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National Advanced Spectrum and Communications Test Network (NASCTN)

Mission Statement: The National Advanced Spectrum and Communications Test Network
(NASCTN) provides, through its members, a network for robust test processes and validated
measurement data necessary to develop, evaluate and deploy spectrum sharing technolo-
gies that can improve access to the spectrum by both federal agencies and non-federal
spectrum users.

NASCTN was founded in 2015 as a multi-agency chartered partnership and as of 2022, is a
congressionally mandated function of the National Institute of Standards and Technology
(NIST). NASCTN is coordinated with the National Telecommunications and Information
Administration (NTIA) and other Federal agencies, as appropriate. NIST hosts the NASCTN
capability at the Department of Commerce Boulder Laboratories in Boulder, CO.

The NASCTN program office facilitates and coordinates the use of intellectual capacity,
modeling and simulation, and laboratory and test facilities to meet national spectrum in-
terests and challenges.

NASCTN test projects follow a transparent framework including public dissemination of
test plans, adjudicated comments to the test plans, formal reports containing test meth-
ods, data, and software to the maximum extent permissible.

The NASCTN provides an impartial, scientifically rigorous forum for addressing spectrum-
sharing challenges in an effort to accelerate the deployment of wireless technologies
among commercial and federal users and to measure the impacts of spectrum dependent
systems deployments. NASCTN provides robust test processes, validated measurements
data, and statistical analysis necessary to develop, evaluate, and deploy spectrum shar-
ing technologies that can improve access to the spectrum by both federal agencies and
non-federal spectrum users.

»

NASCTN

National Advanced Spectrum and
Communications Test Network
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NASCTN CBRS SEA

This work is a result of the NASCTN Citizens Broadband Radio Service (CBRS) Sharing
Ecosystem Assessment (SEA) program. The NASCTN CBRS SEA program was requested
and sponsored by Defense Information Systems Agency (DISA) to measure emissions in
the CBRS band. These emissions would be analyzed to ascertain the effectiveness of the
sharing ecosystem between CBRS systems as managed by Spectrum Access Systems (SASs),
and Department of Defense (DoD) systems as monitored by Environmental Sensing Capa-
bilities (ESCs). The collected data will be used by DoD to provide insight into the sharing
ecosystem’s effectiveness and track changes in the spectrum environment over time. This
document describes modeling methodology used to support the program. Test mem-
bers are drawn from government, academia, and/or industry and are the foundation to
NASCTN'’s coordinated, national testing and evaluation capability to enable the improve-
ment and expeditious addressing of national spectrum test interest and challenges. Test
members’ responsibilities include:

* Provide expertise and capabilities to cooperatively enable NASCTN studies;

e Work as a partnership to address the interests and equities of all spectrum stake-
holders in a fair, equitable, and non-preferential manner; and

¢ Through sharing of technical resources, with consideration for cost, provide for, liai-
son, or coordinate access to testing and evaluation capabilities.
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Test Members to the CBRS SEA Program are (in alphabetical order):

MITRE Corporation
National Aeronautics and Space Administration (NASA), Langley Research Center

National Institute of Standards and Technology (NIST), Communications Technology
Laboratory

National Telecommunications and Information Administration (NTIA), Institute for
Telecommunication Sciences (ITS)

Other collaborative partners that were critical to enabling the CBRS SEA program are:

Department of Defense (DoD), Chief Information Officer (CIO)
Hampton University, Norfolk VA

Norfolk International Terminals, Port of Virginia

Naval Surface Warfare Center, Dahlgren Division

University of Colorado, Boulder CO

United States Coast Guard, C5ISR Program, Rescue 21

United States Marine Corps, IC4

United States Navy, Naval Base Pt Loma

United States Navy, Naval Air Station Oceana

Virginia Department of Transportation
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Abstract

The NASCTN CBRS SEA project uses measurements and modeling to provide data-driven
insight into the CBRS sharing ecosystem and changes in the spectrum environment over
time. This report describes modeling and simulation methods based on the Wireless Inno-
vation Forum (WInnForum) Dynamic Protection Area (DPA) procedures for Citizens Broad-
band Radio Service 1.0 (CBRS 1.0) and Citizens Broadband Radio Service 2.0 (CBRS 2.0).
The modeling uses Citizens Broadband Radio Service device (CBSD) deployment informa-
tion from Full Activity Dump (FAD) data to calculate CBSD Move Lists and associated Keep
Lists, estimate aggregate emissions at DPA protection points and SEA sensor locations, and
inform sensor placement. Comparisons of modeled aggregate emissions with sensor mea-
surements identified differences between modeled and measured power levels that vary
by site and channel. Interpretation of these comparisons is subject to uncertainties in FAD
data and actual CBSD operation, propagation and clutter modeling, duty cycle and network
loading assumptions, antenna parameters, and the temporal and spectral characteristics
of CBSD transmissions. The report also evaluates CBRS 2.0 DPA neighborhood distance cal-
culations for selected ESC-monitored DPAs (E-DPAs) and demonstrates that the calculated
distances can depend on protection point selection, CBSD deployment laydown, and the
channel being evaluated.

Keywords

advanced communications; spectrum sharing; aggregate emissions; interference protec-
tion; citizens broadband radio service; CBSD; dynamic protection areas; environmental
sensing capabilities; NASCTN



NIST TN 2392
October 2026
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Glossary

CBRS: A three-tiered shared spectrum ecosystem operating in the 3550 MHz to 3700 MHz
band.

CBSD: Fixed stations or points of wireless access (e.g., base stations) managed and autho-
rized by a SAS.

Clutter Loss: A reduction in radio signal strength caused by obstacles like buildings or veg-
etation, modeled using the ITU-R P.2108 standard in CBRS 2.0 calculations.

CPAS: A mandatory daily synchronization process executed by all SAS administrators be-
tween 07:00 UTC and 10:00 UTC to coordinate spectrum allocations.

dBm: Decibel-milliwatt is a unit of power level expressed in decibels (dB) with reference
to one milliwatt (mW).

DPA: Predefined geographic boundaries where federal incumbent systems must be dy-
namically protected from commercial interference.

ESC: A specialized coastal network of sensors designed to detect federal incumbent radar
activity and signal the SAS to protect those channels.

E-DPA: An ESC-monitored coastal or harbor DPA.

FAD: Datasets generated by SAS administrators containing the formal registration and
grant information of all active CBSDs.

GAA: The third and lowest tier of CBRS spectrum access; General Authorized Access (GAA)
users can use any open block but must yield to Tier 1 incumbents and Tier 2 PALs.

GB-DPA: Terrestrial-based protection areas (such as inland military facilities like Camp
Pendleton) that are treated as “always-on” and possess higher protection thresh-
olds.

Grant: Anauthorizationissued by a SAS to a CBSD to transmit using specified operating pa-
rameters, including an assigned frequency range and maximum equivalent isotrop-
ically radiated power (EIRP).

IAP: The core synchronous algorithm executed first during Coordinated Periodic Activities
among SASs (CPAS) to calculate aggregate interference protection for non-federal
higher-tier entities.

ITM: A point-to-point propagation model used to compute path loss over varied terrain
contours.

Keep List: A compiled list of specific CBSD grants authorized by the SAS to continue trans-
mitting on a protected channel when a DPA becomes active.

Laydown: A dataset representing the geographic distribution and associated characteris-
tics of CBSD deployments used as input to modeling and simulation.

Move List: A list of CBSD grants that fall within an active DPA neighborhood and must be
suspended or moved to an alternate channel within 300 seconds of radar detection.

Neighborhood Distance: The calculated geographic radius around a DPA protection point
used to determine which CBSDs must be evaluated on the Move List.

PAL: Thesecond tier of the CBRS framework, authorized via competitive bidding in 10 MHz
blocks with spectrum priority over GAA.

Vi



NIST TN 2392
October 2026

PFP:

PPA:

PSD:

SAS:

Measurement metrics extracted from sensor captures to isolate and analyze active
wireless transmissions.

A bounded geographic area where a PAL licensee is legally protected from GAA in-
terference.

A high-fidelity spectral measurement characterizing a signal’s power distribution nor-
malized per unit of frequency (dBm/Hz).

A highly automated, cloud-based coordinator that manages channel assignments,
checks aggregate interference, and grants spectrum access for PAL and GAA users.

Vii
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Executive Summary

The purpose of the National Advanced Spectrum and Communications Test Network
(NASCTN) Citizens Broadband Radio Service (CBRS) Sharing Ecosystem Assessment (SEA)
project is to provide data-driven insight into the CBRS sharing ecosystem’s effective-
ness between commercial and Department of Defense (DoD) incumbent systems and
to track changes in the spectrum environment over time. CBRS is a nationwide shared
spectrum ecosystem in the 3550 MHz to 3700 MHz band. To support the SEA project,
NASCTN developed modeling and simulation methods based on the Wireless Innovation
Forum (WInnForum) CBRS Dynamic Protection Area (DPA) procedures. The modeling in-
formed sensor site selection and supported comparison of modeled aggregate emissions
with measurements collected at operationally relevant sites near Norfolk, VA and San
Diego, CA.

The modeling implements the WinnForum DPA Move List procedures for Citizens Broad-
band Radio Service 1.0 (CBRS 1.0) and Citizens Broadband Radio Service 2.0 (CBRS 2.0)
using Citizens Broadband Radio Service device (CBSD) deployment information from Full
Activity Dump (FAD) data. The implementations are used to calculate CBSD Move Lists
and associated Keep Lists and to estimate aggregate emissions at DPA protection points
and NASCTN SEA sensor locations. Modeling was also used to estimate sensor radio fre-
guency (RF) horizon coverage and expected CBSD emission levels to inform sensor place-
ment.

Comparison of modeled aggregate emissions with sensor measurements identified differ-
ences between modeled and measured power levels that vary by site and channel. The
analysis also illustrates differences between the CBRS 1.0 and CBRS 2.0 implementations.
Interpretation of these comparisons is subject to uncertainties in FAD data and actual CBSD
operation, propagation and clutter modeling, duty cycle and network loading assumptions,
antenna parameters, and the temporal and spectral characteristics of CBSD transmissions.
The comparisons presented in this report primarily use the July 1, 2025 FAD dataset and
selected measurement intervals. Additional evaluation across other dates and operating
conditions is needed to determine whether the observed relationships between modeled
and measured results persist over time.

The report also evaluates the CBRS 2.0 DPA neighborhood distance calculation for selected
Environmental Sensing Capability (ESC)-monitored DPAs (E-DPAs). The recalculation re-
sults demonstrate that the calculated neighborhood distances can depend on the number
and spatial distribution of protection points, the CBSD deployment laydown, and the chan-
nel being evaluated. These results provide a basis for further evaluation of DPA neighbor-
hood calculations using representative CBSD deployments and broader protection point
configurations.

