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SUMMARY 

The Amateur Radio Emergency Data Network (AREDN), through counsel, 

respectfully submits these Comments in response to para. 179 of the Further Notice of 

Proposed Rulemaking, which proposes that outdoor access points in the U-NII-4 band be 

allowed to transmit at a power of 36 dBm.  This is the same power that has been 

approved in the U-NII-5 band with automatic frequency coordination (AFC) and the U-

NII-3 band.    

Using AREDN intellectual property, amateur radio licensees have constructed 

fixed data networks with broadband speeds of up to 144 Mbps in the 5.9 GHz Band.  

Some of the AREDN-enabled networks would rival the microwave networks in the 6 

GHz band that the Commission is protecting from interference from unlicensed 

operation.  AREDN-enabled fixed data networks are similarly situated to Fixed Service 

microwave operations.  The AREDN-enabled networks should receive protection through 

AFC similar to what the Commission requires for outdoor unlicensed operation in the 6 

GHz Band. 

Under Section 301 of the Communications Act, the FCC may not authorize an 

unlicensed service that causes harmful interference to a licensed service.  In determining 

the power level for unlicensed operation in the 5.9 GHz Band, the FCC necessarily will 

make a determination about whether the unlicensed operation causes harmful interference 

to licensed operations.  AREDN presents herein interference analysis demonstrating that 

unsupervised unlicensed operation may transmit at no more than -42.1 dBm (61.7 

nanowatts).  In order for unlicensed operation to transmit at commercially feasible power 

in the 5.9 GHz Band, AREDN-enabled networks will need to be protected by AFC.   



 
Before the 

Federal Communications Commission 
Washington, DC 20554 

 
In the Matter of     ) 
       ) 
Use of the 5.850-5.925 GHz Band   ) ET Docket No. 19-138 

 
COMMENTS OF AREDN 

IN RESPONSE TO FURTHER NOTICE OF PROPOSED RULEMAKING 
 

Amateur Radio Emergency Data Network (AREDN), through counsel, 

respectfully submits these Comments in response to the Further Notice of Proposed 

Rulemaking (Further NPRM).1  On May 3, 2021, AREDN submitted its Petition for 

Reconsideration urging that the Order in this proceeding be rescinded because it falls 

outside authority delegated to the FCC.  The relief that is requested in these Comments is 

requested in the alternative, if it is determined that the Commission has authority to issue 

the Order.  AREDN’s first preference is that the Order be vacated.  

The Further NPRM seeks comment on its proposal to allow “unlicensed operation 

of U-NII-4 access point device . . . a radiated power of 23 dBm/MHz or 36 dBm radiated 

power for all bandwidths.”2  This is the same power as in the U-NII-5 band (with AFC) 

and the U-NII-3 band. 

In summary, under Section 301 of the Communications Act,3 unsupervised 

unlicensed operation should have a transmit power limit of -42.1 dBm (61.7 nanowatts).  

																																																								
1 In the Matter of Use of the 5.850-5.925 GHz Band, First Report and Order, Further 
Notice of Proposed Rulemaking and Order of Proposed Modification, ET Docket No. 19-
138 (Nov. 20, 2020) (the Further NPRM).  The Further NPRM was summarized in the 
Federal Register, 86 Fed. Reg. 23323 (May 3, 2021), with comments due June 2, 2021.  
2 Further NPRM para. 179. 
3 47 U.S.C. § 301.  Section 301 prohibits radio transmission without a Commission 
license.  The U.S. Court of Appeals held that unlicensed operation may be authorized 
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Alternatively, consistent with the Commission’s action in the 6 GHz proceeding,4 

unlicensed operation should utilize automated frequency coordination (AFC) to protect 

AREDN’s fixed, point-to-point, high-speed data networks from harmful interference.  

Under Section 301, in order for unlicensed operation to operate at commercially viable 

power in the 5.9 GHz Band, AFC should be implemented. 

I. Background – FCC proceedings 

A. The 5.9 GHz proceeding 

The Order5 devotes two paragraphs to amateur operations.6  In pertinent part, the 

Order states, “We believe that U-NII devices operating in the U-NII-4 band will not 

cause harmful interference to amateur operations because of the relatively low power 

with which U-NII devices will operate as compared to amateur stations, which are 

permitted to operate with as much as 1.5 kW (62 dBm) peak envelope power.”7  

This statement does not make a determination about AREDN’s fixed, point-to-

point, high-speed data systems.  As the Order noted, no specific technical analysis was 

submitted, and the AREDN fixed high-speed data networks are different from traditional 

amateur radio.  The Further NPRM seeks comment on the appropriate power level for 

unlicensed devices in the lower part of the U-NII-4 band.8  In deciding the power level, 

the Commission will make a Section 301 determination about whether the authorized 

																																																								
only where it does not interfere with a licensed service. American Radio Relay League, 
Inc. v. FCC, 124 F.3d 227, 234-35 (D.C. Cir. 2008). 
4 In the Matter of Unlicensed Use of the 6 GHz Band, ET Docket No. 18-295, GN Docket 
No. 17-183, Report and Order and Further Notice of Proposed Rulemaking (2020). 
5 First Report and Order, supra n1 (the “Order”). 
6 Id. at paras. 92-93. 
7 Id. at para. 93 (citing 47 C.F.R. § 97.313(b)). 
8 Supra n2. 
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power level would cause interference to licensed services.  In these Comments, AREDN 

presents evidence that responds to the request for comment on the appropriate power 

level, and addresses the requirement of Section 301. 

B. The 6 GHz proceeding 

In August 2017, the Commission issued a Notice of Inquiry (NOI) about flexible 

use of mid-band spectrum.9  The NOI noted that Commission licensing records reflect 

that more than 27,000 fixed service (FS) licenses are issued for point-to-point operations 

in the 5.925 to 6.425 GHz band.10 

In October 2017, the Fixed Wireless Communications Coalition (FWCC) 

submitted comments stating that “[t]o avoid causing interference to the fixed service, 

unconstrained unlicensed transmitters would need a power limit in the vicinity of -80 to -

60 dBm. Taking terrain and ground clutter into account might raise this by a few tens of 

dB at most.”11  FWCC Comments went on to say that “[i]t follows that non-interfering 

unlicensed operation in the fixed service bands, at commercially useful power levels, will 

need some sort of active frequency coordination, such as geolocation with database 

lookup.”12 

In January 2018, Apple Inc., Broadcom Corporation, et al. submitted an 

engineering report by RKF Engineering solutions.13  The transmittal letter stated: “RKF’s 

																																																								
9 In the Matter of Expanding Flexible Use of Mid-Band Spectrum Between 3.7 and 24 
GHz, GN Docket No. 17-183, Notice of Inquiry (Aug. 3, 2017) (the NOI). 
10 Id. at para. 25. 
11 Comments of the Fixed Wireless Communications Coalition, GN Docket No. 17-183 
(Oct. 2, 2017) 11. 
12 Id. 
13 Letter from Paul Margie, counsel to Apple Inc., Broadcom Corporation, et al. to 
Marlene Dortch, Secretary, FCC (Jan. 26, 2018). 
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findings are clear: unlicensed services can successfully coexist with the primary services 

present in the 6 GHz band.”14  The RKF study relied on average clutter (noise) 

calculations resulting from indoor and indirect transmissions from unlicensed devices. 

In March 2018, FWCC submitted a rebuttal study by George Kizer that pointed 

out errors and omissions of the RKF study, which had ignored co-channel, line-of-sight 

propagation.15  FWCC was joined by others who extensively criticized the RKF study.16  

The National Spectrum Management Association (NSMA) said that, in its experience, 

“receiver interference is typically a relatively infrequent line of sight case rather than an 

“average” clutter dominated result.”17  NSMA calculated conditions under which 

unmanaged RLAN operation would be unlikely to interfere with fixed microwave 

operations.  According to NSMA, for RLANs with no height restrictions (FCC rules 

subsequently provided no height restriction), the transmit power limit is -59.9 dBm.18  

This is very close to the -60 dBm upper power limit stated by FWCC.19 

Another key concern was the inability to detect interfering unlicensed devices.  

FWCC quoted AT&T, which said the following:  

Compounding the difficulty of sharing, to a microwave link, interference caused by a 
mobile is indistinguishable from atmospheric or environmental fade. Even very weak 
signals will create interference, which will reduce the effectiveness of the link’s 

																																																								
14 Id. 
15 Letter from Chen-li Yiu and Mitchell Lazarus, counsel to FWCC, to Marlene Dortch, 
Secretary, FCC (Mar. 13, 2018) 10.  
16 Letter from Susan H. Crandall, Associate General Counsel, Intelsat Corporation & 
Gerry Oberst, President, SES Americom, Inc., to Marlene H. Dortch, Secretary, FCC 
(Feb. 23, 2018); Letters from Stacey G. Black, Vice President, AT&T Services, Inc., to 
Marlene H. Dortch, Secretary, FCC (Mar. 26 and 27, 2018); Letter from Dave Meyer, 
Board Member and Former President, National Spectrum Management Association, to 
Marlene H. Dortch, Secretary, FCC (Mar. 27, 2018). 
17 Letter from Dave Meyer, supra n16, at 3 (citing ITU-R Recommendation F.1706). 
18 Id. at 4-6. 
19 Supra n11. 
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engineered fade depth.  . . . In fact, mobiles operating 3 km from a victim point-to-point 
receiver will need to have at least 46.5 dB of terrain obstruction loss and antenna 
discrimination to avoid interference to the link—and that margin increases to 66.5 dB for 
mobiles within 300 m of the victim receiver. 
 
