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1.0 Executive Summary 

This paper is in response to the Further Notice of Proposed Rulemaking1 (FNPRM) where the Federal 
Communications Commission (the Commission) seeks comment on expanding unlicensed operation in 
the 6 GHz band to include Very Low Power (VLP) operation that is not limited to indoor use and does 
not require an automated frequency coordination (AFC) system. 

Portable devices, the subject of this study, will expand innovation even further and will be critical for 
supporting indoor and outdoor portable use cases such as wearable peripherals,  including augmented 
reality/virtual reality, as well as in-vehicle applications and other personal-area-network applications. 

Because VLP portable devices will operate at considerably lower power levels than Low Power Indoor 
(LPI) devices while indoors, and LPI devices have already been authorized, the focus of this study is 
only for portable devices operating outdoors. 

In the 6 GHz proceeding, VLP devices were discussed as a device class with an EIRP lower than that 
of an LPI access point. The Commission stated in the 6 GHz Report and Order2 that a “compelling 
case was made for allowing such use. These devices can usher in new ways that Americans work, play, 
and live by enabling applications that can provide large quantities of information in near real-time.” 
The Commission, therefore, proposed “to permit VLP devices to operate across the entire 6 GHz band 
(5.925-7.125 GHz), both indoors and outdoors, without using an AFC.” 

The 6 GHz spectrum is divided into four unlicensed bands (U-NII-5, U-NII-6, U-NII-7, and U-NII-8) 
that reflect the different incumbent service allocations. This report considers sharing with the FS 
primarily in the U-NII-5 and U-NII-7 bands and sharing with mobile Broadcast Auxiliary Service 
(BAS) and Cable Television Relay Service (CARS) in the U-NII-6 and U-NII-8 bands. 

This study assumes a number of instantaneously transmitting VLP devices consistent with ECC Report 
3163. The sharing studies start with 14 dBm EIRP as a VLP power level because Apple, Broadcom et 
al. contend it is the minimum EIRP necessary to enable the applications anticipated for these devices. 
Higher power levels have the potential to provide an expanded and higher quality of service. The 
studies include a sensitivity analysis on VLP channel size, the number of active VLP devices, and 
EIRP. 

  

 
1 In the Matter of Unlicensed Use of the 6 GHz Band, Expanding Flexible Use in Mid-Band Spectrum Between 3.7 and 24 
GHz, Report and Order and Further Notice of Proposed Rulemaking, 35 FCC Rcd. 3852 (2020) (“6 GHz Report and 
Order”). 
2 Id. 
3 CEPT ECC, Sharing studies assessing short-term interference from Wireless Access Systems including Radio Local Area 
Networks (WAS/RLAN) into Fixed Service in the frequency band 5925-6425 MHz (May 2020), 
https://www.ecodocdb.dk/download/8951af9e-1932/ECC%20Report%20316.pdf (“CEPT ECC Report”). 
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1.1 Fixed Service (FS) 

Monte-Carlo simulations were performed with random VLP deployments to understand the 
interference risk to FS operations over CONUS. The baseline simulation consisted of 100,000 VLP 
deployment iterations to gather stable, long-term interference statistics at each of 97,888 FS sites. The 
VLP channel deployments included a mix of channel bandwidths (20, 40, 80, 160 MHz) and a fixed 
EIRP of 14 dBm per VLP device.  

Statistics were gathered at each FS, on the occurrence probabilities for both I/N > -6 dB and 0 dB. 
Because these metrics do not fully describe the interference risk, an additional metric, increased FS 
unavailability due to VLP interference, was used to assess degradation in FS performance. This 
analysis assumed a typical FS design target of 99.999% availability (unavailability=0.001% 
corresponding to 5.3 minutes/year). Results were compared to a target increase in unavailability of less 
than 10% (availability with interference >99.9989%) sufficient to allow continued robustness of FS 
links while also allowing the new VLP service. Sensitivity to a 1% increase in unavailability was also 
considered. 

The I/N > -6 dB and 0 dB average occurrence probability of a single FS was 0.00011% and 0.00002% 
respectively for the Baseline Simulations. Through additional channel bandwidth sensitivity 
simulations, these results were determined to be independent of the VLP channel size. An EIRP of 14 
dBm per 20 MHz channel had the same impact as an EIRP of 14 dBm per 160 MHz because the 
narrower channel bandwidth had a higher power spectral density but lower probability of overlapping 
the FS channel. Thus, the analysis demonstrated that VLP devices can operate with the same 
EIRP, i.e. no constant PSD limitation, in all channel sizes without harmful interference. 

For the FS availability analysis, 1,000 out of 97,888 FS were randomly selected from the FS with at 
least one I/N > -6 dB occurrence. The increase in unavailability due to VLP interference of these FS 
links was further analyzed in two steps. In the first step, a representative link margin required to meet 
the target availability was calculated without considering the specific operational parameters of each 
FS link. This simplified analysis allowed a large number of links to be processed. In the second step, if 
the simplified analysis indicated an FS link did not meet the target 10% unavailability increase, 
individual FS operational parameters were analyzed to determine the actual increase in unavailability. 
This analysis provided a realistic assessment of the long-term impact of the VLP interference on FS 
stations and showed all 1,000 links met the 10% increase in unavailability target as well as the 1% 
increase in unavailability sensitivity threshold. 

The availability analysis above assumed that fading and interference are independent. However, the 
Commission reaffirmed TSB-10F guidance4 that fading mostly occurs between midnight and 8 a.m., 
while VLP activity would be during daylight hours, an inverse correlation. To demonstrate the impact 
of this inverse correlation, an analysis was performed on an FS link in Ohio, where hourly fade 
statistics were available. From worst-month statistics, a worst-case daylight hour fading distribution 
was developed. This worst-hour model was then used to predict the increase in unavailability to the FS 
link. The result of this analysis exemplified that if hourly fade statistics are considered, the 
increase in unavailability will further be reduced by an order of magnitude compared to the 
results derived using the assumption that fading and interference are independent. 

 
4 6 GHz Report and Order ¶ 143. 
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To further understand the sensitivity of the results to parameters used in the analysis, the number of 
active VLP devices was increased (2x, 3x, 6x, and 12x) and the EIRP was increased to 21 dBm. 
Looking at the increased number of active devices, even when the number of active devices was 
increased by 12x, interference was almost always dominated by a single VLP device, indicating 
interference continued to be independent of the channel size and was no worse if all devices were 
transmitting 14 dBm in 20 MHz. This further demonstrates that VLP devices can operate with the 
same EIRP, i.e. no constant PSD limitation, in all channel sizes without harmful interference.  

Looking further at FS unavailability impacts, the increased number of active devices showed that the 
number of I/N > -6 dB and 0 dB occurrences increase roughly linearly with an increase in the number 
of active VLP devices. However, as in the Baseline Simulation, all 1,000 FS stations selected for 
further analysis met the 10% unavailability target as well as the 1% sensitivity threshold even 
with 12x the number of active VLP devices.  

When the EIRP was increased to 21 dBm with the baseline number of active VLP devices, the I/N > -6 
dB occurrence probability scaled linearly resulting in an increase in the occurrence probability by five 
times (7 dB difference). However, looking at the FS unavailability impacts, operating at the higher 
EIRP level = 21 dBm, the links met the 10% increase in unavailability target and the 1% sensitivity 
threshold as well as 2x, 3x, 6x, and 12x. 

In conclusion, our analysis showed that VLP operation with EIRP = 14 dBm per channel and a variety 
of channel sizes will not cause harmful interference to FS stations. In addition, sensitivity analyses on 
parameters including bandwidth, number of active devices, and EIRP indicated that in all cases the 
probability of an I/N > -6 dB occurrence was low and the increase in unavailability was sufficiently 
low to allow continued robustness of FS links. 

1.2 Mobile Service (MS) 

The interference from VLP devices to the mobile truck to ENG central receive station mobile 
BAS/CARS use-case was studied. The analysis is based on Monte-Carlo simulations of two ENG 
central receive stations, Cowles Mountain in San Diego and DC Old Post Office in Washington DC, 
that were determined as representative links for this use-case by the National Association of 
Broadcasters (NAB)5 in the study conducted by Alion Sciences. 

Similar to the FS studies, a Monte-Carlo simulation with 100,000 iterations was performed as the 
Baseline Model, with VLP device fixed EIRP of 14 dBm and the baseline channel distribution. To 
assess sensitivity of the results to VLP channel bandwidth, four additional Monte-Carlo simulations 
were performed, assuming a fixed bandwidth (20, 40, 80, or 160 MHz), with 100,000 iterations. 
Finally, sensitivity analyses on the number of active VLPs (2x, 3x, 6x, 12x) and VLP EIRP (21 dBm) 
were done. 

At the Cowles Mountain receive site, there were no I/N > -6 dB occurrences up to 12x number of 
active devices with 14 dBm EIRP. At 21 dBm EIRP, the average I/N > -6 dB occurrence probabilities 
were extremely small, even at 12x the number of active devices (max 0.004%). 

 
5  Letter from Rick Kaplan to Marlene H. Dortch, ET Docket No. 18-295 & GN Docket No. 17-183 (filed Dec. 5, 2019) 
(“Dec. 5 NAB Letter”). 
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At the theoretical DC Old Post Office receive site, there were no I/N > -6 dB occurrences in the 
baseline simulations, except for one link in one of the simulations that had one occurrence out of 
100,000. When increasing the number of active devices to 2x, 3x, 6x, and 12x and at 21 dBm EIRP, 
although the average probabilities of occurrence were higher than at Cowles Mountain, they were 
nonetheless extremely small (max 0.026%). 

One of the major differences between the Cowles Mountain and the DC Old Post Office ENG sites is 
the population in proximity of the receiver antenna. The Cowles Mountain site is on a higher elevation 
covering a larger operating radius, while the DC Old Post Office is on a lower elevation providing 
service over a more densely populated area.  

In both instances, there was no risk of harmful interference for active VLP devices up to 12x the 
baseline using an EIRP up to 21 dBm, independent of the channel bandwidth. This is expected for 
other locations throughout the CONUS, given the high elevation of these ENG Central Receive 
antennas and the very low power at which the VLP device transmits.  
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2 Introduction  

Devices that employ Wi-Fi and other unlicensed standards have become indispensable for providing 
low-cost wireless connectivity in countless products used by American consumers. On April 23, 2020, 
the Commission adopted rules6 to make 1200 MHz of spectrum available in the 6 GHz band (5.925-
7.125 GHz). These new rules will expand unlicensed broadband operations that promise to bring a 
wide range of innovative wireless applications to consumers while protecting incumbent users in the 
band. As has occurred with Wi-Fi in the 2.4 GHz and 5 GHz bands, it is expected that the rules 
adopted for 6 GHz unlicensed devices will foster the expansion of Wi-Fi hotspot networks to provide 
consumers access to even higher speed data connections and growth in the Internet-of-things (IoT) 
industry—connecting appliances, machines, meters, wearables, and other consumer electronics, as well 
as industrial sensors for manufacturing. This capability will quickly become a part of peoples’ 
everyday lives.  

This study is in response to the FNPRM,7 where the Commission seeks comment on expanding 
unlicensed operation in the 6 GHz band to include VLP operation that is not limited to indoor use and 
does not require an AFC system.  

2.1 Background 

In the 6 GHz rules, the Commission authorized two different types of unlicensed operations—
standard-power and LPI operations. The standard-power access points are restricted to operate in 
portions of the band and can be used anywhere as part of a hotspot network by incorporating an AFC 
system to protect incumbents. The AFC system determines the frequencies on which standard-power 
access points operate without causing harmful interference to incumbent microwave receivers and then 
identifies those frequencies as available for use by the access points. LPI access points and client 
devices are authorized across the entire 6 GHz band and do not rely on the AFC system for 
determining the frequencies available for use. These low-power access points will be ideal for 
connecting devices in homes and businesses, such as smartphones, tablet devices, laptops, and IoT 
devices, to the Internet. Using these advanced Wi-Fi technologies and wider channels (up to 320 MHz) 
available in the 6 GHz band, unlicensed devices promise to spur innovations and allow consumers to 
experience faster internet connections and new applications well beyond what is possible with 2.4 GHz 
and 5 GHz bands.  

Portable devices, the subject of this study, will expand innovation even further and will be critical for 
supporting indoor and outdoor portable use cases such as wearable peripherals including augmented 
reality/virtual reality as well as in-vehicle applications and other personal-area-network applications. 

Because VLP portable devices will operate at considerably lower power levels than LPI devices while 
indoors, and LPI devices have already been authorized, the focus of this study is only for portable 
devices operating outdoors. 