This modeling methodology report is not designed to be a comprehensive document about
the NASCTN CBRS SEA project. Detailed information about the project’s goals, sensor con-
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struction, data manual, and ecosystem analysis can be found at https://www.nist.gov/pro
grams-projects/cbrs-sharing-ecosystem-assessment.

This modeling report is targeted at commercial, military, and civilian stakeholders in CBRS
who would benefit from modeling and analysis of a shared spectrum environment. To
access the data and detailed analyses produced by this program, email nasctn@nist.gov.
For more advanced analysis in the Python and MATLAB programming languages, users can
access three repositories hosted on GitHub at:

¢ https://github.com/usnistgov/nasctn-sea-modeling
e https://github.com/usnistgov/nasctn-sea-rf-mapping

¢ https://github.com/usnistgov/nasctn-sea-dpa-neighborhood


https://www.nist.gov/programs-projects/cbrs-sharing-ecosystem-assessment
https://www.nist.gov/programs-projects/cbrs-sharing-ecosystem-assessment
mailto:nasctn@nist.gov
https://github.com/usnistgov/nasctn-sea-modeling
https://github.com/usnistgov/nasctn-sea-rf-mapping
https://github.com/usnistgov/nasctn-sea-dpa-neighborhood
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1. Introduction

The Defense Information Systems Agency (DISA) proposed a measurement campaign to
the National Advanced Spectrum and Communications Test Network (NASCTN) to mea-
sure emissions in the Citizens Broadband Radio Service (CBRS) band, i.e., the 3550 MHz
to 3700 MHz band. This measurement campaign is designed to assess the effectiveness
of the sharing ecosystem between Citizens Broadband Radio Service devices (CBSDs), as
managed by Spectrum Access Systems (SASs), and Department of Defense (DoD) incum-
bent systems, whose operations are protected through the CBRS sharing framework. The
collected data provide DISA with information to assess the sharing ecosystem and track
changes in the spectrum environment over time.

1.1. CBRS Ecosystem

The Federal Communications Commission (FCC) established the CBRS in the 3550 MHz to
3700 MHz band using a three-tiered framework: Federalincumbent (Tier 1), Priority Access
License (PAL) (Tier 2), and General Authorized Access (GAA) (Tier 3), as shown in Figure 1.
Launched commercially in July 2020, this shared ecosystem relies on Environmental Sens-
ing Capabilities (ESCs) to detect incumbent activity and SASs to automate spectrum coor-
dination. To protect incumbents, SASs execute a Wireless Innovation Forum (WInnForum)
Dynamic Protection Area (DPA) Move List Calculation, pre-calculated by all SASs at mid-
night Coordinated Universal Time (UTC). The calculation contains assumptions about prop-
agation, CBSD location and height, antenna patterns, and other protection factors. The
specific assumptions and methods used in this calculation can affect DPA protection results
and CBSD operation. From July 2020 to June 2024, the calculations were implemented ac-
cording to the specifications outlined in the WIinnForum Release 1 Specification document
[1], and this realization of the CBRS ecosystem is referred to as Citizens Broadband Ra-
dio Service 1.0 (CBRS 1.0). Beginning in June 2024, the calculations were revised based
on the WinnForum Post Initial Certification Revisions Specification document, collectively
referred to in this report as Citizens Broadband Radio Service 2.0 (CBRS 2.0) [2].

1.2. Test Request

The DoD 3.5 GHz Transition Plan focuses on ecosystem validation, environmental assess-
ments, and continued engagement in refining the CBRS infrastructure. DISA identified one
component for submission to NASCTN via a test request: to evaluate the effectiveness of
the CBRS sharing ecosystem that manages coexistence between Federal incumbent sys-
tems and commercial users through an independent trusted agent.

The DISA test request sought to achieve four objectives regarding the assessment of the
CBRS band:

1. Provide data to determine efficacy of permanent sharing between CBRS systems as
managed by SAS systems and ESC systems



NIST TN 2392
October 2026 NASCTN-SEA-MODELING-REPORT

. Incumbents are protected from
Tier1 Inoumbents Incumbents interference from PAL and GAA.

Tier 2 Priority Access PAL PAL has priority over GAA. Licensed
Licenses (PAL) in 10 MHz blocks.

GAA can use any available

Jivdnie ) Y i
trum, but t yield t
Authorized Access (GAA) GAA SPECtrim, BUt Must yietd o

Incumbents and PAL.

3550 MHz 3600 MHz 3650 MHz 3700 MHz

Fig. 1. FCC'’s three-tiered access for CBRS.

e Attempt to obtain corroborating data from CBRS community stakeholders
2. Collect power levels in the CBRS band through continuous automated observations
3. Collect emissions in the CBRS band in the vicinity of San Diego, CA and Norfolk, VA

4. Collect emissions in the CBRS band within at least one Always-On DPA (United States
Marine Corps (USMC) Camp Pendleton)

The DISA test request was further divided into three major components:

¢ Passive Observation Coastal DPAs: Characterize aggregate emissions within the
CBRS band 3550 MHz to 3700 MHz in the vicinity of at least two Coastal DPAs, with
and without DPA activations. Assess ecosystem performance to respond in a timely
manner, and measure the increase in background emissions due to wireless system
deployments over time.

¢ Passive Observation Always On DPA: Characterize aggregate emissions within the
CBRS band 3550 MHz to 3700 MHz in at least one Always-On DPA or ground-based
DPA (GB-DPA). Assess ecosystem performance to limit CBRS emissions in the Always-
On DPA.

¢ Long Term Support: Collection and analysis of Passive Observations over 4 years,
and support transfer of data to a DoD data repository.

The DISA test request encompasses the full CBRS band, 3550 MHz to 3700 MHz. The DPA
modeling analyses presented in this report focus on the lower 100 MHz, 3550 MHz to
3650 MHz, where DPAs are used to protect Federal incumbent operations. Accordingly, the
DPA modeling generally evaluates ten 10 MHz channels spanning 3550 MHz to 3650 MHz.

These test request components form the basis for the objectives of the NASCTN CBRS
Sharing Ecosystem Assessment (SEA), as described in the associated test plans for studying
CBRS ecosystem dynamics, sensor development and deployment, and the data pipeline for
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collecting and disseminating sensor observations [3, 4]. The following sections describe
how modeling and simulation support these objectives and the assessment of the CBRS
ecosystem.

1.3. Modeling Methodology

This document outlines the methodology used to inform sensor site selection and sen-
sor data analysis before and during the execution phase of the test plan. The sensors are
deployed on the East and West Coasts and in Boulder, CO. The East Coast sensors are in
proximity to the coastal or ESC-monitored DPA (E-DPA) known as East 1, which covers the
maritime region near Norfolk, Virginia, as well as the harbor E-DPA. The West Coast sen-
sors are proximal to the E-DPAs West 13 and West 14, which cover maritime regions near
San Diego and Long Beach, California, as well as the harbor E-DPA for San Diego. One West
Coast sensor is located inside GB-DPA Camp Pendleton, California. Figure 2 shows the lo-
cations of the deployed sensors. The sensor in Boulder, CO, provides a reference point in
an area not covered by a DPA. Further information on the sensors and their installation pa-
rameters is provided in the NASCTN test plans and hardware development documentation
[3-5].

West Coast East Coast

Regions of Interest
’

Cotair sancirence
@Dchvi
fan ’L‘Vemen:e g
‘‘‘‘‘‘ o,
Waery
Sai@iego 5
@ Chula Vista e B ouianco - Mo
g - oo
" USCG Rescue 21 — Catalina Green Mountain Mesa, Norfolk International
Catalina Island, CA e Boulder, CO NIT Terminal, Norfolk, VA
Pendleton USMC Camp Pendleton, CA HU Hampton University,
Hampton, VA
Mid USS Midway Museum, San :
LCW3Y, Diego, CA 5 Chesapeake Bay Bridge
Tunnel, Norfolk, VA
PtLoma Navy Building T17 — Pt. Loma, —
San Diego, CA G NAS Oceana, Virginia Beach,

VA

Fig. 2. Map of deployed NASCTN SEA sensors.

Figure 3 depicts the high-level modeling workflow. Through collaboration with National
Telecommunications and Information Administration (NTIA), CBRS Interagency Joint Work-
ing Group (IJWG), and industry, several CBSD deployment laydowns were considered, in-
cluding census population based, obfuscated, and Full Activity Dump (FAD) datasets. The
census population based laydown represents a simulated deployment developed during
the initial formulation of CBRS sharing rules, while the obfuscated laydown was developed
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for use by Federal agencies while protecting industry data. The FAD data provide time spe-
cific information on registered CBSDs and grants and are used as the primary deployment
input for the analyses presented in this report.

Both CBRS 1.0 and CBRS 2.0 DPA Move List models based on the WInnForum reference
implementations were used to calculate CBSD Move Lists and associated Keep Lists and
estimate aggregate emissions at DPA protection points and SEA sensor locations. Section 2
describes the CBSD deployment data, DPA Move List calculations, and aggregate emission
modeling. Section 3 describes how radio frequency (RF) horizon modeling and predicted
CBSD emission levels were used to inform sensor location selection. Section 4 compares
modeled aggregate emissions with sensor measurements and examines associated model-
ing assumptions and uncertainties. Finally, Section 5 evaluates the sensitivity of CBRS 2.0
DPA neighborhood distance calculations to protection point selection and CBSD deploy-
ment laydown.

¢ Modeling
* Neighbor List Informed Site

OIS CBSD « Move List Sk’ P rotection Selection
. Agsregate el ; f
L V19 laydown Keep List . o Correlations with
aydowns fg e H el lelg1 e SEA sensor Measurement

¢ Global Keep List * .
e Effect of CBRS 2.0

e Underlying CBRS
evolution/usage
statistics

Fig. 3. Modeling workflow.

1.4. Program Publication

This document is not intended to be a comprehensive overview of the NASCTN CBRS SEA
project. Several related documents are available in draft form [3, 4], have been published
[5, 6], or are in preparation. Figure 4 shows the publication plan and responsible organiza-
tions as of the time of this publication. This document supplements the series of previous
and pending publications.
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2. Modeling Approach

This section details the foundational input data, algorithms, and software used for the
modeling.

2.1. CBSD Deployment Laydown

The SAS Administrators provided the NTIA Office of Spectrum Management (OSM) and
Institute for Telecommunication Sciences (ITS) FAD data on CBRS deployment on a quar-
terly basis [7]. In a joint collaboration to support the SEA project, NASCTN received two
sets of FAD data generated on April 1, 2025 and July 1, 2025 from NTIA ITS. In this re-
port, the July 1, 2025 FAD dataset is used to present the CBSD deployment laydown and
modeling analyses. Analyses using the April 1, 2025 FAD dataset produced similar overall
modeling results and, therefore, are not presented in this report.

280
e

aanss

""""

Fig. 5. CBSD laydown populated from July 1, 2025 FAD data.

