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Abstract

The scarcity of available spectrum bands has prompted the exploration and analysis of
strategies for sharing spectrum with existing users. The US is considering several bands as
part of its National Spectrum Strategy. In this paper, we consider sharing spectrum with the
Broadcast Auxiliary Service (BAS) in the 6, 7 and 12 GHz bands. We develop simple models
to examine the impact of interference in these bands to BAS-like operations. Our findings con-
tribute to understanding the feasibility of various spectrum sharing regimes, such as, property
rights easement, spectrum commons and spectrum anarchy. The key technical result of this
study is that while new spectrum uses in the 6, 7, and 12 GHz bands can cause significant
interference, this can be managed effectively through mitigation strategies such as dynamic
exclusion zones, lower EIRP levels for indoor use, and advanced detection methods.

1 Introduction

Recently, attention has been directed at the lack of spectrum in the US for new commercial appli-
cations since most radio spectrum has already been assigned and allocated for other uses (federal,
satellite, scientific sensing, localization, etc.). There are spectrum scarcity problems outside the US
as well, but a second challenge facing the US is the perceived descent in US leadership in wireless
communications and the challenge posed by potential adversarial nations. Consequently, there
has been increasing emphasis on the strategies that can be adopted to accelerate innovation in
radio spectrum. The FCC Notice of Inquiry [1] on expanding the use of the 12.7 GHz bands, the
recent FCC proposed rule in the 6 GHz bands [2, 3], and National Spectrum Strategy Implemen-
tation Plan [4] consider spectrum in the 6, 7 and 12 GHz bands (among others) as opportunities
for sharing spectrum. Developing efficient methods for spectrum sharing is considered impera-
tive for the US to maintain leadership in wireless communication. An important existing use of
these bands is for the incumbent Broadcast Auxiliary Service (BAS) [5, 1] which includes remote
TV transmissions during events of importance, both scheduled and unpredictable events – e.g.,
announcements by government officials, accidents, weather events, etc.

Here, we build simple models to examine the impact of interference in these bands to BAS-like
operations. Our goal is to consider the impact of transmit power, different usage scenarios (e.g.,
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indoor and non line-of-sight versus outdoor), and finally to consider the use of event detection
and central or decentralized notification toward sharing spectrum in these bands. This work in-
forms the potential for different spectrum sharing regimes such as property rights easement, a
polycentric system of spectrum management as suggested by Elinor Ostrom’s research on gover-
nance of commons [6, 7], and spectrum anarchy, whereby participants themselves coordinate on
alternative rights arrangements.

The paper is organized as follows. In Section 2 we provide background on the spectrum bands
of interest, Broadcast Auxiliary Service, event detection and localization and spectrum regulatory
regimes. Section 3, presents the model and analysis of BAS. In Section 3.3 the model is used to
study BAS spectrum sharing with event detection. In Section 4, we show that event detection
enhances spectrum sharing efficiency by creating temporal exclusion zones to reduce interfer-
ence during scheduled unpredictable events, utilizing strategies like lower transmission power,
hybrid sharing models, and social sensing to optimize spectrum use without compromising es-
sential services. Section 5 contrasts distinct methods for managing spectrum sharing, including
spectrum sharing (relying on government coordination), spectrum commons (emphasizing self-
organization and equitable access), and spectrum anarchy (allowing for real-time, market-driven
access without predefined rules). Sections 6 and 7 discuss limitations and conclude, respectively.

2 Background

2.1 Spectrum Sharing Bands of Interest

Many discussions and reports in the last years have emphasized the need for sharing spectrum
between incumbents (currently assigned users) and new uses of spectrum. In this section we
highlight the three bands we consider in this paper that have been suggested for spectrum sharing.

The 6 GHz Spectrum: The 6 GHz spectrum has been purposed for unlicensed use in the US.
As shown in Figure 1, there is 1200 MHz of spectrum, divided into the so-called Unlicensed Na-
tional Information Infrastructure (U-NII) bands. There are incumbents in these bands that include
satellite and fixed services (FS). Fixed services are point-to-point microwave links. The U-NII-8
band (see Figure 1) is used by TV stations for local news, sports, and unpredictable events such as
weather and road closures [8]. In particular, 25 MHz channels are used for BAS.