 

 
6 See 6 GHz Report and Order. 
7 Id. 
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2.2 Incumbent Services 

Table 2-1 shows the division of the 6 GHz spectrum into four unlicensed bands (U-NII-5, U-NII-6, U-
NII-7, and U-NII-8) that reflect the different incumbent service allocations. Per the Commission’s 6 
GHz Report & Order: 

● Fixed Service (FS) are point-to-point microwave systems that “make significant use of the U-
NII-5 and U-NII-7 bands” and “operate in relatively smaller numbers in the U-NII-8.”8 

● “The Broadcast Auxiliary Service (BAS) and Cable Television Relay Service (CARS) operate 
in the U-NII-6 band on a mobile basis, and in the U-NII-8 band on both a fixed and mobile 
basis.” The BAS and CARS “transmit programming material from special events or remote 
locations, including electronic news gathering (ENG), back to the studio or other central 
receive location.”9 

● “The Fixed Satellite Service (FSS) Earth-to-space is allocated in all four sub-bands, except for 
the 7.075-7.125 GHz portion of the U-NII-8 band. FSS operations are heaviest in the U-NII-5 
band, which is paired with the 3.7-4.2 GHz space-to-Earth frequency band to comprise the 
‘conventional C-band’.”10 

Table 2-1 - Predominant Uses of the 6 GHz Band11 

Sub-Band Frequency Range 
(GHz) 

Primary Allocation Predominant Licensed Services 

U-NII-5 5.925-6.425 Fixed  

FSS 

Fixed Microwave 

FSS (Uplinks) 

U-NII-6 6.425-6.525 Mobile (MS) 

FSS 

Broadcast Auxiliary Service 

Cable Television Relay Service  

FSS (Uplinks) 

U-NII-7 6.525-6.875 Fixed 

FSS 

Fixed Microwave 

FSS (Uplinks/Downlinks) 

U-NII-8 6.875-7.125 Fixed 

Mobile 

FSS 

Broadcast Auxiliary Service 

Fixed Microwave  

Broadcast Auxiliary Service 

 

  

 
8 Id. ¶ 7. 
9 Id. ¶ 8. 
10 Id. ¶ 9. 
11 Id., Table 1. 
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The 6 GHz rules for the standard power and LPI access points were adopted considering incumbent 
operations in the four different sub-bands. Unlicensed standard-power access points are authorized in 
the U-NII-5 and U-NII-7 bands through the use of an AFC system. This fosters synergistic use of both 
the 5 GHz and 6 GHz bands and promotes unlicensed broadband deployment through operations using 
the same power levels permitted in the 5 GHz U-NII-1 and U-NII-3 bands.12 Second, the 6 GHz rules 
opened the entire 6 GHz band for unlicensed LPI access points, maximizing future capacity and 
performance capabilities. Client devices are also unlicensed, and their power levels depend on the type 
of access point to which they are connected. Table 2-2 summarizes the Commission rules for 
unlicensed operation in the 6 GHz band.  

Table 2-2 - Unlicensed Use of the 6 GHz Band 

Device Class Operating Bands Maximum 
EIRP (dBm) 

over 160 
MHz13  

Maximum 
Power Spectral 
Density EIRP 
(dBm/MHz) 

Standard-Power Access Point (AFC-

Controlled) 
U-NII-5, U-NII-7 

36 23  

Client Connected to Standard Power 

Access Point 

30 17 

Low-Power Indoor Access Point 
U-NII-5, U-NII-6,  

U-NII-7, U-NII-8 

27 5 

Client Connected to Low-Power 

Indoor Access Point 

21 -1 

2.3 Very Low Power Device Class 

In the 6 GHz proceeding, VLP devices were discussed as a device class with an EIRP lower than that 
of an LPI access point. The Commission stated in the 6 GHz Report and Order that “proponents for 
very low power unlicensed devices have made a compelling case for allowing such use. These devices 
can usher in new ways that Americans work, play, and live by enabling applications that can provide 
large quantities of information in near real-time.”14 The Commission, therefore, proposed “to permit 
very low power devices to operate across the entirety of the 6 GHz band (5.925-7.125 GHz), both 
indoors and outdoors, without using an AFC.” 

  

 
12 U-NII-1 is 5.150-5.250 GHz and U-NII-3 is 5.725-5.850 GHz. 
13 The Commission authorized 320 MHz channels, which leads to 3 dB higher power for LPI Access Points and related 
client devices beyond what is listed in this table (i.e., 30 dBm EIRP for LPI access points and 24 dBm EIRP for LPI 
clients). The power levels for 160 MHz channels were included for ease in comparing currently authorized power levels 
against the VLP analysis in this report.  
14 6 GHz Report and Order ¶ 235. 
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In the FNPRM, the Commission sought comment on: 

● the VLP operating assumptions (e.g., body loss, antenna radiation pattern, projected activity 
factor, etc.); 

● the appropriate way to model the potential interactions between VLP unlicensed devices and 
the incumbent operations;15 and 

● the power level to authorize for VLP unlicensed devices to maximize the utility of the 6 GHz 
band and protect incumbent services.16  

This report responds to the above questions. 

The sharing studies start with 14 dBm EIRP as a VLP power level because Apple, Broadcom et al. 
contend it is the minimum EIRP necessary to enable the applications anticipated for these devices. The 
studies include a sensitivity analysis using a VLP power level of 21 dBm EIRP that has the potential to 
provide an expanded and higher quality of service.  

This report is intended as an extension to RKF's 2018 Report.17 As such, assumptions and 
methodologies from RKF's 2018 Report are referenced. Deviations are explained as appropriate.  

2.4 Approach 

Similar to RKF's 2018 Report, a detailed CONUS-wide Monte-Carlo simulation of the interference 
environment was performed with changes implemented to focus on outdoor VLP devices. These 
changes are summarized in Table 2-3 below. The Monte-Carlo simulations were performed over a 
large number of independent events to establish long-term statistical properties in the environment. 

Table 2-3 - Parameter Changes from RKF's 2018 Report 

Changes from RKF's 2018 
Report 

Parameters changed Comments 

VLP Device Model Number of Active Devices 

 

Barren areas are included with rural 

areas. 

Antenna pattern and body loss (i.e., 

GFarField in Eqn. 2-1) 

 

Device height 

See Section 3 

Propagation Models  See Section 4 

Outdoor VLP Device No building penetration loss used  

 
15 Id. ¶ 236. 
16 Id. ¶ 243. 
17 RKF Engineering Solutions, Frequency Sharing for Radio Local Area Networks in the 6 GHz Band (Jan. 2018), 
https://s3.amazonaws.com/rkfengineering-web/6USC+Report+Release+-+24Jan2018.pdf.  
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Interference Power (I) Polarization loss 

Receiver feederloss 

See Eqn. 2-1  

See Section 5.1.2.3 for FS 

Noise Power (N) Noise figure See Section 5.1.2.3 for FS 

ULS
18

 Data Effective date Jan 21, 2020 See Section 5.1.1 

As in RKF's 2018 Report, the interference power, I, is computed per Eqn. 2-1 below: 

 I = EIRP + GFarField – LPropagationPath – LSpectralOverlap - LPolarization – Lfeed + GRx-to-VLP                       (2-1) 

where, 

● I (dBW) = Interference Power from VLP (aggregate or single-entry (i.e., due to single VLP device)) 

● EIRP (dBW) = VLP EIRP within VLP channel bandwidth (baseline: 14 dBm, sensitivity analysis: 21 

dBm) 

● GFarField (dB) = VLP far field gain that includes body loss (see Section 3.2.1) 

● LPropagationPath (dB) = Propagation Path loss including Clutter loss per Section 4 

● LSpectralOverlap (dB) = 10*log10(spectrum overlap between VLP channel and victim channel / VLP 

bandwidth), also called frequency-dependent rejection. 

● Lpolarization =Polarization Loss of 3 dB
19,20

 

● Lfeed (dB) = Feederloss of victim receiver 

● GRx-to-VLP (dBi) = Gain of victim FS Rx towards VLP based on the angle off-boresight 

The I/N is the ratio of the interference power and the receiver (Rx) noise power. The receiver noise 
power is calculated, for each victim Rx, using Eqn. 2-2 below:  

                         ! = 10(&'!() 	+!+ (dBW)                                                        (2-2) 

where, 

● ! = Victim Rx noise power at receiver input (dBW) 

 
18 FCC, Universal Licensing System, https://www.fcc.gov/wireless/systems-utilities/universal-licensing-system (last visited 
June 18, 2020). 
19 International Telecommunication Union, Working Document Towards a Preliminary Draft New Report ITU-R M.[RLAN 
SHARING 5150-5250 MHZ] - Sharing and Compatibility Studies of WAS/RLAN in the 5 150-5 250 MHz Frequency Range, 
Appendix 2, Section 5.1.6.7 (Nov. 2017) (noting that with regard to polarization mismatch, a value of 3 dB is considered 
according to what has been supported by France during TG-5.1), available at https://www.itu.int/md/R15-WP5A-171106-
TD-0236/en.  
20 VLP on-body device measurements were made with two orthogonal polarized detectors and the combined total gain 
reported. These antennas are roughly circularly polarized, whereas traditionally FS microwave stations employ linear 
polarization. Thus, an average polarization loss of 3 dB is reasonable.  
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● & = Boltzmann’s constant = 1.38064852 × 10
-23

 m
2
 kg s

-2
 K

-1
 

● '! 	= 	290 K 

● B = Victim Rx Bandwidth (Hz) 

● !+ = Victim Rx Noise Figure (dB) 

With these changes, Monte-Carlo simulations were performed to calculate VLP interference to each of 
the 97,888 FS stations deployed over CONUS. Following the approach used in RKF's 2018 Report, for 
each iteration, active VLP devices were randomly placed, with their locations weighted according to 
the population density. The aggregate and single-entry interference power to each of the FS stations 
were then calculated. Many simulations were then performed to gather statistics on the interference.  

A baseline simulation, with 100,000 iterations, was performed where the VLP deployment included a 
mix of four channel bandwidths (20, 40, 80, 160 MHz) (per Table 3-2). In each case the VLP device 
transmit EIRP was conservatively set to 14 dBm, independent of channel bandwidth, resulting in a 
power spectral density (PSD) EIRP with channel bandwidth from 1 to -8 dBm/MHz. This yields 
consistent sharing independent of channel bandwidth as the smaller channels with higher PSD have a 
lower probability of overlapping an active FS channel. This is tested through additional simulations 
with fixed channel bandwidth allocations. Occurrence probabilities for both I/N > -6 dB21 and > 0 dB22 
were calculated.  

One thousand (1,000) random FS stations were selected from those stations with at least one 
occurrence of I/N > -6 dB for further analysis. For these selected stations, the resulting increase in FS 
unavailability was calculated and analyzed.  

Following these simulations, sensitivity analyses were performed where individual parameters were 
varied as shown in Table 2-4. 

Table 2-4 - Sensitivity Analysis Variations 

VLP Parameters varied Baseline Sensitivity Variations 

Bandwidth (MHz) bandwidth 
distribution 

per Table 3-2 

Four simulations with 100,000 

iterations using fixed channel 

bandwidth of 20, 40, 80, 160 MHz 

Number of Active Devices  1x 2x, 3x, 6x, 12x 

EIRP (dBm) 14 21 

 
21 6 GHz Report and Order ¶ 71. 
22 See 6 GHz Report and Order ¶ 131 n.339 (indicating that interference protection criteria could be relaxed by 6 dB for 
interference sources operating at 25% duty cycle. VLP devices are expected to operate at far lower duty cycles than 25% on 
average). 
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For sharing with MS, representative BAS deployments were analyzed based on a report from Alion 
Science and Technology23 at locations in Cowles Mountain, San Diego, CA, and a theoretical 
deployment at the DC Old Post Office in Washington, DC. Monte-Carlo Simulations with 100,000 
iterations were performed for each ENG Central Receive station location and three (3) pointing 
directions to determine the I/N occurrence probabilities. 

Simulation results and sharing studies with FS links are covered in Section 5.1, and MS links in 
Section 5.2. 

The report concludes with recommended power levels for VLP devices. 

  

 
23Mark Gowans & Martin Macrae, Analysis of Interference to Electronic News Gathering Receivers from Proposed 6 GHz 
RLAN Transmitters, Alion Science and Technology (Oct. 2019), https://ecfsapi.fcc.gov/file/1205735216211/RESED-20-
002_v9.pdf (“Alion Report”). 
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3 VLP Deployment and Operating Assumptions 

This section describes the analysis and methodology for assigning source quantities to the proposed 6 
GHz band VLPs and their operating parameters. 