Because interference caused by mobiles will look to the microwave systems like fade, 
and because these links are not engineered to monitor for this type of interference, there 
also will be no ability for the microwave licensee to identify that interference is 
occurring—they will simply find that statistically the performance of their path decreases. 
Even if a device was malfunctioning or being operated in a malicious manner, the 
microwave licensee would never be able to identify the source of the interference—the 
itinerant nature of most unlicensed activity, even if it was identified as causing 
interference, means that the device may never be located, since it may be transmitting 
only intermittently and is likely to be in motion. These fears are compounded when the 
potential exists for additive interference from a large number of devices, 
as most unlicensed technologies intend.20 
   
The Internet of Things is a giant itinerant unlicensed operation, as AT&T described in its 

Comments.  FWCC similarly told the FCC that the “FS operator cannot detect 

interference until after the link fails [] even then [the FS operator] cannot tell if failure 

was due to deep fade, RLAN interference, or something else.”21 

After further discussions, in June 2018, Apple Inc., Broadcom Corp., et al., 

essentially agreed to FWCC’s demand and requested that the FCC issue a Notice of 

Proposed Rulemaking providing for location-based automated frequency coordination.22  

In October 2018, the Commission issued the 6 GHz Notice of Proposed Rulemaking that 

proposed to require location-based automatic frequency coordination (AFC).23  In 

October 2020, the Commission issued the 6 GHz Report and Order that allows, in the U-

																																																								
20 Comments of AT&T Services, Inc., Expanding Flexible Use in Mid-Band Spectrum 
Between 3.7 and 24 GHz, GN Docket No. 17-183 (Oct. 2, 2017) 16-17. 
21 Letter of Cheng-yi Liu, counsel to FWCC, to Marlene H. Dortch, Secretary, FCC (July 
17, 2018) at page 16 of ex parte presentation. 
22 Letter from Paul Margie, counsel to Apple Inc., Broadcom Corporation, et al. to 
Marlene Dortch, Secretary, FCC (Jun. 15, 2018). 
23 Unlicensed Use of the 6 GHz Band, ET Docket No. 18-295, Notice of Proposed 
Rulemaking (Oct. 24, 2018) para. 17. 
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NII-5 and U-NII-7 bands, outdoor use of unlicensed devices at standard power (36 dBm 

EIRP), with location-based AFC.24 This is the same power level that the Further NPRM 

proposes for the U-NII-4 band (5.9 GHz) and is permitted in the U-NII-3 band. 

II. AREDN’s Point-to-point Systems are Similarly Situated to Microwave 
Networks 
 
A. What AREDN does 

 
AREDN networks provide communications services to public safety agencies in 

emergencies, like a forest fire, and for public events, like the Marine Corps Marathon.  

AREDN is different from traditional ham radio because it provides a way for amateur 

radio operators to create high-speed data networks.25   

A core function of amateur radio has been to relay messages between public 

safety agencies in an emergency.  For example, a forest fire might cover several counties, 

and ham operators would relay messages between officials of different counties to 

coordinate the fire-fighting effort.  Traditionally, amateur radio operators relied on voice 

transmissions for these communications.  A typical message-passing scenario involved a 

public safety official conveying a message to an amateur radio operator who would write 

or type it onto a standard ICS-213 form.  The message would then be relayed by voice 

over radio to another operator who would write or type it onto another ICS-213 form at 

the receiving end.  The form would typically be hand delivered to the recipient (e.g., a 

public safety official in another county) who would read and sign the form.  Any 

																																																								
24 Unlicensed Use of the 6 GHz Band, ET Docket No. 18-295, Report and Order and 
Further Notice of Proposed Rulemaking (Apr. 24, 2020) paras. 20-86. 
25 The following description is excerpted from the AREDN website,  
https://arednmesh.readthedocs.io/en/stable/arednGettingStarted/aredn_overview.html.  
This website provides more fulsome documentation of the AREDN network. 
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acknowledgement or reply would then be handled through the same process from the 

receiving end back to the originator.  

However, public safety and emergency response personnel are accustomed to 

communicating with email, text and audio-video communication.  Ham operators meet 

these preferences by sending digital data between devices over an AREDN-enabled, 

high-speed data network.  During an emergency, an AREDN network serves as the 

transport mechanism to substitute for applications like email, chat, voice, document 

sharing, video conferencing, and many other useful programs.  A licensed amateur radio 

operator controls each radio station.  Depending on the implementation, this digital data 

network can operate at near-Internet speeds with many miles between network nodes.26 

In order to participate in an AREDN network, the amateur radio licensee buys his 

own radio equipment from the manufacturer or vendor.  AREDN Inc. provides, free of 

charge, firmware and software that the ham licensee can download to enable his radio to 

join an AREDN mesh network.  The licensee then configures his radio, obtains the site 

and places the radio into operation under his control.  AREDN networks are non-

commercial and charge the agencies they support no fees.   

Unlike most other licensed services, the amateur radio service does not permit 

commercial operation.  Thus, amateur radios are purchased out of the personal funds of 

amateur licensees, who generally have modest or middle class means.  AREDN has 

leveraged Wi-Fi economies of scale by establishing firmware and standards that work for 

Wi-Fi equipment. An all-in cost for an AREDN node usually is around $250.  This is 

																																																								
26 See 
https://arednmesh.readthedocs.io/en/stable/arednNetworkDesign/network_topology.html 
for typical network topology. 
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something that most amateur licensees can afford.  More exotic equipment (see, e.g., 

Cases E1, E2 and F, below) that operates at higher power or has other special features 

would be outside of the COTS (commercial, off-the-shelf) paradigm.  Once the price 

level rises much above about $250, the average amateur licensee is priced out of the 

market.  Thus, there is an important economic component to the Commission’s 

assumption, see Order para. 93, that the power level can simply be raised.  In order to 

maintain the network effect of a number of ham operators contributing to build an 

AREDN network, the price needs to be kept affordable – a few ham operators can afford 

more expensive equipment, but to get widespread participation that generates a network 

effect in an AREDN network, the price needs to be kept reasonable.  If the Commission 

really expects higher power amateur operation, it should revisit the requirement of non-

commercial operation and allow ham operators to recoup the cost of the radios.  

The primary goal of the AREDN project is to empower licensed amateur radio 

operators to deploy high-speed data networks when and where they might be needed, as a 

service both to the hobby and the community.  This is especially important where 

traditional utility services (electricity, phone lines or Internet services) become 

unavailable.  Then, an off-grid amateur radio emergency data network may be a lifeline.  

AREDN amateur radio networks can be fixed point-to-point and point-to-

multipoint networks with permanent nodes mounted at various sites.27  Or, they can be ad 

hoc networks, temporarily constructed and placed into operation for a special event or 

																																																								
27 See Declaration of Orville Beach attached as Exhibit 2 hereto (Southern California 
Mesh Network) and Declaration of Brett Popovich attached as Exhibit 3 (Willamette 
Valley Mesh Network).  
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rescue and recovery in a disaster area.28  Or, they can be a combination, with a permanent 

backbone but expandable to new locations to cover events or disasters.  

B. AREDN fixed networks 

Attached hereto as Exhibit 1 are screenshots of maps showing the 5.9 GHz nodes 

(in orange) and major 5.9 GHz RF links (green and yellow) of AREDN-enabled, fixed, 

high-speed data networks in Southern California, San Francisco and Willamette Valley, 

Oregon.  The Southern California network stretches from Ojai to Indio, California, and 

from Santa Clarita to Oceanside.  As indicated by the link report (Declaration of Orville 

Beach, Exhibit 2), this network has 101 links operating in the 5.9 GHz Band that are 

more than five miles long.  The longest of these is 61 miles in distance.  The following 

websites display real time maps of these networks: https://mapping.kg6wxc.net/meshmap 

(Southern California),	http://meshmap.sfwem.net/map_display.php#12/37.7828/-

122.3877 (San Francisco) and https://willamettevalleymesh.net/meshmap/ (Willamette 

Valley). 

In the real-time maps at the above websites, when one clicks on a node, an 

information box pops up.  This box displays the responsible FCC amateur license for that 

node, latitude and longitude of the fixed radio/receiver, SSID, channel, bandwidth, other 

operational information and transmit/receive links along with identification of the node at 

the other end of each link, and distance and bearing.  The layers function in the legend to 

the left-hand side of the screen enables one to isolate the different components of the 

mesh map.   