U-NII 5 U-NII 7 U-NII 8U-NII 6

5.925 GHz 6.425 6.525 6.875 7.125 

500 MHz 100 MHz 350 MHz 250 MHz
Fixed Service, Satellite Service Satellite, TV, Audio broadcast Satellite, TV, Audio broadcastSatellite, Fixed

Figure 1: The allocation of spectrum in the 6 GHz bands in the US

The 7-8 GHz Spectrum: While the UNII-8 bands do overlap with 7 GHz (6.875-7.125 GHz), the
band that is just above is commonly referred to as the 7-8 GHz spectrum. It ranges from 7.125
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GHz to 8.5 GHz for a total of 1.375 GHz of spectrum. As noted in [9], about 20% of this spectrum
is used by the Department of Defense and satellite operations, while other uses of this spectrum
are primarily due to fixed services (FS), and fixed and mobile satellite services. Slices of this
band are used for uplink and downlink by earth exploration satellites. For example, the 7.19-7.25
GHz slice (600 MHz of spectrum) is used for uplink and 8.025-8.125 GHz is used for downlink
transmissions. As mentioned above, fixed services are point-to-point microwave links. As noted
in [9], an example federal use of this spectrum is to “connect remote aeronautical radio-navigation
radars to air traffic control centers” by the Federal Aviation Administration using such microwave
links. Interestingly, already, unlicensed extremely low-power use of the 7.75–8.75 GHz spectrum
for Ultra-WideBand (UWB) is allowed. Also, in this spectrum, several bands are used for mobile
satellite services (e.g., downlink in 7.25-7.3 GHz) which may benefit from detection of mobile earth
station activity as their locations may change with time.

The 12 GHz Spectrum: The 12.2-13.25 GHz of spectrum is being considered for sharing, with
current incumbents including satellite uplink, fixed services and mobile services [9]. The mobile
services in this band includes TV Pickup transmissions as noted in [8]. FCC rule 74.602 does the
frequency assignment in these bands. Channels are 25 MHz wide, although the 13.15-13.20 GHz
slice, reserved for television pickup, may be used by earth stations outside a 50 km zone of specific
TV markets.

We do not consider the fine details of the allocation of each band in this paper, but focus on the
50 km radius of TV metro markets where we expect substantial demand for spectrum.

2.2 The Broadcast Auxiliary Service

As mentioned above, spectrum is allocated in metropolitan markets for the broadcast auxiliary
service. Here, TV Pickup vehicles broadcast recorded or live video from locations when there are
events of interest. Recorded video should not pose a spectrum sharing problem since such video
can be transferred to the TV stations when the pickup vehicle returns. Live transmissions are the
ones subject to potential interference.

Live transmissions are received by antennas in TV stations, typically at a significant height as
described in [8]. Also as described there, such antennas are receive-only. Further, TV pickup vehi-
cles use estimates and experience to point their antennas in a manner that allows transmissions to
be successful and of good quality. For example, they may bounce off nearby buildings [8]. Many
local event locations are known (e.g., local government office or landmarks).

Live transmissions are mostly scheduled in certain time windows (e.g., the local news between
5.00 and 6.00 p.m. or 10.00 and 11.00 p.m.). Unpredictable events for breaking news are more
challenging in terms of spectrum sharing.

However, there are many opportunities for sharing since there are several 25 MHz channels
available for BAS. Further, as BAS services increasingly use digital video transmissions (e.g., Digi-
tal Video Broadcast Terrestrial – DVB-T), the bandwidth needs may be substantially reduced. DVB
can transmit MPEG video streams in 6 MHz channels using QPSK, 16-QAM and 64-QAM with er-
ror correction using Reed-Solomon codes. More powerful coding schemes (BCH and LDPC) and
256-QAM are used in the DVB-T2 standard. While we do not analyze these specific physical lay-
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ers in the paper, they provide opportunities for adaptively changing the modulation and coding
schemes to the level of interference in the spectrum.

2.3 Event Detection and Localization

Spectrum usage by TV Pickup (e.g., Electronic News Gathering or ENG) is the scenario that re-
quires event detection, although a flexible allocation of spectrum usage in the future may also
make use of event detection for other applications.

Protecting BAS services requires a rapid indication of the location of the events so that co-
existence mechanisms may be applied (such as channel hopping or reducing power or dynami-
cally creating exclusion zones) to prevent harmful interference. Approaches for sharing that go
beyond periodically checking a database (e.g., FCC’s Universal Licensing System) can improve
spectrum efficiency.

Recent work (e.g., [10]) allows social sensors to localize unpredictable events. When such
events occur, people often report them on microblogging, news, or other social media sites that
allows localization of events. With localization of the event and known locations of the TV station
receivers, it is then possible to trigger spectrum coexistence options. Some challenges exist with
this approach resulting in false positives or negatives. There may be problems in understanding
the semantics of microblogs and whether they are relevant to the local situation. If simple counts
of microblogs are used [10] with approximate locations of sensors in the local area, it is possible
to miss peaks in the time series of microblog counts. It is also possible to select “false” peaks that
trigger co-existence mechanisms reducing spectrum efficiency.

2.4 Regulatory and Policy Regimes

Exclusive licensing was proposed in the 1950s as an alternative to assignment through hearings
[11, 12]. With spectrum sharing, spectrum ownership is established by the government. In the
US, this occurred in 1927 when the Congress, with the Radio Act, stated that the government
would manage spectrum in the public interest [13]. The previous period was considered anar-
chy, with challenges with interference as more broadcasters entered the market in the 1920s [14].
Since then, the question has always involved the specific property arrangements to government
spectrum. The extent to which the FCC has monopolized authority has led some to consider a
thought experiment of what might occur if the FCC were abolished [15, 16]. Since property can
be conceptualized as a bundle of rights (or bundle of sticks), it is possible to divide and subdivide
property rights [7].