3.1 VLP Deployment Assumptions 

3.1.1 Number of Active VLPs and Deployment Distribution 

ECC Report 31624 assumed that at any given time 1% of instantaneously transmitting devices are VLP 
devices operating outdoors.  In accordance with this ECC report and starting with over 1 billion total 
VLP devices in the US, the VLP device population operating outdoors at any given time is over 10 
million.  With the calculated usage and activity factors, 4,417 outdoor VLP devices (1% of 441,65525 
total number of all RLAN devices26 transmitting at each instant of time), referred to in this study as 
“number of active devices,” are predicted to be transmitting at any instant in time. This value was used 
as the number of active devices for the baseline simulations and the basis for the active device 
sensitivity analysis. 

In the sensitivity analysis, the models were run representing 2x, 3x, 6x, and 12x of the baseline, 
whereas ECC Report 316’s sensitivity analysis modeled up to 5x VLP outdoor devices. 

3.1.2 Population Density 

Sharing analysis for this report used an estimated 2020 population density, based on US Census 
Bureau (USCB) projections, to randomly distribute the active VLPs estimated in Section 3.1.1.27  
Population density thresholds, based on USCB 2010 definitions, were used to divide the country into 
urban, suburban, and rural28 geo areas. 

 
24 See CEPT ECC Report. 
25 As explained in Section 2.4, RKF's 2018 Report did not consider RLAN devices that operate in barren locations. Hence, 
the number of total active RLAN devices was slightly lower. 
26 All RLAN devices refer to all transmitting 6 GHz standard-power, LPI and VLP access points and clients. 
27 Socioeconomic Data and Applications Center, Gridded Population of the World (GPW), v4, NASA, 
http://sedac.ciesin.columbia.edu/data/collection/gpw-v4/maps/gallery/search?facets=theme:population (last visited June 27, 
2020). 
28 These definitions are consistent with the 2010 Census Bureau classifications (urban clusters, urbanized areas, and rural 
environments). 
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Figure 3-1 - 60 Arcsecond Resolution of Census Bureau Population Count Map 

 

The resulting population and area percentages shown in Table 3-1 were used in the simulations to 
randomly distribute the number of VLPs estimated in Section 3.1.1 for sharing analysis with the 
existing FS and MS services in the 6 GHz band.  

As can be seen, approximately 95% of CONUS is rural, which implies that interference will be 
predominantly concentrated in urban and suburban areas. 

Table 3-1 - Population Density29 

 Population (%) Area (%) 

Urban 71.2% 2.8% 

Suburban 9.5% 2.2% 

Rural 19.3% 95% 

 

  

 
29 Id. 
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3.2 VLP Operating Assumptions 

3.2.1 Distribution of Source VLP Power Levels including Body Loss 

Antenna gain measurements were made in proximity of the human body considering various use case 
device positioning, static vs. dynamic conditions, device orientations, and the physical characteristics 
of the human body. The comprehensive on-body over-the-air measurements and analysis of the 
associated body loss distributions applicable to the VLP device are described in the Wireless Research 
Center of North Carolina study attached to the RLAN Group Comments, and shown in Figure 3-2.30 In 
the Monte-Carlo simulations, antenna gain values (GFarField in Eqn. 2-1) are selected randomly from the 
distribution in Figure 3-2.  

 
Figure 3-2 - Probability of VLP device far-field gain > x-axis: measurements versus simulated distribution 

  

 
30 Wireless Research Center of North Carolina, On-Body Channel Model and Interference Estimation at 5.9 GHz to 7.1 
GHz Band at Fig. 26 (June 2020). 
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3.2.2 Bandwidth and Channel Distribution 

As in RKF's 2018 Report, VLPs modeled in this report, such as those to be developed in compliance 
with IEEE 802.11ax Draft 6.0, are assumed to operate in 20 MHz, 40 MHz, 80 MHz, and 160 MHz 
bandwidth channels. To determine the number of channels, and how those channels may overlap with 
FS and MS receivers, the following channel plan outlined in Figure 3-3 was assumed. 

 

Figure 3-3 - IEEE 802.11ax Draft 6.0 Channel Plan 

The bandwidth distribution in Table 3-2 is based on the assumption that VLP systems will operate with 
larger channel sizes to maximize airtime efficiency, resulting in lower latency, higher throughput, and 
improved battery life. This bandwidth distribution is used in the simulations referred to as “Baseline 
channel Distribution” in this report. 

Table 3-2 - VLP Baseline Channel Distribution 

Bandwidth 20 MHz 40 MHz 80 MHz 160 MHz 
Percentage 10% 10% 50% 30% 

3.2.3 VLP Height 

VLP devices are worn on mobile users, and a large majority of these use cases are with the VLP device 
below 1.5 m. 
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4 Propagation Models  

The analyses use propagation models adopted per the Commission’s 6 GHz Report & Order.31 As a 
function of the separation distance between the VLP and victim receiver, these models are as follows: 

● “[F]or separation distances of 30 meters or less, the free space pathloss model is the appropriate 
model.”32  

● “Beyond 30 meters and up to one kilometer from an unlicensed device to a microwave receiver, 
we find that the most appropriate propagation model is the Wireless World Initiative New 
Radio phase II (WINNER II).”33 

● “For separation distances greater than one kilometer . . . the Irregular Terrain Model combined 
with a clutter model depending on the environment is the most appropriate model.”34 

These models are summarized in Table 4-1 below: 

Table 4-1 - Summary of Propagation Model 

Distance (Slant Range) from VLP to Victim 
Receiver 

Propagation Model 

Up to 30 meters Free Space Path Loss (FSPL) 

30 meters to 1 km Combined LOS/NLOS Winner II 
● Urban VLP: Winner II Scenario C2 

● Suburban VLP: Winner II Scenario C1 

● Rural VLP: Winner II Scenario D1 

Above 1 km ITM + Clutter model 
Clutter model  

● Urban/Suburban VLP: ITU-R Rec. P.2108-0 

(Section 3.2.2) 

● Rural VLP: ITU-R Rec. P.452 Village Center 

Clutter 

These propagation models are very similar to the models used in RKF's 2018 Report with the 
exception of using Winner II for Rural VLPs (in place of ITM+P.452 Clutter) for distances < 1 km and 
using a combined median Winner II path loss model (instead of separate LOS and NLOS models). The 
combined median path loss model is computed using Eqn. 4-1 for distances between 30 m and 1 Km.  

 PLCWII (dB) = PLLOS (dB) x ProbLOS + PLNLOS (dB) x {1-ProbLOS}   (4-1) 

 
31 6 GHz Report and Order. 
32 Id. ¶ 64. 
33 See id. ¶ 66 (referencing the urban, suburban, and rural WINNER II channel models as C2, C1, and D1, respectively). 
See also WINNER & Information Society Technologies, WINNER II Channel Models Part 1, Table 2-1 Propagation 
scenarios specified in WINNER and Table 4-4 Summary table of the path-loss models, 
https://www.cept.org/files/8339/winner2%20-%20final%20report.pdf (“WINNER II Channel Models”). 
34 See 6 GHz Report and Order ¶ 68 (referencing the Irregular Terrain Model Guide). See also G.A. Hufford et al., A 
Guide to the Use of the ITS Irregular Terrain Model in the Area Prediction Mode, NTIA Report 82-100 (1982),  
https://www.ntia.doc.gov/files/ntia/publications/ntia_82-100_20121129145031_555510.pdf. 



 

20 
 

where, 

● PLLOS and PLNLOS are the Line-of-Sight (LOS) and NLOS Path Losses per Table 4-4 in 
WINNER II Report35 

● ProbLOS is the LOS Probability per Table 4-7 in WINNER II Report 

In RKF's 2018 Report, each deployed VLP was randomly designated as either LOS or NLOS using the 
LOS probability function.  

In addition to the combined median path loss term, the Winner II LOS and NLOS Path Loss 
components include a random lognormal shadowing term that is included in the simulations. 

For distances above 1 km, the methodology is as described in RKF's 2018 Report Section 4.2.2, where 
ITM with the SRTM 3-arc-seconds Terrain Database is used. The P.452 village center clutter loss of 
18.4 dB is used for the 1.5m VLP when the following conditions are met: 

● VLP elevation angle towards the victim receiver ≤ 2.86 deg (corresponding to a VLP deployed 
at an average distance from a village building of average height), AND 

VLP distance to victim receiver ≥ 0.7 km 

  

 
35 See WINNER II Channel Models. 
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5 Sharing Results 

5.1 Fixed Service (FS) Sharing 

This Section describes analyses performed to investigate the impact of VLP interference on FS links. 
Table 5-1 lists each section and its contents. 

Table 5-1 - VLP to FS Interference Analyses 

Section Content Description 
5.1.1 ULS Database 

Review 

Analysis of the Jan 21, 2020, ULS Database to ensure valid entries 

are used in the simulation.  

5.1.2 Key Modeling 

Assumptions 

Description of key modeling assumptions such as VLP device 

deployment, FS receiver antenna pattern, noise figure, and feeder 

loss. 

5.1.3 Baseline I/N 

Occurrence 

Simulation  

The Baseline model (1x) includes a simulation with 100,000 

iterations of VLP deployments to gather I/N interference occurrence 

statistics at each of the 97,888 FS stations. The Baseline model is 

outlined in Table 2-3.  

As described in Section 3.1.1, 1x corresponds to 4,417 

simultaneously transmitting VLP devices over CONUS. 

5.1.3 Sensitivity-VLP 

Bandwidth 

Additional simulations were performed as a sensitivity analysis with 

fixed channel bandwidths (20, 40, 80, and 160 MHz) to study the I/N 

occurrence sensitivity to channel size and power spectral density. 

5.1.4 Selected FS 

Availability 

Calculations for 

the Baseline 

Model 

1,000 FS stations were selected, at random, from FS stations that had 

at least one I/N > -6 dB occurrence in the Baseline Model in Section 

5.1.3. The increase in unavailability due to VLP interference was 

calculated for these links. A detailed analysis was performed to 

determine the impact on FS link availability due to the VLP 

interference. 

5.1.5 Ohio Example of 

Correlation 

Between 

Multipath Fading 

and Interference  

The impact on the availability of an FS link in Ohio is examined 

using hourly multipath measurements and an estimate of hourly VLP 

device activity. 

5.1.6.2 Sensitivity-VLP 

Active Devices 

The number of active VLP devices was increased by 2x, 3x, 6x, and 

12x to study the impact on I/N > -6 dB occurrence and FS link 

availability. 

5.1.6.4 Sensitivity-VLP 

EIRP 

The VLP EIRP was increased to 21 dBm to study the impact on I/N > 

-6 dB occurrence and FS link availability. 
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Table 5-2 provides a summary of the simulations and sensitivity analyses performed. The sensitivity 
analysis on the number of active devices is done for all five simulations. The sensitivity analysis on the 
EIRP is done for all five simulations and numbers of active devices. 

Table 5-2 - Summary of FS Simulations and Sensitivity Analyses 

Simulations (100,000 
iterations) 

Sensitivity on Number 
of Active Devices 

Sensitivity on EIRP 

Baseline Model (baseline 

channel distribution) 

1x (baseline) 

 

2x, 3x, 6x, and 12x 

14 dBm (baseline) 

 

21 dBm 20-MHz Simulation 

40-MHz Simulation 

80-MHz Simulation 

160-MHz Simulation 

5.1.1 ULS Database Review 

The FCC’s ULS database was reviewed to determine the number of FS transmitter-receiver links in 
CONUS with a unique frequency channel within U-NII-5 and U-NII-7. 

As shown in Table 5-3, there were 261,161 FS stations as of January 21, 2020. This count included FS 
links with multiple records that correspond to different EIRP and/or modulation types for each 
channel. After removing these duplicate links, 109,723 FS stations remained. After subtracting FS 
stations outside CONUS and the frequency bands of interest and those with invalid data, the total 
number of valid entries was calculated.  

To be as conservative as possible, those FS stations with invalid data were reviewed to determine what 
data was missing and if that data could be replaced with average parameters based on the radio service. 
For example, if receive gain, antenna height, or bandwidth were invalid, they were set to average 
values for the corresponding radio service. If the transmitter location was missing, the receive antenna 
was pointed in a random azimuth uniformly distributed over 360° and a random elevation angle 
uniformly distributed over +/- 5°. With these changes, an additional 599 corrected links were included, 
resulting in a total of 97,888 FS links used in the simulations. 

