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Abstract—The 6 GHz spectrum, recently opened for unlicensed
use under Wi-Fi6E and Wi-Fi7, overlaps with frequencies used
by mission-critical incumbent systems such as public safety
communications and utility infrastructure. To prevent inter-
ference, the FCC mandates the use of Automated Frequency
Coordination (AFC) systems, which assign safe frequency and
power levels based on Wi-Fi Access Point (AP)-reported locations.
In this work, we demonstrate that GPS-based location reporting,
which Wi-Fi APs use, can be spoofed using inexpensive, off-
the-shelf radio equipment. This enables attackers to manipulate
AP behavior, gain unauthorized spectrum access, cause harmful
interference, or disable APs entirely by spoofing them into foreign
locations. We validate these attacks in a controlled lab setting
against a commercial AP and evaluate a commercial AFC system
under spoofed scenarios. Our findings highlight critical gaps
in the security assumptions of AFC and motivate the need for
stronger location integrity protections.

Index Terms—Wi-Fi, GPS, Security, AFC.

I. INTRODUCTION

With the increasing number of Wi-Fi devices, the existing
24GHz and 5GHz bands have become increasingly con-
gested, leading to interference, degraded performance, and
limited throughput. To address these limitations and meet
the growing demands of modern wireless applications, the
6 GHz spectrum (ranging from 5.925 GHz to 7.125 GHz) was
opened for unlicensed use by the Federal Communications
Commission (FCC) in 2020 [1]. Wi-Fi devices under 802.11ax
(Wi-Fi6E) [2] and 802.11be (Wi-Fi7) [3] is allowed to operate
in this spectrum. However, these newly available bands overlap
with frequencies already used by incumbent licensed devices,
many of which support mission-critical infrastructure. These
systems include fixed microwave links for cellular backhaul,
emergency services (e.g., police, fire, and medical commu-
nication networks), and utility telemetry for smart grids.
Uncoordinated transmissions from unlicensed Wi-Fi Access
Points (APs) operating in the same spectrum could cause
harmful interference, potentially disrupting essential services
and leading to severe consequences.

To enable safe coexistence between incumbent services and
unlicensed Wi-Fi use in the 6 GHz band, the FCC mandates the
use of the Automated Frequency Coordination (AFC) system
for outdoor, standard-power APs. The AFC is a cloud-based
coordination mechanism, operated by certified providers, that
determines which frequencies an AP can safely use and at
what power levels. The AP must report its geographic location

(e.g., GPS coordinates and height), and the AFC uses this
information, along with a propagation model and a database
of protected incumbents, to assess potential interference. The
AFC then responds with an approved list of frequencies and
transmission power levels tailored to the AP’s location. APs
are required to comply with these guidelines before operating.

Given the reliance on location data, GPS-based positioning
of AP is generally preferred over manually entered values to
reduce the risk of human error or tampering. However, in this
work, we demonstrate that even GPS-based location reporting
can be spoofed using readily available radio equipment, lead-
ing to significant implications. An attacker with access to the
AP or operating in its proximity can manipulate its reported
location to obtain unauthorized access to protected frequencies
or transmit at higher power levels, bypassing AFC safeguards.
This may result in harmful interference to incumbent services
and potential disruptions to critical infrastructure, posing na-
tional security risks.

Since APs periodically refresh their AFC permissions (e.g.,
every 24 hours), attackers can perform GPS spoofing near
benign APs to alter their frequency and power allocations
during these refreshes. At scale, this could lead to large-scale
interference and may affect the operation of smart grid devices,
leading to a potential outage [4]. GPS spoofing can also be
used to disable benign APs by spoofing their location into
foreign locations where no transmission is permitted. Given
recent demonstrations of GPS spoofing via drones [5], such
attacks can closely mimic GPS signals from satellites and be
launched remotely without requiring physical access to the AP.