																																																								
28 See Declaration of Mark Braunstein attached as Exhibit 4 (Marine Corps Marathon) 
and Declaration of Gene Harrison attached as Exhibit 5 (disaster response). 
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For point-to-point links, these networks use directional antennas to focus their 

signals.  For point-to-multipoint, 90- or 120-degree sector panels are utilized to service 

slices of the surrounding area.  These networks satisfy the Commission’s definition of a 

fixed service: “A radio communications service between specified fixed points.”29  

 In addition to 5.9 GHz, these networks also have 900 MHz, 2.4 GHz and 3.5 

GHz nodes.  The 900 MHz band is barely used in these networks, and the 3.5 GHz nodes 

are being phased out per the Commission’s reallocation of that spectrum.  Because of 

interference from unlicensed operation, the 2.4 GHz nodes mostly are connected by 

landline (DTD – device-to-device, and tunneling indicated on the maps).  Interference 

from unlicensed operation at 2.4 GHz prevents use of that band and is discussed below.   

The RF workhorse of these networks is the 5.9 GHz band.  If the 5.9 GHz band 

were to become unusable due to interference from unlicensed operations, like the 900 

MHz and 2.4 GHz bands, it would severely cut back these networks.  The networks could 

primarily become landline networks.  This would defeat the purpose of the networks, 

which is to provide an off-infrastructure, independent means of communicating in the 

event of an emergency. 

These networks are designed with redundancy in order to be resilient, reliable and 

available in a catastrophe.  As stated above, the purpose of the networks is to provide 

emergency communications services when conventional cellular and landline networks 

are disabled.  For example, Oregon had catastrophic forest fires around Labor Day 2020 

that disabled conventional communications networks, and ice storms over Valentines 

Day 2021 that knocked out electric power service for more than eight days.  Many of the 

																																																								
29 47 CFR § 101.3. 
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nodes of the Willamette Valley Mesh Network went down during these catastrophes.  

Nevertheless, the network was sufficiently resilient that it continued to provide 

communication services to government emergency response administrations.  

AREDN-enabled mesh networks occupy a unique niche in emergency response 

and disaster recovery.30  They are IP-based and can do essentially anything the Internet 

can do, but without the Internet.  No other communications service provides equivalent 

high-speed data (broadband) over an off-infrastructure and off-grid platform.  This makes 

AREDN-enabled networks uniquely able to assist emergency response in a disaster area.  

AREDN nodes are flexible, scalable, interoperable and are self-organizing, self-healing 

and self-managing.  They will automatically form a mesh network anywhere when 

dropped into a disaster area or brought by agencies from different parts of the country.  

The AREDN nodes then deliver broadband service at speeds up to 144 Mbps.  This 

enables video (both video of the disaster area and video conferencing), voice, text, 

document transfer and other features of broadband service.  Of course, the ability to reach 

144 Mbps depends heavily on fade margin, or signal-to-noise ratio (SNR), which is a key 

point of these Comments. 

The Commission and other federal agencies, such as NTIA and DHS, have 

addressed some public safety interoperability problems with the National Interoperability 

Channels and authorities.31  This program is good as far as it goes.  The limitation is that 

“[o]nly narrowband emissions are to be used on the Federal Interoperability Channels.”32  

																																																								
30 See Declaration of Gene Harrison, Exhibit 4. 
31 See National Interoperability Field Operations Guide, U.S. Department of Homeland 
Security Emergency Communications Division, Version 1.6.1A (Jan 6, 2019) 
https://www.cisa.gov/sites/default/files/publications/NIFOG%20Ver%201.6.1A.pdf. 
32 Id. at 19. 
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In a way, the National Interoperability Channels are like old-school ham radio – it’s just 

voice.  Essentially, this simple analog FM voice mode is the national standard for 

interoperability and coordination across the entire Nation.  In great contrast, in the field, 

AREDN mesh networks can operate over 20 megahertz channels and deliver true 

broadband in an emergency.  As an alternative, the highly engineered, long-distance 

backbone links of AREDN fixed networks often use 10 megahertz channels.  Both of 

these flexible modes deliver broadband services.  Loss of use of the 5.9 GHz band due to 

harmful interference from unlicensed operation would result in loss of a unique and 

valuable resource for disaster and emergency response.   

 A small number of unlicensed devices could cause harmful interference to some 

of the links of these AREDN networks and, in many cases, the network would simply 

route traffic around the broken links and continue to function.  However, if the 

interference severed a backbone or a link in a remote area, the network would not be able 

to route around.  As described by Mark Braunstein33 and Brett Popovich,34 once a large 

number of unlicensed devices saturate the band, as they have at 900 MHz and 2.4 GHz, it 

is impossible to establish any link.  Large numbers of unlicensed devices are projected 

for the 5.9 GHz Band.35  The Commission has no way to ensure that just a few unlicensed 

devices operate unsupervised.  It is all or nothing – either the AREDN networks are fully 

protected at 5.9 GHz, or they will be swamped by unlicensed operation. 

																																																								
33 Declaration of Mark Braunstein, Exhibit 4, page 3. 
34 Declaration of Brett Popovich, Exhibit 3, para. 9. 
35 Technology companies projected nearly one billion unlicensed devices in the near 
future.  Supra n21 at page 4 of ex parte presentation (“RLAN Group seeks to deploy 
958,000,000 unlicensed RLANs”). 
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The AREDN fixed, high-speed data networks are not identical to the licensed 

microwave operations in the U-NII-5 and U-NII-7 bands.  For example, AREDN 

networks transmit and receive on the same channel utilizing time division duplex, where 

microwave networks use frequency division.  The AREDN networks are highly adaptable 

and will redirect traffic around a broken link or incorporate a new node that appears with 

the proper SSID, channel and bandwidth, while microwave networks are not so 

adaptable.   

Nevertheless, the two types of networks perform similar services and have the 

same function – to rapidly transport large amounts of data from one fixed point to another 

fixed point. The AREDN and licensed microwave fixed networks are similarly situated 

and should receive similar protection from harmful interference of unlicensed devices. 

III. Interference From Unlicensed Devices 

As noted above, under Section 301 of the Communications Act, unlicensed 

operation may not be approved at configurations or power levels that would cause 

harmful interference to a licensed service.36   

A. Measuring standard 

In the 6 GHz proceeding, the Commission required use of the -6 dB interference 

to noise power (I/N ratio) for determining exclusion zones to protect against unlicensed 

operation.37  The Commission declined to use the carrier to interference (C/I) ratio 

because it would require knowledge of the microwave link, including the received signal 

strength, and this information is not available to unlicensed operators via ULS.38  

																																																								
36 Supra n3. 
37 6 GHz Report and Order, supra, n24 at paras. 70-71.  
38 Id. 
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AREDN subscribes to the industry standard of keeping the interference 6 dB 

below the system noise floor.  These Comments report calculations of the signal to 

interference ratio, which includes information about the received signal strength and 

characteristics of the microwave system being utilized.  We do so in order to give a more 

complete picture of the interference scenarios and because the information is readily 

available to us.  The correction factors reported herein are what is needed in each case to 

bring the interference to 6 dB below the system noise floor.  We recognize that an AFC 

system would use the I/N metric instead of the signal to interference ratio.  The results 

presented below and at Exhibit 6 are the same as if I/N were calculated. 

B. AREDN equipment 

Although there is some variation in radios and antennas chosen by amateur 

licensees when connecting to the AREDN mesh, the following are representative 

configurations.   

Typical antennas are parabolas of about 16-24 inches in diameter.  A 

representative antenna used for point-to-point links would be the Ubiquiti RocketDish 

RD-5G30 Dish antenna, which has dimensions of 25.6 x 25.6 x 11.97 inches and gain of 

30 dBi at 5.9 GHz.  A representative antenna for point-to-multipoint links would be the 

Ubiquiti airMAX AM-5G19-120 Sector antenna, which has dimensions of 27.45 x 5.32 x 

2.87 inches and gain of 19 dBi.   

For end-point applications, a representative device would be the Ubiquiti 

NanoBeam NBE-M5-19 Radio with integrated Dish antenna which, as utilized by 

AREDN, has output power of 26dBm and receiver sensitivity of -94dBm.  A 

representative radio used with the above two dish antennas would be the Ubiquiti M5 
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Rocket, with bandwidths of 5, 10 and 20 megahertz, output power of 27 dBm and 

receiver sensitivity of -94 dBm.   

These antennas and radios use dual-polarization to increase throughput and 

enhance diversity.  The emissions are time division duplex (different from TDMA), and 

transmit and receive on the same frequency using the same antenna. Once configured to 

an engineered system design, the AREDN devices employ preset, fixed channel 

assignments and channel widths.  They themselves are not adaptive, and cannot auto-

negotiate channels or bandwidths. 

C. Power limits for unsupervised unlicensed operation 

The table below sets out the limits on interferer power that would be required 

under various scenarios to bring the interference down to 6 dB below the system noise 

floor.  Please refer to Exhibit 6 to these Comments for the detailed calculations.  AREDN 

networks have link bandwidths of 20, 10 or 5 MHz.  The most common is 10 MHz. 