Table 5-3- Fixed Service Simulation ULS Database Summary (as of 01/21/2020) 

Total entries in ULS database, including all EIRP/modulation types 261,161 

Total entries in ULS database with 1 EIRP/modulation per FS link 109,723 

Total entries outside U-NII-5 and U-NII-7    -6,647 

Total entries outside of CONUS    -5,100 

Total entries with invalid data    -687 

Total valid entries   97,289 

Total number of entries with data fields that were updated with 

assumptions based on representative criteria by RKF 

   +599 

Total entries used in Simulations (Valid + assumed data fields)   97,888 
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Table 5-4 below shows the numbers of FS stations within the population density areas defined by the 
USCB. 

Table 5-4 - GeoArea Type for FS Rx  

Geo Area Type Number and Percentage 
of FS links 

Urban 12,412 (12.7%) 

Suburban 5,276 (5.4%) 

Rural 80,200 (81.9%) 

5.1.2 Key Modeling Assumptions 

5.1.2.1 VLP Device Deployment 

As described in Section 3.1.2, VLPs were randomly distributed throughout CONUS based on 
population density.  
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5.1.2.2 FS Receiver Antenna Performance 

ITU-R Recommendation F.124536 was used to model the FS antenna sidelobe performance. As shown 
in Figure 5-1, commercial antennas (such as UHX6-59), portrayed by the red line in the figure, 
significantly outperform F.1245. Based on data provided by Comsearch,37 as of 2011, over 83% of 
antennas deployed in the 5.925-6.425 GHz band in the United States exceeded FCC Category A 
requirements, and over 52% of the antennas were classified as high performance or ultra-high 
performance, which exceed Category A side lobe attenuation requirements by up to 27.5 dB. By using 
F.1245 this analysis overstates the interference and provides very conservative results. 

 
Figure 5-1 - Comparison of ITU-R 1245, FCC Category A, and Ultra-High-Performance Antenna (UHX6-59) Radiation Patterns 

5.1.2.3 FS Receiver Noise Figure and Feeder Loss 

An FS receiver noise figure of 5 dB and feeder loss of 2 dB38 was used.  

5.1.3 Baseline I/N Occurrence Simulation and Sensitivity to VLP Channel Bandwidth  

As described in Table 5-2, the Baseline Model (1x) evaluates interference to FS stations from VLP 
devices using the baseline channel distribution and an EIRP of 14 dBm. To more comprehensively 
assess the impact of channel size, four additional Monte-Carlo simulations were performed where all 
VLP devices were modeled using a single channel size (20, 40, 80, or 160 MHz) with an EIRP of 14 
dBm. Metrics were computed for each simulation per FS station including; 1) occurrence probability 

 
36 International Telecommunication Union, F.1245: Mathematical Model of Average and Related Radiation Patterns for 
Point-to-Point Fixed Wireless System Antennas for Use in Interference Assessment in the Frequency Range From 1 GHz to 
86 GHz, Recommendation F.1245 (2019), available at https://www.itu.int/rec/R-REC-F.1245/en. 
37  See Letter from Christopher R. Hardy to Marlene H. Dortch, WT Docket Nos. 10-153, 09-106 & 07-121 (filed Apr. 14, 
2011). 
38 See International Telecommunication Union, F.758: System Parameters and Considerations in the Development of 
Criteria for Sharing or Compatibility Between Digital Fixed Wireless Systems in the Fixed Service and Systems in Other 
Services and Other Sources of Interference, ITU-R F.758-6 (2019), available at https://www.itu.int/rec/R-REC-F.758/en. 
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for I/N > -6 and 0 dB; 2) occurrences due to a single VLP device; and 3) occurrences due to an 
aggregate of multiple VLP devices.  

The occurrence probability for each FS (Poc,FSi) from the 100,000 simulation iterations is computed 
per Eqn. 5-1 below: 

                        Poc,FSi = !"#$%&	()	*++"&&%,+%-	)(&	./0	12	!"#$%&	()	3/%&4/.(,-                                                            (5-1) 

where,  

● FSi = ith FS Receiver 

● Occurrence for ith FS= an iteration where FSi has at least one single-entry I/N > I/Nthreshold 

● Number of Iterations = 100,000 

These percentages reflect the full range of distributions for all input variables, including scenarios with 
an unrealistic combination of extreme worst-case values for every input.  

Figure 5-2, Figure 5-3, and Table 5-5 show the cumulative CDF of occurrence probabilities across all 
97,888 FS stations for the per-FS occurrence probability at I/N > -6 dB. The occurrence of an 
exceedance for an individual FS station is dependent on factors such as the surrounding terrain and 
antenna height. As can be seen, the vast majority of the FS stations did not experience an occurrence, 
and the worst-case FS occurrence probability was only 0.015% (15 occurrences out of 100,000 
iterations), a rare occurrence. As discussed in Section 5.1.4, the chance of these rare occurrences 
causing any significant impact on FS link availability is incredibly small.  

With the higher population density in urban and suburban areas, FS links are more likely to see 
occurrences. For example, the median CONUS FS link distance is 25 Km, whereas FS links with 
multiple occurrences in the simulations had a median link distance of 17 KM. However, with these 
shorter distances, these FS links have higher link margins and can generally accept interfering signals 
1-10 dB or more above long-haul performance requirements and not affect long-term performance.39  

 

 

 

 

 
39 National Telecommunications and Information Administration, Interference Protection Criteria Phase 1 - Compilation 
from Existing Sources, NTIA Report 05-432, 4-8, 4-9 (2005), 
https://www.ntia.doc.gov/files/ntia/publications/ipc_phase_1_report.pdf (“NTIA Report 05-432”). 
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Figure 5-2 - Probability of “I/N > -6 dB per-FS occurrence probability” exceeding Values on X-axis for 97,888 FS Links in each of the 
five simulations (different bandwidth models) 

 

Figure 5-3 - Probability (log-scale) of “I/N > -6 dB per-FS occurrence probability” exceeding Values on X-axis for 97,888 FS Links in 
each of the five simulations (different bandwidth models) - Zoomed-in under 10% 

  



 

27 
 

Table 5-5 - Percentage of FS (out of 97,888) having an “I/N > -6 dB occurrence probability” in the leftmost column in each of the five 
100,000-iteration simulations 

per-FS 
Occurrence 
Probability 
(Poc,FSi) 

20-MHz 40-MHz 80-MHz 160-MHz Baseline 
Channel 
Distribution 

0% 90.502% 90.701% 91.008% 91.795% 91.070% 

0.001% 8.052% 7.868% 7.417% 6.745% 7.428% 

0.002% 1.155% 1.112% 1.184% 1.045% 1.143% 

0.003% 0.194% 0.224% 0.245% 0.278% 0.232% 

0.004% 0.058% 0.061% 0.074% 0.072% 0.078% 

0.005% 0.025% 0.016% 0.036% 0.031% 0.019% 

0.006% 0.005% 0.009% 0.017% 0.014% 0.016% 

0.007% 0.003% 0.006% 0.008% 0.007% 0.004% 

0.008% 0.002% 0% 0.005% 0.005% 0.002% 

0.009% 0.002% 0% 0.001% 0.001% 0.005% 

0.010% 0% 0.001% 0.001% 0.002% 0.001% 

0.011% 0% 0% 0.001% 0.002% 0% 

0.012% 0.001% 0% 0.003% 0% 0% 

0.013% 0% 0.001% 0% 0.001% 0% 

0.014% 0% 0% 0% 0% 0.001% 

0.015% 0% 0% 0% 0.002% 0% 
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Similarly, Figure 5-4, Figure 5-5, and Table 5-6 show the Cumulative CDF of “single-entry I/N >  0 
dB per-FS occurrence probability.” The results show that in each of the simulations, 98% of the 97,888 
FS had no occurrence, and the worst-case FS occurrence probability was only 0.007% (7 occurrences 
out of 100,000 iterations), a very rare occurrence. As discussed in Section 5.1.4, the chance of these 
rare occurrences causing any significant impact on FS link availability is incredibly small.  

 
Figure 5-4 - Probability of “I/N > 0 dB per-FS occurrence probability” exceeding Values on X-axis for 97,888 FS Links in each of the 

five simulations (different bandwidth models) 

 

Figure 5-5 - Probability (log-scale) of “I/N > 0 dB per-FS occurrence probability” exceeding Values on X-axis for 97,888 FS Links in 
each of the five simulations (different bandwidth models) - Zoomed-in under 10% 
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Table 5-6 - Percentage of FS (out of 97,888) having an “I/N > 0 dB occurrence probability” in the leftmost column in each of the five 
100,000-iteration simulations 

per-FS 
Occurrence 
Probability 
(Poc,FSi) 

20-MHz 40-MHz 80-MHz 160-MHz Baseline 
Channel 
Distribution 

0% 97.601% 97.805% 97.881% 98.171% 97.937% 

0.001% 2.256% 2.044% 1.942% 1.647% 1.879% 

0.002% 0.135% 0.133% 0.150% 0.152% 0.162% 

0.003% 0.007% 0.017% 0.019% 0.020% 0.019% 

0.004% 0% 0.001% 0.006% 0.006% 0.002% 

0.005% 0.001% 0% 0% 0.003% 0% 

0.006% 0% 0% 0% 0% 0% 

0.007% 0% 0% 0.001% 0% 0% 

The 500,000 iterations, with almost 50 billion FS interference assessments of the Baseline Model and 
the four fixed bandwidth simulations, showed that only one occurrence was caused by an aggregation 
of multiple VLP devices using a 40 MHz bandwidth. Based on these results, and as recognized by the 
Commission, the rest of this report assumes that all metrics are based on the single-entry I/N levels.40 

The results of the Baseline Model and bandwidth sensitivity simulations are summarized in Table 5-7. 
The results show that: 

- I/N > -6 dB average occurrence probability of a single FS is 0.00011% or 0.11 out of 
100,000 iterations.  

- The occurrence probability is not sensitive to PSD caused by bandwidth variations but is 
determined by the device total EIRP. 

This is explained by the fact that narrower bandwidths correspond to proportionally higher PSD, but 
also a proportionally lower chance that the VLP’s bandwidth overlaps with the FS’s channel: i.e., 
reducing bandwidth from 160 MHz to 20 MHz increases the power density by 8x but also reduces the 
probability of channel overlap by a factor of eight. These two factors essentially negate each other.  

Table 5-7 - Average Interference Statistics from all Independent Simulations (100,000 iterations per bandwidth model) of a CONUS-
Wide VLP Deployment 

I/N Threshold 20 MHz 40 MHz 80 MHz 160 MHz Baseline Channel 
Distribution 

-6 dB 0.00011% 0.00011% 0.00011% 0.00010% 0.00011% 

0 dB 0.00003% 0.00002% 0.00002% 0.00002% 0.00002% 

 
40 6 GHz Report and Order ¶ 72. 
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5.1.4 Selected FS Availability Calculations for the Baseline Model 

The availability analysis assumed a typical FS design target of 99.999% availability 
(unavailability=0.001% corresponding to 5.3 minutes/year). Results are compared to a target increase 
in unavailability of less than 10%, as established by the ITU,41 that is sufficient to allow continued 
robustness of FS links. 

The increase in unavailability due to VLP interference was further analyzed, using a two-step process, 
by looking at 1,000 specific FS Stations chosen from those that had at least one occurrence of I/N > -6 
dB in the Baseline Model simulation with the baseline channel distribution and looking at the specific 
impact on unavailability due to VLP devices.  

First, a fade margin required to achieve the target availability of 99.999% was determined using ITU-R 
Rec. P.530-17 (P.530). Then, the increase in unavailability in the presence of interference was 
assessed.  

Second, if an FS link’s unavailability increased more than 10% in Step 1, the actual operating 
parameters were examined to determine the available fade margin. These links were then reassessed to 
determine if they would meet the 10% target. 

The fade margin probability density function (pdf) is obtained from P.530 (section 2.3.2 Eqn. 18) using 
FS unavailability and the multipath occurrence factor, !5. !5 provides the fade margin required for the 
average worst month and is computed using P.530 (section 2.3.2, Eqn. 11), with input parameters from 
the ULS database. The input parameters are the FS Transmitter (Tx) and Receiver (Rx) terrain height, 
antenna height above ground level, link distance, and center frequency.  