In a controlled lab setting, we successfully spoofed GPS
signals to manipulate a commercial AP’s reported location.
We verified that this manipulation allows the AP to request
arbitrary frequency and power configurations, or be rendered
inoperative when placed virtually in a foreign area. Further-
more, using the ability to report arbitrary location parameters
to AFC servers, we evaluated a commercial AFC system
under various spoofed scenarios. While the system conformed
to FCC-defined test cases, our findings reveal opportunities
for further evaluation of edge cases and robustness under
adversarial conditions.

In summary, our key contributions are:

o We perform the first security analysis of the AFC system,
focusing on its reliance on GPS-based location reporting.



o We design GPS spoofing attacks on AFC systems and
analyze their potential impacts.

o« We validate the feasibility of GPS spoofing against a
commercial Wi-Fi AP operating in the 6 GHz band.

o We evaluate AFC server implementations under spoofed
inputs and discuss opportunities for robustness testing.

Responsible Disclosure. We have reported the discovered
vulnerabilities to HPE and are working with them to improve
the security of the products. Our experiments were done in
a controlled environment that did not affect commercial AFC
Servers.

II. BACKGROUND
A. Fixed Service (FS) Link

Fixed Service (FS) links refer to point-to-point or point-to-
multipoint wireless communication systems that are deployed
in fixed locations. These links form a critical part of national
communication infrastructure, supporting high-capacity data
transmission for applications such as Wireless Internet Service
Provider (WISP) backhaul, mobile network backhaul, public
safety communications, and telemetry for utilities and critical
infrastructure. In the United States and many other countries,
FS links are licensed to operate in the 6 GHz spectrum. As
these systems were already operating in the band before the
introduction of unlicensed Wi-Fi use, they are referred to as
incumbent users of the spectrum.

B. Standard Power Access Points

Standard Power Access Points (APs), introduced with Wi-
Fi6E, are designed to operate in the newly opened 6 GHz
spectrum and support both indoor and outdoor deployments.
These APs transmit at higher power levels compared to low-
power indoor APs (Maximum Equivalent Isotropically Radi-
ated Power (EIRP) at 36 dBm), enabling extended coverage
and the ability to serve more clients with a stronger and more
reliable Wi-Fi signal. However, this increased transmission
power also raises the risk of causing interference to other
devices (e.g., incumbent systems) operating in the same band.
To address this risk, FCC requires all Standard Power APs to
coordinate with an AFC system before operating on the 6 GHz
band. While prior work has evaluated the passive interference
risk from Wi-Fi 6E deployments [6], it has not considered the
possibility of active attacks where an adversary deliberately
manipulates the AP’s behavior to cause harmful interference.
In this work, we focus exclusively on Standard Power APs
and use the term AP to refer to them for simplicity.

C. Automated Frequency Coordination (AFC)

The Automated Frequency Coordination (AFC) system is
a cloud-based service designed to facilitate safe coexistence
between unlicensed Wi-Fi devices and licensed incumbent
systems in the 6 GHz spectrum. Its primary role is to determine
which channels an AP can use, and at what power levels, to
avoid causing harmful interference to incumbent users such
as FS links. A properly designed AFC system shall ensure
the interference-to-noise ratio (I/N) is less than -6 dB for all

protected devices. Figure 1 illustrates the overall architecture
of the AFC system. To request authorization, a Standard Power
AP sends an availableSpectruminquiryRequest message to an
AFC provider. This message includes the AP’s geographic
location (typically obtained via GPS), device parameters, and
other required metadata. Upon receiving the request, the AFC
server queries databases maintained by the National Regula-
tory Authority (NRA) to retrieve information about protected
incumbent systems in the area. It then applies standardized
propagation models to calculate the maximum permissible
transmission power across each 6 GHz channel. The server
responds with an availableSpectrumInquiryResponse message
that includes the approved channel and power combinations.
The AP must comply with this configuration and may only
transmit on channels explicitly authorized by the AFC.
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Fig. 1. AFC System Architecture

III. SECURITY ANALYSIS OF THE AFC SYSTEM

If AFC systems are compromised, the Standard Power
6 GHz Wi-Fi APs will not get the correct channel and power
allocation. This can lead to denial-of-service of 6 GHz Wi-Fi
clients or potential interference with other spectrum users if
the received power exceeds the incumbent protection require-
ments. To identify the possible attack vectors, we present a
security analysis of the AFC system.