Figure 5 depicts the CBSD deployment laydown populated from the FAD data. The to-
tal number of CBSDs with one or more unexpired grants is 414 938, where more than
400000 CBSDs are deployed within the contiguous United States (CONUS). There are
approximately 96 % outdoor Category B CBSDs and 4 % indoor Category A CBSDs. The
CBSDs employ various radio access technologies, including Third Generation Partnership
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Project (3GPP) Evolved Universal Terrestrial Radio Access (E-UTRA) and Fifth Generation
New Radio (5G NR), as well as proprietary fixed wireless access protocols from vendors
such as Tarana Wireless and Cambium Networks. According to the WinnForum standards
[8], each CBSD can have multiple grants operating on different channels as either PAL or
GAA. This dataset contains 1236 605 active grants in total, with 19 % assigned to PAL and
81 % to GAA. The operational channel bandwidth for each grant can be from the set {5,
10, 20, 40} MHz. Additional information about FAD data and CBSD grants can be found in
the WinnForum reports [8] and [9].

2.2. WinnForum Reference DPA Move List Algorithm

Regulatory rules [10] require that the SAS administrators manage their CBSD transmissions
to protect the operations of existing incumbents in the band. To meet the requirement,
the WIinnForum CBRS standards specified the DPA protection procedure, also known as the
DPA Move List Calculation, to be executed by all SASs during Coordinated Periodic Activities
among SASs (CPAS) [11]. Given a set of CBSD transmissions that have or request grants
overlapping with a protected frequency range, the Move List calculation identifies which
transmissions must be suspended (and possibly relocated to a different channel) to avoid
excessive interference in a protected federal incumbent area. Details of the calculation
and its reference implementation can be found in [1, R2-SGN-24] and [12].

The primary output of the Move List algorithm is the Move List of CBSDs for each 10 MHz
channel for each DPA. For the purpose of this modeling and simulation, a Neighbor List and
a Keep List for the DPA are also considered. The Neighbor List is defined as the union of
the Neighbor Lists of the protection points inside the DPA. The Keep List is defined as the
complement of the Move List and contains grants that may remain active on the protected
channel when the DPA is active.

In 2024, the CBRS IJWG proposed several changes that significantly impacted the DPA pro-
tection calculation and results. These algorithmic modifications form the basis for the
transition from CBRS 1.0 to CBRS 2.0. Table 1 compares the methods and factors used in
CBRS 1.0 to CBRS 2.0. These modifications include the Irregular Terrain Model (ITM) path
loss and interference calculation, duty cycle and network loading factor, ITU-R P.2108 clut-
terloss [13, Section 3.2], and DPA neighborhoods. The 8 dB duty cycle and network loading
adjustment corresponds to an assumed 80 % time division duplex (TDD) activity factor and
20 % network loading factor, resulting in an average power factor of 0.8 x 0.2 = 0.16, or
approximately -8 dB [2].
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Table 1. Implementation changes between CBRS 1.0 and CBRS 2.0 impacting DPA Move
List and aggregate interference calculation.

Path loss and aggregate Use the 95t"-percentile aggregate Use a fixed 50 % ITM reliability (median)
interference calculation interference from a 2000-

iteration Monte Carlo with

randomized ITM reliability values

from 1 % to 99.9 %

Duty cycle and network None Apply an 8 dB duty cycle and network
loading factor loading adjustment to all CBSDs
Clutter None Apply median clutter loss to all CBSDs
with antenna height < 6 m AGL
DPA neighborhoods Use 4 neighborhood categories: Use 8 neighborhood categories:
» Category B CBSD * Category B CBSD (> 6 m AGL)
* QOB Category B CBSD * Category B CBSD (£ 6 m AGL)
* Category A CBSD * Qutdoor Category A CBSD (> 6 m AGL)
* QOB Category A CBSD * Qutdoor Category A CBSD (< 6 m AGL)

* Indoor Category A CBSD (> 6 m AGL)
* Indoor Category A CBSD (< 6 m AGL)
* OOB Category A CBSD: 0 km
* 0OOB Category B CBSD: 0 km

CBRS 1.0 CBRS 2.0

Fig. 6. lllustrations of E-DPA Category B neighborhood sizes used in CBRS 1.0 and CBRS
2.0 Move List calculation.

A major modification in CBRS 2.0 is the reduction in CBSD neighborhood distances, espe-
cially for Category B CBSDs. Figure 6 illustrates the Category B CBSD neighborhoods (green
polygons) associated with DPAs (red polygons) on the East and West Coasts. As shown in
the figure, the neighborhoods are much smaller for CBRS 2.0 than for CBRS 1.0, especially

10
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on the East Coast. The larger CBRS 1.0 neighborhood distances on the East Coast relative
to the West Coast reflect differences in coastal geography and terrain-dependent propa-
gation, including greater terrain blockage in mountainous areas along the West Coast. The
reduced CBRS 2.0 neighborhood distances result from revisions to the aggregate interfer-
ence modeling framework intended to better represent CBSD operation and propagation
while maintaining incumbent protection.

2.3. DPA List Sizes

To assess the impacts of CBRS 2.0 on the aggregate emissions collected by NASCTN CBRS
SEA sensors, NASCTN implemented both versions of the DPA Move List algorithm and ran
simulations using the July 1, 2025 FAD data. Figure 7 compares the number of CBSD grants
on the Move and Keep Lists for each 10 MHz channel using the CBRS 1.0 and CBRS 2.0
implementations for E-DPAs East 1, West 13, West 14, and GB-DPA Camp Pendleton.
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5 5, 8000 o
a 10000 a
@ 8000 A m 60007
@) @)
‘-05 6000 1 ‘-‘5 4000 -
E 4000 E 2000
g 2000 g
S S
Z 0 - Z 0 -
36663666'5‘3,\6{5‘)%6'56%6360636\’636()’6'56?’6(563‘6 3666366636,\636%636%6360636\/636()’636?’636D‘c‘)

Center frequency (MHz) Center frequency (MHz)

(a) E-DPA East 1 (b) E-DPA West 13
& 10000 @ 100
<] BN Move list (CBRS 1.0) @8 Move list (CBRS 2.0) <] BN Move list (CBRS 1.0) @8 Move list (CBRS 2.0)
© Keep list (CBRS 1.0) Keep list (CBRS 2.0) @© Keep list (CBRS 1.0) Keep list (CBRS 2.0)
&, 8000 5 80 o
a 7
& 6000 A 560
@] @]
‘S 4000 S 40
— —~
2 2000 2 20
g g . . I l l
s s
Z 0 - Z 0-

"3‘366“)666'5‘5‘66‘3%6'5‘3966606'5@\6"56(1‘6'5@0’6%6Df’ %666'5‘366'5‘5\6%‘3‘2’6%‘3%6560666\66@66@6’56b‘c)
Center frequency (MHz) Center frequency (MHz)
(c) E-DPA West 14 (d) GB-DPA Camp Pendleton

Fig. 7. Comparison of the number of CBSD grants on the Move List and Keep List of
different DPAs for CBRS 1.0 and CBRS 2.0.
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The smaller DPA neighborhood distances in CBRS 2.0 result in smaller Neighbor Lists, i.e.,
the combined Move and Keep Lists, for the 10 MHz channels evaluated here. This effect
is particularly apparent for E-DPA East 1 and GB-DPA Camp Pendleton. The Move List sizes
are also affected by other changes implemented in CBRS 2.0, including the 8 dB duty cycle
and network loading adjustment, clutter loss, and the revised statistical treatment of ITM
propagation.

2.4. Aggregate Emission at Protection Points within a DPA

This section presents aggregate emission estimates at protection points within DPAs of
interest. The calculation is based on the WinnForum aggregate interference check at a
potential radar location [1, R2-SGN-12] and [12]. The statistical treatment of aggregate
interference differs between the CBRS 1.0 and CBRS 2.0 implementations. For CBRS 1.0,
aggregate interference is evaluated using 2000 Monte Carlo iterations with varying ITM
reliability, and the 95th-percentile aggregate interference is determined for each radar an-
tenna pointing direction. For CBRS 2.0, ITM propagation loss is evaluated at a fixed 50 %
reliability (median). For both implementations, the reported aggregate interference value
at each protection point is the maximum across 240 radar antenna pointing directions.
In this report, the resulting aggregate interference estimates at DPA protection points are
referred to as modeled aggregate emission.

2.4.1. E-DPA

For E-DPAs East 1, West 13, and West 14, the aggregate emission at each protection point
is estimated when the E-DPA is inactive and active. When the E-DPA is inactive, i.e., no
incumbent presence is detected within the E-DPA, the aggregate emission is calculated
from the Neighbor List CBSDs. When the E-DPA is active due to detection of incumbent
presence, the aggregate emission is calculated from the Keep List CBSDs. The reference
radar directional antenna pattern in [1] is applied at each protection point, using a 3.0°
beamwidth normalized to 0 dBi peak gain.

Figure 8 shows examples of aggregate emission heatmaps at protection points inside
E-DPAs East 1, West 13, and West 14 for the 3570 MHz to 3580 MHz channel using the
CBRS 2.0 implementation and CBSD registrations from the July 1, 2025 FAD dataset. Fig-
ures 8a, 8c, 8e show heatmaps of inactive DPAs, whereas Figures 8b, 8d, 8f show heatmaps
of active E-DPAs. When the E-DPA is inactive, the protection points closer to the shore
receive stronger aggregate emission levels from the Neighbor List CBSDs than those pro-
tection points further offshore. This is mainly due to greater propagation losses at longer
distances. When the E-DPA is activated, CBSDs on the Move List are suspended or re-
assigned to another channel. The Move List calculation is designed to limit aggregate
interference from the remaining Keep List grants at the protection points to the required
protection level of -144 dBm/10 MHz [1, R2-IPM-04].

12
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Fig. 8. Aggregate emission estimate at protection points inside E-DPAs East 1, West 13,
and West 14 when the E-DPA is inactive and active for the 3570 MHz to 3580 MHz
channel using the CBRS 2.0 implementation and the July 1, 2025 FAD dataset.
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Figure 9 presents cumulative distribution functions (CDFs) of the modeled aggregate emis-
sion across the protection points within each E-DPA for the 3570 MHz to 3580 MHz chan-
nel. For each E-DPA, the left panel shows the inactive state, for which aggregate emission
is calculated from grants on the Neighbor List, and the right panel shows the active state,
for which aggregate emission is calculated from grants on the Keep List. The CBRS 1.0
and CBRS 2.0 implementations are shown for comparison. The dashed vertical line indi-
cates the -144 dBm/10 MHz protection threshold. For the inactive DPA cases shown, the
CBRS 2.0 distributions are shifted toward lower modeled aggregate emission levels rela-
tive to CBRS 1.0. The lower modeled aggregate emission levels result from the combined
effects of changes implemented in CBRS 2.0, including the revised DPA neighborhood dis-
tances, the duty-cycle and network-loading adjustment, clutter loss, and the revised statis-
tical treatment of ITM propagation. The contribution of each individual change is not iso-
lated in this analysis. For the active E-DPA cases, the relative shift between the CBRS 1.0
and CBRS 2.0 distributions varies by DPA, reflecting differences in Keep List composition
and in the propagation and aggregate interference calculations used by the two imple-
mentations.

