX. 

Results 
Following completion of the PIM remediation at the SBA Tower and delivery and installation of the first 

two TTA units, tests have been conducted at all three of the known master-antenna receiving sites: SBA 

Tower, Anders Blvd., and Newton Rd.  Comparable series of spectrum plots were captured at the first 

two sites, where the TTA units had been replaced, and the most instructive of them are presented 

below.  Spectrum plots also were captured at the third (Newton Rd.) site during one of the tests, but the 

formatting and parameter selections from those captures are somewhat different from those collected 

at the first two sites.  Nevertheless, the most relevant of them will be presented.  All the spectrum plots 

presented will be described and their significance explained.  As the spectrum plots show, material 

interference has been eliminated wherever it has been identified. 

In general, at the first two sites, Center Frequency of the spectrum plots is 470 MHz; Span is 20 MHz; 

Resolution Bandwidth is 10 kHz; Video Bandwidth is 10 kHz; and Trace Averaging is used and is 100×.  In 

all cases, 2001 points were collected, resulting in sample points on integer multiples of 10 kHz – the 

RBW value.  In most cases, spectrum is shown with Channel 14 OFF to the left and ON to the right.  

Following the first comparisons, there are several spectrum plots with 10× the resolution of the first 

groups.  In those cases, Center Frequency is 470 MHz, Span is 2 MHz, RBW is 1 kHz, VBW is 10 kHz, Trace 

Averaging is 100×, and 2001 sample points again were collected, putting each point on an integer 

multiple of 1 kHz.  In the first group, pairs will be ordered site-by-site. 

It is important to recognize the effects of the multicouplers used by some systems to distribute the 

signals to multiple receivers.  Typically, they comprise a gain stage at the ground-level end of a 

transmission line bringing signals down the tower, followed by several power dividers, in tiers to permit 

more outputs to be obtained.  The gain of the amplifier on the ground must be sufficient to overcome 

the losses of the power dividers (typically 3½ dB for a 1×2 divider and 7½ dB for a 1×4 divider).  Thus, a 
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power divider with 8 outputs (1×2×4) would have about 11 dB loss to be overcome by the amplifier, and 

a divider with 32 outputs (1×2×4×4) would have about 18½ dB loss to overcome.  In each case, some 

extra gain should be present in the ground-based amplifier.  For optimum operation of the overall 

system, the gain of the tower-top amplifier should be high enough to overcome losses in input filtering, 

output filtering, power combining, the transmission line down the tower, and the equivalent input noise 

of the ground-based amplifier.  The last consideration is important to assure that it is the noise figure of 

the first amplifier that determines the signal-to-noise ratio of the overall receiving system, and that first 

amplifier is where it is most worth investing in low noise-figure performance.  These precepts have been 

Figure 18 –SBA Tower– Transmission Line Output, 
Channel 14 OFF; Note Channel 15 LPTV on Right 

Figure 19 – SBA Tower – Transmission Line Output, 
Channel 14 ON; Note Channel 15 LPTV on Right 

Figure 20 – Anders Blvd. – Transmission Line Output, 
Channel 14 OFF 

Figure 21 – Anders Blvd. – Transmission Line Output, 
Channel 14 ON 
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followed in the designs of the subject receiving systems and are discussed with respect to the spectrum 

plots above. 

Note in these spectrum plots that there is apparent intermodulation noise in the LMR receive band from 

465 – 470 MHz that is present when Channel 14 is not.  This appears to be due to intermod products 

generated by the LMR transmitters in the 460 – 465 MHz band, as indicated by the peak of the intermod 

noise close to the upper end of that region.  The presence of Channel 14 has no effect on that intermod 

noise.  Observations made at the time of the measurements indicated that the intermod peak just above 

466 MHz went up and down with the number of LMR transmitters appearing on the air in the region 

below 465 MHz, which is noticeable in comparing the two plots. 