More recently, analysis of spectrum as a commons recognizes that the radio frequency spec-
trum is a finite resource that can be overused or mismanaged if not governed effectively. Drawing
from Elinor Ostrom’s research on the governance of common resources [6, 7], spectrum sharing
requires a framework that balances the interests of various users to prevent interference and de-
pletion of the resource, much like managing water rights or fishing grounds.

In this context, treating spectrum as a commons means that while no single entity owns the
spectrum, its usage must be regulated to ensure that all stakeholders have fair access and that the
spectrum is used efficiently. Innovative sharing arrangements, like the ones being considered for
the 6, 7, and 12 GHz bands, attempt to create such a governance structure. These arrangements
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enable multiple parties to use the same spectrum by implementing rules and mechanisms that
govern access, such as dynamic spectrum access systems, event detection and localization, and
policies for creating exclusion zones.

This communal approach ensures that the spectrum is managed in a way that maximizes its
value for society, rather than being dominated by a few powerful entities. It requires a careful
analysis of how the spectrum is used, the potential for interference, and the development of so-
phisticated technologies and policies that allow for its shared use without compromising the qual-
ity of service for any user. The concept of the spectrum as a commons emphasizes the need for
cooperative stewardship and the development of innovative policies that support both the current
needs and future advancements in technology, while considering the public interest and national
priorities such as security and economic growth.

Meanwhile, CBRS pioneered a three-tiered sharing model that incorporates incumbent users,
Priority Access License (PAL) holders, and General Authorized Access (GAA) users, managed
by a Spectrum Access System (SAS). Similarly, the proposed arrangements aim to enable efficient
use of the spectrum by various stakeholders through dynamic sharing mechanisms. In the case
of the 6 GHz band, which has been opened for unlicensed use, the approach mirrors the GAA
tier of CBRS, where users can operate without individual licenses but must not cause harmful
interference to incumbent services.

The Automated Frequency Coordination (AFC) approach [17], also requiring device certifica-
tion, is used with standard power operations in the 6 GHz bands where incumbent point-to-point
microwave links also operate. The idea here is to use a database of incumbent locations and the
Winner II1 radio propagation model to create exclusion zones for outdoor operation of WiFi in
the 6 GHz bands. The Open AFC Software Group [19] is working toward AFC software tools to
support WiFi operation in the 6 GHz bands. Recently, the FCC has asked for comments on the
use of local geofencing decisions with even larger transmit powers (up to 1 dBm/MHz EIRP PSD
and up to 14 dBm EIRP) that will allow 14 dBm of transmit power in channel bandwidths of 20
MHz, not just 80 MHz channels. This is an example of a slow process to allow higher efficien-
cies in spectrum usage. We note this is a conservative, everywhere deployed mechanism (limited
polycentricity), relying on device certifications for enforcement.

3 Model and Analysis

In this section, we consider a simple model for understanding the possibility of sharing spectrum
between incumbents and new uses. For new uses we consider two possibilities - a CBRS like 5G
service and a WiFi like unlicensed service. For the former, we will assume the following:

• Device transmit powers of 23, 30 and 47 dBm EIRP. This is similar to CBRS devices.

• An activity factor, similar to the new CBRS 2.0 notice [20], but the actual factor is tuneable.

For the latter, we will assume the following:

1The Winner II channel models consider several scenarios, cell types, indoor, outdoor, outdoor-to-indoor etc. in the
2-6 GHz bands. See [18].
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• The FCC currently specifies an EIRP of 14 dBm in the upper 6 GHz bands [2]. There is a
request for comments for increasing this to 21 dBm. We ignore the details of how the EIRP
should be distributed in bandwidth (-5dBm/MHz or higher - up to 1 dBm/MHz). We will
use the 14 dBm and 23 dBm EIRP values (instead of 21 dBm to keep it the same as CBRS).

• As an upper limit, we will also consider a 30 dBm EIRP for Wi-Fi like services.

Finally, we will consider an outdoor cellular like system with an EIRP of 50 dBm (100 W) 2. We
will look at an EIRP of 30 dBm as the middle value in a range of possibilities in the following
subsections.

We also assume that receive sites are stationary and “known” though the FCC’s Universal
Licensing System or another database like AFC or a SAS.