To provide an overall comparison across the evaluated E-DPAs, Figure 10 pools the mod-
eled aggregate emission values from all protection points, E-DPAs, and evaluated 10 MHz
channels into empirical CDFs for the inactive and active states. These pooled distributions
summarize the overall differences between the two implementations but do not preserve
DPA-, channel-, or protection-point-specific behavior. When the E-DPAs are inactive, the
CBRS 2.0 CDF is shifted to lower aggregate-emission levels relative to CBRS 1.0. This shift
reflects the combined effects of the revised DPA neighborhood distances, duty-cycle and
network-loading adjustment, clutter loss, and revised statistical treatment of ITM propa-
gation; the contribution of each individual change is not isolated in this analysis. For the
active DPA cases, the upper tails of both CBRS 1.0 and CBRS 2.0 distributions overlap more
closely near the -144 dBm/10 MHz protection threshold, although differences remain at
lower aggregate emission levels. These differences reflect the combined effects of changes
to the Keep List composition and the propagation and interference calculation parameters
used in the two implementations.

2.4.2. GB-DPA

Unlike E-DPAs, which can be activated or deactivated due to incumbent activities, a GB-DPA
is always-on, with channel-specific static protection criteria to protect adjacent-band in-
cumbent systems. This results in the suspension of all transmissions of Move List CBSDs
until these CBSDs can be removed from the Move List during the next CPAS. Thus, the ag-
gregate emissions at protection points inside the GB-DPA are computed only from the Keep
List. In addition, unlike E-DPAs, which have a fixed protection threshold at -144 dBm/10
MHz, the protection threshold for GB-DPAs is much higher and varies across 10 MHz chan-
nels in 3550 MHz to 3650 MHz. Figure 11 shows a heatmap of aggregate emission esti-
mates at protection points inside the always-on GB-DPA MCBPendleton-3 on 3570 MHz to
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Fig. 9. Empirical CDFs of modeled aggregate emission across protection points within
E-DPAs East 1, West 13, and West 14 for the 3570 MHz to 3580 MHz channel using the
CBRS 1.0 and CBRS 2.0 implementations.

3580 MHz channel. The protection threshold on this channel is -76 dBm/10 MHz, which
falls within the range of -79 dBm/10 MHz to -71 dBm/10 MHz for other channels in the
3550 MHz to 3650 MHz band. As shown in the figure, aggregate emissions are higher at
protection points further south due to a nearby cluster of CBSDs operating on this channel,
but all are below the required threshold of -76 dBm/10 MHz.

Figure 12 presents empirical CDFs of the modeled aggregate emission across protection
points within GB-DPA MCBPendleton-3 for the 3570 MHz to 3580 MHz channel using the
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Fig. 10. Empirical CDFs of modeled aggregate emission pooled across protection points,
E-DPAs, and 10 MHz channels using the CBRS 1.0 and CBRS 2.0 implementations.
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Fig. 11. Modeled aggregate emission at protection points within GB-DPA
MCBPendleton-3 for the 3570 MHz to 3580 MHz channel using the CBRS 2.0
implementation.

CBRS 1.0 and CBRS 2.0 implementations. Because this GB-DPA is always on, aggregate
emission is calculated from grants on the Keep List for both implementations. The CBRS 2.0
distribution is shifted toward lower aggregate-emission levels relative to CBRS 1.0 for this
channel. The dashed vertical line indicates the —-76 dBm/10 MHz protection threshold, and
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the modeled aggregate emission remains below this threshold for all evaluated protection
points under both implementations.
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Fig. 12. Empirical CDFs of modeled aggregate emission across protection points within
GB-DPA MCBPendleton-3 for the 3570 MHz to 3580 MHz channel using the CBRS 1.0 and
CBRS 2.0 implementations.
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3. Modeling Informed Sensor Location Selection

To assess the effectiveness of spectrum sharing in the CBRS ecosystem across geographic
regions of interest, the NASCTN SEA project needed to identify potential sensor locations
to survey the vicinity of San Diego, CA and Norfolk, VA. Modeling was used to identify
potential sensor locations by estimating the SEA sensors’ RF horizon coverage of CBSDs
and predicting anticipated CBSD emission levels at these locations.

Once RF horizon mappings were modeled and anticipated CBSD emission levels were pre-
dicted, physical site surveys were conducted at identified candidate locations to determine
whether a deployed sensor could achieve its desired functions:

* measure dynamics in emissions due to DPA activation,
* measure longitudinal changes in cellular emissions,
¢ observe aggregate and residual emissions during periods of DPA activation.

Besides technical challenges, there are obstacles and complexities in getting access and
approval for sensor installations at civilian and military locations. The combination of con-
straints imposed by site survey results and logistical challenges was used to further reduce
the set of potential locations and generate new locations, thereby developing an increas-
ingly viable set of deployment sites. For each repetition of this process, the RF coverage of
any new location was calculated. Thus, the site modeling and physical survey process was
iterated to identify the practical sensor locations that meet the technical objectives within
a given area.

3.1. Sensor RF Horizon Mapping

To aid inidentifying potential sensor locations, a sensor RF horizon mapping tool was devel-
oped to estimate the geographic region over which a CBSD signal is expected to exceed the
sensor sensitivity threshold. The tool is based on the WinnForum approach for computing
an ESC sensor “whisper zone” [12, 14], with parameter adjustments appropriate for the
NASCTN sensor design and deployment and the CBRS 2.0 implementation. Although the
tool can be applied to different CBSD categories and indoor and outdoor deployments, this
section presents RF horizon mapping examples for outdoor Category B CBSDs. Table 2 lists
the parameters used by the tool, including CBSD installation parameters, sensor sensitivity
and antenna pattern, propagation model, and other modeling factors.

To account for the directional response of the sensor antennas, modeled 2D radiation pat-
terns for the commercial antennas are incorporated into the simulation. Figure 13 illus-
trates the modeled radiation patterns at 3600 MHz for an omnidirectional antenna and
a 15° panel antenna in both vertical and horizontal polarizations. Figures 13a and 13b
display the 0° elevation and full 2D patterns for the omnidirectional antenna. Figures 13c
and 13d provide the corresponding views for the panel antenna in vertical polarization, and
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Table 2. Parameter assumptions used by the RF horizon mapping tool to estimate SEA
sensor coverage of Category B CBSDs.

Parameter Value

Category B CBSD EIRP (dBm/MHz) 37
Antenna height (m) 25
Sensitivity (dBm/MHz) -108
2D antenna pattern Omnidirectional and panel
Path Loss Propagation model ITM (median)
Center frequency (GHz) 3.625
Duty cycle & network loading factor (dB) 8

Figures 13e and 13f show the panel antenna patterns in horizontal polarization. While an
omnidirectional antenna maintains uniform gain over a full 360° azimuth, a panel antenna
concentrates its power to provide higher gain over a narrower beamwidth.

As sites were identified, the RF horizon mapping tool provides insight into what the sensors
are expected to observe at each deployment location. Figure 14 shows examples of mod-
eled RF horizon coverage of a Category B CBSD at different sensor locations using different
antennas. Figures 14a and 14b show the mappings at a location on Island 4, Chesapeake
Bay Bridge Tunnel (CBBT) in Virginia, using an omnidirectional antenna and a 15° panel
antenna, respectively. Similarly, Figures 14c and 14d show the mappings at a location on
Catalina Island using omnidirectional and panel antennas. The black circles show the areas
around the sensor location with 10 km radius intervals. Under the assumptions in Table 2,
Figures 14a and 14b indicate modeled coverage of a Category B CBSD extending to approx-
imately 50 km from the CBBT sensor in some directions. For the omnidirectional antenna,
the modeled coverage extends over most azimuths, whereas the panel antenna produces
a narrower coverage region oriented toward the antenna pointing direction. Compared
with the CBBT location, the Catalina sensor is at a much higher altitude, approximately
600 m, resulting in modeled coverage extending to approximately 140 km in some direc-
tions under the assumptions in Table 2. The modeled coverage also contains gaps where
rugged terrain surrounding Catalina Island blocks the line-of-sight (LOS) path, and the re-
maining non-line-of-sight (NLOS) propagation paths do not provide sufficient link margin
to meet the modeled detection threshold.

3.2. Sensor Placement

In discussions with the internal NASCTN team and stakeholders, an overall deployment
strategy for sensors was developed for both the East and West Coasts. For sensors located
within an area of dense CBSD deployment, variations in distance and propagation condi-
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Fig. 13. 2D radiation patterns of omnidirectional and 15° panel antennas at 3600 MHz,
with the panel antenna modeled in vertical and horizontal orientations.
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(c) Catalina, omnidirectional (d) Catalina, panel

Fig. 14. RF horizon mapping of a Category B CBSD at Chesapeake Bay Bridge Tunnel
(CBBT), Virginia, and Catalina Island, California. The radii of the concentric range circles
increase in increments of 10 km.

tions can result in large differences in received power, such that measurements may be
dominated by a small number of nearby CBSDs. For sensors located farther from the clus-
ter, a given absolute difference in CBSD-to-sensor distance produces a smaller difference in
free space path loss. As aresult, the powers received from CBSDs within the cluster may be
more comparable, allowing the sensor to provide a broader aggregate view of emissions
from the cluster. Based on these considerations, sensors were considered both within and
outside dense CBSD deployment areas.

Using the RF horizon mapping tool, candidate sites were evaluated for their modeled cov-
erage of CBSD emissions and their potential to observe aggregate emissions from multiple
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CBSDs. As candidate locations were down-selected through modeling and physical site
surveys, final sensor placements were determined based on deployment feasibility and
the measurement objectives for each site. Table 3 provides installation parameters for the
nine deployed sensors, with four sensors in the Norfolk, VA region, four sensors in the San
Diego, CA region, and one sensor in Boulder, CO. Three sensors at CBBT, Catalina, and Point
Loma have both omnidirectional and directional antennas installed. The sensor at Green
Mountain Mesa (GMM) in Boulder, CO, serves as a non-DPA baseline sensor and a local
development sensor to test software updates before deployment to remote sensors on
the East and West Coasts. Figure 15a and Figure 15b display the deployed sensor locations
on the maps.

Table 3. SEA sensor installation parameters.