In Figures 20 and 21 it is possible to observe the effects of one of the bandpass filters that are on the 

outputs of the LNAs.  In Figure 20, with Channel 14 off-air, the noise floor can be seen to drop just above 

470 MHz, with the higher frequencies having a lower noise floor by about 5 dB.  The roll-off represents 

the difference between the amplified noise of the LNA and the noise floor of the spectrum analyzer 

preamp, which is connected to the transmission line coming down the tower.  The same effect is visible 

at about 463 MHz, which also is almost 5 dB lower than the noise floor between 465 – 470 MHz, but the 

effect of the output bandpass filter roll-off in that region is more visible in Figure 21. 

Another factor of interest in designing and proving the operation of filters at the transition between the 

top of the 465 – 470 MHz LMR spectrum block and the bottom of TV Channel 14 is how close to the 

spectrum boundary LMR transmitters can operate and still be received at fixed receiving locations.  To 

examine that question, plots were taken during operation of WFOX on Channel 14 using 1 kHz RBW and 

2 MHz Span, with the same 2001 sample points, to have more resolution in the captured plots.  The 

results at the SBA Tower are shown in Figures 22 and 23 for the transmission line output and for a 

Figure 23 – SBA Tower Multicoupler Output, 
Channel 14 ON, LMR Spectrum Flat to 470 MHz 

Figure 22 – SBA Tower Transmission Line Output, 
Channel 14 ON, LMR Spectrum Flat to 470 MHz 
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multicoupler output, respectively.  The results at 

the Anders Blvd. site are shown in Figures 24 and 25 for the transmission line output and for a 

multicoupler output, respectively. 

At the SBA Tower, at both the transmission line output and multicoupler output, the LMR upper receive 

band is flat up to 470 MHz, and a weak signal is visible just below that frequency in each case. 

At the Anders Blvd. site, the Channel 14 received signal level is approximately 15 dB stronger than at the 

SBA Tower.  As a result, there is a very slight rise in the noise floor of the LMR upper receive band of 

about 1 – 2 dB over the last few kHz approaching 470 MHz in the transmission line and multicoupler 

outputs.  Such a small change in the noise floor is unlikely to have any deleterious effect on reception at 

even the highest frequencies within the LMR band. 

The third site with a broadband master receiving 

antenna distribution system, the ATC site at 

Newton Rd., was tested by a technician for ATC 

during one of the test periods scheduled for 

testing of the new TTAs at the SBA Tower and 

Anders Blvd. sites.  When the WFOX Channel 14 

transmitter was turned on, a very small increase in 

the noise floor of the received spectrum, roughly 

in the region 467 – 470 MHz, was observed.  While 

the increase was not sufficient to impact 

communications, it nevertheless was decided to 

proceed with installation of a replacement of the 

current TTA with one built to the new design to 

Figure 24 – Anders Blvd. – Transmission Line Output, 
Channel 14 ON, LMR Spectrum Flat Almost to 470 MHz 

Figure 25 – Anders Blvd. – Multicoupler Output, 
Channel 14 ON, LMR Spectrum Flat Almost to 470 MHz 

Figure 26 – Newton Rd – Multicoupler Output, 
 Channel 14 ON 
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preclude the potential occurrence of interference in the future, should conditions change.  While the 

current system at Newton Rd would have been adequate for the foreseeable future, the technician 

making the measurements indicated that the current equipment unquestionably achieved acceptable 

performance in the presence of Channel 14 signals for an interim period until the current TTA can be 

replaced. 

An example spectrum plot captured by the ATC technician during the test period is in Figure 26, in which 

the noise floor rise between 467 – 470 MHz appears to peak at about 3 dB.  The plot uses 1-kHz VBW to 

smooth noise in the screen capture.  RBW is 30 kHz, and Span is 25 MHz.  As this is written, a 

replacement TTA for the Newton Rd site already has been delivered, and ATC’s technician has been 

advised of the immediate availability of the TTA.  As soon as ATC is ready and one of its approved tower 

crews is available, It will be installed.  Based on performance tests of the unit prior to shipment, its 

performance is expected to be essentially the same as that obtained at the other two sites where TTAs 

of the same design have been installed so far.  Testing of the newly installed TTA unit will be conducted 

with ATC and its technician at the time of installation to ensure that is the outcome. 

