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Outline

* National Advanced Spectrum and Communications Test Network
o Mission
= Framework

» Sharing Ecosystem Assessment Project
= Background
= Coastal dynamic protection area
= Modeling
= Site selection
= Sensor architecture
= Data products
= Example analysis
= State of the project
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National Advanced Spectrum and Communications Test Network (NASCTN)

NASCTN is a multi-agency, chartered organization that
includes DoD, NASA, NIST, NOAA, NSF, and NTIA.

The purpose of NASCTN is to improve opportunities for
successful spectrum sharing through accurate, reliable, and
unbiased measurements and analyses.

Through its members, NASCTN provides:

* Robust test processes and validated measurement
data necessary to develop, evaluate and deploy
spectrum sharing technologies

* Best practices for spectrum sharing metrology,
testing, measurement, and data analysis to improve
quality of information provided to the spectrum
community

* Access to testing capabilities, spectrum test data,
analyses, and reports

NIST hosts NASCTN Program Office and a core team to ensure rapid
response, access to key skills, consistency, and knowledge management.
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National Advanced Spectrum and Communications Test Network (NASCTN)

NASCTN:

* Develops Test Plans with independent technical experts

* I|dentifies and facilitates access to appropriate test
facilities

* Executes and validates scientifically rigorous test
methodologies

* Delivers detailed test methods and data with
transparency, validity, and reproducibility

* Protects all controlled information (proprietary, sensitive,
classified)

NASCTN does not make policy recommendations
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NASCTN 5-Stage Framework

NASCTN projects follow an open, transparent, comprehensive process for developing and executing independent, scientifically
based test plans, validating test results, and reporting findings. Serves as a common architecture across all NASCTN projects.
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Test Plan Access and Public Documentation

CBRS Sharing Ecosystem Assessment

finy &

Summary

The objective of this project is to collect the data required for DISA DSO to ascertain the effectiveness of

the sharing ecosystem between CBRS systems as managed by Spectrum Access Systems (SASs), and DoD
systems as monitored by Environmental Sensing Capabilities (ESCs). The five year project will provide insight
into the sharing ecosystem’s effectiveness, and track changes in the spectrum environment over time.

DESCRIPTION

Background: In 2020, FCC auction 105 auctioned licenses in the Citizens Broadband Radio Service (CBRS). CBRS
(3.55 GHz to 3.7 GHz) has a three-tiered framework to accommodate shared federal and non-federal use of the
band. The DoD 3.5 GHz Transition Plans focus on ecosystem validations, environmental assessments, and
continued engagement on refining the CBRS infrastructure. One component was identified for submission to
NASCTN, to evaluate the effectiveness of the CBRS sharing ecosystem to co-exist with DoD radar systems, via
independent trusted agent.

Framework Stage

Stage 5: Summarize Findings
Stage 4: Test Execution

Stage 3: Test, Metrology, and
Implementation Plan

Stage 2: Test Framework

Stage 1: Proposal Screening

Information

NASCTN CBRS SEA Taskl1 Draft Test plan - September 2024

Task 1 Test Plan Consolidated Adjudicated Comment
Matrix - September 2024

NASCTN CBRS SEA Task 1 Draft Test plan - June 2024

NASCTN CBRS SEA Task 2 Draft Test Plan - December 2023

NASCTN CBRS SEA Task 2 Draft Test Plan - March 2023

Test Plan Presentation - March 2023

Test Plan Comment Matrix - June 2024 (Word Version)

Test Framework developed, Community Outreach event
(July 12 2022)

Presentation

Proposal Submitted by DISA DSO. Approved by NASCTN
Steering Committee.
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https://www.nist.gov/programs-projects/cbrs-sharing-ecosystem-assessment

R ——
Citizens Broadband Radio Service (CBRS)

The Citizens Broadband Radio Service (CBRS) is the “first of
a kind” shared spectrum ecosystem, implemented
nationwide.

* Shared band, 3 tier approach - Incumbent, Priority Access
License, General Authorized Access

* Sharing stipulations — FCC part 96

* Environmental Sensing Capability (ESC) detects incumbents A
and Spectrum Access Systems (SAS) coordinates spectrum | '

access
* Sharing is coordinated in Dynamic Protection Areas I o V| peerence: |
. Y () o - \ '/ EehAezence. httpsk:] gngoiI\|ance.org/the—techno\ogy—
(DPA)s: E-DPA (serviced by ESCs), P-DPA (database/portal A N I

based), and GB/Always-On DPA (ground base/always on)

NASCTN Project: Provide data-driven insight into the
CBRS sharing ecosystem’s effectiveness between
commercial and DoD radar systems, and to track

changes in the spectrum environment over time.
10 September 2024 — DRAFT — PRE-DECISIONAL
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TEST REQUEST: DoD CBRS Sharing Ecosystem Assessment (SEA) program

Test Request: CBRS Sharing Ecosystem Assessment (SEA)

Collect data required for DISA PEO Spectrum to ascertain the effectiveness of the
sharing ecosystem between CBRS systems as managed by Spectrum Access Systems
(SASs), and DoD systems as monitored by Environmental Sensing Capabilities
(ESCs). Provide insight into the sharing ecosystem’s effectiveness, and track
changes in the spectrum environment over time.