Given the fade margin pdf and the pdf of the degradation due to VLP interference for a specific FS 
(i.e., (I+N)/N from the 100,000-iteration simulation), the impact on FS link unavailability can be 
determined directly from the combined distribution. The convolution provides the correct answer to 
this question under the assumption that the two random variables (fading and interference) are 
independent. This independence is a conservative approximation. In fact, there is an inverse 
relationship between VLP device activity and when multipath fading occurs. As the Commission 
reaffirmed TSB-10F guidance42, multipath fading occurs between midnight and 8 am,43 while outdoor 
VLP usage will primarily be during daylight hours. This inverse correlation, explored in Section 5.1.5, 
means that the sum of interference and fading is statistically smaller than what is modeled.  

The current analysis is for 1,000 FS links selected randomly from stations that had exceedances in the 
Baseline Model simulation. Choosing 1,000 FS from all FS stations that had exceedances provides a 
significant statistical representation because calculating the availability of 10,000 or more FS stations 
would be arduous and would not provide additional insight.  

  

 
41 International Telecommunication Union, F.1094-2: Maximum Allowable Error Performance and Availability 
Degradations to Digital Fixed Wireless Systems Arising from Radio Interference from Emissions and Radiations from 
Other Sources (2007), available at https://www.itu.int/rec/R-REC-F.1094/en.  
42 6 GHz Report and Order ¶ 143. 
43 See NTIA Report 05-432. 
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Table 5-8 shows the occurrence probabilities for the 1,000 FS links analyzed. As indicated, the 1,000 
FS included FS from all ranges of occurrence probabilities, including the worst-case. Table 5-9 shows 
the geo area (urban, suburban, or rural) identified with each FS Receiver station. Note that all geo areas 
are represented. 

Table 5-8 - I/N > -6 dB Occurrence Probabilities for the 1,000 FS 

I/N > -6 dB Occurrence Probability 
(Poc,FS) 

Number of FS 
(out of 1,000) 

0.001% 846 

0.002% 122 

0.003% 19 

0.004% 9 

0.005% 2 

0.008% 1 

0.014% 1 

Table 5-9 - FS Rx GeoArea Type (as defined in Section 3.1.2) for the 1,000 FS 

FS Rx GeoArea Type % of FS 
Urban 27.5% 

Suburban 9.4% 

Rural 63.1% 

Furthermore, for accuracy, the full I/N distribution is used in the analysis including all aggregate 
interference events.  
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In Step 1, results showed that the 10% unavailability target was met for 989 FS (out of 1,000). The 
increase in unavailability for these 989 FS is shown in Figure 5-6. As indicated, 92.6% of the 1,000 FS 
had less than 0.01% increase and the highest increase (among the 989 FS) was 8.19%. 

  

Figure 5-6 - Increase in unavailability for 989 FS that meet the 10% target. 

The analysis in Step 1 assumes that each FS link has the exact margin to achieve the target availability. 
However, given that amplifiers and antennas only come in certain sizes, it is unlikely that these links 
achieve this margin exactly. In Step 2, the 11 links that failed to meet the 10% unavailability target are 
examined more closely. As indicated below, after considering the actual FS link operating parameters 
at highest order modulations in Step 2, they all meet the 10% target. 
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These 11 FS all had very small !5’s (0.03 to 2.2x10-6) that resulted in very low fade margins (5.3 to 
15.9 dB), which made them sensitive to interference. They are also all short-haul links (≤ 20 Km). As 
noted in Section 5.1.3, the IPC for FS is generally based on long-haul performance, which is usually 
acceptable on shorter digital paths.44 Table 5-10 shows the link characteristics of these FS stations.  

Table 5-10 - Link characteristics of the FS with Increase in Unavailability > 10% using theoretical link characteristics 

FS Tx/Rx CallSign FS Tx 
EIRP 
(dBm) 
[ULS] 

FS Tx Power45 
(Watt) 
 

FS link 
distance 
(km) 
[ULS] 

Receive
d C/N 
(dB) 
(Eqn. 5-
2) 

Multipath 
occurrence 
factor, p0 
(ITU-R 
P.530) 

WRAN774/WQYE338 61.6 0.51 8.85 59.16 0.000004 

WQOH921/WQOH921 
48.8 0.01 2.56 63.59 0.00001 

WPWY772/WQGB861 67.1 0.69 10.75 69.00 0.00008 

WQXG421/WQXG421 58.6 0.20 7.07 65.32 0.00006 

WQLY872/WPNJ907 53.3 0.02 6.28 69.37 0.00002 

WNEH663/WNEH669 37.2 0.00 2.38 57.27 0.00029 

WQNF440/WQNF440 58.5 0.10 17.48 56.32 0.002 

WPNJ867/WPNJ873 57.9 0.29 8.65 64.93 0.005 

WPWT263/WPNM710 56.1 0.03 8.91 70.25 0.00002 

WQDD269/WPJD957 42.8 0.00 1.45 69.69 0.000002 

WQQW474/WQQW473 68.8 1.00 20.04 61.40 0.030 

The ULS database information was used to compute the C/N at the receiver, shown in Table 5-10, 
using Eqn. 5-2 below: 

 "
# (/() = 0123	(/(4) − +637	(/() − 7$%%& 	(/() + 8' 	(/(9) − !	(/(4)           (5-2) 

where, 

● EIPP (dBW) = FS EIRP from the ULS database 

● FSPL (dB) = 92.45 + 20*log10(FS link distance [km]) + 20*log10(center frequency [GHz]) 

● Lfeed = FS Rx Feederloss = 2 dB 

● GR = FS Rx Gain (dBi) from the ULS database 

● N = Noise Power (dBW) = -228.6 dB(W/K/Hz) + 10*log10(T) + 10*log10(B [Hz])  

● T = System temperature = 290 K 

● B = FS channel bandwidth (Hz) 

 
44 NTIA Report 05-432 at 4-8, 4-9. 
45 FS transmit power is calculated using the EIRP and transmit gain found in the ULS database.  
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The actual FS fade margin, Fa, is then computed as shown in Eqn. (5-3).  

Fa (dB) = C/N (dB) – (max) C/Nreq (dB)    (5-3) 

In the ULS database, as in practice, FS links may operate using more than one modulation. The higher 
the modulation order, the higher the C/Nreq and the lower the actual fade margin. The analysis that 
follows is for the worst case and assumes the FS links use their highest-order modulation available. 
This does not mean that these links cannot adapt to use a lower-order modulation if they are degraded.  

The modulations in the ULS database for the 11 FS links varied from 4QAM to 1024QAM, 32TCM, 
and 128TCM. For each of these, the highest-order modulation was selected.46  

Table 5-11 shows C/Nreq values obtained from several manufacturers' datasheets. The 30 MHz 
channels have a range of values that indicate different coding and receiver performance. For the 
analysis, the maximum C/Nreq values are used (indicated in bold). This will provide the most 
conservative answer.  

Table 5-11- SNR required used for the 11 FS based on the link’s highest modulation and bandwidth 

Modulation Bandwidth (MHz) C/Nreq (dB) Manufacturers 
4-QAM 30 5.7-6.2 SAF Integra, 

Redline RDL 

5000, and 

ALFOplus
47

 

16-QAM 30 11.7-12.2 

32-QAM 30 16.2-16.7 

64-QAM 30 15.7-19.7 

128-QAM 30 18.7-23.2 

256-QAM 30 22.2-26.2 

1024-QAM 30 30.2-31.2 

64-QAM 10 19.5 SAF Integra 

 256-QAM 10 26 

1024-QAM 60 31.2 

32-TCM 3.75 20.3 Alcatel MDR-

8506
48

 

128-TCM 5 26 Alcatel MDR-

6706
49

 

128-TCM 30 24.2 Alcatel MDR-

8706
50

 

 
46 One link (Tx/Rx CallSign WNEH663/WNEH669) did not have any modulation listed in the ULS. From the available 
manufacturer data sheets and for a 10 MHz bandwidth, the highest modulation for this link was determined to be 256-
QAM.  
47 See SAF Tehnika, SAF Integra Datasheet, 
https://www.ispsupplies.com/content/datasheets/Integra%20series%20DS%20v1.43.pdf; Redline Communications, RDL-
5000 Datasheet, https://rdlcom.com/wp-content/uploads/Redline-DS-RDL-5000.pdf; SIAE Microelettronica, ALFOplus2 
Datasheet, available at https://www.siaemic.com/index.php/products-services/telecommunication-systems/microwave-
product-portfolio/alfo-plus2. 
48 Alcatel-Lucent, Alcatel-Lucent MDR-8000,  http://cdn.dreamingcode.com/public/129/MDR-8X06-129-785-1.pdf 
(“MDR-8X06”). 
49 Alcatel-Lucent, MDR-6X06, http://cdn.dreamingcode.com/public/129/MDR-6X06-129-733-1.pdf. 
50 MDR-8X06. 
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Table 5-12 summarizes the key performance parameters for each link including the Fade Margin (FM) 
at the 99.999% availability target, the received C/N (Eqn. 5-2), C/Nreq (from Table 5-11), and Fa (Eqn. 
5-3). The actual link fade margin is then compared to the FM at 99.999% availability and the 
difference is the “Actual Margin Above FM” (column C5). Notice the calculated “Actual Margin 
above FM” is very high for these links (>14.3 dB).  

Next, the additional margin to meet the 10% target is determined and is shown in column C6.  

Finally, the “Actual Margin above FM” (C5) is compared against the “Increase in FS link margin to 
meet the 10% target” (C6). The results show that the actual operating parameters on these 11 links led 
to more than sufficient margin to meet the 10% target.  

To further demonstrate the robustness of this analysis, 1% increase in unavailability was studied as a 
sensitivity analysis and shown in column C7. As indicated in (C6) and (C7), the overall interference 
risk from VLP operations is so low that nearly the same margin is necessary to achieve both 10% and 
1% increase in unavailability. 

This shows that all the 1,000 links meet the 10% increase in unavailability target as well as the 
sensitivity analysis down to 1% increase in unavailability. 

Table 5-12 - FS with Increase in Unavailability > 10% had “Actual Margin beyond FM” (C5) >> “Increase in FS Link Margin to 
meet 10% target (C6) and 1% sensitivity (C7)” 

FS Tx/Rx CallSign FM (dB) 
@ 
99.999%  

Receive
d C/N 
(dB) 
(Eqn. 
5-2) 

C/Nre
q (dB) 

Fa (dB) 
(Eqn. 5-

3) 

Actual 
Margin 

(dB) 
above 
FM 

Increase in FS 
Link Margin 

(dB), :, to 
meet 10% 

target 

Increase in FS 
Link Margin 

(dB), :, to meet 
1% (sensitivity) 

Column C1 C2 C3 C4=C2-

C3 

C5=C4-

C1 

C6 C7 

WRAN774/WQYE338 5.59 59.16 31.2 27.96 22.37 2.92 2.93 

WQOH921/WQOH921 5.90 63.59 26.2 37.39 31.49 1.32 1.32 

 WPWY772/WQGB861 7.15 69.00 31.2 37.80 30.64 0.94 0.98 

WQXG421/WQXG421 7.03 65.32 26 39.32 32.29 2.69 6.36 

WQLY872/WPNJ907 6.33 69.37 20.3 49.07 42.73 0.44 0.49 

WNEH663/WNEH669 8.19 57.27 26 31.27 23.08 0.43 0.50 

WQNF440/WQNF440 10.53 56.32 24.2 32.12 21.59 4.56 4.56 

WPNJ867/WPNJ873 11.94 64.93 26.2 38.73 26.79 2.38 2.38 

WPWT263/WPNM710 6.20 70.25 26 44.25 38.06 0.30 0.35 

WQDD269/WPJD957 5.32 69.69 19.5 50.19 44.87 1.74 3.90 

WQQW474/WQQW473 15.91 61.40 31.2 30.20 14.29 0.01 0.22 
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5.1.5 Ohio Example of Correlation Between Multipath Fading and Interference   

This section provides further evidence that VLP operations can coexist with Fixed Service 
operations. 

An example is provided to demonstrate that when deep fades and VLP interference are not coincident, 
the degradation to FS links from VLP interference is negligible. This conclusion is supported by the 
Commission’s findings:51 

“... potential degradation of a microwave link will only occur if a deep atmospheric multipath 
fade occurs at the same time the microwave receiver receives an excessively high powered 
transmission from an unlicensed device ... Thus, because the Wi-Fi access point busy hour is 
not between the 8-hour period after midnight, we conclude that the likelihood of harmful 
interference to fixed service microwave links from indoor low power Wi-Fi access points is 
insignificant.” 

First, VLP outdoor operations are even less likely to occur during periods of deep microwave fade than 
other types of RLAN operations. Per the Encyclopedia of Public Health, “The average North American 
spends approximately 90 percent of the time indoors, 5 percent in cars, and only 5 percent outdoors.52” 
The vast majority of this time spent outdoors is during the daylight hours.53 

To demonstrate the inverse correlation between VLP operations and deep microwave fading, an 
analysis was performed on an Ohio FS link where hourly fading statistics were available.  