Limits on Interferer Power 

Case Example Power Limit 
20 MHz BW 
(dBm) 

Power Limit 
10 MHz BW 
(dBm) 

Power Limit 
5 MHz BW 
(dBm) 

A1: Long Point-to-Point 
(AT&T) 

-22.1 -25.1 -28.1 

A2: Long Point-to-Point 
Backbone 

-16.1 -19.1 (Case A3) -22.1 

B1: Point-to-Multipoint 
Distribution 

-5.6 -8.6 -11.6 

B2: Point-to-Multipoint 
Distribution 

14 11 8 

C: Multipoint-to-Multipoint 
Mesh 

-16.1 -19.1 -22.1 

D: Close Multipoint-to-
Multipoint Mesh 

-36.1 -39.1 -42.1 

E1: High Power Multipoint-to-
Multipoint Mesh 

2.9 -0.1 -3.1 

E2: High Power Multipoint-to-
Multipoint Mesh 

-37.1 -40.1 -43.1 

F: Very High Power Multipoint-
to-Multipoint Mesh 

2.9 -0.1 -3.1 
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D. Interference scenarios 

This section briefly explains the interference scenarios (each a “Case”).  The 

Cases address different parts of an AREDN-enabled network. 

Case A1 uses a scenario that is similar to that posited by AT&T in the 6 GHz 

proceeding.39  The purpose of this first calculation is to allow the Commission to 

compare an AREDN network to what AT&T described.  In AT&T’s example, the 

interferer transmits a lower power than is proposed to be allowed.  A real-world scenario 

would be where the interferer is operating at the power proposed by the rules in the 

Further NPRM (36 dBm).  The remaining calculations address unlicensed operation at 36 

dBm. 

Case A2 is a realistic scenario of unlicensed interference with an AREDN 

backbone link of 30 kilometers in length.  The unlicensed interferer is assumed to be 

three kilometers away from the AREDN receiver and transmitting at the authorized 

power of 36 dBm.   

Case B1 is where an AREDN node uses a sector antenna to transmit point-to-

multipoint within the 120-degree sector.  Case B2 is a variation on Case B1.   

Case C represents the mesh part of the network, with a link length of 3 kilometers, 

and the interferer is assumed to be 300 meters away from the desired receiver.  Case D 

also represents the mesh part of the network, with a link length of 3 kilometers, but the 

interferer is assumed to be just 30 meters away from the desired receiver. 

																																																								
39 Comments of AT&T Services, Inc., Expanding Flexible Use in Mid-Band Spectrum 
Between 3.7 and 24 GHz, GN Docket No. 17-183 (Oct. 2, 2017) n20. 
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Case E1, Case E2 and Case F respond to the Commission’s implicit statement in 

the Order that amateur radio has room to raise its power level,40 thereby implying that 

there should be no trouble with interference from unlicensed devices.  Please note that 

Cases E1, E2 and F are totally unrealistic with current equipment for the AREDN fixed, 

point-to-point and point-to-multipoint networks.  Expensive, custom equipment would be 

needed that is beyond the budget of all but a very few ham operators.  Indeed, we were 

unable to locate a feasible UHF transmitter at 62 dBm (1500 Watts) at any price.  The 

posited power levels for Cases E1 and E2 (50 dBm or 100 Watts) and Case F (62 dBm or 

1500 Watts) are atypical to say the least.  Nevertheless, we offer the theoretical results of 

Cases E1, E2 and F, in order to dispel the myth that high power cures all. 

E. Maximum permitted power for unsupervised unlicensed operation 

Under Section 301 of the Communications Act, the Commission must determine 

the configuration and maximum power that unsupervised unlicensed devices could have 

without causing harmful interference to the AREDN networks.  The proponents of 

unlicensed operation bear the burden of proof of showing that they will not cause harmful 

interference.  

Case D: Close Multipoint-to-Multipoint Mesh, requires that the unsupervised 

unlicensed device operate at -42.1 dBm (61.7 nanowatts) at 5 MHz bandwidth, which is 

the lowest power limit of the interference cases studied.  We are excluding Case E2: High 

Power Multipoint-to-Multipoint Mesh at -43.1 dBm.  This is because Case E2 is not a 

																																																								
40 Order para. 93 (“We believe that U-NII devices operating in the U-NII-4 band will not 
cause harmful interference to amateur operations because of the relatively low power 
with which U-NII devices will operate as compared to amateur stations, which are 
permitted to operate with as much as 1.5 kW (62dBm) peak envelope power”). 
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realistic scenario and is presented here merely to show that a theoretical high-power 

transmission does not solve interference.  All the cases would require substantial 

reduction in power from the 36 dBm for unlicensed devices that has been proposed.  

Even the most optimistic case (Case B2 at 14 dBm (25.1 milliwatts) at 20 MHz 

bandwidth) would require a reduction in power that probably is not commercially feasible 

for unlicensed operators. 

Thus, for purpose of the Commission’s Section 301 determination, unsupervised 

unlicensed devices should have a transmit power limit of -42.1 dBm (61.7 nanowatts).41  

However, the real takeaway is not a particular number, like -42.1 dBm.  Rather, the main 

point is that the FCC would violate Section 301 by authorizing unlicensed devices to 

transmit at the proposed power level of 36 dBm without protecting AREDN networks 

from harmful interference.  AREDN should be protected by location-based AFC. 

F. Experience of AREDN operators in 2.4 GHz 

The above calculations are borne out by the practical experience of AREDN 

operators trying to use spectrum that is allocated to both Part 15 (unlicensed operations) 

and Part 97 (amateur radio).  The AREDN users attest to the fact that the part of the 2.4 

GHz band that is allocated to Part 15 is largely unusable because of interference from 

unlicensed operation.  As the Commission knows, Wi-Fi channels 1 through 11 at 2.4 

GHz are shared by ham and unlicensed, while 2.4 GHz channel -2 is ham only. 

																																																								
41 By comparison, AREDN’s transmit power limit of -42.1 dBm is more tolerant than the 
-60 dBm arrived at by representatives of fixed service licensees in the 6 GHz proceeding, 
see supra nn11, 19.  Nevertheless, this power level is far below what is commercially 
feasible for unlicensed operation. 
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Mark Braunstein said the following about interference testing prior to AREDN 

support of the Marine Corps Marathon: 

To determine the impact of interference on AREDN equipment, the terminals 
were operated at both WiFi Channel 1 (i.e., Part 15 operation) and at Channel -2.  
A snapshot of the interference environment showed that AREDN equipment 
would be severely interference-limited in trying to support longer-range links.  
When operated at Channel -2, however, no interference was noted, and 
throughput increased noticeably.42 
 

 Similarly, Orville Beach reported that only 13 of the 2.4 GHz links longer than 

five miles are left in the Southern California Mesh Network.43  This is out of a total of 

1248 links in that network.  By comparison, 101 links longer than five miles operate over 

the 5.9 GHz Band.44  

 Brett Popovich noted the following about the Willamette Valley Mesh Network: 

Almost all of the RF links in our network are at 5.9 GHz.  We tried to get the 2.4 
GHz and 900 MHz nodes to link and operate over radio spectrum. We were 
unsuccessful for almost all of these nodes.  For example, we tried to establish a 
one-kilometer RF link over 2.4 GHz.  This is a relatively short link for us.  We 
could get a signal but it would not remain connected.  If we raised the power, we 
still would not have a consistent connection.  The problem for both 2.4 GHz and 
900 Mhz is interference near the receivers on our mesh network.  Both of these 
spectrum bands are saturated with unlicensed users that cause interference.  The 
900 MHz and 2.4 GHz bands should have been the first choice for our long 
links because they have better propagation.  But they are unusable because 
they are saturated.45 

 
The real-world experience of these radio operators in the field demonstrate that AREDN 

networks need protection from unlicensed operation if the latter is to be authorized for the 

5.9 GHz Band. 

 

																																																								
42 Declaration of Mark Braunstein, Exhibit 4, page 3. 
43 Declaration of Orville Beach, Exhibit 2, para. 9. 
44 Id. at para. 6. 
45 Declaration of Brett Popovich, Exhibit 3, para. 9 (emphasis added). 
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IV. A Double Standard Should Not Be Employed 

A. FCC treated FS licensees differently 

The FCC could have told the 6 GHz Fixed Service (FS) licensees what it told 

Amateur Radio: your licensed power levels far exceed those of unlicensed operation, so 

you should have no trouble with U-NII devices.46  Many FS licensees are licensed for 

power levels that far exceed that of Amateur Radio.47  So, the FCC certainly could have 

said this to the microwave licensees.   

Similarly, the Commission could have reminded the FS licensees that, because 

they are primary or co-primary licensees, they are entitled to protection, whereas U-NII 

devices operate under Part 15 rules on the conditions of not causing harmful interference 

and accepting any interference from an authorized radio station.  The Order also said this 

to Amateur Radio,48 albeit without the benefit of information about AREDN’s fixed 

point-to-point and point-to-multipoint networks. 