Request for Program Test Authority 
From the time of the assignment of its station WFOX-TV to Channel 14, Cox Television Jacksonville, LLC, 

has worked proactively, in good faith, to take all the steps necessary to identify potential and real 

interference to Land Mobile Radio licensees and their operations in the 460 – 470 MHz band in the 

region around its transmitter site in Jacksonville, FL.  As shown in this Technical Statement, it has 

developed technical solutions to each of the conditions that could cause interference from its Channel 

14 operations to LMR operations.  It has conducted testing with all of those LMR licensees who agreed 

to participate, and it has provided numerous opportunities for such participation.  In each case, WFOX-

TV has provided the equipment, installation, and testing to demonstrate that any interference to LMR 

operations that could be caused by its operations on Channel 14 has been eliminated. 

Cox Television Jacksonville, LLC, notes that some LMR licensees have declined to participate in joint 

facility testing.  The fact that such LMR licensees have either failed or declined to participate in testing 

so that any possible cases of interference that might develop involving them could be proactively 

eliminated should not, however, be held against WFOX.  Rather, it should be recognized by the FCC that 

the next step – WFOX moving from Channel 32 to Channel 14 – is a necessary one in the process of 

identifying all cases of interference and eliminating them.  Cox Television Jacksonville, LLC, and its 

Station WFOX-TV recognize their responsibility to continue addressing any cases of interference brought 

to their attention after WFOX-TV transitions to Channel 14. 

For all the reasons stated and explained herein, it now is in the public interest for the FCC to grant 

Program Test Authority to WFOX-TV for its move to Channel 14, as it has satisfied the Special Condition 

contained in its construction permit. 
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Attachment A – Communications with Land Mobile Radio Licensees & Operators 

1. Cover Letter from RF Notifications to Jim McGue, RF Engineer, WFOX-TV 

2. Certificate of Mailing 

3. Mailing List 

  



 
 
Jim P. McGue 
RF Engineer TV 
Cox Media Group - WFOX  
11700 Central Parkway #2 
Jacksonville, FL  32224 
 
May 12, 2019 
 
Re: WFOX Land Mobile contact discovery project. 
 
Dear Jim, 
 
Accompanying this letter is the spreadsheet for you to share with whomever is charged with 
solving any Land Mobile interference that may arise when you begin testing. (The spreadsheet 
is sorted in different tabs, please see the “Read Me” tab first). 
 
The goal of this exercise was two-fold: 
 

1) Find the best, most knowledgeable, contact for each of the licenses between 460-
470MHz within 100Km of the transmitter. 
 

2) To show evidence of your sincere attempt and good faith effort to identify and work 
with Land Mobile licensees in the area. 

 
As a quick summary, 975 letters were mailed to cover the 594 unique call signs within 100km of 
the transmitter, between the frequencies of 460-470 MHz (Note: you may notice the certificate 
of mailing indicates 976 Letters were mailed, one of these letters is a control letter we send to 
ourselves at RFN). 
 
This mailing resulted in creating 101 good contacts covering 182 of the unique call signs (note: 
many call signs cover multiple frequencies). 
 
Also, below you will find the Certificate of mailing and the mailing list. 
 
Please let me know if you have any questions. 
 
Sincerely, 

 
Peter Sockett  
CEO – RF Notifications 
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Attachment B – PIM Remediation on SBA Tower 

1. Memo from Merrill Weiss Group LLC to Shane Emery, Jim McGue / WFOX-TV 

• Re: Passive Intermodulation (PIM) Remediation on SBATower 

• Dated: April 19, 2017 



 227 Central Avenue 

 Metuchen, NJ 08840-1242 

 (732) 494-6400 Phone 

 (732) 494-6401 Fax 

Consultants in Electronic Media Technology / Management 

Memorandum 

To: Shane Emery, Jim McGue / WFOX Television 

From: Merrill Weiss 

Date: April 19, 2017 

Re: Passive Intermodulation (PIM) Remediation on SBA Tower 

We recently conducted testing for Passive Intermodulation (PIM) generation in the WFOX RF 

transmission system and on and surrounding the SBA tower on which the WFOX transmitting 

antenna is located.  We found that the WFOX RF system is clean, with no evidence of PIM 

generation.  We found that generation of PIM has begun at certain locations on the tower and 

that many other places on the tower have begun to rust or otherwise corrode, which is one of the 

principal causes of PIM generation.  It is to be expected that the level of PIM on the tower will 

continue to rise over time unless something is done to remediate it.  It generally is much easier to 

stop PIM before it starts than it is to fix later, after it has gotten out of control. 