Fading measurements were publicly available over a 68-day period in the late summer of 1966 
(covering the worst fading month and fading days) in West Unity, Ohio54 over a 28.5 Km path that is 
nearby the FS with Tx/Rx CallSign of WPNJ867/WPNJ873. The hourly fade measurements from West 
Unity, Ohio can be applied to this FS Tx/Rx CallSign.  

This link is short-haul and requires less than 12 dB of ITU derived fade margin to achieve the 
availability required to meet five-nines, making this link less resistant to interference compared to the 
other FS links having more fade margin. This FS had the third-highest increase in unavailability in the 
analysis of Section 5.1.4 and is shown in Table 5-10 and Table 5-12 above.  

  

 
51 6 GHz Report and Order ¶ 143. 
52 Trevor Hancock, Encyclopedia of Public Health - Built Environment, encyclopedia.com (2002), 
http://www.encyclopedia.com/doc/1G2-3404000130.html. 
53 Neil E. Klepeis, William C. Nelson, Wayne R. Ott, et al., The National Human Activity Pattern Survey (NHAPS): a 
resource for assessing exposure to environmental pollutants, 11 Journal of Exposure Science and Environmental 
Epidemiology 231 (2001), available at https://doi.org/10.1038/sj.jea.7500165. 
54 W.T. Barnett, Multipath Propagation at 4, 6, and 11 GHz, The Bell System Technical Journal, Vol. 51, No. 2 at Figure 
13 (Feb. 1972). 
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Figure 5-7 shows measured hourly fading statistics for the Ohio path for three deep fade ranges: 

● Level 1:  Fades less than 9.8 dB (not shown on graph) 

● Level 2:  Fades between 9.8 and 20.4 dB 

● Level 3:  Fades between 20.4 and 31 dB 

● Level 4:  Fades between 31 and 40.1 dB  

Figure 5-7 shows the fraction of total fade time in a given hour. The Level 2 and above fades only 
occurred in the eleven-hour period between 10 P.M. and 9 A.M. when VLP activity is minimal. The 
hashed, shaded region in the figure shows the fading attributed to the worst three measurement days. 
The large majority of these fades occurred during this short period.  As shown in Figure 5-7, for each 
of Levels 2, 3, and 4, the sum of the hourly probabilities of fade from 10 P.M. to 9 A.M. is equal to 
100%.  This implies that there are no fades at Level 2 or above from 9 A.M. to 10 P.M.   

 

Figure 5-7 - 6 GHz Hour-of-Day Ranking, 1966 West Unity, Ohio55 

 
55 Id. 
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The expected fade was derived during daylight hours when the VLP activity is highest. The 8 A.M. to 
9 A.M. period (“worst hour”) was the overlapping period with the highest probability of fade. The 
measurements indicate that approximately 8% of daily fades (greater than 9.8 dB - Level 2 and above) 
during the worst month of fade activity occurred within this worst hour.  Figure 5-7 shows that 
independent of the fade depth (Levels 2, 3, or 4), the percentage of fades was the same (8%).  

To model the increase in unavailability due to VLP interference, P.530 was first used to generate the 
fading distribution for the worst average month for the FS link. From this distribution, only 8% of the 
deep fades (> 9.8 dB) would be attributed to the period between 8 A.M. and 9 A.M. Thus, the P.530 
fade probabilities for fades above 9.8 dB were scaled by 8%.56  

Figure 5-8 shows the worst-case average monthly fade distribution (P.530) and the rescaled 
distribution for the worst daylight hour (P.530 rescaled). 

 

Figure 5-8 - Ohio FS (Tx/Rx CallSign of WPNJ867/WPNJ87) Fade Distribution per P.530 and scaled probability of deep fade above 
9.8dB between hours 8 A.M. and 9 A.M. (p0 = 0.005 per Table 5-10). 

  

 
56 Note that the fade probabilities below 9.8 dB had to be renormalized for the worst hour so that the total probability still 
integrated to one.   



 

39 
 

The convolution was performed with the rescaled worst hour (8 A.M. to 9 A.M.) fading distribution 
and the simulated VLP interference distribution (from Baseline Model) for this FS to determine 
increase in unavailability.  In the Section 5.1.4 analysis, this short-haul FS is very sensitive to VLP 
interference (increase in unavailability >10%) because it requires very low fade margin for the target 
availability. However, when considering the worst fade hour, when VLPs are active, the predicted 
increase in unavailability is reduced by a factor of 12.5 to < 10%.  Furthermore, as demonstrated in 
Section 5.1.4, when considering the operational parameters of this link, the increase in unavailability 
was well below the target. Along with the limited coincidence between the fades and VLP activity 
during daylight hours and the operational parameters of this link, the risk of harmful interference is 
negligible. 

This exemplifies that the unavailability results considered in Section 5.1.4 if using real-world 
VLP behavior can be reduced further by at least one order of magnitude when considering 
hourly fade distribution.  

5.1.6 Sensitivity Analysis 

This section considers the sensitivity of the Baseline Model simulation and the four bandwidth-
sensitivity simulations, referred to collectively as baseline simulations, to the number of active VLP 
devices and their EIRPs. 

5.1.6.1 Number of Active Devices (2x, 3x, 6x, and 12x) 

The baseline simulations of Section 5.1.3 were repeated with the number of active VLP devices scaled 
up by 2x, 3x, 6x, and 12x.57 As in the baseline simulations, there were 97,888 FS stations across 
CONUS. 

5.1.6.1.1 Occurrence Probabilities 

Table 5-13 and Table 5-14 show occurrence probabilities for I/N > -6 dB and 0 dB, respectively for the 
channel bandwidths and numbers of VLP devices simulated. All simulations assume that the VLP 
devices are transmitting with an EIRP = 14 dBm. 

As expected, the average probability of occurrence increases linearly with the number of active 
devices. As the prior simulations show, interference in the simulations with 12x devices was almost 
always dominated by a single VLP device. Over all simulation iterations, only 0.5%58 of 97,888 FS 
stations had an aggregate I/N different from the peak single-entry I/N with a maximum difference of 2 
dB. 

Note that when increasing the number of VLP devices, the results continue to be independent of the 
channel size assumed and interference is no worse if all devices are transmitting 14 dBm in 20 MHz. 
Thus, there is no reason to limit the PSD to -8 dBm/MHz (14 dBm/160 MHz).  

 
57 For computational efficiency, statistics for 6x were based on 50,000 iterations and for 12x were based on 25,000 
iterations instead of 100,000. 
58 For the remaining 99.5 % of simulated I/N values, the aggregate and peak I/N differed by less than 0.00001 dB. 
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Table 5-13 - Average Interference Statistics from all Independent Simulations for -6 dB I/N of a CONUS-Wide VLP Deployment for 1x, 
2x, 3x, 6x, and 12x number of active VLPs 

Number of 
Active VLPs 

20 MHz 40 MHz 80 MHz 160 MHz Baseline 
Channel 
Distribution 

1x 0.00011% 0.00011% 0.00011% 0.00010% 0.00011% 

2x 0.00023% 0.00023% 0.00023% 0.00021% 0.00022% 

3x 0.00034% 0.00034% 0.00034% 0.00032% 0.00033% 

6x 0.00069% 0.00067% 0.00068% 0.00063% 0.00066% 

12x 0.00137% 0.00135% 0.00136% 0.00126% 0.00133% 

Table 5-14 - Average Interference Statistics from all Independent Simulations for 0 dB I/N of a CONUS-Wide VLP Deployment for 1x, 
2x, 3x, 6x, and 12x number of active VLPs 

Number of 
Active VLPs 

20 MHz 40 MHz 80 MHz 160 MHz Baseline 
Channel 
Distribution 

1x 0.00003% 0.00002% 0.00002% 0.00002% 0.00002% 

2x 0.00005% 0.00005% 0.00005% 0.00004% 0.00005% 

3x 0.00008% 0.00007% 0.00007% 0.00006% 0.00007% 

6x 0.00015% 0.00014% 0.00014% 0.00012% 0.00014% 

12x 0.00030% 0.00029% 0.00029% 0.00024% 0.00027% 
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Figure 5-9 shows the complementary CDF for baseline channel distribution of the single-entry 
occurrence probabilities for I/N > -6 dB (left Figure) and 0 dB (right Figure) for active devices from 1x 
to 12x above the baseline. The Figure shows that the worst-case I/N > -6 dB occurrence probability 
increases from 0.014% (1x) to 0.124% (12x). 

The results show that the number of I/N > -6 dB and 0 dB occurrences increase roughly linearly 
with increase in the number of active devices.59  

  

Figure 5-9- Comparison of per-FS occurrence probabilities of I/N > -6 dB (left Figure) and 0 dB (right Figure) between 1x, 2x, 3x, 6x, 
and 12x number of active VLPs from Baseline channel distribution simulation 

5.1.6.1.2 Impact on FS link availability resulting from a 2x, 3x, 6x, and 12x increase in the number of 
active VLP devices  

Following the methodology in Section 5.1.4, the impact on FS link availability for the same randomly 
chosen 1,000 FS with at least one I/N > -6 dB occurrence was analyzed using the aggregate I/N 
distributions corresponding to 2x, 3x, 6x, and 12x number of active VLP devices.  

From Step 1, for 2x, 3x, 6x, and 12x number of active VLPs, there were 15, 16, 17, and 20 FS 
respectively (out of 1,000 FS) that did not meet the 10% target using the FM (calculated based on the 
target availability). These corresponded to the 11 FS in Table 5-10 plus the nine FS in Table 5-15. As 
indicated below, after considering the actual FS link operating parameters at highest order modulations 
in Step 2, they all meet the 10% target. 

  

 
59 This is as expected. If the 1x simulation has a probability of occurrence = p, scaling the number of RLAN's by a factor of 
N (Nx simulation) would have a probability of occurrence of: 1-(1-p)^N. For p<<1, this reduces to N*p. 
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Table 5-15 - Link Characteristics of the additional nine FS with Increase in unavailability > 10% for 2x, 3x, 6x, and 12x number of 
active devices (per last column) 

FS Tx/Rx CallSign FS Tx 
EIRP 
(dBm) 
[ULS] 

FS Tx 
Power 
(Watt) 
 

FS link 
distance 
(km) 
[ULS] 

Received 
C/N (dB) 
(Eqn. 5-
2) 

Multipath 
occurrence 
factor, p0 
(ITU-R P.530) 

Cases for 
which 
Increase in 
Unavailabi
lity > 10% 

WQUL352/ WPON281 
58.9 0.08 13.97 59.63 0.004 2x-12x 

WNTZ387/ WNTZ386 
44.9 0.004 1.9 61.13 0.00007 2x-12x 

WHI696/ WPUH740 70.3 0.66 23.65 75.95 0.002 2x-12x 

WNTJ676/ WNTJ921 
52.8 0.02 23.69 57.68 0.003 2x-12x 

WQEF238/ WQEE778 
67.9 0.81 23.50 62.96 0.006 3x-12x 

WNTU484/ WNTU484 67 0.65 8.72 71.23 0.002 6x-12x 

WNTQ313/ WNTQ313 53.2 0.03  6.69 58.90 0.005 12x 

WQNQ502/ WQNQ502 51.2 0.02 12.42 56.98 0.00003 12x 

KLG67/ KLG67 63.5 0.63 50.75 57.09 0.019 12x 
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Table 5-16 summarizes the calculations in Step 2 for all 20 links. As indicated, the actual operating 
parameters on these 20 links led to more than sufficient margin to meet the 10% target. Note that as 
indicated in the last three columns, some of the FS links met the 10% target for 2x, 3x, or 6x number of 
active VLPs. In addition, the “Increase in FS Link Margin to meet 10% target” was the same between 
2x and 3x scenarios for the top 15 FS links because the maximum aggregate I/N was the same under 
both scenarios. Therefore, all 1,000 FS met the 10% unavailability target when the number of 
active VLPs was increased to 2x, 3x, 6x, and even 12x from the baseline. 

Table 5-16 - 2x, 3x, 6x, and 12x number of active VLPs: 15, 16, 17, and 20 FS with Increase in Unavailability > 10% had “Actual 
Margin beyond FM” > “Increase in FS Link Margin to meet 10% target” 

FS Tx/Rx CallSign FM 

(dB) 

@ 

99.999

% 

Receiv

ed C/N 

(dB) 

(Eqn. 