Sensor Short | Sensor Long Name Location Latitude Longitude |Height(Height| Antenna |Antenna
Name (m) | Type | Type |Azimuth
NIT e SIGEEOE oo v 36.91552  -76.32245 485 AMSL  Omni
Terminal
HU Hampton University . ion,vA 37.02578  -76.34120 704 AMSL  Omni

Tower
Island 4, Chesapeake Chesapeake Bay,

CBBT-Omni Bay Bridge Tunnel VA 37.04608 -76.06300 40.4 AMSL Omni
CBBT- Island 4, Chesapeake Chesapeake Bay, 15° Panel o
Directional  Bay Bridge Tunnel VA 37.04608 PREERI SR e Ver. Pol. 205
Oceana Naval Air Station Virginia Beach,  j¢ 63512 76.02953 8.5 AGL  Omni

Oceana VA
Catalina-Omni US CO3St Guard Tower .. ca 3337956 -118.41641 4.7 AGL Omni

Site (Mt Orizaba)
e S (TR LI UDBE oo 33.37956  -118.41641 4.4 AGL = ranel g3

Directional  Site (Mt Orizaba) Ver. Pol.

USMC Camp USMC Camp _ .
Pendleton Pendleton pendleton, CA 33.28231 117.38838 6.4 AGL Omni
Midway USS Midway Museum San Diego, CA 32.71399 -117.17526 50.0 AGL Omni
PtLoma-Omni Point Loma San Diego, CA 32.67026  -117.24047 3.0 AGL Oomni
R Point Loma SanDiego, CA  32.67026 -117.24047 3.0 AGL > Fanel g
Directional Hor. Pol.
GMM Green Mountain Mesa Boulder, CO 39.99180 -105.27452 1783.4 AMSL 90° Panel  12°

Taking the sensor deployments in the Norfolk, VA region, the two deployed sensors at
Norfolk International Terminal (NIT) and Hampton University (HU) are both within areas of
dense CBSD deployment. The sensor deployed at Naval Air Station Oceana is still within an
area of CBSD deployment, but is farther from the highest concentration of CBSDs. These
sensors are positioned to measure local CBSD emissions and changes associated with DPA
activation and deactivation. The CBBT sensor, located outside the metropolitan area, pro-
vides a broader aggregate view of emissions from the Norfolk area with less influence from
nearby CBSDs. Together, these sensor locations support measurements of CBSD emission
changes in the Norfolk area associated with activation and deactivation of E-DPA East 1.
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Fig. 15. Maps of deployed sensors near DPAs on the East and West Coasts.
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On the West Coast, the Catalina sensor is located within the area enclosed by the inner
boundary of E-DPA West 13, but outside the DPA itself and the metropolitan area, pro-
viding a broader view of aggregate emissions associated with DPA activation states. The
Pendleton sensor is deployed within the always-on GB-DPA Camp Pendleton to measure
residual emissions from CBSDs operating in the 3550 MHz to 3650 MHz band outside the
GB-DPA. In the San Diego, CA region, the Midway and Point Loma sensors are located
within areas of dense CBSD deployment and near E-DPA West 14 to measure local CBSD
emission changes associated with DPA activation and deactivation.

Figure 16a and Figure 16b show the overlaid modeled RF horizon coverage for sensors
deployed on the East and West Coasts, respectively. The black markers indicate sensor
locations, and the shaded regions represent the modeled coverage of a Category B CBSD
under the assumptions described in Section 3.1. On the East Coast, the relatively flat ter-
rain results in more continuous modeled coverage, and the higher sensor density produces
substantial overlap in coverage. On the West Coast, the rugged terrain creates gaps in the
modeled coverage, while the more dispersed sensor deployment leads to less coverage
overlap.

3.3. Emitter Coverage Check

Several analyses were performed to assess sensor coverage in the vicinity of a DPA for
different measurement objectives, such as aggregate emission measurements and model
comparisons. This section evaluates the coverage provided by the deployed NASCTN SEA
sensors and can inform consideration of additional sensor deployments.

Figure 17 illustrates the distribution of CBSD grants on the Move List and Keep List for each
10 MHz channel in the 3550 MHz to 3650 MHz band for East 1, West 13, West 14, and
Camp Pendleton. Grants are categorized according to whether their locations fall within
the modeled RF horizon coverage of at least one SEA sensor. For East 1, most Move List
grants fall within the modeled coverage of at least one sensor, whereas the Keep List grants
are generally outside the modeled coverage. For West 13 and West 14, which have larger
neighborhoods and more grants, smaller fractions of the grants fall within the modeled
sensor coverage. For Camp Pendleton, transmissions associated with Move List grants
are suspended, while a substantial fraction of the Keep List grants fall within the modeled
coverage of the Pendleton sensor.

Table 4 summarizes the modeled RF horizon coverage of Move List and Keep List grants
within the neighborhoods of East 1, West 13, West 14, and Camp Pendleton. For each DPA,
the table lists the monitoring sensors, the total number of grants, and the percentage of
grants whose locations fall within the modeled coverage of at least one sensor. Because
these values vary by channel, they are presented as ranges representing the minimum and
maximum values across the ten evaluated 10 MHz channels. None of the East 1 Keep List
grants and only 0 % to 2 % of West 14 Keep List grants fall within the modeled sensor
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coverage. These grants are mostly associated with indoor CBSDs and/or low operating
powers.

Table 4. Summary of modeled RF horizon coverage of CBSD grants by NASCTN SEA
Sensors.

Monitoring sensor Move List Keep List
No. of CBSD CBSD grants No. of CBSD CBSD grants
grants covered by at grants covered by at
least 1 sensor least 1 sensor
East 1 HU, NIT, Oceana, CBBT-Omni, 221 to 459 (57 to 75) % 46 to 72 0%
CBBT-Directional
West 13 Catalina-Omni, Catalina- 112 to 2616 (5to 19) % 678 to 3353 (3t032)%

Directional, Pendleton, Midway,
PtLoma-Omni, PtLoma-Directional

West 14 Catalina-Omni, Catalina- 506 to 2610 (17 to 46) % 233 to 2893 (0to2) %
Directional, Pendleton, Midway,
PtLoma-Omni, PtLoma-Directional

Pendleton Pendleton Oto6 50 % 3to21 (14 to 67) %

3.4. Dominant Emitters near Sensors

Figure 18 shows the modeled received power contribution from the dominant CBSD grant
at each sensor location for each 10 MHz channel. Here, the dominant grant is the grant
with the largest modeled received power contribution at the sensor. Because the link bud-
get accounts for CBSD deployment and propagation parameters, the dominant grant is
not necessarily associated with the geographically closest CBSD. Within each subplot, the
circular markers indicate the modeled received power contribution (dBm/10 MHz) from
the dominant grant, and the marker color represents the distance between the associated
CBSD and the sensor. The annotations indicate the distance and the modeled received
power. Consistent with the deployment patterns discussed in Section 3.2, the dominant
CBSDs for HU, NIT, Oceana, Midway, Point Loma, and Pendleton are generally closer to the
sensors than those for CBBT and Catalina.
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Fig. 16. Examples of RF horizon mapping of a Category B CBSD for sensors deployed on
the East and West Coasts.
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4. Modeled and Collected Sensor Data Comparison

The NASCTN modeling leverages industry-provided FAD data on CBSD deployment and the
WInnForum reference DPA models to estimate aggregate emissions at SEA sensor locations
when the DPA is either active or inactive. The modeling provides an estimate of the aggre-
gate power received in each 10 MHz channel of the CBRS band at a specific sensor location.
To examine the relationship between modeled and measured power levels, the estimated
aggregate emissions are compared with measurements collected at several NASCTN sen-
sor locations on the East and West Coasts. The comparisons provide insight into modeling
assumptions and sources of uncertainty that may contribute to differences between mod-
eled and measured results.

4.1. Modeled Sensor Data

Building on the aggregate emission calculation at DPA protection points described in Sec-
tion 2.4, aggregate emissions are estimated at SEA sensor locations in the vicinity of San
Diego, CA and Norfolk, VA. The modeled 2D antenna patterns of the deployed SEA sensors
described in Section 3.1 are used in the sensor calculation instead of the reference radar
antenna pattern used at DPA protection points [1, R2-IPM-04].

Given a SEA sensor location s and any 10 MHz channel ch in the 3550 MHz to 3650 MHz
band, the aggregate emission model first identifies a set of N grants requesting or oper-
ating on any portion of channel ch. For this analysis, the set of candidate grants is lim-
ited to grants within the neighborhood of the DPA monitored by the sensor, for all CBSD
categories. Using the DPA neighborhood to select candidate grants is a modeling assump-
tion and may exclude detectable contributions from CBSDs outside the DPA neighborhood.
The model then computes the received power contribution I; (dBm) from each grant i, for
1 <i <N, at sensor s.

The received power contribution from grant i is calculated using the link budget
I; = EIRP; — L; + G, (2)

where EIRP; is derived from the maxEIRP value for grant i and the standard horizontal
CBSD antenna pattern [1, R2-SGN-20], L; is the path loss from grant i to sensor s, and Gy
is the sensor antenna gain in the direction of grant i.

To calculate the aggregate emission, the modeled received power contributions from the
N grants are converted from dBm to linear power and summed:

N
=Y 10410, (2)
i=1

The aggregate received power is then converted to dBm as

IdBm = IOIOg]()(I) (3)
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Using the July 1, 2025 FAD dataset, aggregate emissions are calculated at the SEA sensor
locations listed in Table 3, on the East and West Coasts when the nearby DPA is inactive
and active. To assess the impact of CBRS changes in the aggregate emission calculation,
both CBRS 1.0 and CBRS 2.0 implementations are considered. The CBRS 1.0 and CBRS 2.0
implementations use the propagation and interference calculation parameters described
in Section 2.2 and Table 1.

Figure 19 shows an example of modeled aggregate emission at the HU sensor in the prox-
imity of E-DPA East 1. The figure shows the aggregate emission estimated for every 10 MHz
channel in the 3550 MHz to 3650 MHz band. With the CBRS 1.0 implementation, the dark
red and faded red triangle markers represent the aggregate emissions for the DPA in inac-
tive and active states, respectively. For the CBRS 2.0 implementation, the dark blue and
faded blue circle markers represent emissions for the inactive and active states, respec-
tively. The vertical dashed line shows the projected noise floor of -98 dBm/10 MHz at the
sensor. As shown in this figure, the aggregate emissions exceed the noise floor across all
channels when the DPA is inactive, but drop to or below the noise floor when the DPA is
active, for both CBRS 1.0 and CBRS 2.0 implementations.
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Fig. 19. Modeled aggregate emission at HU sensor in the proximity of E-DPA East 1.

Figure 20 shows the empirical probability density functions (PDFs) of the modeled chan-
nel power across ten channels and all sensors monitoring E-DPAs for inactive and active
states using the CBRS 1.0 and CBRS 2.0 implementations. For the inactive DPA state, the
CBRS 2.0 distribution is shifted toward lower modeled aggregate emission levels relative
to CBRS 1.0. This shift reflects the combined effects of the CBRS 2.0 changes described in
Section 2.2, including the 8 dB duty cycle and network loading adjustment, clutter loss,
revised statistical treatment of ITM propagation, and changes in DPA neighborhood size.
For the active DPA state, the CBRS 2.0 distribution has a larger mean and variance than the
CBRS 1.0 distribution. This difference reflects changes in Keep List composition and in the
propagation and aggregate interference calculations used by the two implementations.
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Fig. 20. Modeled aggregate emission distributions of all sensors monitoring E-DPAs.

