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Abstract—To enforce incumbent protection through a 
spectrum access system (SAS) or future centralized shared 
spectrum system, dynamic protection area (DPA) neighborhood 
distances are employed. These distances are distance radii, in 
which citizen broadband radio service devices (CBSDs) are 
considered as potential interferers for the incumbent spectrum 
users. The goal of this paper is to create an algorithm to define 
DPA neighborhood distances for radio astronomy (RA) facilities 
with the intent to incorporate those distances into existing SASs 
and to adopt for future frameworks to increase national spectrum 
sharing. This paper first describes an algorithm to calculate 
sufficient neighborhood distances. Verifying this algorithm by 
recalculating previously calculated and currently used 
neighborhood distances for existing DPAs then proves its viability 
for extension to radio astronomy facilities. Applying the algorithm 
to the Hat Creek Radio Observatory (HCRO) with customized 
parameters results in distance recommendations, 112 kilometers 
for category A (devices with 30 dBm/10 MHz max EIRP) and 144 
kilometers for category B (devices with 47 dBm/10MHz max 
EIRP), for HCRO’s inclusion into a SAS and shows that the 
algorithm can be applied to RA facilities in general. Calculating 
these distances identifies currently used but likely out-of-date 
metrics and assumptions that should be revisited for the benefit of 
spectrum sharing. 

Keywords—spectrum sharing, citizens broadband radio service 
devices, dynamic protection area, radio astronomy 

I. INTRODUCTION 
Spectrum sharing is a vital part of the national economy by 

increasing “sustainable growth, innovation, and global 
competitiveness” [1]. One major system to manage spectrum is 
currently employed in the citizens broadband radio service 
(CBRS) band at 3,550 MHz to 3,700 MHz frequencies at the 
category A and B power levels (max 30 dBm/10 MHz and 47 
dBm/10 MHz, respectively). CBRS employs a three-tiered 
hierarchy [2] system and a spectrum access system (SAS) [3], 
[4] to manage devices in the band. For spectrum access, devices 
are required to register with a SAS and request permission to 
transmit. The SAS can then grant permission on spectrum 
sharing parameters such as particular frequencies and time 
duration. Devices must also repeatedly request to continue 
transmitting, at which point the SAS may instruct the device to 
modify its transmission by instructing it to reduce transmission 
power, move to a different frequency band, or turn off 
completely. 

In order to protect incumbents, which are usually federal 
licensees, in a particular dynamic protection area (DPA), the 
SAS must calculate the aggregate interference of devices that 
may interfere with the incumbent. Calculating this aggregate 
interference for all registered devices against all incumbents 
would be both intractable and unnecessary. Instead, the SAS 
considers only devices within some distance of the incumbent. 
This distance is called the neighborhood distance, where any 
CBSD within the neighborhood distance is considered in the 
calculation and is a candidate to be put on the “move list”. 
CBSDs on the move list must either turn off, move outside of 
the neighborhood, or negotiate with the SAS to transmit at a 
lower power. 

In Figure 1, the red line represents a DPA neighborhood 
distance. With the DPA point coordinates at the center of the 
pins, represented by the red circle, the white pins are within a 
100 km neighborhood distance from the DPA antenna and are 
potential candidates for transmission alteration instructions. 
Devices up to 200 km and outside of the DPA neighborhood are 
shown in blue and may operate unhindered by SAS instruction. 

 
Fig. 1. Representation of a DPA neighborhood distance. 

Before DPAs, CBSD deployments were based on exclusion 
zones. These zones were strict, and no devices were permitted 
to transmit within the bounds of the zone. Later, some of these 
zones were converted to DPAs, where the area would only be 
activated under certain circumstances. A DPA’s activation 
means that it will enforce interference restrictions. If it is not 
activated, then devices are permitted to transmit without regard 
to interference to the incumbent, as a primary user. Some 
reasons to activate the area are the incumbent explicitly states 
that they will be using the area or environmental sensing 
capability (ESC) devices determine that the incumbent is using 
the area. 
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NTIA first calculated exclusion zones in 2015 using Monte 
Carlo analysis to predict the minimum distance where devices 
outside of the distance would not contribute interference above 
a threshold [5]. The exclusion zone was then defined by this 
distance, and devices outside of this zone would be very unlikely 
to cause a detectable amount of interference to the incumbent. 
The area within this distance was “excluded” as a transmittable 
area, and all devices within the zone were not allowed to 
transmit. These exclusion zone distances differ from current 
neighborhood distances, which consider devices that are within 
the zone as interferers, but those devices are not necessarily 
prevented from transmitting. 