3.1 Path-Loss Models

Path-loss models are important to assess interference and thus isolation strategies for sharing spec-
trum. While path-loss models exist for the upper 6 GHz bands, it is only recently that there has
been attention placed on the FR3 bands (> 7 GHz). For instance, there are very few measurements
and models reported in the 10-13 GHz bands. In [21], measurements at 10 GHz were done with
an EIRP of 23 dBm (which is smaller than that suggested for the UNII bands by the FCC). In line-
of-sight (LOS) situations, the path-loss followed the free space model (20 dB per decade of loss) as
it did in non-LOS (NLOS) situations (which had an additional loss of 15-20 dB). Over a distance of
around 30m, LOS and NLOS measurements showed a path-loss of 80 dB and 95 dB respectively.
These measurements suggest that the interference in these bands are unlikely to be substantial at
large distances.

In this paper, we consider path-loss at 7 and 13 GHz based on the models analyzed in [22, 23].
We assume that the 7 GHz path-loss model will apply to transmissions in the U-NII-8 band (see
Figure 1) and the 13 GHz path-loss model applies to the 12.2-13.25 GHz band. In [22], empirical
models are considered at 7 and 13 GHz based on a variety of measurements under line-of-sight
(LOS) and non line-of-sight (NLOS) conditions. The free space model can be considered to be the
worst-case path-loss where the loss is the lowest from an interfering transmitter and thus causing
the highest interference. The general equation of the free-space loss is:

Lp = 21.98 − 20 log10(λ) + 20 log10(d) (1)

where λ = c/ f is the wavelength, c = 3 × 108 m/s is the speed of light, f is the frequency (7,13
GHz) and d is the distance (in meters) from the transmitter under consideration.

The work in [22] also has a best-fit model and what we can consider to be the best-case model
(NLOS) where the loss is the highest and interference is the lowest. These models are given by:

L = α + 10β log10(d) (2)

where α and β were derived empirically based on measurements. We refer the reader to [22, 23]
for the measurement set-up, equipment, antenna placement and other details. Our goal here is

2See for example https://www.fcc.gov/consumers/guides/human-exposure-radio-frequency-fields-guidelines-
cellular-and-pcs-sites
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Frequency α β

7 GHz 74.7 2.04
13 GHz 80.6 1.78

Table 1: Path-Loss Model Parameters from [22]

not to analyze these models, but to use them to understand the prospect for sharing under event
detection. We summarize the values of α and β in Table 1. We note here that the intercept with the
NLOS model is “floating” and does not match that of the free-space path-loss model.

Figure 2 shows the path-loss between 100m and 5km based on the free-space loss and the
NLOS empirical model. We make the following observations:

~25 dB
~20 dB

Figure 2: The best and worst case path-loss we use in this paper

• There is a 20-25 dB difference between the free-space and NLOS models depending on the
frequency. This extra loss is attributable to NLOS conditions, clutter and the underestimate
of path-loss in (1). In [22], around 90% of locations are NLOS.

• While [22] provides a path-loss model that has a reference distance of 1m, we assume that
the 100m distance is sufficient as any interference to the BAS receiver is likely to be coming
from a transmitter that at least 100m away as explained in Section 3.3. Moreover, the model
with the reference distance is not as accurate as the one we use here.

• The FCC suggests the Winner II models towards creating exclusion zones as already dis-
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cussed. The Winner II models are shown to be useful as upper or lower bounds of path-loss
[22], but either overestimate (assume larger loss than measured) in NLOS conditions or un-
derestimate the loss otherwise. We thus use the free-space and NLOS models from [22] as
described above.

3.2 Analysis of Interference

We analyze the interference with and without event detection in this section by looking at various
scenarios. We can consider two different metrics: (i) the interference/noise ratio to be -6 dB (or the
interference power is at least 6 dB lower than the noise level). (ii) received power from interfering
transmitters is -85 dBm or lower. We pick -85 dBm (and a lower number of -95 dBm) below because
for services such as WiFi, the minimum required RSSI for reasonable communication is about -80
dBm.

Further, we do not have a good model for the required BAS reception powers. However, we
make the following assumption. The required carrier to noise ratio for DVB-T ranges from 4 dB
to 28 dB based on the modulation and coding scheme used [24]. We assume that the noise power
is around -100 dBm. If we make these assumptions, BAS transmissions could have substantially
lower received power than the interfering transmissions (espectially at a 4 dB C/N ratio). If we
use the -6 dB I/N value, it will need active exclusion of secondary services almost always (or
where possible as an event is detected).

First we consider interference assuming no mitigation approaches in place. We could think of this
as a form of spectrum anarchy. From Figure 2, the loss at 100m in the worst-case (free-space) model
is 90 dB at 7 GHz and 95 dB at 13 GHz. We assume the former for the U-NII-8 bands and the latter
for the 12-13 GHz band. With an EIRP of 30 dBm, even with this large path-loss, transmissions
can still pose interference to BAS receivers as the received power at the BAS antenna from an
interfering transmission can be -60 to -65 dBm. At this interference level, it would be impossible
to operate a secondary service without any restrictions.