5-2) 

C/Nre

q (dB) 

Fa (dB) 

(Eqn. 

5-3) 

Actual 

Margin 

(dB) 

above 

FM 

Increase in 

FS Link 

Margin 

(dB), ", to 

meet 10% 

target 

(2x,3x) 

Increase in 

FS Link 

Margin 

(dB), ", to 

meet 10% 

target (6x) 

Increase in 

FS Link 

Margin 

(dB), ", to 

meet 10% 

target (12x) 

Column C1 C2 C3 C4=C2

-C3 

C5=C4-

C1 

C6 C7 C8 

WQXG421/ WQXG421 7.03   65.32 26 39.32 32.29 5.28 8.83 9.18 

WRAN774/ WQYE338 5.59 59.16 31.2 27.96 22.37 2.92 3.06 3.36 

WPWY772/ WQGB861 7.15 69.00 31.2 37.80 30.64 0.94 1.25 1.54 

WQUL352/ WPON281 11.50 59.63 26.2 33.43 21.93 2.72 3.02 3.43 

WNTZ387/ WNTZ386 7.09 61.13 26.2 34.93 27.85 0.79 1.08 1.37 

WQOH921/ WQOH921 5.90 63.59 26.2 37.39 31.49 1.32 1.49 1.77 

WHI696/ WPUH740 9.97 75.95 26 49.95 39.98 1.37 1.74 2.10 

WNEH663/ WNEH669 8.19 57.27 26 31.27 23.08 0.43 0.66 0.91 

WQLY872/ WPNJ907 6.33 69.37 20.3 49.07 42.73 0.44 0.66 0.90 

WPWT263/ WPNM710 6.20 70.25 26 44.25 38.06 0.30 0.48 0.69 

WQNF440/ WQNF440 10.53 56.32 24.2 32.12 21.59 4.56 4.74 5.16 

WNTJ676/ WNTJ921 10.92 57.68 20.3 37.38 26.45 0.91 1.23 1.57 

WPNJ867/ WPNJ873 11.94 64.93 26.2 38.73 26.79 2.38 2.74 3.14 

WQDD269/ WPJD957 5.32 69.69 19.5 50.19 44.87 1.74 8.77 9.07 

WQQW474/ WQQW473 15.91 61.40 31.2 30.20 14.29 0.01 0.20 0.45 

WQEF238/ WQEE778 12.12 62.96 31.2 31.76 19.64 2.04 
(3x only) 

2.43 2.83 

WNTU484/ WNTU484 10.12 71.23 23.2 48.03 37.91 N/A 0.08 0.23 

WNTQ313/ WNTQ313 11.90 58.90 23.2 35.70 23.80 N/A N/A 0.07 

WQNQ502/ WQNQ502 6.45 56.98 19.5 37.48 31.02 N/A N/A 0.03 

KLG67/ KLG67 14.68 57.09 26 31.09 16.41 N/A N/A 0.01 
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Next, as a sensitivity analysis, Table 5-17 shows the number of FS stations not meeting 10% and 1% 
increase in unavailability in Step 1. The table shows that even when the number of active devices was 
increased by 12x, at 1% increase in unavailability, only 27 out of the 1,000 links required analysis of 
their real-world operating parameters. Further analyses of Step 2 indicated that the actual operating 
parameters on these 27 links led to more than sufficient margin to meet the sensitivity analysis 
down to 1% increase in unavailability. 

Table 5-17 - Number of FS stations with increase in unavailability > 10% and 1%, without consideration of actual margin on the FS link, 
when the number of active VLP devices is 1x, 2x, 3x, 6x, and 12x 

Increase in 
Unavailability  

1x 2x 3x 6x 12x 

10% 11 15 16 17 20 

1% 15 21 22 25 27 

5.1.6.2 Higher EIRP Level 

This section studies the impact on FS performance of increasing the VLP EIRP from 14 dBm to 21 
dBm. All other assumptions are consistent with the baseline simulations of Section 5.1.3. The I/N 
distributions from the five simulations with 14 dBm EIRP (Section 5.1.3) were increased by 7 dB to 
get I/N distributions for 21 dBm EIRP.  

5.1.6.2.1 Occurrence Probabilities 

Table 5-18 shows average I/N > -6 dB occurrence probabilities (average of Poc,FS over 97,888 FS) for 
the five different channel models at 21 dBm EIRP. Note that the worst-case occurrence probability of 
any of the 97,888 FS stations, over all simulation iterations, is 0.050%.  

As indicated, the occurrence probability scales linearly with EIRP, resulting in an increase in the 
occurrence probability by five times (7 dB difference) for 21 dBm EIRP. 

Table 5-18 – Average Interference Statistics from all Independent Simulations for -6 dB I/N (100,000 iterations per bandwidth model) of 
a CONUS Wide VLP Deployment for 14 dBm and 21 dBm EIRP (1x number of active VLPs) 

VLP EIRP 20 MHz 40 MHz 80 MHz 160 MHz Channel 
Distribution 

14 dBm (baseline) 0.00011% 0.00011% 0.00011% 0.00010% 0.00011% 

21 dBm 0.00056% 0.00058% 0.00061% 0.00060% 0.00059% 
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Figure 5-10 shows a comparison between single-entry occurrence probabilities (Poc,FS) of 14 dBm and 
21 dBm EIRP for the Baseline channel distribution simulation.  

 

Figure 5-10 - Comparison of I/N > -6 dB per-FS occurrence probability between 14 dBm (baseline) and 21 dBm EIRP for baseline 
channel distribution Simulation (1x number of active VLP devices) 

Table 5-19 shows the average I/N > -6 dB occurrence probabilities from 21-dBm EIRP VLPs for each 
of the bandwidth-model simulations when the number of active VLPs is increased to 2x, 3x, 6x, and 
12x.  

Table 5-19 – Average Interference Statistics from all Independent Simulations for -6 dB I/N of a CONUS-Wide VLP Deployment for 1x, 
2x, 3x, 6x, and 12x number of active VLPs (21 dBm EIRP) 

Number of 
Active VLPs 

20 MHz 40 MHz 80 MHz 160 MHz Baseline 
Channel 
Distribution 

1x 0.00056% 0.00058% 0.00061% 0.00060% 0.00059% 

2x 0.00111% 0.00115% 0.00122% 0.00121% 0.0012% 

3x 0.00167% 0.00173% 0.00183% 0.00181% 0.0018% 

6x 0.00334% 0.00346% 0.00365% 0.00363% 0.00359% 

12x 0.00667% 0.00692% 0.00731% 0.00726% 0.00718% 

 

5.1.6.2.2 Impact on FS link availability resulting from 21 dBm EIRP 

Next, impact on FS availability was analyzed when the device EIRP = 21 dBm for the same 1,000 
randomly chosen FS. The increase in unavailability was calculated for the Baseline channel 
distribution simulation with 1x, 2x, 3x, 6x, and 12x number of active VLPs.  
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Table 5-20 shows the number of FS stations with an increase in unavailability > 10% and 1% in Step 1, 
and for comparison shows results for the baseline 14 dBm EIRP presented in Section 5.1.6.1.2.  

Table 5-20 – Number of FS stations with increase in unavailability > 10% and 1%, without consideration of actual margin on the FS 
link, when the EIRP is increased to 21 dBm (from 14 dBm) for 1x, 2x, 3x, 6x, and 12x number of active VLP devices 

Number of 
Active 
Devices 

1x 2x 3x 6x 12x 

Unavailabi
lity  

14 
dBm 

21 

dBm 

14 
dBm 

21 

dBm 

14 
dBm 

21 

dBm 

14 
dBm 

21 

dBm 

14 
dBm 

21 

dBm 

10% 11 47 15 56 16 63 17 68 20 79 

1% 15 65 21 76 37 91 25 110 27 128 

In Step 2, the link budgets and actual fade margin for the links with increase in unavailability > 10% 
and 1% was calculated. With the device EIRP=21 dBm and the active number of devices 12x, the 
maximum number of FS that did not meet the 10% target was 79 (59 new links and 20 links analyzed 
in Section 5.1.6.2) assuming these links had only the minimum fade margin to achieve 99.999% 
reliability. To analyze actual FM for this many new FS links, the SNR required for 1024-QAM 
(highest modulation for conservativeness) of 31.2 dB was assumed.60 For all cases, the “Actual Fade 
Margin above FM” was found higher than the “Increase in FS Link Margin to meet the 10% target.”  

The results show that even operating at the higher EIRP level = 21 dBm, the links meet the 10% 
increase in unavailability target as well as the sensitivity analysis down to 1% increase in 
unavailability for the baseline number of active VLP devices. These targets were achieved for 2x, 
3x, 6x, and 12x sensitivity analysis as well. 

5.1.7 FS Sharing Conclusions 

To assess the interference impact from VLP devices to FS stations, five Monte-Carlo baseline 
simulations (corresponding to different bandwidth models), each with 100,000 iterations, were run for 
97,888 FS over CONUS. Additional simulations were run to determine the sensitivity of the 
interference impact to the number of active VLP devices and EIRP. 

Simulation results, even at 12x the number of active VLP devices, confirmed that in almost all cases, a 
single VLP device dominated the aggregate I/N levels at each FS, indicating that, although this 
analysis included aggregate effects, analysis of single-entry I/N levels is sufficient.  

The simulation results indicated low average I/N > -6 dB and 0 dB occurrence probabilities of 
0.00011% and 0.00002% respectively for the baseline simulations (1x number of active devices, using 
the channel distribution at a 14 dBm fixed EIRP). For 12x the number of active VLP devices 
transmitting at 21 dBm fixed EIRP for all channel sizes, the average I/N > -6 dB occurrence 
probability was still low (0.00718%) and the occurrence probabilities showed independence to the 
channel size.  

 
60 For one of the new FS using 1024-QAM, the actual fade margin was not sufficient. However, after using the SNR 
required for its modulation (256-QAM), the “Actual Fade Margin above FM” was higher than the “Increase in the FS Link 
Margin to meet the 10% target”. Another FS was missing “modulation type” and “transmitter manufacturer” in the ULS. 
Even assuming QPSK with 6.2 dB C/Nreq, this link does not have sufficient margin to operate at 99.999% availability. As 
such, this link was removed from the analysis.  
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To accurately assess the impact of VLP interference on FS performance, the increase in FS 
unavailability was computed for 1,000 FS randomly chosen from the FS in Baseline Model simulation 
(1x using baseline channel distribution) that had at least one I/N > -6 dB occurrence. The increase in 
FS unavailability analysis showed that using ITU derived fading distributions and considering the 
operating parameters of the FS, the increase in unavailability did not exceed the 10% target and the 1% 
sensitivity threshold for all 1,000 FS, even at 12x the number of active VLPs with 21 dBm fixed EIRP. 

Finally, analysis of an FS link in Ohio where hourly multipath fading distribution was available 
exemplifies that if hourly measured fade statistics are considered, the increase in unavailability will be 
reduced by an order of magnitude compared to the results derived using the study assumption that 
fading and interference are independent. 

In conclusion, VLP devices operating at up to fixed 21 dBm EIRP over 20, 40, 80, or 160 MHz 
channel bandwidth do not cause harmful interference to an FS station. 

5.2 Mobile Service (MS) Sharing 

5.2.1 MS Usage Studied 

National Association of Broadcasters (NAB)61 retained Alion Sciences to conduct an analysis of the 
extent of interference to ENG systems from unlicensed operations in U-NII-6 and U-NII-8, specifically 
non-common carrier mobile operations. The Alion Report62 considers three typical types of ENG 
deployment use cases: 

1. Indoor Camera to Indoor Receiver 

2. Outdoor Camera to News Truck  

3. Outdoor News Truck to Central Receive Site using two representative locations: 

a. Cowles Mountain, San Diego CA 

b. DC Old Post Office, Washington DC 

  

 
61  Dec. 5 NAB Letter. 
62 Alion Report. 
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This report will focus on use case 3. The ENG Receivers were modeled using parameters in Table 5-21 
and Table 5-22 below.  