This strategy was very restrictive and oftentimes 
unnecessary. Even if the incumbent was not actively using the 
spectrum, other devices were not allowed to transmit in the zone. 
As a result, DPAs were developed in order to decrease 
exclusivity. In these areas, not all devices are excluded from 
using the spectrum, and none are even considered to be excluded 
if the incumbent is not using the spectrum. These DPAs were 
previously calculated by NTIA using modifications to the 
exclusion zone calculations. These results are embedded in 
mapping files (using keyhole markup language (KML))1 used 
for current DPA calculations. 

The novelty of this paper is to base an algorithm on these 
two methodologies with a goal of incorporating passive 
(receive-only) radio astronomy (RA) facilities into current SAS 
architecture progresses towards a further increase in spectrum 
sharing. Using the modified algorithm, as described in this 
paper, to recalculate current DPA neighborhood distances 
validates the algorithm and provides credibility to calculate 
DPA neighborhood distances for Hat Creek Radio Observatory 
(HCRO). The algorithm can then generalize neighborhood 
distance calculation for any RA facility to be incorporated into 
the SAS architecture in the future. 

This process reviews and identifies current DPA 
neighborhood assumptions and metrics that may need to be 
reconsidered. Many of these metrics are overly conservative and 
can safely and realistically be adjusted to allow for smaller DPA 
neighborhoods and further spectrum sharing. 

II. LITERATURE REVIEW 
“Spectrum sharing is a way to optimize the use of the 

airwaves, or wireless communications channels, by enabling 
multiple categories of users to safely share the same frequency 
bands,” [6]. As airwaves are becoming more 
electromagnetically congested (and even contested) with the 
growing wireless communication industry, spectrum has 
become a valuable and scarce resource. Current methods to 
manage spectrum involve expensive auctions and exclusive use 
by a single party, even if the party is not using the spectrum. 
“Three-Tier Shared Spectrum, Shared Infrastructure, and a Path 
to 5G” by Preston Marshall [7] reviews current spectrum 
management practices along with current and near future 
solutions. 

 
1 https://www.ntia.doc.gov/fcc-filing/2015/ntia-letter-fcc-commercial-operations-

3550-3650-mhz-band 

There are various architectures currently in place in an 
attempt to increase spectrum sharing. Among them, promising 
architectures are two- and three-tier architectures whose benefits 
have now been pragmatically demonstrated. A prominent three-
tier architecture is deployed in the U.S.A. 's 3.55 GHz to 3.7 
GHz frequency range, referred to as CBRS. This band is the first 
band in which a three-tier architecture has been deployed in the 
U.S.A. and which has been successfully managed by SASs since 
2020 with no reported interference issues for incumbents. 

CBRS uses a three-tier spectrum sharing framework that 
allows for shared use between incumbents, priority access 
licensed (PAL) users, and general authorized access (GAA) 
users. A SAS controls user access and may instruct users to 
move frequency bands or decrease their transmit power if the 
incumbent is using the same channel and unacceptable 
interference to the incumbent would occur. This is done by 
defining DPA neighborhoods, expressed as radii distances, 
around points where fixed incumbent users reside, inside of 
which devices may be considered to cause harmful interference 
to the incumbent. If the SAS determines that a transmitter is 
causing too much interference, it can provide power 
modification instructions to the transmitter. Devices that are 
outside of the DPA neighborhoods can continue their normal 
operation, as they are considered non-interferers. 

Following the success of the CBRS SAS, the FCC has 
decided to allow a similar spectrum management system for the 
6 GHz band, which refers to the frequency band between 5.925 
GHz and 7.125 GHz.  The band is currently, primarily inhabited 
by fixed services, which “provide microwave links for utilities, 
public safety, transportation and other [critical services],” [8] 
and will be opening to new users under the management system, 
termed an automated frequency controller (AFC). The 6 GHz 
band will, like a CBRS SAS, employ spectrum database 
coordination and will “coordinate at least outdoor deployments 
to insure no interference with tens of thousands of point-to-point 
microwave links and other incumbents” [9]. 

This paper centers on the creation of neighborhood distance 
for spectrum sharing in the CBRS band at HCRO and draws on 
a large body of research on the creation of the three-tier 
architecture in CBRS. Much of the work done for this project is 
based on the methodology outlined in NTIA Report 15-517 3.5 
GHz Exclusion Zone Analyses and Methodology, which 
describes how exclusion zones were calculated for both ship and 
land-based radar sites [5]. The authors of this document outline 
the process for calculating exclusion zones around government 
radar sites, including how to use population assessments to 
estimate numbers of CBSD in a given area and how to factor in 
attenuation, among other considerations. 