A. General Security Requirements

From the AFC system requirements (WINNF-TS-1014) [7]
and the federal regulation 47 CFR § 15.407(k) [8], we identify
the following security requirements:

e (REQ1) The communication between the AP and the
AFC server must be mutually authenticated, encrypted,
and integrity-protected.

o (REQ2) Unauthorized users must not be able to access
or modify internal AFC databases, including the list of
protected incumbent systems.

e (REQ3) The AFC server must accurately compute and
return the allowed frequency and power levels based on
the AP’s parameters to ensure incumbent protection.

These guarantees are typically enforced via Transport Layer
Security (TLS) for all AP-to-server communication [9]. As-
suming the AP operates correctly and its TLS stack is un-
compromised, attackers cannot intercept or tamper with AFC
messages or spoof server responses.

B. Limitations and Attack Surface

The AFC server makes its core decisions (e.g., allowable
frequencies and power) based almost entirely on the AP’s



location and device metadata. While these requirements se-
cure the AFC communication interface and protect backend
databases, they implicitly assume the AP-provided input (e.g.,
location) is trustworthy. This design choice introduces a subtle
but critical vulnerability: if an attacker can manipulate the
AP’s reported parameters like location information, they can
indirectly subvert the AFC system without breaking any cryp-
tographic protections.

This input-based vulnerability is particularly concerning
because many commercial standard power APs determine
their geographic location using onboard GPS receivers. These
GPS modules are often treated as trusted sensors and lack
defenses against spoofing attacks. In practice, GPS signals
can be spoofed using readily available, low-cost hardware. An
attacker in proximity to an AP (or even remotely, via drone-
based spoofing [5]) can inject falsified GPS signals to trick
the AP into reporting a fake location to the AFC server. This
bypasses traditional security assumptions: although the AP and
AFC server are communicating over a secure channel, the
server is making decisions based on attacker-controlled input.

C. Threat Model

In this paper, we consider that the AP is operating unaltered
and has a secure connection (e.g., TLS) to communicate with
the AFC server. Through a GPS spoofer, an attacker can send
fabricated GPS signals and control the geographic location
computed from the GPS receiver inside the AP. Since the
received power from the GPS receiver is extremely low, an
attacker can use a Software-Defined Radio (SDR) (e.g., the
$199 Flipper Zero [10]) for the attack. The attack can be
launched remotely with a long-range directional antenna or
drones with a GPS spoofer.

D. Overview of GPS Spoofing

The Global Positioning System (GPS) provides high-
precision location and time synchronization. A receiver de-
termines its position by calculating the travel time of unique,
time-stamped signals from multiple satellites. By using data
from at least four satellites, it can establish its three-
dimensional location and the precise time. Today’s civilian
GPS is accurate to within 5 meters and 30 nanoseconds of
Coordinated Universal Time (UTC) [11].

However, the civilian GPS signals are not authenticated.
That opens a door for GPS Spoofing attacks. Anyone can
generate GPS signals and transmit them to a GPS receiver.
The receiver cannot differentiate between the signal coming
from a valid satellite and the signal coming from an attacker.
Also, since the signals are transmitted from the satellite, the
received power on the ground is extremely low (< -100 dBm)
[12], making overshadowing the legitimate GPS signals easy.
An attacker can use a cheap commercial-off-the-shelf SDR to
transmit the GPS signals and perform an attack.

As shown in Figure 2, an attacker can simulate the received
GPS signals for an arbitrary location and use a specialized
transmitter or a SDR to transmit the signal to the victim GPS
receiver. With the received spoofing signals, the victim receiver
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Fig. 2. GPS Spoofing Attack

will calculate its location as the spoofed location. For example,
in the spoofed location, the receiver is expected to receive GPS
signals from satellites A and B. The attacker generates these
signals and sends them to the victim receiver. Since the victim
receives the GPS signal from satellites A and B, it determines
that it is at the spoofed location.