Given that WFOX will be moving to Channel 14 under FCC orders as part of the Spectrum 

Repack following the recently-concluded Spectrum Incentive Auction, it will be imperative that 

the generation of PIM be cleaned up and eliminated on the SBA tower if WFOX is to continue to 

operate there successfully.  The reason for this is that PIM causes the generation of noise in 

adjacent channels, and Channel 14 is immediately adjacent to the Land Mobile band at 450 – 470 

MHz, which, in the worst case, can include life safety services.  PIM from Channel 14 operations 

can wipe out reception in the Land Mobile band and is impossible to filter out at either the 

transmitter or receiver.  As a consequence, the FCC normally includes in broadcast television 

construction permits for Channel 14 a requirement that the permittee demonstrate that 

interference will not be caused to nearby Land Mobile operations before a license will be 

granted. 

To remediate the tower, we suggest a two-step process: First is to thoroughly inspect every inch 

of the tower to determine and document photographically exactly what needs to be done.  Second 

is to apply the necessary component replacements, corrosion removal, surface treatments, and 

the like.  Our recommendation is to use Peter Simpson and his crew, who are local, and who can 

Merrill Weiss Group LLC 
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be engaged through Tower King II, to do the work.  Peter did the tower work for us over the last 

week and knows the tower, understands the types of problems that need remediation, and is quite 

capable of doing the job. 

To outline the sorts of corrections that will be needed, following is a list, in no particular order, 

of the types of issues that are known to cause PIM and the corrections that must be applied: 

• The tower itself can be a PIM generator.  RF current flows through component junctions 

that are rusted or otherwise corroded will be the most likely source of such PIM.  

Therefore, each bolted or welded junction must be inspected and, if rust or other 

corrosion is found, remediated.  Bolted junctions include leg flanges and face bracing 

components.  Rusted bolts, washers, and nuts must be replaced with galvanized 

components of the required strength according to the tower manufacturer’s specifications 

or those of a structural engineer.  Painting over such components should be avoided 

because it obscures the existence of rust or other corrosion and makes observation of the 

corrosion more difficult when the tower is inspected in the future. 

• The mounts and other supporting structures for the broadcast antennas on the tower are 

susceptible to rust and other forms of corrosion, as are some elements of the antennas 

themselves.  Therefore, the broadcast antennas should be inspected with the objective of 

locating any rust or other corrosion that is present.  In particular, attention should be paid 

to junctions between dissimilar metals and to electromagnetic materials (e.g., iron, steel, 

and copper).  Depending upon what is found and where, the remediation to be applied 

must be determined on a case-by-case basis. 

• Galvanized threaded rod rusts, as do the couplers, washers, and nuts applied to it.  All 

galvanized threaded rod on the tower must be replaced with stainless steel rod and 

associated components.  This includes rods in antenna mounts, those used to support or 

position transmission lines, and any others on the tower, whether they have begun to rust 

yet or not. 

• Galvanized mounting plates and clamps (such as those used to mount whip antennas, 

support poles, and the like) also rust.  Typically they are installed using galvanized 

threaded rod or bolts, along with galvanized washers and nuts.  All of these components 

must be replaced with stainless steel hardware. 

• Unused land mobile antennas can be PIM generators.  All unused land mobile antennas 

must be removed from the tower, along with all of their mounting hardware. 

• Unused/disconnected transmission lines can be PIM generators, and the transmission 

lines can spread PIM from one part of the tower to another, making it very difficult to 

localize the source of the PIM.  All unused/disconnected transmission lines and all of 

their mounting hardware must be removed from the tower. 