EIRP Worst Case Best Case Sharing
Interference Power Interference Power Potential

14 dBm -76 dBm -96 dBm Indoor usage possible
23 dBm -67 dBm -87 dBm Indoor usage possible
30 dBm -65 dBm -85 dBm Indoor usage possible
47 dBm -43 dBm -63 dBm Exclusion Zone of 1 km

for indoor use

Table 2: Situation without any Mitigation/Coexistence Applied for Indoor Use

If the interfering transmitters are inside a building, as is the requirement for 6 GHz trans-
missions, an additional 20 dB loss makes it possible to transmit without any restrictions at lower
transmit powers3. As shown in Table 2, except for a transmit power >30 dBm, under NLOS con-
ditions, the received power from most transmissions at both 7 and 13 GHz would result in an

3One would anticipate that TV stations would not deploy Wi-Fi like or other interfering services in these frequency
bands in their own facilities.
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Figure 3: Exclusion zone radii in the U-NII-8 and 12/13 GHz bands assuming the path loss model
in Table 1 and received interference power level at -85 dBm and -95 dBm

interference power of -85 dBm or lower.
If CBRS devices with a transmit power of 47 dBm are deployed, exclusion zones will become

necessary. In order to have a path-loss of 132 dB, an NLOS transmitter with a transmit power of
47 dBm will have to be at a distance of 644m (U-NII-8) and 772m (12-13 GHz). The longer distance
at 12-13 GHz is due to the lower path loss gradient of β = 1.78 in Table 1. We suggest an exclusion
zone of 1 km based on these results. Even at a 50 dBm transmit power, if the transmitter is indoor
(NLOS), the exclusion zone radii will be 1.14 km in the U-NII-8 and 903m at 12-13 GHz.

Naturally, the exclusion zone radii increase substantially if the acceptable interference levels
are lower (for example -95 dBm). Figure 3 shows the radii of the exclusion zones with different
transmit powers in different bands assuming the acceptable received power is -85 dBm and also
with -95 dBm. The largest exclusion zones are between 2 and 5 km for the highest powers. With
smaller transmit powers (14 and 23 dBm), it is possible to operate in NLOS (e.g., indoor areas)
without restrictions. Purely outdoor operations would be precluded without co-existence mecha-
nisms in place.

As shown in Figure 4, the exclusion zone radii become exceedingly large if the radio propa-
gation characteristics are more similar to free-space loss. Even at higher acceptable interference
levels (-85 dBm), the exclusion zone radius with a transmit power of 47 dBm is 14 km in the U-NII
bands and 10km in the 12-13 GHz bands. Interestingly, the exclusion zone radii is larger in the
U-NII bands in this scenario compared to 12-13 GHz unlike the scenario where radio propagation
is NLOS (Table 1). This is because the path-loss intercept is higher at 12-13 GHz with free-space
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Figure 4: Exclusion zone radii in the U-NII-8 and 12/13 GHz bands assuming free-space path loss
model and received interference power level at -85 dBm and -95 dBm

propagation and the attenuation with distance is 20 dB per decade of distance in both cases. With
NLOS propagation, while the initial loss is higher at 12-13 GHz again, compared to the initial loss
in the U-NII-8 bands, the attenuation with distance has a smaller gradient (17.8 dB/decade vs 20.4
dB/decade). At the lowest transmit power (14 dBm), it may be possible to deploy transmitters
outdoors at 12-13 GHz as the exclusion zone radius is around 160m. In the U-NII-8 bands, the
radius is around 300m.

3.3 Using co-existence mechanisms

We examine the impact of co-existence mechanisms using some simple models. We assume that
the metropolitan area Am of consideration is a circle of radius rmax = 50km. This corresponds to
an area of Am = 7854km2. There are as many as 23 full-power TV stations in New York City, 9 in
Pittsburgh and 10 in Tucson4. We assume an average of Ns = 10 stations per market.

3.3.1 Exclusion Zone Efficiency

Let us suppose that an AFC-like approach is used for geofencing transmissions in a metropolitan
area. Using a path-loss model (be it the Winner II model or an empirical measurement based

4See https://www.stationindex.com/tv/tv-markets
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model like the one in Table 1), transmitters can determine whether they are allowed to transmit
based on their locations and the locations of BAS receivers through exclusion zones.

With Ns stations, and an exclusion zone radius of rx, the total excluded zone will be Ax =

πNsr2
x. Thus the spatial efficiency can be written as:

ηspatial = 1 − Ax

Am
= 1 − Nsr2

x
r2

m
(3)

Figure 5: Spatial efficiency as a function of exclusion zone radius for different numbers of TV
stations (zoomed in on right)

As shown in Figure 5, for a large number Ns = 20 of TV stations, the efficiency of spatial shar-
ing drops rather quickly. If one were to assume that most TV stations are located at vantage points
in a metropolitan area, we could approximate the exclusion zones to be overlapping rather than
separate. In such a case, with Ns = 5, high spatial efficiencies are possible with moderate exclu-
sion zones of 1-10km. Zooming in, we see that even for large numbers of TV stations, an exclusion
zone of 1km would result in large spatial efficiencies suggesting the suitability of indoor use of
both spectrum bands with the spectrum anarchy model. However, a centralized implementation
of larger exclusion zones could still provide substantial efficiencies in spatial sharing.