Recent works propose advanced GPS spoofing attacks,
making it more difficult to detect [13], covering a wider area
[5], and cheaper to implement [14]. GPS spoofing attacks will
remain a vital threat to many commercial devices for a long
time, including the newly introduced AFC system.

E. GPS Spoofing on AFC

Benign Case Attack Case =i oie
Q <. T &
~ H ~ GPS Spoofer
6GHz AP 6GHz AP
N A » N A
FS Receiver FS Receiver

. F'S Transmitter e F'S Transmitter Interference

Fig. 3. AFC Attack on Fixed Service (FS) Links

Figure 3 provides an example of a GPS spoofing attack on
a 6 GHz AP. Here in the benign case, the AP is connected to
the AFC system and receives the correct available frequencies
and associated power. As shown in the figure, the AP’s trans-
mission power is limited and does not cause interference to the
existing link between the FS transmitter and receiver. However,
in the attack scenario, the attacker can use a GPS spoofer to
transmit fake GPS signals and let the AP calculate the wrong
location. Then, the AP reports the spoofed coordinate to the
AFC server and gets a higher allowed power. Now the AP
can transmit the 6 GHz Wi-Fi signal with a higher power,
and the signal coverage increases. Therefore, the interference
occurs and can interrupt the communication of the FS link. In
addition, the attacker can also disable the 6 GHz transmission
on the AP by spoofing a foreign location or jamming the GPS
signal. Without a valid coordinate, the AFC system cannot
assign channels and the associated power to the AP.

Some AFC implementations (including the system we
tested) may enforce an extra check on the GPS timestamp.
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Fig. 4. Experiment Setup

A naive spoofer that cannot send spoofing signals in real-time
may not work in this case. To address this issue, we generate
the estimated spoofing samples with a future timestamp and
transmit the generated samples at the exact time of the
timestamp used. After the setup, we observe that our AP
receives the spoofing signals and sends the AFC request with
the spoofed location.

FE. Time-based Attacks

Other than the GPS coordinates, the AP also requires a
reliable time source for AFC operation. The AFC regulation
[8] mandates that the AFC client must update its information
to the server at least once per day. Otherwise, it should stop
the transmission. If the attacker can control the time of the
system, it may roll back the system time to make the existing
request never expire, or move forward the time to invalidate the
current channel availability. Depending on how the AP obtains
the time, the attacker may control the GPS time from spoofing
or launch attacks on the Network Time Protocol (NTP).

IV. EXPERIMENT ON COMMERCIAL AP

A. Experiment Setup

We conducted GPS spoofing attacks on an HPE Aruba AP-
634 [15], which has Wi-Fi 6E and a built-in GPS receiver,
using GPS-SDR-SIM [16] with a USRP B210 [17]. All exper-
iments were performed in a controlled environment, affecting
only the AP, as shown in our setup in Figure 4.

B. Security Measures in Aruba AP

During our experiments, we identified the following security
measures in the Aruba AP we tested and found them compliant
with the security requirements discussed in Section III-A.

e (M1) All the communication between the AP and the
AFC server (and management server) is protected by
Transport Layer Security (aligned with REQ1).

e (M2) The firmware of the AP is not publicly available,
and the low-level control of the AP is not available to a
normal user (aligned with REQ?2).

e (M3) For benign requests, a correct list of frequency
and power allocation is returned. AFC requests with an
incorrect GPS timestamp are not accepted (aligned with
REQ?3).

However, these security measures are not enough to prevent
our GPS spoofing attack, and we can launch the attack without
disabling any of the security measures mentioned.

C. Al: Interference Attack

We find 3 attacks with our GPS spoofing tool. In these
attacks, we first transmit the spoofing signal to the AP, wait
until the AP collects enough location samples and calculates
its location uncertainties, and then read the received channel
availability from the AP. Here we provide a detailed explana-
tion about the attack steps, observed results from the AP, and
the impacts caused by these attacks.

1) Location Spoofing: After the AP receives the spoofing
signal, it calculates its location and location uncertainty in an
ellipse form. Listing 1 is an example output from the AP con-
sole. In this experiment, we generate spoofing signals for the
coordinate (30.086965, -101.103761) (a rural area in Texas),
and the AP calculated location is at coordinate (30.087050,
-101.103714), 10 meters from the spoofed location. The error
is likely introduced by an inaccurate clock in our transmitter.