																																																								
46 See Order para. 93. 
47 There are many fixed point-to-point licensees authorized to transmit over frequencies 
in the U-NII-5 or U-NII-7 band at much higher power than amateur radio, including the 
following (to cite just a few): KFM89 at 69.6 dBm EIRP, KCK69 at 72.3 dBm, KBH73 
at 67.5 dBm, KCG66 at 76.1 dBm to 79.6 dBm.  Signal strength doubles every 3 dBm. 
KFM89 is authorized for 69.6 dBm EIRP, while amateur radio has a maximum 
authorization of 62 dBm PEP.  The difference between 69.6 dBm and 62 dBm represents 
more than twice doubling or more than four times the power.  The difference actually is 
even more pronounced.  EIRP (the standard for microwave licensees) is an average 
power measure, meaning actual power can fluctuate above the limit, so long as the 
average is at the limit.  By contrast, PEP (peak envelope power), which is the limit for 
amateur radio, represents the crest of the modulation, or an absolute limit on peak power.  
This has the effect of reducing the permissible power for PEP by about 10 dBm, in order 
to avoid modulating above the peak power limit. 
48 Order para. 93. 
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Instead, in the 6 GHz proceeding, the parties and the Commission took to heart 

the technical showings of George Kizer49 that co-channel operation of unlicensed devices 

in the main beam of the point-to-point receiver will cause harmful interference, even 

from kilometers away.  The tremendous discrepancy in authorized power, between 

licensed and unlicensed operation, is irrelevant where an unlicensed device has line of 

sight to the main beam of the desired receiver.   

Similarly, the parties and the Commission credited the Comments of AT&T 

Services, quoted above, that a point-to-point operator will not know that it is suffering 

harmful interference from an unlicensed device.50  The operator will simply find that 

statistically the performance of the path decreases.  The Part 15 rule about not causing 

interference is of no help a point-to-point operator who does not know of the existence of 

the unlicensed interferer.  The Commission essentially acknowledged this point in the 6 

GHz proceeding by stating that “[r]eduction in fade margin is equivalent to increase in 

nominal noise floor due to interference.”51 

If applied to AREDN fixed point-to-point and point-to-multipoint networks, the 

above statements from the Order would constitute a double standard. The AREDN 

networks are similarly situated to the licensed microwave networks that are receiving 

AFC protection.  AREDN networks should receive the same. 

 

 

																																																								
49 Supra n15. 
50 Supra n20. 
51	Unlicensed Use of the 6 GHz Band, ET Docket No. 18-295, Notice of Proposed 
Rulemaking (Oct. 24, 2018) at 17 n102.	



	 22 

B. Relief requested 

Section 301 requires relief similar to what the microwave licensees received: 

centralized, location-based automatic frequency coordination for existing and future 

AREDN fixed networks.  Protecting future fixed networks is important, as the AREDN 

project is new and has a lot of growth ahead.    

Co-channel unlicensed operation must not be allowed within a radius of AREDN 

fixed nodes.  The same applies to adjacent channel unlicensed operation where the 

bandwidth is so wide that it intrudes into the channel that AREDN is using (e.g., 40-, 80- 

and 160-megahertz bandwidths).  This effectively is co-channel.  The databases 

supporting AREDN’s real-time maps (see map links above, supra 9) would replace ULS 

for purpose of AFC, and serve as the database of latitude and longitude location for fixed 

nodes, as well as the channel, bandwidth and bearing of the signal.  

AREDN requests that 47 C.F.R. § 15.407 be applied in its entirety to unlicensed 

operation in the 5.9 GHz Band, including subsection k (Automated Frequency 

Coordination (AFC) System).  AREDN further requests that this rule be modified to  

protect amateur radio fixed systems in the 5.9 GHz Band and pull location and path 

information from current and future AREDN real-time websites instead of ULS  AREDN 

requests that this rule be otherwise modified as appropriate to make it applicable to the 

5.9 GHz Band. 

Respectfully submitted, 

AMATEUR RADIO EMERGENCY DATA 
NETWORK 
 
/s/ Julian Gehman 

      By:  Julian Gehman  
      Gehman Law PLLC 
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Link Interference Performance 
Analyses Parameters

• Assess interference impacts on AREDN Mesh high rate data communications in the 
5.9 GHz band

• Primary threats from potential unlicensed RF systems 

– Interferers – U-NII-4 with maximum EIRP 36 dBmi [47 CFR 15.407(a)(3)]

• Address potential mitigation and avoidance methods

• Selected cases:

– A: Long point-to-point “backbone” (AT&T & AREDN)

– B: Wide area point-to-multipoint “distribution” (Looking both ways)

– C: Local area multipoint-to-multipoint “mesh”

– D: Local area multipoint-to-multipoint “mesh” – close interferers

– E: High power multipoint-to-multipoint “mesh”

– F: Very high power multipoint-to-multipoint “mesh”

– G: “Backbone” with multiple interferers

• Consider relative levels of RF energy levels...

– Link signal (S) vs Interferer (J) vs Noise floor (NF) & Receiver Sensitivity (RS)

• Industry standard best practices

– For required high quality data links, design link fade margin (FM) at least 30 dB

– For sufficient performance, keep interference at least 6 dB below receiver NF (-6dB J/N)

– Or 10 dB below Receiver Sensitivity (RS) (considers Minimum Signal-to-Noise (SNR))



  

A1: Long Point-to-Point (AT&T)

LINK ASSESSMENTS:
RX Link Signal (S): -38.4 dBm
RX Sensitivity (RS): -92 dBm

RX Noise Floor (NF): -96 dBm
Maximum feasible FM: 31.6 dB (No J)
Set Interference Margin: NF/J 6dB

J Max Allowed (NF): (-6dB J/N) = -102 dBm
RX Interference (J): -43.9 dBm
Received Positive S/J Ratio: 5.5 dB
Need to Correct Interferer Power: -58.1 dB (~NF)
Thus Non-Interfering Interferer: -22.1 dBm TX

TX

TXRX
Mfr: TBD
Model: TBD

Ant Gain: 38 dBi
TX: 24 dBm
RX Sens: -92 dBm
Feed Loss: 0.5 dB
Role: Link Source

Mfr: TBD
Model: TBD

Ant Gain: 38 dBi
TX: 24 dBm
RX Sens: -92 dBm
Feed Loss: 0.5 dB
Role: Link Destination Mfr: Unlicensed

Model: Unknown
Ant Gain: 0 dBi
TX: 36 dBm (EIRP)
RX Sens: Unknown
Feed Loss: 0.0 dB
Role: Interferer

LINK – Primary (S):

Freq: 5.9 GHz (BW 30 MHz)
Distance: 30.0 km
Path Loss: 137.4 dB

LINK – Interferer (J):
Freq: 5.9 GHz
Distance: 3.0 km
Path Loss: 117.4 dB

RECEIVER INPUTS:
Link Signal (S): -38.4 dBm
Interference (J): -43.9 dBm
S/J Ratio: 5.5 dB

CONCLUSIONS:
- Link is virtually jammed!
- FM = S/J = 5.5dB
- Reduce Interferer by -58.1dB to 
achieve -102dBm (6dB under NF)
- Set interferer to -22.1dBm TX
- Then FM up to 31.6 dB (GOOD!)

LEVEL
LIMIT

NOTE – Our best 
estimates of AREDN & 
AT&T differences:
BW 20 MHz vs 30
RS -94 dBm vs -92
Ant 10-30 dBi vs 38
TX ~27 dBm vs 24
Limit -104 dBm vs -102



  

A2: Long Point-to-Point “Backbone”

LINK ASSESSMENTS:
RX Link Signal (S): -51.4 dBm
Required Fade Margin (FM): 30 dB
RX Signal minimum: -81.4 dBm
RX Sensitivity (RS): -94 dBm
RX Noise Floor (NF): -98 dBm
Maximum feasible FM: 42.6 dB (No J)
Set Interference Margin: NF/J 6dB or RS/J 10dB
Interference J Max Allowed (FM): -91.4dBm
J Max Allowed (NF): (-6dB J/N) = -104 dBm
RX Interference (J): -51.9 dBm
Received Positive S/J Ratio: 0.5 dB
Loss of Required FM: 29.5 dB
Loss of Desired FM: 35.5 dB
Need to Correct Interferer Power: -52.1 dB (~NF)
Thus Non-Interfering Interferer: -16.1 dBm TX

TX

TXRX
Mfr: Ubiquiti
Model: RD-5G30 Dish
Model: Rocket 5M
Ant Gain: 30 dBi
TX: 27 dBm
RX Sens: -94 dBm
Feed Loss: 0.5 dB
Role: Link Source

Mfr: Ubiquiti
Model: RD-5G30 Dish
Model: Rocket 5M
Ant Gain: 30 dBi
TX: 27 dBm
RX Sens: -94 dBm
Feed Loss: 0.5 dB
Role: Link Destination

Mfr: Unlicensed
Model: Unknown
Ant Gain: 0 dBi
TX: 36 dBm (EIRP)
RX Sens: Unknown
Feed Loss: 0.0 dB
Role: Interferer

LINK – Primary (S):
Freq: 5.9 GHz (BW 20 MHz)
Distance: 30.0 km
Path Loss: 137.4 dB

LINK – Interferer (J):
Freq: 5.9 GHz
Distance: 3.0 km
Path Loss: 117.4 dB

RECEIVER INPUTS:
Link Signal (S): -51.4 dBm
Interference (J): -51.9 dBm
S/J Ratio: 0.5 dB

CONCLUSIONS:
- Link is clearly jammed!
- FM = S/J = 0.5dB
- Reduce Interferer by -52.1dB to 
achieve -104dBm (6dB under NF)
- Set interferer to -16.1dBm TX
- Then FM = 30dB (GOOD!)