3.3.2 Adding an Activity Factor

In the CBRS 2.0 notice from the NTIA to the FCC [20], a 80% TDD activity factor and 20% network
loading factor was used to reduce the impact of each transmitter’s power by about 8 dB. In our
model, we could assume a 10 dB effect to use the lower threshold of -85 dBm in Section 3.2 or a
further reduction in this threshold by a factor of Fa dB. We show the effect in Figure 6. We assume
the path loss models from Table 1. Clearly, with a transmit power of 23 dBm, a moderate Fa = 8
dB would reduce the exclusion zone to less than 100m and at 47 dBm, to around 400m. Both
would yield larger spatial efficiencies. Again, what is noticeable is that the initial loss in 12-13
GHz bands is higher, but subsequent losses with distance are slower than in the U-NII-8 bands.
This accounts for the discrepancy in the radii of the exclusion zones needed for these bands with
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different transmit powers and activity factors. For example, the exclusion zone radius is larger for
the U-NII-8 bands with a transmit power of 23 dBm but slightly smaller with a transmit power of
47 dBm compared to the corresponding radii for the 12-13 GHz bands.

Figure 6: Reduction in exclusion zone radius assuming an activity factor that reduces the inter-
ference by Fa dB for two levels of acceptable interference of -85 dBm and -95 dBm (left) transmit
power = 23 dBm (right) transmit power = 47 dBm

4 Event Detection and Spectrum Sharing

When exclusion zones are so large as to reduce the spatial efficiency, event detection will allow
better utilization of the spectrum by creating “temporal exclusion zones” rather than only ”geo-
graphical exclusion zones”.

Consider scheduled events like the local news. During such periods, a priori, interfering trans-
mitters can adopt several strategies to reduce interference to BAS receivers. They include:

• As seen in Section 3.2, using a lower transmit power can allow operations without interfer-
ence, especially in indoor areas. By adopting this strategy, interference to BAS receivers can
be reduced. During such scheduled times, mobile services can use the bands as supplemen-
tary channels rather than primary anchor channels.

• If a ”hybrid sharing model” [25, 26] where the same bands can be used for licensed and
unlicensed services can be used, during scheduled event times, devices that are indoor-only
unlicensed services can operate while outdoor services would be paused.

• We observed in Section 3.3.2 that the exclusion zone radius can be drastically reduced if the
activity factor Fa is larger. If the shared spectrum is allocated to mobile operators, it is pos-
sible that the operators can offload low duty-cycle IoT traffic from their exclusive spectrum
to shared spectrum. Thereby, freeing up more exclusive spectrum for mobile broadband like
services.
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Figure 7: Event Detection Problem

Databases such as SAS/AFC or even local decision based operations should have mechanisms in
place to accommodate scheduled events.

When there are unpredictable events that have not been scheduled, such as weather, accidents,
or breaking news, there are certain possibilities for event detection. In a manner similar to CBRS,
it is possible that TV stations use an incumbent information capabilty (IIC) to report their need for
using BAS receivers to a SAS or AFC-like database.

As described in Section 2, social sensing can be used by secondary transmitters to automati-
cally detect potential events. This approach would be similar to the Environment Sensing Capa-
bility (ESC) in CBRS. However, this approach has several challenges:

• In CBRS, a CBSD has to actively seek a grant to transmit. The potential rarity of unpre-
dictable events that also need TV pickup transmissions may make an active grants to trans-
mit an extra overhead. This will also create a burden for SAS-like databases [27].

• As shown in Figure 7, simple counts of micro-blogs create two types of problems. For short
duration events, the latency to detect the event may cause the event itself to be missed.
Alternatively, the event may generate a peak long after the duration is completed as the
event generates chatter on social media.

• Since event sensing is similar to ESC, it begs the question whether DVB-T transmissions by
BAS can be sensed. Work in TV white spaces has considered this problem [28], although
it is not clear whether it would work for BAS transmissions which are directed differently.
A combination of social sensors and environment sensors may prove to be more robust for
event detection.