GPS ELLIPSE Information

Field Value

latitude 30.087050

longitude -101.103714
major-axis 18.052600
minor-axis 1.665372

angle 115.498839

time 2025-06-20 04:57:53

Listing 1. GPS ELLIPSE Information

2) Receiving AFC Channels Available: After the AP cal-
culates its location from GPS signals, it sends the availa-
bleSpectrumInquiryRequest to the AFC server and receives
the response from availableSpectrumInquiryResponse. Listing
2 provides a list of received AFC channels from the AP,
including all the possible 6 GHz Wi-Fi channels permitted in
the United States. The allowed channels are valid for 24 hours.

Received afc channels

PHY Type Allowed Channels

6GHz 159 13 17 21 25 29 33 37 41 45 49
53 57 61 65 69 73 77 81 85 89 93 117
121 125 129 133 137 141 145 149 153
157 161 165 169 173 177 181

6GHz 40MHz 1 9 17 25 33 41 49 57 65 73 81 89
121 129 137 145 153 161 169 177

6GHz 80MHz 1 17 33 49 65 81 129 145 161

6GHz 160MHz 1 33 65 129

6GHz 80+80MHz None

6GHz 320MHz_1 1

6GHz 320MHz_2 33

Present time 2025-06-20 05:13:13
Expiry time 2025-06-21 05:10:00
Country code us
AFC channel expired No
AFC channel required Yes

Listing 2. Received AFC Channels of Al

3) Power Associated with Channels: Listing 3 provides the
channel and the associated transmission power in Equivalent
Isotropically Radiated Power (EIRP). In this spoofed location,
all the channels are associated with the maximum power



allowed in the specification, 36.0 dBm. The AP can select
from these channels and start transmission with a power under
the specified power limit.

4) Impact of the Interference Attack: In our experiments,
we successfully validated the attacks proposed in III-E. The
AP under attack is allowed to operate on all channels with the
maximum possible transmission power. If the AP is located
near a mission-critical FS link, the AP may interrupt the
existing service. If the AP is placed near a radio observatory,
the transmitted signal can affect the observational results.

D. A2: No Channel Availability Attack Using a Foreign Lo-
cation

In addition to the attack above, we also test two denial-of-
service attacks to disable all the transmissions in the 6 GHz
bands. In A2, we spoof the AP to a foreign location. We
used the coordinate (30, 120) located in China. China does
not permit the use of 6 GHz frequencies yet, and the AFC
system is not available there. As a result, we could not get
any channel availabilities from the AFC server.

Received afc channels

PHY Type Allowed Channels
6GHz None

6GHz 40MHz None

6GHz 80MHz None

6GHz 160MHz None

6GHz 80+80MHz None

6GHz 320MHz_1 None

6GHz 320MHz_2 None

Present time 2025-06-20 11:36:04
Expiry time None

Country code None

Yes
Yes

AFC channel expired
AFC channel required

Listing 4. Received AFC Channels of A2 or A3

E. A3: No Channel Availability Attack Using Invalid Time

In A2, we find that the AP does not receive a response when
the timestamp in the spoofed location is not aligned with the
current time. By default, GPS-SDR-SIM [16] generates GPS
signals from the beginning of a day. We transmit the generated
signal to the AP, and it cannot obtain the channel availability.

Listing 4 shows an example console output from the AP.
Both approaches prevent the AP from getting the channel
availability and transmitting on the 6 GHz frequencies.

FE. Use GPS Spoofing to Test the AFC Server

Beyond its use in malicious attacks, GPS spoofing can also
be a valuable tool for verifying the correct implementation
of an AFC system. As an independent party, we used this
technique to run the official test cases from the AFC spec-
ification, with a particular focus on the Special Incumbent
Protection (SIP) scenarios. The SIP tests ensure that the AFC
system enforces exclusion zones around U.S. radio observato-
ries, preventing Wi-Fi signals from interfering with observa-
tional results by prohibiting transmissions between 6650 and
6675.2 MHz. We spoofed our AP’s location into these zones
and confirmed that all AFC responses were compliant with the
expected results.