LEVEL
LIMIT



  

B1: Point-to-Multipoint “Distribution”

TX

TXRX
Mfr: Ubiquiti
Model: Sector
  AM-5G19-120
Model: Rocket 5M
Ant Gain: 19 dBi
TX: 27 dBm
RX Sens: -94 dBm
Feed Loss: 0.5 dB
Role: Multipoint Hub

Mfr: Ubiquiti
Model: NanoBeam
  NBE-M5-19
Ant Gain: 19 dBi
TX: 26 dBm
RX Sens: -94 dBm
Feed Loss: 0.0 dB
Role: End-point User

Mfr: Unlicensed
Model: Unknown
Ant Gain: 0 dBi
TX: 36 dBm (EIRP)
RX Sens: Unknown
Feed Loss: 0.0 dB
Role: Interferer

LINK ASSESSMENTS:
RX Link Signal (S): -72.9 dBm
Required Fade Margin (FM): 30 dB
RX Signal minimum: -102.9 dBm
RX Sensitivity (RS): -94 dBm
RX Noise Floor (NF): -98 dBm
Maximum feasible FM: 21.1 dB (No J)
Set Interference Margin: NF/J 6dB or RS/J 10dB
Interference J Max Allowed (FM): -112.9dBm
J Max Allowed (NF): (-6dB J/N) = -104 dBm
RX Interference (J): -62.4 dBm
Received NEGATIVE S/J Ratio: -10.5 dB
Loss of Required FM: 19.5 dB
Loss of Desired FM: 25.5 dB
Need to Correct Interferer Power: -41.6 dB (~NF)
Thus Non-Interfering Interferer: -5.6 dBm TX

LINK – Primary (S):
Freq: 5.9 GHz (BW 20 MHz)
Distance: 30.0 km
Path Loss: 137.4 dB

LINK – Interferer (J):
Freq: 5.9 GHz
Distance: 3.0 km
Path Loss: 117.4 dB

RECEIVER INPUTS:
Link Signal (S): -72.9 dBm
Interference (J): -62.4 dBm
S/J Ratio: -10.5 dB

CONCLUSIONS:
- Link is very marginal.
- FM = S/J = 10.5dB
- Reduce Interferer by -41.6dB to 
achieve -104dBm (6dB under NF)
- Set interferer to -5.6dBm TX
- Then FM = 27.1dB (~GOOD!)

LEVEL
LIMIT



  

B2: Point-to-Multipoint “Distribution”

TX

TXRX
Mfr: Ubiquiti
Model: Sector
  AM-5G19-120
Model: Rocket 5M
Ant Gain: 19 dBi
TX: 27 dBm
RX Sens: -94 dBm
Feed Loss: 0.5 dB
Role: Multipoint Hub

Mfr: Ubiquiti
Model: NanoBeam
  NBE-M5-19
Ant Gain: 19 dBi
TX: 26 dBm
RX Sens: -94 dBm
Feed Loss: 0.0 dB
Role: End-point User

Mfr: Unlicensed
Model: Unknown
Ant Gain: 0 dBi
TX: 36 dBm (EIRP)
RX Sens: Unknown
Feed Loss: 0.0 dB
Role: Interferer

LINK ASSESSMENTS:
RX Link Signal (S): -73.9 dBm
Required Fade Margin (FM): 30 dB
RX Signal minimum: -103.9 dBm
RX Sensitivity (RS): -94 dBm
RX Noise Floor (NF): -98 dBm
Maximum feasible FM: 20.1 dB (No J)
Set Interference Margin: NF/J 6dB or RS/J 10dB
Interference J Max Allowed (FM): -113.9dBm
J Max Allowed (NF): (-6dB J/N) = -104 dBm
RX Interference (J): -82 dBm
Received Positive S/J Ratio: 8.1 dB
Loss of Required FM: 21.9 dB
Loss of Desired FM: 27.9 dB
Need to Correct Interferer Power: -22 dB (~NF)
Thus Non-Interfering Interferer: 14 dBm TX

LINK – Primary (S):
Freq: 5.9 GHz (BW 20 MHz)
Distance: 30.0 km
Path Loss: 137.4 dB

LINK – Interferer (J):
Freq: 5.9 GHz
Distance: 27.0 km
Path Loss: 136.5 dB

RECEIVER INPUTS:
Link Signal (S): -73.9 dBm
Interference (J): -82 dBm
S/J Ratio: 8.1 dB

CONCLUSIONS:
- Link is very marginal.
- FM = S/J = 8.1dB
- Reduce Interferer by -22dB to 
achieve -104dBm (6dB under NF)
- Set interferer to 14dBm TX
- Then FM = 20.1dB (~OK)

LEVEL
LIMIT



  

C: Multipoint-to-Multipoint “Mesh”

TX

TXRX
Mfr: L-Com / Ubiquiti
Model: Omni Generic
Model: Rocket 5M
Ant Gain: 10 dBi
TX: 27 dBm
RX Sens: -94 dBm
Feed Loss: 0.5 dB
Role: Mesh Hub

Mfr: L-Com / Ubiquiti
Model: Omni Generic
Model: Rocket 5M
Ant Gain: 10 dBi
TX: 27 dBm
RX Sens: -94 dBm
Feed Loss: 0.5 dB
Role: Mesh User

Mfr: Unlicensed
Model: Unknown
Ant Gain: 0 dBi
TX: 36 dBm (EIRP)
RX Sens: Unknown
Feed Loss: 0.0 dB
Role: Interferer

LINK ASSESSMENTS:
RX Link Signal (S): -71.4 dBm
Required Fade Margin (FM): 30 dB
RX Signal minimum: -101.4 dBm
RX Sensitivity (RS): -94 dBm
RX Noise Floor (NF): -98 dBm
Maximum feasible FM: 22.6 dB (No J)
Set Interference Margin: NF/J 6dB or RS/J 10dB
Interference J Max Allowed (FM): -111.4dBm
J Max Allowed (NF): (-6dB J/N) = -104 dBm
RX Interference (J): -51.9 dBm
Received NEGATIVE S/J Ratio: -19.5 dB
Loss of Required FM: 49.5 dB
Loss of Desired FM: 55.5 dB
Need to Correct Interferer Power: -52.1 dB (~NF)
Thus Non-Interfering Interferer: -16.1 dBm TX

LINK – Primary (S):
Freq: 5.9 GHz (BW 20 MHz)
Distance: 3.0 km
Path Loss: 117.4 dB

LINK – Interferer (J):
Freq: 5.9 GHz
Distance: 300 m
Path Loss: 97.4 dB

RECEIVER INPUTS:
Link Signal (S): -71.4 dBm
Interference (J): -51.9 dBm
S/J Ratio: -19.5 dB

CONCLUSIONS:
- Link is totally jammed!
- Reduce Interferer by -52.1dB to 
achieve -104dBm (6dB under NF)
- Set interferer to -16.1dBm TX
- Then FM = 22.6dB (~OK)

LEVEL
LIMIT



  

D: Close Mpoint-to-Mpoint “Mesh” 

TX

TXRX
Mfr: L-Com / Ubiquiti
Model: Omni Generic
Model: Rocket 5M
Ant Gain: 10 dBi
TX: 27 dBm
RX Sens: -94 dBm
Feed Loss: 0.5 dB
Role: Mesh Hub

Mfr: L-Com / Ubiquiti
Model: Omni Generic
Model: Rocket 5M
Ant Gain: 10 dBi
TX: 27 dBm
RX Sens: -94 dBm
Feed Loss: 0.5 dB
Role: Mesh User

Mfr: Unlicensed
Model: Unknown
Ant Gain: 0 dBi
TX: 36 dBm (EIRP)
RX Sens: Unknown
Feed Loss: 0.0 dB
Role: Interferer