One possibility is to have some type of incremental redundancy, a concept that has been ex-
amined in cellular networks [29]. In cellular networks, the highest code rate is used to transmit
packets and if necessary a higher power or lower code rate is adopted when packet losses are de-
tected. In the same way, secondary transmissions could alternate between high and low activity
factors while polling a database for events.
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5 Policy Considerations

5.1 Centralized Control

In certain bands like the lower 37 GHz band and the 2025-2110 MHz band, the incumbent military
use requires coordination for access in specific locations. This approach relies on agreements and
an understanding of when and where the military operations occur, which may involve manual
coordination rather than real-time, dynamic systems. In the lower 37 GHz band, the incumbent
is the military. The current arrangement is coordination for specific locations where military op-
erations occur. The FCC has established a framework for sharing and is developing service rules
under a pending proceeding. The 2025-2110 MHz band involves an incumbent with broadcasting,
with military access to specific locations involving coordination on occasion. The arrangement
is based on a memo of understanding between the Department of Defense (DoD), the National
Association of Broadcasters, and the Society of Broadcast Engineers.

Each of these methods balance the diverse needs of national security and commercial growth.
Each method has its own sets of rules, technologies, and processes designed to optimize the use
of spectrum. The arrangements above each have a significant role for government to manage
spectrum. Governments determine the priority users as well as the rights of secondary users.
Government typically is the enforcer of coordination agreements.

For the U-NII-8 GHz and 12 GHz bands, the emphasis is on creating innovative sharing strate-
gies that protect existing services like BAS while allowing new users to access the spectrum. This
might involve event detection, central or decentralized notification systems, and real-time coexis-
tence mechanisms, akin to the SAS in CBRS that coordinates users and prevents interference.

Several arrangements can improve prospects for innovation within a system of centralized
sharing. A possibility with centralized spectrum management is for regulatory bodies to consol-
idate bands for use by BAS or in the extreme case to relocate BAS as was once done by Sprint
[30]. Digital video transmission with good quality is also possible with 5G and certainly emerging
6G services. Instead of using dedicated spectrum inefficiently, it is possible that TV pickup could
interface its video transmissions through cellular service providers, who could, in return for the
freed-up spectrum, provide priority access to TV stations in the metro markets.

Another potential arrangement is property rights with easements, which may provide a struc-
tured yet flexible framework for spectrum access, much like the tiered rights in CBRS. An ease-
ment arrangement relies on the “bundle of sticks” approach to property rights.

A bundle-of-sticks property rights approach views spectrum as a collection of individual rights
(or sticks) that can be separately owned, transferred, or leased. This approach allows for flexible
arrangements where different rights, such as the right to transmit at certain times or in specific
geographic areas, can be parceled out and managed individually and independently.

Property easements in spectrum sharing involve granting a secondary user the right to use a
portion of the spectrum under specific conditions, without transferring full ownership of those
rights. Easements provide a way to allow incumbents to allow other users of spectrum, while the
incumbents retain overall control. In this way, secondary users acquire rights to use part of the
spectrum that is controlled by incumbents.

A bundle of sticks property rights approach can contribute to more flexible spectrum access,
allowing incumbents to grant easements for secondary use, thus balancing protection of property
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with innovation. For example, TV pickup licenses could rent their licenses under a local licensing
model, enabling other users to temporarily access the spectrum while maintaining overall con-
trol. Such arrangements recognize that property rights can be divided and subdivided within
an overall system in which an incumbent is considered the owner of that part of the spectrum.
Through such an approach, centralized control with easements can together enhance spectrum
efficiency and adaptability, thereby contributing to technological advancement in a context of in-
creasing spectrum scarcity. This could potentially allow for a balance between the protection of
incumbents and the facilitation of innovation in spectrum use. Overall, these arrangements aim
to enhance spectrum efficiency and adaptability, ensuring that spectrum scarcity does not hinder
technological advancements or U.S. leadership in wireless communications.

5.2 Spectrum Commons

A second approach draws on Elinor Ostrom’s research [6, 7] on commons governance. A sig-
nificant aspect of the Ostromian approach is emphasis on polycentric features of spectrum man-
agement [31]. Polycentric systems have as their defining feature self-governing within an over-
arching system of control. Such an exploration suggests a move towards self-organization and
local problem-solving in spectrum management, which is a shift from the traditionally more cen-
tralized approach of spectrum allocation. An example is amateur radio, where self-governance
is used, including etiquette rules, to manage access to spectrum [31]. It is polyentric in that the
overall systems of spectrum is governed by the FCC, though amateur radio operators and thier
local communities of users have significant opportunities to govern themselves.

These Ostromian perspectives suggest several ways to improve management of spectrum in
such contexts. Some of these include the following:

1. Creating more equitable access to spectrum, such as by including more users in spectrum
sharing arrangements.

2. Decentralization of authority to manage spectrum, such as by enabling the users to devise
their own sharing arrangements once they are authorized to use spectrum.

3. Refining and improving technology to enable more efficient sharing, including more effec-
tive detection of events.

The idea behind (1) is that there are often groups excluded from spectrum management. An ex-
ample is exclusion of tribal and Indigenous communities from national systems of spectrum man-
agement [32, 33]. Regarding (2), there are many ways to extend property arrangements. Some rely
on increasing use of unassigned spectrum as a conceptual framework since this enables groups to
an extent to develop their own rules [34]. For (3), the idea is simply that technology influences
the opportunities to share spectrum and hence can, when deployed, increase prospects for greater
self-management by enabling users to better detect events that can undermine a sharing arrange-
ment.