Since NTIA Report 15-517 is geared toward situations 
where government radar is the incumbent, the interference 
thresholds used in the report are not applicable to the radio 
astronomy sites considered in this paper, which have different 
operational metrics, such as a significant increase in sensitivity. 
To calculate a DPA neighborhood for a radio astronomy site, an 
interference threshold environmentally applicable to that site 
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must first be determined. This threshold is based in part on the 
interference protection criteria (IPC) set for radio astronomy, 
defined by the ITU as the power that would introduce an error 
of 10% (-10 dB) into the smallest change in spectral power 
density that can be detected and measured by a receiver [10]. 

In addition to NTIA Report 15-517, direct collaboration with 
team members at NTIA gave rise to numerous potential updates 
to the methodology and metrics used in the simulation. As 
defining DPAs is still a work in progress, NTIA is continually 
making updates, which may not always be publicized, so direct 
collaboration is crucial in keeping current methodology, 
assumptions, and metrics up-to-date. 

III. METHODOLOGY 

A. Simulation Overview 
The algorithm runs a Monte Carlo simulation to determine a 

neighborhood distance of a DPA (see Fig. 1). Each iteration 
deploys a number of CBSDs based on population density and 
distributes them with heights and coordinates within the given 
simulation radius from the DPA. The algorithm then calculates 
expected interference from each CBSD to the incumbent and 
employs a binary search for a minimum neighborhood distance. 
To do this calculation, the algorithm determines which CBSDs 
would be instructed to alter their transmission power for each 
tested neighborhood distance, i.e. put on the move list, by a 
standard SAS. The algorithm then reports the minimum distance 
in which the move list is the same as the maximum distance, 
which includes all of the simulated devices. The algorithm 
performs 1,000 iterations of this and reports the 95th percentile 
of the results as the recommended neighborhood distance. 

There are two categories of devices for which a 
neighborhood distance must be calculated. Category A devices 
may not operate above 30 dBm, while category B devices may 
not operate above 47 dBm. When determining a category A 
distance, it assumes a maximum category B distance and varies 
the category A distance to test by multiples of 16 kilometers. 
When determining a category B distance, it assumes a maximum 
category A distance and performs the same search. Assuming 
maximum distances results in a bit of extra computation 
compared to using a realistic distance, but it eliminates the need 
to know the other category distance beforehand while 
maintaining accuracy, as the extra devices are considered non-
contributors. 

All parameters for the algorithm, such as AP heights and 
EIRP, were chosen based on assumptions for a rural region type. 
This reflects the region type of most, if not all, RA facilities will 
have. 

Figure 2 represents the search resolutions for a neighborhood 
distance. Green dots represent category A APs while blue 
represent category B APs. The inner circle is the limit for which 
simulated category A APs were deployed, and the outer circle is 
the limit for which simulated category B APs were deployed. 
The distance between each red tick mark represents the 16 km 
search resolution. If searching for a category A neighborhood 
distance, all category B devices (blue dots) will be included in 

 
2 https://www.sciencebase.gov/catalog/item/57753ebee4b07dd077c70868 

the aggregate interference regardless of distance. The category 
A neighborhood distance being tested will fall on one of the red 
tick marks within the inner circle, and the move list will be 
calculated while only considering category A devices within the 
distance being tested. 

 
Fig. 2. Representation of the search resolutions for a neighborhood distance. 

Figure 3 shows the effects of the tested neighborhood 
distance on the calculated move list and is an actual example of 
one iteration of the Monte Carlo simulation. The algorithm will 
choose the distance at which the slope of the line changes from 
positive to zero. 

 
Fig. 3. Effect of the tested neighborhood distance on the calculated move 

list. 

B. Number of CBSDs 
The simulation first retrieves the population density of the 

simulation area of the DPA. The perimeter for the population 
density retrieval was a 200 kilometer radius for category A 
devices and a 500 kilometer radius for category B devices. The 
perimeter for each was determined using the Wireless 
Innovation Forum’s method with a resolution of 100 arcseconds. 
This method retrieves the population density based on the 2010 
census data2. 

 The simulation calculates the number of UEs by multiplying 
the population density with the market penetration factor and 
channel scaling factor as described in [5], which are 0.2 and 0.1, 
respectively. An assumed 40% of these users are served by 
category A access points (AP), while 60% are served by 
category B APs. To determine the number of APs to simulate, 
the number of UEs for a category is divided by the number of 
UEs that are served by an AP of that category. The assumption 
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is that three UEs are served by each category A AP and 500 UEs 
are served by each category B AP. Table I shows the numbers 
used for the current McKinney and the prospective HCRO 
DPAs. McKinney was chosen as a verification location because 
it is a current DPA that is most closely related to RA 
classifications, i.e. it is a single point DPA and is in a region 
classified as rural. These are two important classifications that 
can be expected for RA facilities. Single point DPA means that 
the DPA is defined by just a single pair of coordinates. 