Table 5-21 - ENG receive sites (Table 7 of Alion Report63) 

ENG receiver Latitude Longitude Antenna 
Height, AGL, m 

Cowles Mtn. ENG 

central receive site 

32° 48’ 49.30” N 117° 1’ 56.43” W 50 

DC Old Post Office 

ENG central receive site 

38° 53’ 38.86” N 77° 1’ 40.94” W 90 

Table 5-22 - ENG central site receiver and antenna characteristics (Table 1 of Alion Report64) 

Parameter Data 
Cable/Feeder Loss (dB) 1.0 

Bandwidth (MHz) 20 

Noise Figure (dB) 4.0 

Receiver Thermal Noise Power 

(dBW) 

-127.0 

Antenna Nomenclature Vislink ProScan III 

Antenna Type Parabolic reflector 

Antenna Gain (dBi) 36.0 

Antenna Pattern Azimuth and Elevation 

patterns obtained from 

Alion (Figure 5-11 and 

5-12 below) 

 

  

 
63 Id., Table 7. 
64 Id., Table 1. 
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Figure 5-11 - Central Receive Station’s ProScan Antenna Azimuth Pattern   

 

Figure 5-12 - Central Receive Station’s ProScan Antenna Elevation Pattern   
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For each central receive (Rx) site, six links were studied (Table 5-23) using the following parameters: 

● Two central frequencies for the highest VLP channel overlap: 6437.5 MHz in U-NII-6 and 
6987.5 MHz in U-NII-8. 

● The same three Rx station boresight azimuths as in the Alion Report (depicted in Figure 5-13 
and Figure 5-14). 

Table 5-23 - Six links simulated at each of the central receive sites 

Link ID Center 
Frequency 
(MHz) 

Rx Antenna Azimuth 
angle (deg) 
(Cowles Mtn. Rx site) 

Rx Antenna Azimuth angle 
(deg) 
(DC Old Post Office Rx 
site) 

1 6437.5 108 94 

2 6437.5 194 315 

3 6437.5 227 180 

4 6987.5 108 94 

5 6987.5 198 315 

6 6987.5 227 180 
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Figure 5-13 - Cowles Mtn. ENG Central Rx Site and the three Azimuth Angles simulated (108°, 194°, and 227°) 

 

Figure 5-14 - DC Old Post Office ENG Central Rx Site and the three Azimuth Angles simulated (94°, 180°, and 315°) 
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5.2.2 MS Simulation 

Monte-Carlo Simulations with 100,000 iterations were performed for the mobile truck to central Rx 
station. 

As described in Table 5-2, the Baseline Model evaluates interference to the ENG receive stations from 
VLP devices using the baseline channel distribution and an EIRP of 14 dBm. To more 
comprehensively assess the impact of channel size, four additional Monte-Carlo simulations were 
performed where all VLP devices were modeled using a single channel size (20, 40, 80, or 160 MHz) 
with an EIRP of 14 dBm. Metrics were computed for each simulation per ENG Rx station including: 1) 
occurrence probability for I/N > -6 and 0 dB; 2) occurrences due to a single VLP device; and 3) 
occurrences due to an aggregate of multiple VLP devices.  

The 500,000 iterations, with 3 million65 MS interference assessments, of the Baseline Model, and the 
four fixed bandwidth simulations showed that occurrence probabilities from aggregation of multiple 
VLP devices were the same as single-entry occurrences. As such, the occurrence probabilities in this 
section correspond to single-entry as well as aggregate interference. 

Table 5-24 shows I/N > -6 dB per-link occurrence probabilities (Eqn. 5-166) at the two central Rx sites, 
where: 

● Cowles Mtn: For I/N > -6 dB, all six links had 0% occurrence probability 

● DC Old Post Office: For I/N> -6 dB, five links had 0% occurrence probability; one link (ID 1) 
had 0.001% occurrence probability in the 40 MHz simulation and 0% occurrence probability in 
the other four simulations. For I/N > 0 dB, there were no occurrences. 

Table 5-24 - I/N > -6 dB per-link occurrence probabilities at Cowles Mtn. and DC Old Post Office ENG central Rx sites from 
independent Monte-Carlo simulations (100,000 iterations per bandwidth model) for each of the six links 

Central Rx 
Site 

20 MHz  40 MHz  80 MHz 160 MHz Baseline 
Channel 
Distribution 

Cowles Mtn.  0% 0% 0% 0% 0% 

DC Old Post 
Office 

0% 0% for 5 links 

0.001% for 

link ID 1 

0% 0% 0% 

The results show VLPs with maximum EIRP of 14 dBm do not impact the BAS/CARS ENG 
central receive stations, independent of the channel bandwidth used.  

This result differs from the Alion study because Alion did not consider the VLP devices and Alion’s 
LOS calculation overestimated LOS paths probability.67  

 
65 500,000 iterations x 6 links per ENG receiver site (= 3 frequencies x 2 azimuth directions). 
66 Replace “FS” with “link” in Eqn. 5-1 (link as defined in Table 5-23). 
67 Letter from Apple Inc., Broadcom Inc., Cisco Systems, Inc., Facebook, Inc., Google LLC, Hewlett Packard Enterprise, 
Intel Corporation, Microsoft Corporation, NXP Semiconductors, and Qualcomm Incorporated  to Marlene H. Dortch, ET 
Docket No. 18-295 & GN Docket No. 17-183 (filed Feb 28, 2020). 
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5.2.3 Sensitivity Analysis 

5.2.3.1 Number of Active Devices (2x, 3x, 6x, and 12x) 

Similar to the methodology described in Section 5.1.6.1, the interference impact on a Mobile ENG 
Central Receiver is examined when the number of active VLPs is increased from 1x (baseline) to 2x, 
3x, 6x, and 12x. 

Cowles Mountain 

Table 5-25 shows that when the number of active VLP devices is increased from the baseline to 12x, 
the average (over 6 links) I/N > -6 dB occurrence probabilities remain unchanged at 0%.  

Table 5-25 - Cowles Mountain: Average Interference Statistics from all Independent Simulations for -6 dB I/N, for 1x, 2x, 3x, 6x, and 12x 
number of active VLPs 

Number of 
Active VLPs 

20 MHz 40 MHz 80 MHz 160 MHz Baseline 
Channel 
Distribution 

1x (baseline) 0% 0% 0% 0% 0% 

2x 0% 0% 0% 0% 0% 

3x 0% 0% 0% 0% 0% 

6x 0% 0% 0% 0% 0% 

12x 0% 0% 0% 0% 0% 

Figure 5-15 shows the distribution of aggregate I/N levels across all 6 links for the Baseline Model 
simulation (1x, baseline channel distribution) and 3x number of active devices. As indicated, all I/N 
levels (over 600,000 iterations) are less than -6 dB I/N.  

 
Figure 5-15 - Probability (log-scale) of Aggregate I/N > I/N values on X-axis for the 600,000 MS interference assessments (6 

links/iteration x 100,000 iterations) at Cowles Mountain - Zoomed In 
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DC Old Post Office  

Table 5-26 shows that when the number of active VLP devices is increased from the baseline to 12x, 
the average I/N > -6 dB occurrence probabilities show no correlation with channel bandwidth. 
Occurrence probabilities slightly increased as the number of devices increased, however, the 
probabilities are so low they are not considered a long-term risk.  

Table 5-26 - DC Old Post Office: Average Interference Statistics from all Independent Simulations for -6 dB I/N, for 1x, 2x, 3x, 6x, and 
12x number of active VLPs 

Number of 
Active VLPs 

20 MHz 40 MHz 80 MHz 160 MHz Baseline 
Channel 
Distribution 

1x (baseline) 0% 0.0002% 0% 0% 0% 

2x 0.0003% 0.0007% 0.0003% 0% 0.0003% 

3x 0.0005% 0.0010% 0.0005% 0.0002% 0.0003% 

6x 0.0010% 0.0020% 0.0010% 0.0003% 0.0007% 

12x 0.0020% 0.0040% 0.0020% 0.0007% 0.0013% 

Figure 5-16 shows the distribution of aggregate I/N levels across all 6 links for the Baseline Model 
simulation (1x, baseline channel distribution) and 3x number of active devices. As indicated, all I/N 
levels are less than -6 dB I/N except in 2 iterations (out of 600,000 total iterations) of the 3x scenario.  

 

Figure 5-16 - Probability (log-scale) of Aggregate I/N > I/N values on X-axis for the 600,000 MS interference assessments (6 
links/iteration x 100,000 iterations) at DC Old Post office - Zoomed In 
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5.2.3.2 Higher EIRP Level 

To study the impact of the higher EIRP VLP on a BAS ENG central receive site, the aggregate and 
single-entry I/N distributions from the five simulations with 14 dBm EIRP were increased by 7 dB to 
generate the statistics for 21 dBm EIRP levels.  

Cowles Mountain 

Table 5-27 shows the average I/N > -6 dB occurrence probability at 21 dBm EIRP for all six Cowles 
Mountain links for each of the five simulations. The sensitivity analysis for 21 dBm EIRP shows an 
extremely small number of occurrences.  

Table 5-27 - Cowles Mountain: Average Interference Statistics from all Independent Simulations for -6 dB I/N, for 1x, 2x, 3x, 6x, and 12x 
number of active VLPs (14dBm and 21 dBm EIRP) 

VLP EIRP 
(Number of 
Active Devices) 

20 MHz 40 MHz 80 MHz 160 MHz Baseline 
Channel 
Distribution 

14 dBm (1x to 

12x) 

0% 0% 0% 0% 0% 

21 dBm (1x) 0.00017% 0.00017% 0% 0% 0% 

21 dBm (2x) 0.00067% 0.00033% 0% 0% 0% 

21 dBm (3x) 0.001% 0.0005% 0% 0% 0% 

21 dBm (6x) 0.002% 0.001% 0% 0% 0% 

21 dBm (12x) 0.004% 0.002% 0% 0% 0% 

DC Old Post Office 

Table 5-28 shows the average I/N > -6 dB occurrence probabilities at 21 dBm EIRP for all six DC Old 
Post Office links for each of the five simulations. Even though the probability of occurrence is higher 
than at Cowles Mountain, they are nonetheless extremely small. 

Table 5-28 - DC Old Post Office: Average Interference Statistics from all Independent Simulations for -6 dB I/N, for 1x, 2x, 3x, 6x, and 
12x number of active VLPs (14dBm and 21 dBm EIRP) 

VLP EIRP  20 MHz  40 MHz 80 MHz 160 MHz Baseline 
Channel 
Distribution 

14 dBm  1x: 0% 

2x: 0.00033% 

3x: 0.00050% 

6x: 0.001% 

12x: 0.002%  

1x: 0.0002% 

2x: 0.00067% 

3x: 0.001% 

6x: 0.002% 

12x: 0.004% 

1x: 0% 

2x: 0.00033% 

3x: 0.0005% 

6x: 0.001% 

12x: 0.002% 

1x: 0% 

2x: 0% 

3x: 0.00017% 

6x: 0.00033% 

12x: 0.00067% 

1x: 0% 

2x: 0.00033% 

3x: 0.00033% 

6x: 0.00067% 

12x: 0.00133% 

21 dBm 1x: 0.00250% 

2x: 0.00417% 

3x: 0.00650% 

6x: 0.013% 

12x: 0.026% 

1x: 0.00233% 

2x: 0.00467% 

3x: 0.007% 

6x: 0.014% 

12x: 0.028% 

1x: 0.00117% 

2x: 0.00333% 

3x: 0.00483% 

6x: 0.00967% 

12x: 0.0193% 

1x: 0.00117% 

2x: 0.00217% 

3x: 0.00333% 

6x: 0.00667% 

12x: 0.0133% 

1x: 0.00167% 

2x: 0.00333% 

3x: 0.005% 

6x: 0.010% 

12x: 0.020% 
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5.2.4 MS Sharing Conclusions 

To assess the interference impact from VLP devices to mobile truck-to-ENG Central receive station 
links, five Monte-Carlo simulations (corresponding to different bandwidth models), each with 100,000 
iterations, were run for the representative ENG central receive stations in Cowles Mountain, San Diego 
and the theoretical DC Old Post Office receive site. Furthermore, sensitivity analyses on the number of 
active VLP devices and EIRP were performed.  

One of the major differences between the Cowles Mountain and the DC Old Post Office ENG sites is 
the population in proximity of the receiver antenna. The Cowles Mountain site is on a higher elevation 
covering a larger operating radius, while the DC Old Post Office is on a lower elevation providing 
service over a more densely populated area.  

In both instances, there was no risk of harmful interference from up to 12x the baseline number of 
active VLP devices using an EIRP up to 21 dBm, independent of the channel bandwidth used. This is 
expected for other locations throughout the CONUS, given the high elevation of these ENG Central 
Receive antennas and the very low power at which the VLP device transmits.  

More generally, as mentioned in RKF’s 2018 Report, as is standard practice among MS operations, the 
MS transmitter operating parameters are optimized on a location-by-location basis (e.g., slightly closer, 
clearer path to MS receiver). We would expect the introduction of VLPs to require no change to these 
current practices by MS operators. 