4.2. Collected Sensor Data

To fulfill the main purpose of the CBRS SEA project of providing data-driven insight into
the CBRS ecosystem [3, 4], NASCTN has been collecting sensor data over several years.
The CBRS SEA Sensor Data Manual [6] provides an in-depth description of the installed
sensor sites, the collected sensor data, the data repository and code, and the published
data products. Among the different data products described in [6, Section 2.2], the Day
Plot and the power spectral density (PSD) are used for comparison with the modeled data.

Figure 21 shows different representations of the measured data at the HU sensor on
July 1, 2025. Figure 21a is the Day Plot, which shows transmissions detected through-
out the day over the 3550 MHz to 3650 MHz frequency range. The left subplot shows
an overload mask indicating whether the measured signal exceeds the analog-to-digital
converter (ADC) maximum voltage during a 4-second capture. The two middle subplots
are time-downsampled versions of the mean root mean square (RMS) and maximum peak
periodic frame power (PFP) in a 10 MHz channel. The right subplot shows the maximum
PSD trace, normalized to dBm/Hz. Figure 21b shows the mean RMS (green markers) and
maximum peak PFP (yellow markers) extracted from the middle subplots in Figure 21a
from 0:00 UTC to 7:00 UTC. This time window was selected based on the SAS adminis-
trators’ recommendation to use measurements collected before CPAS, the mandatory
daily synchronization process among SASs from 7:00 UTC to 10:00 UTC. This provides a
more consistent temporal basis for comparison with the modeled data derived from FAD
data generated at midnight. Figure 21c shows PSD traces at 7:00 UTC for several capture
statistics, including the maximum, mean, median, and 99.99th percentile. The PSD traces
characterize the spectral power of transmissions observed by the sensor at each time slice.
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Fig. 21. Example of measured data at HU sensor on July 1, 2025.

4.3. Sensor Data Comparison

This section compares modeled data with measurements collected at each deployed sen-
sor site on July 1, 2025. The Day Plot provides an overview of the measured spectrum
activity near each sensor on that day. Because the comparison focuses on CBSD trans-
missions, measurement intervals are selected to minimize the influence of other detected
signals where possible. Therefore, the measurement intervals used for channel power and
the time instances used for PSD comparisons may vary among sensor locations. The mod-
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eled channel powers for inactive and active DPA states using the CBRS 1.0 and CBRS 2.0
implementations are overlaid with the measured mean RMS PFP and maximum peak PFP.
To compare with the measured PSD traces, the modeled channel power is normalized from
dBm/10 MHz to dBm/Hz and overlaid on the traces. The measured data are limited by the
sensor noise floor; therefore, modeled values below the noise floor during DPA activation
cannot be directly compared with the measurements.

4.3.1. Norfolk International Terminal (NIT), VA

Figure 22 compares the modeled and measured data at the NIT sensor. The Day Plot in
Figure 22a shows no apparent CBSD transmissions in the 3550 MHz to 3570 MHz band from
0:00 UTC to approximately 1:20 UTC, following a DPA activation observed on the previous
day. Figure 22b shows the modeled channel powers overlaid with the measured mean
RMS PFP and maximum peak PFP collected from 0:00 UTC to 7:00 UTC. For the inactive
DPA state, the modeled CBRS 1.0 powers are generally near the measured maximum peak
PFP values, whereas the modeled CBRS 2.0 powers generally fall between the measured
mean RMS and maximum peak PFP values. The measured mean RMS PFP values near the
projected noise floor in the 3550 MHz to 3570 MHz band are consistent with the absence
of apparent CBSD transmissions during the early portion of the measurement interval.
Figures 22c and 22d compare the normalized modeled powers for the inactive DPA state
with measured PSD traces at 1:00 UTC and 7:00 UTC, respectively. Figure 22c shows no
strong emissions in the 3550 MHz to 3570 MHz band at 1:00 UTC. At 7:00 UTC, Figure 22d
shows strong channelized emissions with bandwidths of approximately 20 MHz across the
3550 MHz to 3650 MHz band. For most channels, the modeled CBRS 1.0 levels are above
the measured maximum PSD trace, whereas the modeled CBRS 2.0 levels generally fall
between the measured 99t and 99.99™" percentile PSD traces.
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Fig. 22. Modeled versus measured data at NIT sensor.
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4.3.2. Hampton University (HU), VA

Figure 23 compares the modeled and measured data at the HU sensor. Similar to the
NIT measurements, Figure 23a shows no apparent CBSD transmissions in the 3550 MHz
to 3570 MHz band around midnight. Figure 23b shows that the measured mean RMS
PFP values in these channels are near both the projected noise floor and the modeled
CBRS 2.0 values for the active DPA state. Figure 23c shows strong channelized emissions in
the 3600 MHz to 3610 MHz and 3620 MHz to 3630 MHz channels. In these channels, the
measured maximum and 99.99t™" percentile PSD traces exceed the modeled CBRS 1.0 lev-
els. These differences may reflect uncertainties in the FAD data and modeling assumptions,
including differences between registered and actual CBSD operating power and antenna
parameters, as discussed in Section 4.4.1. For the other channels, the modeled CBRS 1.0
levels are generally near or above the measured maximum PSD trace, while the modeled
CBRS 2.0 levels generally fall between the measured 95" and 99.99t™ percentile PSD traces.
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Fig. 23. Modeled versus measured data at HU sensor.
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4.3.3. Oceana, VA

Compared with the NIT and HU sensors, the Oceana sensor generally measures lower
received power levels, as shown in Figure 24a. The Oceana sensor also has a lower an-
tenna height than the NIT and HU sensors, as listed in Table 3. Figures 24b and 24c show
that the modeled CBRS 1.0 and CBRS 2.0 levels are generally higher than the measured
levels, except in the lower 40 MHz where the modeled CBRS 2.0 levels are closer to the
measured maximum. One possible contributor to these differences is the use of FAD
operationMaxEirp valuesin the modeled aggregate emission calculation, because actual
CBSD operating powers may differ from the values reported in the FAD. Other input data
and modeling uncertainties discussed in Section 4.4.1 may also contribute to the observed
differences.
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Fig. 24. Modeled versus measured data at Oceana sensor.
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4.3.4. Chesapeake Bay Bridge Tunnel (CBBT), VA

While the NIT, HU, and Oceana sensors are deployed near metropolitan areas with dense
CBSD deployments, the CBBT sensor is located on Island 4 of the Chesapeake Bay Bridge
Tunnel, approximately 15 km from the Norfolk area. The measured CBSD emission levels at
the CBBT sensor are generally lower than those observed at the other East Coast sensors.

Figure 25 compares the modeled and measured data at the CBBT sensor using an omni-
directional antenna. The Day Plot in Figure 25a shows strong broadband emissions across
much of the 3550 MHz to 3650 MHz band before approximately 4:00 UTC and after ap-
proximately 13:00 UTC. These emissions are also evident in the measured maximum peak
PFP in Figure 25b and the maximum PSD trace at 1:00 UTC in Figure 25d. Because the mod-
eled data include only CBSD emissions, measurements from 4:00 UTC to 7:00 UTC, when
these broadband emissions are less prominent, are used for the comparison in Figure 25c.
The PSD traces at 7:00 UTC are shown in Figure 25e. The modeled CBRS 1.0 levels are
above the measured maximum levels across the evaluated channels, whereas the mod-
eled CBRS 2.0 levels are near the measured maximum in the lower 40 MHz and above the
measured maximum in the upper 60 MHz.

With the directional antenna, the broadband emissions observed with the omnidirec-
tional antenna are less prominent in the CBBT measurements. As shown in Figure 26, the
modeled CBRS 1.0 and CBRS 2.0 levels are generally above the measured maximum levels
across the evaluated channels.
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Fig. 25. Modeled versus measured data at CBBT sensor with an omnidirectional antenna.

39



NIST TN 2392
October 2026

Overload
True False ~100

| ——

Mean RMS PFP (dBm/10 MHz)
90 80 -70

Max Peak PEP (dBm/10 MHz)
80 70 60

NASCTN-SEA-MODELING-REPORT

Max PSD (dBm/Hz)
-50 ~150 140 -130  -120

23:00{
22:00{
21:00{
20:00{
19:001
18:001
17:001
16:001
15:001
14:00{
13:001
12:00{
11:00{
10:00{

2025-07-01 - UTC

09:00
08:00
07:00
06:00
05:00
04:00
03:00
02:00
01:00

Frequency (MHz)

(a) Day plot

60 A
° -]

.

.|.

Channel power (dBm/10 MHz)

A A A A A A A
[} ° ° o o o o

S A IR TR T A

-1001 Pro_] ected noise floor

—1204

~140- — S|l o | a

~160 Max peak p A DPA inactive (1.0) © DPA inactive (2.0)
180 Mean rms p A DPA actlve (L. 0) DPA actwe (2. 0)

Channel power (dBm/10 MHz)

0 *:5@ ";‘5‘° ">‘>°°° ":5"0 "@“ 36\0 3@'0 36“’6 "ﬁ‘“ &

(b) Channel power collected (0:00 to 7:00) UTC

Frequency (MHz)

-80
Max —— 99.99th_percentile === Modeled data (1.0)
—— Mean —— 99th_percentile m=== Modeled data (2.0)
100 Median 95th_percentile == Noise floor
—
N
sy
g —120 -
ain]
Lo ——
—~
St U S
n
Ay
M 1
~160 - ‘
~—
= e S e I L a0 == S A ey e
—180 T T T T T T T T T

o5 g g1 og®0 120 oo 0 0 (O

)
Frequency (MHz)

(d) PSD traces at 1:00 UTC

Frequency (MHz)

3550 3570 390 3610 3630 36503550 3570 390 3610 3630 36503550 3570 390 3610 3630 36503550 3570 3390 3610 3630 3650
Frequency (MHz)

Frequency (MHz)

OO I TR IO R O RN R S

Projected noise floor

6 o
Max peak p A DPA inactive (1.0) © DPA inactive (2.0)
Mean rms p A DPA actlve (L. 0) DPA actlve (2. 0)

—180;

A0 3‘*@ ";‘5‘° ">‘>°°° ":5"0 "@“ 36\0 3@'0 36“’6 "ﬁ‘“ AP

Frequency (MHz)

(c) Channel power collected (4:00 to 7:00) UTC

PSD (dBm/Hz)

65’0 36(30

-80
Max —— 99.99th_percentile === Modeled data (1.0)
—— Mean —— 99th_percentile m=== Modeled data (2.0)
100 Median 95th_percentile == Noise floor
-120
140
-160 { i
—180 T T T T T T T T T
i g 510 @0 D0 0 O 0 0 O

Frequency (MHz)
(e) PSD traces at 7:00 UTC

Fig. 26. Modeled versus measured data at CBBT sensor with a directional antenna.
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4.3.5. Catalina, CA

On the West Coast, the Catalina sensor is deployed atop Mt. Orizaba, the highest point
on Catalina Island, CA. Although the sensor is more than 40 km from metropolitan areas
in Southern California, its high altitude provides extended propagation paths to CBSD de-
ployments on the mainland. The Catalina sensor also measures other emissions within the
CBRS band, particularly with the omnidirectional antenna.