LINK ASSESSMENTS:
RX Link Signal (S): -71.4 dBm
Required Fade Margin (FM): 30 dB
RX Signal minimum: -101.4 dBm
RX Sensitivity (RS): -94 dBm
RX Noise Floor (NF): -98 dBm
Maximum feasible FM: 22.6 dB (No J)
Set Interference Margin: NF/J 6dB or RS/J 10dB
Interference J Max Allowed (FM): -111.4dBm
J Max Allowed (NF): (-6dB J/N) = -104 dBm
RX Interference (J): -31.9 dBm
Received NEGATIVE S/J Ratio: -39.5 dB
Loss of Required FM: 69.9 dB
Loss of Desired FM: 75.9 dB
Need to Correct Interferer Power: -72.1 dB (~NF)
Thus Non-Interfering Interferer: -36.1 dBm TX

LINK – Primary (S):
Freq: 5.9 GHz (BW 20 MHz)
Distance: 3.0 km
Path Loss: 117.4 dB

LINK – Interferer (J):
Freq: 5.9 GHz
Distance: 30 m
Path Loss: 77.4 dB

RECEIVER INPUTS:
Link Signal (S): -71.4 dBm
Interference (J): -31.9 dBm
S/J Ratio: -39.5 dB

CONCLUSIONS:
- Link is totally jammed!
- Reduce Interferer by -72.1dB to 
achieve -104dBm (6dB under NF)
- Set interferer to -36.1dBm TX
- Then FM = 22.6dB (~OK)

VERY
CLOSE

LEVEL
LIMIT



  

E1: High Power Mpoint-to-Mpoint “Mesh” 

TX

TXRX
Mfr: L-Com Antenna
Model: L-Com
  HG2458-11DPU
Model: Unknown TX
Ant Gain: 11 dBi
TX: 50 dBm (100W)
RX Sens: -94 dBm
Feed Loss: 0.5 dB
Role: Mesh Hub

Mfr: L-Com Antenna
Model: L-Com
  HG2458-11DPU
Model: Unknown TX
Ant Gain: 11 dBi
TX: 50 dBm (100W)
RX Sens: -94 dBm
Feed Loss: 0.5 dB
Role: Mesh User

Mfr: Unlicensed
Model: Unknown
Ant Gain: 0 dBi
TX: 36 dBm (EIRP)
RX Sens: Unknown
Feed Loss: 0.0 dB
Role: Interferer

LINK ASSESSMENTS:
RX Link Signal (S): -66.4 dBm
Required Fade Margin (FM): 30 dB
RX Signal minimum: -96.4 dBm
RX Sensitivity (RS): -94 dBm
RX Noise Floor (NF): -98 dBm
Maximum feasible FM: 27.6 dB (No J)
Set Interference Margin: NF/J 6dB or RS/J 10dB
Interference J Max Allowed (FM): -106.4dBm
J Max Allowed (NF): (-6dB J/N) = -104 dBm
RX Interference (J): -70.9 dBm
Received Positive S/J Ratio: 4.5 dB
Loss of Required FM: 25.5 dB
Loss of Desired FM: 31.5 dB
Need to Correct Interferer Power: -33.1 dB (~NF)
Thus Non-Interfering Interferer: 2.9 dBm TX

LINK – Primary (S):
Freq: 5.9 GHz (BW 20 MHz)
Distance: 30.0 km
Path Loss: 137.4 dB

LINK – Interferer (J):
Freq: 5.9 GHz
Distance: 3.0 km
Path Loss: 117.4 dB

RECEIVER INPUTS:
Link Signal (S): -66.4 dBm
Interference (J): -70.9 dBm
S/J Ratio: 4.5 dB

CONCLUSIONS:
- Even with 100W Link TX Power
- Link is virtually jammed!
- Reduce Interferer by -33.1dB to 
achieve -104dBm (6dB under NF)
- Set interferer to 2.9dBm TX
- Then FM = 27.6dB (~GOOD!)

LEVEL
LIMIT



  

E2: High Power Mpoint-to-Mpoint “Mesh” 

TX

TXRX
Mfr: L-Com Antenna
Model: L-Com
  HG2458-11DPU
Model: Unknown TX
Ant Gain: 11 dBi
TX: 50 dBm (100W)
RX Sens: -94 dBm
Feed Loss: 0.5 dB
Role: Mesh Hub

Mfr: L-Com Antenna
Model: L-Com
  HG2458-11DPU
Model: Unknown TX
Ant Gain: 11 dBi
TX: 50 dBm (100W)
RX Sens: -94 dBm
Feed Loss: 0.5 dB
Role: Mesh User

Mfr: Unlicensed
Model: Unknown
Ant Gain: 0 dBi
TX: 36 dBm (EIRP)
RX Sens: Unknown
Feed Loss: 0.0 dB
Role: Interferer

LINK ASSESSMENTS:
RX Link Signal (S): -46.4 dBm
Required Fade Margin (FM): 30 dB
RX Signal minimum: -76.4 dBm
RX Sensitivity (RS): -94 dBm
RX Noise Floor (NF): -98 dBm
Maximum feasible FM: 47.6 dB (No J)
Set Interference Margin: NF/J 6dB or RS/J 10dB
Interference J Max Allowed (FM): -86.4dBm
J Max Allowed (NF): (-6dB J/N) = -104 dBm
RX Interference (J): -30.9 dBm
Received NEGATIVE S/J Ratio: -15.5 dB
Loss of Required FM: 45.5 dB
Loss of Desired FM: 51.5 dB
Need to Correct Interferer Power: -73.1 dB (~NF)
Thus Non-Interfering Interferer: -37.1 dBm TX

LINK – Primary (S):
Freq: 5.9 GHz (BW 20 MHz)
Distance: 3.0 km
Path Loss: 117.4 dB

LINK – Interferer (J):
Freq: 5.9 GHz
Distance: 30 m
Path Loss: 77.4 dB

RECEIVER INPUTS:
Link Signal (S): -46.4 dBm
Interference (J): -30.9 dBm
S/J Ratio: -15.5 dB

CONCLUSIONS:
- Even with 100W Link TX Power
- Link is totally jammed!
- Reduce Interferer by -73.1dB to 
achieve -104dBm (6dB under NF)
- Set interferer to -37.1dBm TX
- Then FM = 30dB (~GOOD!)

VERY
CLOSE

LEVEL
LIMIT



  

F: Very High Power Mpt-to-Mpt “Mesh” 

TX

TXRX
Mfr: Unknown Ant.
Model: Unknown TX
Ant Gain: 11 dBi
TX: 62 dBm (1500W)
RX Sens: -94 dBm
Feed Loss: 0.5 dB
Role: Mesh Hub

Mfr: Unknown Ant.
Model: Unknown TX
Ant Gain: 11 dBi
TX: 62 dBm (1500W)
RX Sens: -94 dBm
Feed Loss: 0.5 dB
Role: Mesh User Mfr: Unlicensed

Model: Unknown
Ant Gain: 0 dBi
TX: 36 dBm (EIRP)
RX Sens: Unknown
Feed Loss: 0.0 dB
Role: Interferer

LINK ASSESSMENTS:
RX Link Signal (S): -54.4 dBm
Required Fade Margin (FM): 30 dB
RX Signal minimum: -84.4 dBm
RX Sensitivity (RS): -94 dBm
RX Noise Floor (NF): -98 dBm
Maximum feasible FM: 39.6 dB (No J)
Set Interference Margin: NF/J 6dB or RS/J 10dB
Interference J Max Allowed (FM): -94.4dBm
J Max Allowed (NF): (-6dB J/N) = -104 dBm
RX Interference (J): -70.9 dBm
Received Positive S/J Ratio: 16.5 dB
Loss of Required FM: 13.5 dB
Loss of Desired FM: 19.5 dB
Need to Correct Interferer Power: -33.1 dB (~NF)
Thus Non-Interfering Interferer: 2.9 dBm TX

LINK – Primary (S):
Freq: 5.9 GHz (BW 20 MHz)
Distance: 30.0 km
Path Loss: 137.4 dB

LINK – Interferer (J):
Freq: 5.9 GHz
Distance: 3.0 km
Path Loss: 117.4 dB

RECEIVER INPUTS:
Link Signal (S): -54.4 dBm
Interference (J): -70.9 dBm
S/J Ratio: 16.5 dB

CONCLUSIONS:
- Even with 1500W Link TX Power
- Link is marginal but usable.
- Reduce Interferer by -33.1dB to 
achieve -104dBm (6dB under NF)
- Set interferer to 2.9dBm TX
- Then FM = 30dB (~GOOD!)