• Generic Type-N connectors are well known as PIM generators.  Antennas, transmission 

lines and jumpers outfitted with Type-N connectors must have their connectors replaced 

with 7-16 DIN connectors to the extent possible.  For antennas, that means replacing the 
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antennas with equivalent antennas that have 7-16 DIN connectors.  If no acceptable (to 

the service operator) equivalent antenna is available, then the jumper should be replaced 

with one having a low-PIM N-connector on one end and a 7-16 DIN connector on the 

other end.  All transmission lines must be terminated with 7-16 DIN connectors.  Jumpers 

must be used to connect large transmission lines to antennas or other equipment. 

• All connector-to-cable physical junctions must be straight and protected with heavy-duty 

shrink tubing, to provide both support and water-tightness.  Exposed connector interfaces 

and surfaces must be wrapped with watertight rubber tape, or equivalent. 

• All transmission lines and jumpers must be physically supported so that they cannot bend 

or whip in the wind.  This must be done to prevent the bending and breaking of cable 

shields, which can lead to corrosion and, in turn, to PIM generation. 

• All ground connections must be clean and tight, with no rust or other corrosion in or near 

the junction between the ground strap, cable, or lug and the ground block, ground bar, or 

tower frame.  Rusted or corroded lugs must be replaced. 

• All supporting structures for equipment mounted on the tower must be clean of rust and 

corrosion, in particular in any junctions between surfaces and/or fasteners.  Painted 

structures should be replaced with either stainless steel (preferred) or galvanized 

components, depending upon what is available for the purpose.  Painted structures are to 

be avoided so that the presence of rust or corrosion can be observed easily during future 

inspections, which will be required at regular intervals and may be conducted using 

UAVs. 

• Any shields (such as for protection from weather or workers) must be treated in the same 

manner as supporting structures discussed in the bullet immediately above. 

• All hose and pipe straps must be stainless steel.  Any that are not must be replaced. 

• All cables, wires, and chains hanging loose from the tower must be removed. 

• The safety climb must be stainless steel and must be replaced with a stainless steel cable 

if it is not stainless already. 

• The shock absorber at the top of the safety climb should be replaced with one that is 

designed and specified for low PIM generation, if available.  If such a shock absorber is 

not available, then one should be selected based on its design and the materials used in it.  

In particular, dissimilar metals should not be in contact, electromagnetic materials should 

not be used, and certain types of plating should be avoided. 

• All electrical conduits, couplers, junction boxes, electrical outlets and other types of 

connectors, cover plates, and mounting hardware must be rust- and corrosion-free.  Any 

that show rust or other corrosion must be replaced.  In cases of major replacements, use 

of plastic components rated for outdoor use and sun exposure should be the first choice. 

• All electrical connections on the tower must be inspected and all electrical connectors 

(i.e., wire nuts and crimp connectors) tightened. 

• Fencing on and around the property can be a source of PIM if rust or other corrosion 

exists on, or particularly between, elements of the fence.  We understand from an SBA 
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employee (Scott) that the fencing at the site is to be replaced in the near future.  Fencing 

materials should be chosen to avoid rusting and corrosion for the long term, likely 

meaning use of heavy-duty coated fence wire.  In addition, all posts, support rods, 

frames, and other components exhibiting any rust or other corrosion should be replaced 

with heavily galvanized materials. 

Many of the issues described in the list above were observed easily on the SBA tower during a 

recent PIM measurement project.  Others likely are present but were not seen because a thorough 

inspection was not the objective of the effort.  Many of the remediation processes should be 

applied whether or not the specific related causes of PIM are present – as a precautionary 

measure, since they eventually will occur. 

Should there be questions about any of the described types of PIM generation and sources or the 

remediation methods for them, please do not hesitate to ask.  Should others occur to you, please 

do pass them along so that they can be added to the list.  I also will be forwarding a copy of this 

memo to Peter Eckmann in case he has any additions to what I have included. 

 

cc: Peter Eckmann 

 Jim Kauffman 

 Dave Siegler 
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