Figure 27 compares the modeled and measured data at the Catalina sensor using an
omnidirectional antenna. Strong broadband emissions are observed after approximately
5:00 UTC. Because the modeled data include only CBSD emissions, measured channel
powers from 0:00 UTC to 5:00 UTC and PSD traces at 1:00 UTC are used for the compar-
ison. As shown in Figure 27d, the modeled CBRS 1.0 levels are generally near or above
the measured maximum PSD trace, whereas the modeled CBRS 2.0 levels generally fall
between the measured 99t" and 99.99t™" percentile PSD traces for most channels.

Figure 28 compares the modeled and measured data at the Catalina sensor using a di-
rectional antenna. The Day Plot shows predominantly channelized emissions with varying
bandwidths. Figures 28b and 28c show that the modeled CBRS 1.0 levels vary around the
measured maximum levels in the lower 40 MHz and are generally near the measured max-
imum levels in the upper 60 MHz. The modeled CBRS 2.0 levels generally follow a similar
channel-dependent pattern relative to the measured 99" percentile PSD trace.

41



NIST TN 2392
October 2026 NASCTN-SEA-MODELING-REPORT

Overload Mean RMS PFP (dBm/10 MHz) Max Peak PEP (dBm/10 MHz) Max PSD (dBm/Hz)
True False “100 -90 80 70 80 70 60 50 ~150 140 -130  -120

23:004
22:004
21:004
20:004
19:00{
18:004
17:00{
16:004
15:004
& 14:004
=3
o+ 13:004
3 12:00§
E 11:004
£ 10:00]
09:00-
08:00
07:00
06:00
05:00-
04:00-
03:00-
02:00-
01:00-
3550 3570 390 3610 3630 36503550 3570 3390 3610 3630 36503550 3570 390 3610 3630 36503550 3570 3390 3610 3630 3650
Frequency (MHz) Frequency (MHz) Frequency (MHz) Frequency (MHz)
(a) Day plot
N 204 N 204
Jani jani
= 40 = 40
2 2
5 004 A A A A A A 5 604 A A A A A A
g A a A 5 o o o o o g A a A 5 o o o o o
o2} A o Q A o
2 -804 o o ) 1 = -804 o ) o 1
= TN i 1 ] ] | [ | = PN N i [ ] 1 ] ] 1
B 7100—-J--- ---------- o =o-T o T Too o™ O 100 ==~ ——===——————-— o =o-T o T Foo o™
=3 o ° . ° Pro_]ecte noise floor % o ° . ° Pro_]ecte noise floor
8«—120—AA A A A A LAl a A Sig0d A, A | A A A Al aAafa
© A © A
g 1407 g 1407
< <
= =
© -160 Max peakp A DPA inactive (1.0) © DPA inactive (2.0) © -160 Max peakp A DPA inactive (1.0) © DPA inactive (2.0)
180 Mean rmsp A DPA actlve(l 0) o DPA actlve (2. 0) 180 Mean rmsp A DPA actlve(l 0) o DPA actlve (2. 0)
K "356“ 35"0 "35%Q ":5"0 "@“ 36\0 3@0 365% 36“6 A0 e 3560 "3‘5‘0 "a‘>°°g ":5"0 "@“ 36\0 3@0 365% ":@‘Q A0
Frequency (MHz) Frequency (MHz)

(b) Channel power collected (0:00 to 7:00) UTC (c) Channel power collected (0:00 to 5:00) UTC

-80 —-80
Max —— 99.99th_percentile === Modeled data (1.0) Max —— 99.99th_percentile === Modeled data (1.0)
—— Mean — 99th_percentile === Modeled data (2.0) ~——— Mean —— 99th_percentile === Modeled data (2.0)
Median 95th_percentile == Noise floor Median 95th_percentile == Noise floor
—100 —100
N N
E 120 E 120
g g
2] 2]
< <
a -140 a -140
n n
=¥ =¥
-160 -160
—180 T T T T T T T T T —180 T T T T T T T T T
250 % 510 580 1000 10 10 @ (0 0 6 50 5% 510 180 1000 20 010 0 (0 0 6P
Frequency (MHz) Frequency (MHz)
(d) PSD traces at 1:00 UTC (e) PSD traces at 7:00 UTC

Fig. 27. Modeled versus measured data at Catalina sensor with an omnidirectional
antenna.
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Fig. 28. Modeled versus measured data at Catalina sensor with a directional antenna.

4.3.6. Midway, CA

Figure 29 compares the modeled and measured data at the Midway sensor. The mod-
eled CBRS 1.0 levels are above the measured maximum PSD trace across the evaluated
channels, whereas the modeled CBRS 2.0 levels are generally near the measured 99.99t"
percentile PSD trace, except in the 3630 MHz to 3650 MHz band.
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Fig. 29. Modeled versus measured data at Midway sensor.

4.3.7. Point Loma, CA

Since the Point Loma sensor was installed in mid-July 2025, no measured data from
July 1, 2025 are available for comparison. Therefore, Figure 30 shows only the mod-
eled channel powers for active and inactive DPA states using the CBRS 1.0 and CBRS 2.0
implementations.
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Fig. 30. Modeled channel power at Point Loma sensor.

4.3.8. Pendleton, CA

Unlike E-DPAs, GB-DPAs have channel-specific static protection criteria and are always on.
The protection thresholds for GB-DPAs are higher than the —144 dBm/10 MHz thresh-
old used for E-DPAs and vary by channel; the neighborhood distances also differ. Fig-
ure 31 compares the modeled and measured data at the Pendleton sensor deployed within
GB-DPA Camp Pendleton. The modeled CBRS 1.0 and CBRS 2.0 levels remain above the
sensor noise floor. For most channels, the modeled CBRS 1.0 levels are near or above the
measured maximum PSD trace, whereas the modeled CBRS 2.0 levels generally fall be-
tween the measured 99™" and 99.99t" percentile PSD traces.
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Fig. 31. Modeled versus measured data at Pendleton sensor.

4.4. Modeling Insights
4.4.1. Technical Uncertainties and Modeling Assumptions

The current modeling framework includes several assumptions and sources of uncertainty
that may affect the modeling results:

1. CBSD Deployment and Operational Data
The CBSD deployment laydown used for modeling is based on limited FAD datasets.
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e Temporal limitations: Although the FAD data have provided valuable informa-
tion for modeling, they offer only a snapshot or a "static” view of the registered
CBSDs and grants, which does not capture long-term deployment dynamics.

e Post-CPAS changes: Since the FAD data used in this analysis are generated be-
fore Iterative Allocation Process (IAP) and Move List calculations, they may not
reflect subsequent grant termination, suspension, channel reassignment, or
power reduction.

e Data limitations and artifacts: Potential uncertainties include antenna height
references (above ground level (AGL) versus above mean sea level (AMSL)), an-
tenna beamwidth and gain parameters, and differences between SAS-assigned
equivalent isotropically radiated power (EIRP) values reported in the FAD and
actual CBSD operating power.

2. Propagation and Clutter Modeling

The use of ITM in point-to-point mode, with the reliability assumptions described
in Section 2.2, combined with the ITU-R P.2108 clutter model, provides only an ap-
proximation of the physical environment. These models may not fully account for
complex terrain, clutter, or building loss in indoor deployments.

3. Duty Cycle and Network Loading

Applying a constant 8 dB duty cycle and network loading adjustment to all CBSDs is
a simplifying assumption that may not represent the temporal activity and network
loading of individual CBSD deployments or radio technologies.

4. Algorithmic Implementations

The NASCTN modeling uses the WinnForum reference DPA Move List implementa-
tion. Differences between the reference implementation and operational SAS imple-
mentations, if present, could contribute to differences between modeled and oper-
ational results.

5. Aggregate Emission Uncertainties

Uncertainty in modeled aggregate emissions at the NASCTN SEA sensors may result
from:

e Operational variables: Uncertainty regarding a CBSD’s post-CPAS transmit
power, on/off state, and its precise antenna spatial orientation and gain.

¢ Physical modeling uncertainties: Uncertainties in the modeled CBSD antenna
gain and path loss for specific links.

e Aggregate emission modeling: The modeled aggregate emission assumes that
all CBSD grants included in the calculation contribute according to their mod-
eled received power over the evaluated 10 MHz channel. Actual aggregate
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emission depends on the temporal and spectral activity of individual CBSD
transmissions, including differences in operating bandwidth, resource alloca-
tion, and network loading. In addition, sensor measurements may be domi-
nated by a single or a few nearby CBSDs.

4.4.2. Findings

This section summarizes the comparative analysis between modeled aggregate emissions
and sensor-measured data derived from Section 4.3.

1. Comparative Analysis of Channel Power Distribution

Figure 32 illustrates the PDFs of channel power for both modeled and measured
data across all sensor locations. The Point Loma results are not included because
the sensor was deployed after July 1, 2025, and no measured data are available for
comparison. The subplots contrast the measured Max Peak PFP (yellow) and Mean
RMS PFP (green) against modeled CBRS 1.0 (red) and CBRS 2.0 (blue) results dur-
ing inactive DPA states. Measured data were aggregated between 4:00 UTC and
5:00 UTC onJuly 1, 2025, to isolate CBSD transmissions; therefore, the distributions
represent the conditions observed during this selected measurement interval.

Key observations include:

Measured Max vs. Measured Mean: The max peak PFP distributions are gen-
erally shifted to higher power levels than the mean RMS PFP distributions, with
an approximately 20 dB separation at several sensors. The degree of separa-
tion varies by sensor.

Modeled CBRS 1.0 vs. Modeled CBRS 2.0: With the exception of the Pendleton
sensor, the modeled CBRS 2.0 distributions are generally shifted toward lower
power levels relative to CBRS 1.0. As discussed in Section 4.1, these differences
reflect the combined effects of the CBRS 2.0 modeling changes.

Modeled CBRS 1.0 vs. Measured Max: For most sensors, the mode of the mod-
eled CBRS 1.0 distribution is similar to or higher than the mode of the mea-
sured max peak PFP distribution. At the HU sensor, however, part of the mea-
sured max distribution extends above the modeled CBRS 1.0 distribution.