LEVEL
LIMIT



  

G: “Backbone” with Multiple Interferers

LINK ASSESSMENTS:
RX Link Signal (S): -51.4 dBm
Required Fade Margin (FM): 30 dB
RX Signal minimum: -81.4 dBm
RX Sensitivity (RS): -94 dBm
RX Noise Floor (NF): -98 dBm
Set Interference Margin: NF/J 6dB or RS/J 10dB
Interference J Max Allowed (FM): -91.4dBm
J Max Allowed (NF): (-6dB J/N) = -104 dBm
RX Interference (J): -103.9 dBm
Received Positive S/J Ratio: 52.5 dB
Loss of Required FM: -12.6 dB (lots extra)
Loss of Desired FM: -6.6 dB (lots extra)
A2 Corrected  Interferer Power: -52.0 dB (~NF)
Single Non-Interfering Interferer: -16.0 dBm TX

TXTXTXTXTXTX

TXRX
Mfr: Ubiquiti
Model: RD-5G30 Dish
Model: Rocket 5M
Ant Gain: 30 dBi
TX: 27 dBm
RX Sens: -94 dBm
Feed Loss: 0.5 dB
Role: Link Source

Mfr: Ubiquiti
Model: RD-5G30 Dish
Model: Rocket 5M
Ant Gain: 30 dBi
TX: 27 dBm
RX Sens: -94 dBm
Feed Loss: 0.5 dB
Role: Link Destination

Mfr: Unlicensed
Model: Unknown
Ant Gain: 0 dBi
TX: -16 dBm (EIRP)
RX Sens: Unknown
Feed Loss: 0.0 dB
Role: Interferer

LINK – Primary (S):
Freq: 5.9 GHz (BW 20 MHz)
Distance: 30.0 km
Path Loss: 137.4 dB

LINK – Interferer (J):
Freq: 5.9 GHz
Distance: 3.0 km
Path Loss: 117.4 dB

RECEIVER INPUTS:
Link Signal (S): -51.4 dBm
Interference (J): -103.9 dBm
S/J Ratio: 52.5 dB

CONCLUSIONS:      Starting at N=1
- Link is OK until more interferers...
- Set each interferer to -16.1dBm TX
-  10 interferers = RS -94dBm
- 200 interferers = FM Sig min -81dBm
- 2000 reduces S/J to ~20dB
- 2000 at 300m >> interference = signal

LEVEL
LIMIT

MULTIPLE
INTERFERERS

1 TO N

Total Interference 
increases with log 
of added N units:
J(Total Increase) = 
[10 log10(N)] dB



  

A3: 10MHz Long Point-to-Point

LINK ASSESSMENTS:
RX Link Signal (S): -51.4 dBm
Required Fade Margin (FM): 30 dB
RX Signal minimum: -81.4 dBm

RX Sensitivity (RS): -97 dBm
RX Noise Floor (NF): -101 dBm
Maximum feasible FM: 45.6 dB (No J)
Set Interference Margin: NF/J 6dB or RS/J 10dB
Interference J Max Allowed (FM): -91.4dBm

J Max Allowed (NF): (-6dB J/N) = -107 dBm
RX Interference (J): -54.9 dBm
Received Positive S/J Ratio: 3.5 dB
Loss of Required FM: 29.5 dB
Loss of Desired FM: 35.5 dB
Need to Correct Interferer Power: -52.1 dB (~NF)
Thus Non-Interfering Interferer: -19.1 dBm TX

TX

TXRX
Mfr: Ubiquiti
Model: RD-5G30 Dish
Model: Rocket 5M
Ant Gain: 30 dBi
TX: 27 dBm

RX Sens: -97 dBm
Feed Loss: 0.5 dB
Role: Link Source

Mfr: Ubiquiti
Model: RD-5G30 Dish
Model: Rocket 5M
Ant Gain: 30 dBi
TX: 27 dBm

RX Sens: -97 dBm
Feed Loss: 0.5 dB
Role: Link Destination

Mfr: Unlicensed
Model: Unknown
Ant Gain: 0 dBi

TX: 33 dBm (EIRP)
RX Sens: Unknown
Feed Loss: 0.0 dB
Role: Interferer

LINK – Primary (S):

Freq: 5.9 GHz (BW 10 MHz)
Distance: 30.0 km
Path Loss: 137.4 dB

LINK – Interferer (J):
Freq: 5.9 GHz
Distance: 3.0 km
Path Loss: 117.4 dB

RECEIVER INPUTS:
Link Signal (S): -51.4 dBm (same)
Interference (J): -54.9 dBm (-3dB)
S/J Ratio: 3.5 dB (+3dB)

CONCLUSIONS:
- Link is clearly jammed!
- FM = S/J = 0.5dB
- Reduce Interferer -52.1dB (same) to 

achieve -107dBm (6dB under NF)
- Set interferer to -19.1dBm TX
- Then FM up to 45.6dB (GOOD!)

LEVEL
LIMIT

10MHz MEDIUM 
BANDWIDTH 
EDITION:

BW: 10MHz / 20MHz
J EIRP: 33dBmi / 36
RS: -97dBm / -94
RX NF: -101dBm / -98
J Limit: -107dBm/-104 



  

Limits on Interferer Power (J)

Case Example Required 
Interferer

J Power Limit
20 MHz BW

Required 
Interferer

J Power Limit
10 MHz BW

Required 
Interferer

J Power Limit
5 MHz BW

A1: Long Point-to-Point (AT&T) -22.1 dBm -25.1 dBm -28.1 dBm

A2: Long Point-to-Point “Backbone” -16.1 dBm -19.1 dBm
(Example
Case A3)

-22.1 dBm

B1: Point-to-Multipoint “Distribution” -5.6 dBm -8.6 dBm -11.6 dBm

B2: Point-to-Multipoint “Distribution” 14 dBm 11 dBm 8 dBm

C: Multipoint-to-Multipoint “Mesh” -16.1 dBm -19.1 dBm -22.1 dBm

D: Close Mpoint-to-Mpoint “Mesh” -36.1 dBm -39.1 dBm -42.1 dBm

E1: High Power Mpoint-to-Mpoint “Mesh” 2.9 dBm -0.1 dBm -3.1 dBm

E2: High Power Mpoint-to-Mpoint “Mesh” -37.1 dBm -40.1 dBm -43.1 dBm

F: Very High Power Mpt-to-Mpt “Mesh” 2.9 dBm -0.1 dBm -3.1 dBm



  

Impacts of Multiple Interferers

•  Multiple interferers will certainly combine their energy to increase the total received 

interference power by 10 log
10
 (N) dB.

• To maintain the effect of a single unlicensed device with a limited power lever, all of those 
devices in view must collective adjust each of their transmit powers downwards, in the 
inverse of the above formula, in order to properly maintain the same effective interference 
level.

•  The expected widely proliferated and dispersed interfering unlicensed emitters will 
dramatically impact AREDN Mesh systems. Quantities as high as a billion are projected.

•  Even worse, highly concentrated unlicensed emitters, such as in suburban or urban 
areas, or at major events or incidents, will likely totally prevent AREDN operations or 
cripple viability

•  Please see following Table, based on Case G.

•  For clarity, in a “real world” scenario, this situation would be far more complicated.

•  There would be multiple devices in the field of view of the RX site, with their antennas at 
various random ranges, from very close (worst cases) to far away along the link path.  
Simple examples are Cases B1 & B2.

•  Potentially, you would be looking at many tens of thousands of interfering units at these 
many various ranges.  

•  This means that the total interference would in practice much faster than the simple 
scenarios presented herein.



 

Impacts of Multiple Interferers



  

Path Performance vs Fade Margin

•  Receiver path performance is a direct function of path fade margin 
(FM).

•  Fade margin is limited by the combined power level of receiver front 
end noise and any external interference, given by the formula below.

•  RFM = { 10 Log
10
 [ 10N/10 + 10J/10 ] } - N

– RFM = Reduction in Fade Margin (dB)

– N = Receiver Front End Noise (dBm)

– J = External interference (dBm) 

•  If we relate J to power relative to N, we can set N=0 and J as the dB 
level of power relative to N.

•  Using this approach gives the following chart showing impact of 
interference power as follows:

•  [ Relative Interference Power (dB) = Interference (dBm) – Receiver 
Noise (dBm) ]

– Please see following Table.



 

Path Performance vs Fade Margin



  

Conclusions & Recommendations
• The AREDN Mesh system is, by excellent engineering and good system design, very 
sensitive to the desired on-channel signals for high performance data communications.

• Unfortunately, and like any similar system, AREDN is therefore also very susceptible to 
almost any co-channel noise, and especially similar mode data signaling from interfering 
emitters.

• Even a single interfering unit within the view of an AREDN node has a high potential to 
severely degrade the communications link.

• As a minimum, even a much weaker interferer may still degrade the available fade 
margin on the link path.

• The problem is greatly magnified by adding multiple interfering emitters within the link 
receiver view.  If multiple interfering devices are in view of a impacted receiver, then 
they collectively must each be reduced in power by the inverse of the 10 log10(N) rate.

• Even more challenging is the potential proximity of any interfering emitter(s).   Proximity 
is highly likely in almost any practical scenario, and it essentially leverages the 
interference by many orders of magnitude!

• In summary, we recommend that interfering emitters be significantly limited in power 
levels, and be geographically isolated from any AREDN nodes.

• Note- Even if most or all AREDN fixed node locations are available for protection, such 
a database is still insufficient for protection of the rapidly deployable emergency 
communications AREDN systems, which must operate anytime, anyplace, and cannot 
be promptly tabulated.
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Questions??

Gene Harrison – N3EV
N3EV@arrl.net
C- 703-585-4565

Mark Braunstein – WA4KFZ
WA4KFZ@cox.net
C- 703447-2954
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