An aspect of coexistence with minimal co-ordination that we have not considered in detail in
this paper is the question of channelization and overlap where spectrum users may self-organize.

15

Electronic copy available at: https://ssrn.com/abstract=4912922



BAS employs multiple 25 MHz channels although DVB-T broadcasts can now use smaller band-
widths, even on the order of 5 MHz. Wi-Fi can use anywhere between 20 and 320 MHz of band-
width in multiples of 20 MHz. Similarly, there is flexibility in channelization in 4G/5G services.
There has been some work in [35] and [36] on interference between DVB-T and LTE on the uplink
and downlink respectively. In [35], error rates in DVB-T as a function of the signal to LTE interfer-
ence ratio is examined for partial and full channel overlaps. Extending this to the impact of 5G-NR
signals and a consideration of the appropriate exclusion zones and activity factors is necessary to
assess what kinds of decentralized sharing mechanisms would be appropriate.

In the case of Wi-Fi like secondary use, one possible approach for reducing harmful interfer-
ence would be to allow dynamic manipulation of the Clear Channel Access (CCA) threshold [37].
This threshold suggests the received signal strength value at which a device backs-off from trans-
mission. If spectrum users can self-organize, adjusting the CCA threshold could artificially shrink
the coverage of Wi-Fi access points.

5.3 Spectrum Anarchy

A third general approach is spectrum anarchy. The concept of spectrum anarchy extends beyond a
commons governance perspective through its emphasis on developing systems that enable more
creation of rules by the participants [38]. In essence, spectrum anarchy considers the possibility of
emergence of rules from the bottom-up, without relying much, if at all, on a centralized authority
to determine the specific rules that govern sharing arrangements.

Considering scenarios of spectrum anarchy where governance of spectrum is centralized but
sharing is possible in real time, without reliance on government to assign rights [38] is possible.
Spectrum anarchy offers a more fluid, market-driven access to spectrum, somewhat similar to the
real-time decision-making capabilities of SAS but without the need for such a system. Using the
AFC approach or with indoor-only operation, as discussed in Section 3.2, at low transmit powers
it may be possible to simply allow self-governance of spectrum with a Wi-Fi like technology.

If spectrum anarchy were to result in interference to the point that BAS transmissions are not
of sufficient quality, TV stations could also rely on user generated footage [39]. Increasingly, news
stations, and even mainstream news employs short videos uploaded by users either directly or to
sites like X (formerly Twitter).

6 Limitations of this work

In this work, we assumed a single transmission being the major contributor for interference. This
is reasonable for Wi-Fi like transmissions where backoffs in a channel preclude multiple transmis-
sions at the same time and for CBRS like transmissions where it is common to have some planning
to allocate different channels to geographically proximate access-points or base stations. However,
the models may be optimistic with dense and mobile deployments that may need extensive mea-
surements to characterize the effect of aggregate interference. For example, the work in [40], one
of the first measurement campaigns of actual deployment, looks at dense Wi-Fi 6E deployments
in the upper 6 GHz bands and concludes that for the most part, indoor transmissions do not leak
outdoors, but some leakage occurs in a small number of cases.
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7 Conclusion

In this paper, we explored the feasibility of spectrum sharing in the 6, 7, and 12 GHz bands with
BAS operations. Path-loss models show that new spectrum uses can cause interference, though
risks may be manageable through a variety of mitigation strategies, such as channel hopping or
power reduction.

From a regulatory and policy framework, systems for managing spectrum such as the three-
tiered CBRS system or AFC could be adapted for the bands under consideration. One possibility
is adopting centralized control for certain bands, using a ”bundle of sticks” approach to prop-
erty rights for added flexibility, and encouraging a polycentric approach for decentralized and
equitable access. Spectrum anarchy, which allows market-driven access with minimal centralized
control, could also be supported by technologies like AFC and low-power indoor operations.

The feasibility of sharing spectrum with BAS in the 6, 7, and 12 GHz bands is viable under
specific conditions. Key implications include the potential for indoor usage with lower EIRP lev-
els and the creation of dynamic exclusion zones to protect BAS operations. Advances in digital
video broadcasting (DVB-T and DVB-T2) offer opportunities for adaptive modulation and coding,
further enhancing spectrum sharing.

Future research should focus on improving event detection and localization to minimize false
positives and negatives, as well as refining dynamic coexistence mechanisms. Additional empiri-
cal studies on path-loss models in real-world environments will improve the accuracy of interfer-
ence assessments. Through careful planning and advanced detection and regulatory mechanisms,
sharing spectrum with BAS can effectively address spectrum scarcity and promote innovation in
wireless communications.
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