Modeled CBRS 2.0 vs. Measured Max: The relationship between the modeled
CBRS 2.0 and measured max peak PFP distributions varies by sensor. At Oceana
and CBBT, the modeled distributions extend to higher power levels than the
measured max distributions, whereas at several other sensor locations, the
modeled distributions occur at lower power levels. These site-dependent
differences are consistent with the modeling uncertainties described in Sec-
tion4.4.1.
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Fig. 32. Comparison of modeled and measured channel power PDFs.

2. Comparative Analysis of Power Spectral Density Traces

Figure 33 compares normalized modeled data with measured PSD traces captured
at 5:00 UTC on July 1, 2025. The subplots show the modeled CBRS 1.0 (red) and
CBRS 2.0 (blue) normalized channel powers alongside the measured PSD traces for
Max Peak PFP (yellow), Mean RMS PFP (green), 99.99t" percentile (black), and 99t
percentile (gray).
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Analysis of these traces reveals the following:

¢ Modeled CBRS 1.0 vs. Measured Max: For most sensors and channels, the
modeled CBRS 1.0 levels are near or above the measured max PSD traces. Ex-
ceptions occur at the HU sensor in the 3600 MHz to 3610 MHz and 3620 MHz
to 3630 MHz channels, where measured spectral peaks exceed the modeled
values. Conversely, modeled CBRS 1.0 levels exceed the measured peaks at
several other sensor locations, e.g., Pendleton, Oceana, CBBT-Omni, and CBBT-
Directional. These differences may reflect the input data and modeling uncer-
tainties described in Section 4.4.1, including CBSD operating power, antenna
parameters, and propagation modeling.

¢ Modeled CBRS 2.0 vs. Statistical Measured Traces: Across most locations, the
modeled CBRS 2.0 PSD levels are above the measured mean traces and gener-
ally fall between the measured 99t and 99.99t" percentile traces. At Oceana,
CBBT-Omni, and CBBT-Directional, however, the modeled levels approach or
exceed the measured max traces. The variation among sensor locations illus-
trates the site dependence of the modeled-to-measured relationship.
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Fig. 33. Modeled versus sensor-measured PSD traces.

4.4.3. Recommendations

Based on the key observations detailed in the previous section, the following measures are
recommended to refine the modeling and address identified sources of uncertainty:

¢ Conduct additional evaluations across a broader range of dates and longer measure-
ment periods to assess the temporal variability and determine whether the observed

modeled-to-measured relationships persist over time.
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¢ Evaluate methods to verify FAD parameters and supplement FAD data with informa-
tion on actual CBSD operation, including antenna installation parameters, operating
EIRP, transmission state, and operating channel.

¢ Perform additional studies to evaluate the modeling of CBSD antenna patterns and
gains, propagation characteristics, and clutter loss. In addition, evaluate how repre-
sentative the 80 % TDD activity and 20 % network loading assumptions underlying
the 8 dB CBRS 2.0 adjustment are of actual CBSD operation.

¢ Refine aggregate emission modeling to better account for spatial, temporal, and
spectral characteristics across heterogeneous CBSD technologies and transmissions.
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5. DPA Neighborhood Distance Recalculation

This section details the technical rationale for recalculating DPA neighborhood distances
under the CBRS 2.0 implementation and presents the resulting analytical findings.

5.1. Anomalous Aggregate Emission Estimates

The NASCTN modeling uses the WinnForum CBRS 2.0 DPA Move List implementation to
estimate aggregate emissions at protection points within a DPA and at NASCTN SEA sensor
locations. The simulation uses the July 1, 2025 FAD dataset and the CBRS 2.0 DPA neigh-
borhood distances specified in the e-dpas.kml and gb-dpas.kml files [15].

As noted in Section 2.4, the pooled distributions in Figure 10 do not preserve DPA-,
channel-, or protection-point-specific behavior. Examination of the individual protection-
point results identified cases in which the modeled aggregate emission exceeds the protec-
tion threshold when an E-DPA is active. Figure 34 shows examples of modeled aggregate
emission from Keep List grants at protection points within E-DPAs West 13 and West 14
for the 3610 MHz to 3620 MHz channel. At some protection points, the modeled aggre-
gate emission exceeds the -144 dBm/10 MHz protection threshold by up to 19.4 dB for
West 13 and 16.27 dB for West 14. These results motivated further investigation of the
CBRS 2.0 DPA neighborhood distance calculation, including its sensitivity to protection
point selection and CBSD deployment laydown.
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Fig. 34. Examples of aggregate emission estimates above the threshold at some
protection points inside active E-DPAs on the 3610 MHz to 3620 MHz channel.
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5.2. Recalculation Procedure
5.2.1. NTIA OSM Code and Assumptions

With the technical guidance of the NTIA OSM, NASCTN utilized the DPA Neighborhood Cal-
culation MATLAB code and associated datasets [16] to rerun the neighborhood distances
for E-DPAs East 1, West 13, and West 14. To address data-sensitivity constraints on propri-
etary FAD records, OSM developed a simulated CBSD laydown based on census population
data. The laydown, available as cell census_centroid.mat in [16], serves as the pri-
mary input for the simulation. Figure 35 illustrates the OSM CBSD laydown, comprising
72 540 CBSDs across CONUS and Hawaii.

For the OSM simulated laydown, all CBSDs are modeled as operating cochannel within a
single 10 MHz channel. The code allows various scenarios to be parameterized by adjusting
CBSD configurations, including Category A/B, EIRP (dBm/10 MHz), and antenna height.
This recalculation effort focuses primarily on Category B CBSDs with heights exceeding 6 m,
as this scenario yields the largest neighborhood distances.
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Fig. 35. lllustration of NTIA OSM simulated CBSD deployment laydown.

5.2.2. Impacts of Protection Point Selection

To optimize calculation runtime, the default configuration uses eight equidistant protec-
tion points along the inner boundary of the DPA base, which is a segment of the DPA clos-
est to the shoreline. While protection points along the landward DPA boundary typically
encounter the highest aggregate interference from inland CBSDs, supplemental locations
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within the DPA may experience comparable interference levels. To evaluate this hypothe-
sis, the simulation was expanded to include 100 protection points: 50 distributed along the
boundary and 50 situated randomly within the DPA. The OSM CBSD simulation laydowns
(blue markers) in the vicinity of DPA East 1, contrasted with the 8-point and 100-point pro-
tection points (red markers), are illustrated in Figures 36a and 36b, respectively.

ey MBUS

(a) 8 protection points (b) 100 protection points

Fig. 36. OSM CBSD simulation laydown with different protection points inside DPA East 1.

Figure 37 summarizes the calculated neighborhood distances for Category B CBSDs with
height above 6 m across DPAs East 1, West 13, and West 14. The results indicate that
the 8-point configuration yields neighborhood distances identical to those specified in the
e—dpas . kmnl file. Conversely, the 100-point configuration yields greater neighborhood dis-
tances for all three E-DPAs, demonstrating that the calculated neighborhood distances are
sensitive to the number and spatial distribution of protection points used in the calcula-
tion.

5.2.3. Impacts of CBSD Deployment Laydowns

Beyond evaluating protection point configurations, it is necessary to assess the sensitiv-
ity of the results to variations in CBSD deployment laydowns. Consequently, the simu-
lated OSM CBSD laydown was replaced by the July 1, 2025 FAD dataset detailed in Sec-
tion 2.1. Neighborhood distance calculations using the 100-point protection configuration
were subsequently performed across all ten 10 MHz channels.

Figure 38 summarizes the resulting neighborhood distances for Category B CBSDs with
height above 6 m across DPAs East 1, West 13, and West 14. While the calculated distances
for West 13 remain relatively stable across the ten evaluated channels, substantial variation
is observed for East 1 and West 14, particularly between the lower and upper channels.
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Fig. 37. Impact of protection point selection in neighborhood distances for Category B
CBSDs above 6 m using OSM CBSD deployment laydown.

These results demonstrate that the calculated neighborhood distance can depend on both
the CBSD deployment laydown and the channel being evaluated.

5.3. Remarks

Figure 39 compares the baseline e-dpas.kml neighborhood distances (blue) against two
100-point protection configurations: the OSM deployment (red) and the maximum dis-
tance across 10 channels from the July 1, 2025, FAD deployment (orange). For each of
the three E-DPAs evaluated, at least one recalculated neighborhood distance exceeds the
corresponding baseline value. The magnitude of the difference varies by DPA and deploy-
ment laydown. The results show that, for the E-DPAs and scenarios evaluated here, recal-
culated neighborhood distances can exceed the baseline CBRS 2.0 values specified in the
e-dpas . kml file.

The DPA neighborhood distance calculations are sensitive to both protection point selec-
tion and the underlying CBSD deployment laydown. The results indicate that these factors
should be considered when evaluating neighborhood distances and their applicability to
evolving CBSD deployments. Additional evaluation using representative deployment lay-
downs and broader protection point configurations would help quantify the sensitivity of
calculated neighborhood distances to these modeling inputs.
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Fig. 38. Neighborhood distances for Category B CBSDs above 6 m using FAD July 1, 2025
deployment laydown for different channels.
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Fig. 39. Summary of baseline and recalculated neighborhood distances for Category B
CBSDs above 6 m.
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6. Conclusion

The NASCTN CBRS SEA project provides a data-driven framework for understanding the
CBRS sharing ecosystem and monitoring changes in the spectrum environment over time.
The project includes sensor deployments at selected sites on the East and West Coasts
of the United States, sensor data collection and analysis, and modeling and simulation to
support interpretation of the measurements.

This report describes the modeling methodology developed to support the NASCTN CBRS
SEA project. The modeling implements the WinnForum DPA Move List procedures for
CBRS 1.0 and CBRS 2.0 to calculate CBSD Move Lists and associated Keep Lists and esti-
mate aggregate emissions at DPA protection points and SEA sensor locations. Modeling
was also used to inform sensor placement by evaluating expected CBSD coverage and ag-
gregate emission levels at candidate sensor locations.

Comparison of modeled aggregate emissions with measurements collected at the de-
ployed sensors identified differences between modeled and measured power levels that
vary by site and channel. The results also illustrate differences between the CBRS 1.0 and
CBRS 2.0 implementations. Interpretation of these comparisons is subject to uncertain-
ties in FAD data, CBSD operating parameters, propagation and clutter modeling, duty cycle
and network loading assumptions, and the temporal and spectral characteristics of actual
CBSD transmissions. Additional measurements across a broader range of dates and op-
erating conditions are needed to determine whether the observed relationships between
modeled and measured results persist over time.

Finally, recalculation of CBRS 2.0 DPA neighborhood distances for the E-DPAs evaluated
in this report demonstrates that the calculated distances can depend on the number and
spatial distribution of protection points, the CBSD deployment laydown, and the channel
being evaluated. These results provide a basis for further evaluation of DPA neighborhood
calculations using representative CBSD deployments and broader protection point config-
urations.

For further information on NASCTN please visit https://www.nist.gov/ctl/nasctn or contact
the program at nasctn@nist.gov.
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