TABLE I.  NUMBER OF APS CALCULATION 

 McKinney HCRO 

CBSD 
Category A B A B 

Simulation 
Radius (km) 200 500 200 500 

Population 
Density 7,528,434 27,935,960 1,046,025 15,334,873 

Market 
Penetration 0.2 0.2 0.2 0.2 

Channel 
Scaling 0.1 0.1 0.1 0.1 

# of UEs 150,569 558,719 20,921 306,697 

Users in 
CBSD 
Category 

40 60 40 60 

UEs in 
CBSD 
Category 

60,227 335,231 8,368 184,018 

UEs Served 
per AP 3 500 3 500 

# of APs 20,076 671 2,790 369 

 

C. CBSD Characteristics and Propagation Loss 
1) Propagation Loss: The algorithm uses the Irregular 

Terrain Model (ITM) to calculate propagation loss for each 
CBSD. It uses the Wireless Innovation Forum parameters as 
inputs to the model, most notably a 0.1% - 99.9% reliability 
range. The model uses the 95th percentile of 2,000 Monte Carlo 
iterations with this reliability range as variance. The Wireless 
Innovation Forum ITM parameters are as follows: 

TABLE II.  ITM PARAMETERS 

Polarization 1 (vertical) 

Dielectric constant 25 (good ground) 

Conductivity 0.02 S/m (good ground) 

Confidence 50% 

Reliability 0.1% - 99.9% 

Mode of Variability (MDVAR) 13 (broadcast point-to-point) 

 
The surface refractivity value varies by location and shall 

be derived by the methods and associated data files in ITU-R 

Recommendation P.452. The climate value varies by location 
and shall be derived by the methods and associated data files 
in ITU-R Recommendation P.617. Descriptions of most of the 
inputs can be found at [11] and [12]. 

2) EIRP: All category A APs were assumed to operate 
indoors, which includes a 15 dB building attenuation loss. 
Category A APs were all assumed to operate at 26 
dBm/10MHz. All category B APs were assumed to operate 
outdoors at 47 dBm/10MHz. All APs in the simulation used a 
6 dBi mainbeam antenna gain. 

3) Position: Access points were each given coordinates 
within the CBSD category simulation radius with a uniformly 
random distribution of both bearing and distance from the DPA. 

4) Height: The algorithm sets 80% of the category A APs 
at three meters tall and the other 20% at six meters tall. It sets 
category B APs at a uniform distribution between six and 100 
meters tall. 

D. HCRO Interference Threshold Calculation 
The following equation was used to determine the acceptable 

interference threshold. While the values can be modified as 
needed to any DPA facility, the following are the values for 
HCRO used in this project. 

𝐼𝑇 = 𝑇𝑁𝐹 + 𝑁𝐹!" + 𝑆 + 𝐿𝑜𝑠𝑠#$%&'()*$ + 𝐼/𝑁!+()* − 𝐺!" (1) 

1) TNF: The thermal noise floor due to room temperature. 

 𝑇𝑁𝐹 = −174	dBm (2) 

2) NFRX: The noise figure of the receiver. This value can 
be found by taking the dB value of the value obtained from 
equation (3.20) in [13] using a temperature of 30 K [14]. 

         𝑁𝐹!" = 10	 log,-(1 +
.!"#
.$
) 

                                          = 10	 log,-(1 +
/-
01-
) 

  ≈ 0.43	dB (3) 

3) S: Scales the value in Hz to fill the channel bandwidth 
of 10 MHz. 

 𝑆 = 10	 log,-(102) = 70	dB (4) 

4) LossInsertion: The insertion losses. This algorithm 
assumes a 2 dB insertion loss for both the receiver and the 
transmitter. 

 𝐿𝑜𝑠𝑠#$%&'()*$ = 4	dB (5) 

5) I/NRatio: The maximum acceptable interference to noise 
ratio (INR). This number was determined from [10]. 

 𝐼/𝑁!+()* = −10	dB (6) 

Authorized licensed use limited to: UNIVERSITY OF COLORADO. Downloaded on June 30,2024 at 20:35:15 UTC from IEEE Xplore.  Restrictions apply. 



6) GRx: The gain for the receive antenna. This is unique to 
any given antenna. Coordination with HCRO resulted in a 50 dB 
value for this parameter. 
 𝐺!" = 50	dBi (7) 

7) IT: The interference threshold for HCRO. Anything 
below this threshold can be considered undetectable by HCRO. 