V. DISCUSSIONS
A. Defenses against GPS Spoofing Attacks

Although detecting GPS spoofing attacks is difficult, adding
countermeasures still increases the difficulty of a successful
attack and improves the overall resilience of the AFC system.
Some defense mechanisms can be implemented without addi-
tional hardware. We discuss 3 possible defense mechanisms.

1) Geofencing: Most of the Wi-Fi APs are deployed in
a fixed location. Only small variations should occur in its
location. Under this assumption, the AFC provider can set up a
geofence [18] around the expected deployment location of the
AP. When the AP reports a location outside the expected area,
the system could raise a warning and shut down its service.

2) Detection Using AP Group: A multi-receiver array can
detect a single antenna GPS spoofer [19], [20], because a
single antenna GPS spoofer cannot retain the relative position
of the receivers. The Wi-Fi APs are often deployed in groups,
covering a large area. Thus, the group of APs under the same
operator can form such a multi-receiver array. With the APs
reporting their location, the AFC system can detect possible
spoofing attacks by computing the difference in the GPS
location distances and the expected distances in deployment.

3) Network-Assisted Location Attestation: A more resilient
defense against location spoofing attacks involves integrating
multiple location sources rather than depending on a single
one. Relying exclusively on a single GNSS location service
makes an Access Point (AP) highly vulnerable. By contrast,
if the AP triangulates its position using diverse services,
including various GNSS systems, WLAN, and network-based
location services, the complexity for an attacker increases sig-
nificantly, as they would need to spoof all signals concurrently.
This method is used in Android’s Fused Location API [21] and
also validated by recent studies [22] using multiple localization
sources to identify GPS spoofing.

B. Future Works

As we discussed in Section IV-F, GPS spoofing enables
us to test the AFC system independently. In the future, we
can extend the tests to more coordinates with different corner
cases. For example, the AFC system needs to select different
propagation models in its calculation based on the distance
between the AP and the incumbent receiver that needs to
be protected. However, since the availableSpectruminquiryRe-
sponse only provides the calculated channel availability and
the associated power, we cannot directly infer the model they
use from the responses. We can apply differential testing on
this problem. An open-source AFC implementation, OpenAFC
[23], implements all propagation models required by the
specification. By comparing the output between OpenAFC and
other private AFC implementations, we can understand which
propagation model they are using and ensure the correctness
and robustness of the AFC systems.

VI. CONCLUSION

The 6 GHz band enables high-performance Wi-Fi connec-
tivity, but its safe use depends on the integrity of the AFC



Max EIRP of AFC channel

20MHz channel 1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81
Max Eirp 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0
20MHz channel 85 89 93 117 121 125 129 133 137 141 145 149 153 157 161 165 169 173 177 181
Max Eirp 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0
40MHz channel 1 9 17 25 33 41 49 57 65 73 81 89 121 129 137 145 153 161 169 177
Max Eirp 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0
80MHz channel 1 17 33 49 65 81 129 145 161
Max Eirp 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0
160MHz channel 1 33 65 129
Max Eirp 36.0 36.0 36.0 36.0
320MHz_1 channel 1
Max Eirp 36.0
320MHz_1 channel 33
Max Eirp 36.0
Listing 3. Max EIRP of AFC Channel
system, which assigns frequencies and power levels based [8] “47 CFR. § 15407 - general technical requirements,”

on AP-reported GPS location. While AFC communications
are secured, we show that the system remains vulnerable to
GPS spoofing, allowing attackers to manipulate AP-reported
location, bypass spectrum restrictions, and disrupt incumbent
services. We validated these attacks on a commercial AP,
demonstrating that current protections do not defend against
input-level manipulation. These findings expose a critical
vulnerability in AFC’s trust model and highlight the broader
risks of insecure sensor inputs. To ensure the reliability of
spectrum sharing, future designs must incorporate mechanisms
for robust and verifiable location reporting.
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