 𝐼𝑇 = −174 + 0.43 + 70 + 4 − 10 − 50 ≈ −160	dBm (8) 

E. HCRO Antenna Characteristics 
Characteristics for the HCRO antenna are found in [15] and 

presented in Table III. 

TABLE III.  HCRO ANTENNA CHARACTERISTICS 

Location 40.81734, -121.46933 

Height 6.1 meters 

Beamwidth 0.98° 

Azimuth range 0°-360° 

 

IV. RESULTS 
Table IV gives the neighborhood distances that the algorithm 

produced when running simulations for the current DPA at 
McKinney and the upcoming DPA at HCRO, while figures 4 
and 5 show them graphically. One can see that the algorithm has 
recalculated the currently used distances for the McKinney DPA 
within two search resolutions of 16 kilometers. This is 
considered an accurate recalculation due to the variability in 
Monte Carlo analysis and the searching step size of 16 
kilometers. This recalculation proves efficacy in the algorithm 
and in the calculated HCRO distances being reasonable. That is, 
if current SAS implementations were to include HCRO as a 
point DPA using a category A neighborhood distance of 112 
kilometers and a category B neighborhood distance of 144 
kilometers, one can expect that it will successfully be able to 
maintain CBSD interference below -160 dB. This should be 
undetectable by HCRO and will allow them to continue current 
operations with no noticeable effect. 

By simply changing some parameters, this algorithm can 
apply to any RA facility in the U.S. The hope is to incorporate 
all RA facilities in the U.S. into SASs for the benefit of sharing 
national spectrum resources. 

TABLE IV.  CALCULATED NUMBER OF APS 

 Calculated 
Category 
A (km) 

Calculated 
Category B 
(km) 

Current 
Category A 
(km) 

Current 
Category B 
(km) 

McKinney 160 448 150 416 

HCRO 112 144 N/A N/A 

 

 

Fig. 4. The calculated category A and category B neighborhoods for 
McKinney, which are the inner and outer circles, respectively. 

 

Fig. 5. The calculated category A and category B neighborhoods for Hat 
Creek Radio Observatory, which are the inner and outer circles, respectively. 

V. FUTURE WORK 
Some of the assumptions and parameters in these 

calculations are either out of date or up for debate. Due to these 
potential inaccuracies, the current and reported DPA 
neighborhoods may be unnecessarily conservative, leading to 
overly complex computation and protective measures on 
CBSDs.  

The interference to noise ratio is up for debate in the 
spectrum community. There is no clear evidence on which this 
criterion is based as no documentation was provided as to how 
this number was agreed upon. This -10 dB figure appears to have 
been determined somewhat arbitrarily [16]. While recent work 
NTIA’s Technical Report TR-19-540 finds shortcomings with 
the current software simulations compared to measured harmful 
interference, further work on the simulation’s receiver models 
could eventually improve measurements of IPC [17]. 

The market penetration factor in these calculations is now 
seen as out-of-date. Members of the community have noted that 
this is one metric that seems unnecessarily high when compared 
with the current data from SASs in use today. 

Other metrics that can be gleaned from current SAS 
registration data is CBSD EIRP and heights. Rather than 
assuming maximum or near-maximum power from CBSDs and 
using an educated guess at their heights, more realistic data  can 
be determined by actual grant information in use today. 

The target for the interference threshold also has the 
potential to be drastically less conservative. Currently, this 
threshold is determined to prevent any detectable interference. 
However, one improvement could be made to determine a 
threshold that will still allow for readable reception as long as 

Authorized licensed use limited to: UNIVERSITY OF COLORADO. Downloaded on June 30,2024 at 20:35:15 UTC from IEEE Xplore.  Restrictions apply. 



interference can be ignored and receiver components can 
operate without over saturation. 

For convenience, Table V lists currently used metrics that 
are assumed or otherwise may be candidates for revision. 

TABLE V.  METRICS SUMMARY 

Market penetration 0.2 

Channel scaling 0.1 

Users served by category A APs 40% 

Users served by category B APs 60% 

UEs per category A AP 3 

UEs per category B AP 500 

Category A EIRP 26 dBm/10 MHz 

Category B EIRP 47 dBm/10 MHz 

Building attenuation loss 15 dB 

Category A AP height 80% at 3 m; 20% at 6 m 

Category B AP height Uniformly random at 6 to 100 m 

Insertion losses 2 dB for both receiver / transmitter 

Interference to noise ratio -10 dB 

ITM Propagation Known to be overly conservative 
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