4 Key Obijectives:

1. Provide data to determine efficacy of permanent sharing between CBRS
systems as managed by SAS systems and ESC systems
e Attempt to obtain corroborating data from the 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,

Background: DoD 3.5 GHz Transition Plans focus on
ecosystem validations, environmental assessments,
and continued engagement on refining the CBRS

infrastructure. One component was identified for VA
submission to NASCTN, to evaluate the effectiveness 4. Collect emissions in the CBRS band within at least one Always-On Dynamic
of the CBRS sharing ecosystem to co-exist with DoD Protection Area (DPA)

radar systems, via independent trusted agent
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NASCTN SEA Project Approach

To achieve the 4 objectives, 3 major components were identified:

» Task 1 — Passive Observation in the CBRS Band in Vicinity of Coastal

Dynamic Protection Areas (DPAs)

» Characterize aggregate emissions within the CBRS band 3550-3700 MHz in
the vicinity of at least two Coastal DPAs, with and without DPA activations

» Assess ecosystem performance to timely respond, and measure increase in
background emission due to wireless system deployments over time
» Task 2 — Passive Observation in the CBRS Band in Always-On DPAs

» Characterize aggregate emissions within the CBRS band 3550-3700 MHz in at
least one Always-On DPA or ground-based DPA (GB-DPA) e i NS AWS 03

subset

PuElic Release
data.nist.gov

» Assess ecosystem performance to limit CBRS emissions in the Always-On DPA o e -

» Task 3 — Long Term Data Analysis and Support
» Collection and analysis of Passive Observations throughout sensor

.....

deployment
» Support transfer of data to a DoD data repository

» NASCTN e sw
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Deliverables

* A Final Report & Public Final Briefing
e Data
= Calibrated and validated sensor measurements and uncertainties
= Data analysis outcomes from sensor data and modeling
» Code
= Data analysis code
= Modeling & simulation code

s Publish to maximum extent, with exceptions for controlled information and sensitive data

s* NASCTN will not issue policy recommendations
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Timeline

Test Plan Briefing ’ Data Publication (anticipated)
> 9/10/2024 3/1/2026
Quarterly updates to Sponsor (Q) ’ Final Report & Briefing (anticipated)
D 9/16/2024 3/1/2026

2026

Data Validation Routine Development ‘

Applied Data Analysis
Report writing & Data packaging _
Report review -
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Passive Observation:
Coastal Dynamic Protection Area

»NASCTN
National Advanced Spectrum
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Scope: Coastal Dynamic Protection Area (DPA)

Passive Observation in the CBRS Band in Vicinity of Coastal Dynamic Protection Areas (DPAs)
Characterize aggregate emissions within the CBRS band 3550-3700 MHz in the vicinity of at least two
Coastal DPAs, with and without DPA activations

Assess ecosystem performance to timely respond, and measure increase in background emission due

to wireless system deployments over time

Location Focus: Approach:
« East 1 DPA - near Norfolk, VA e Autonomous, calibrated, leave behind field
e West 13 and West 14 DPAs - near San Diego, CA Systems deployed near the Coasta| DPAs

* Modeling and Simulation
= |dentify opportune sensor system siting
= Evolve understanding of CBRS deployments and SEA
sensor measurements
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Outcomes: Coastal Dynamic Protection Area (DPA)

Anticipated Analysis Outcomes:

1. Quantified emission levels at a set of sensor locations

2. RF emissions change over time

3. Publish data to provide insights into the spectrum sharing effectiveness of the CBRS ecosystem

E-DPA protection criteria:

= Frequency: 3550 MHz - 3650 MHz
* Licenses channelized to 10 MHz blocks

= Protection threshold inside DPA: -144 dBm/10MHz

o Reference incumbent antenna
= Height: 50 m
= Beamwidth: 3 deg

= DPA neighborhood distances vary by DPA and CBSD

category and height

» NASCTN

National Advanced Spectrum
and Communications Test Network
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* One sensor will remain in Boulder, CO to both serve as a “non-DPA” baseline sensor as well as a local
development sensor to test future software fixes before pushing to remote sensors.
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Overview of Technical Sections

DPA - Dynamic Protection Area

Modeling & Simulation

= Informed site selection methodology Data
Driven
 Site Selection Insights
= Deployment methodology
= Current and planned deployments
Collabor
* NASCTN SEA Sensor System ations

e DPA States

e CBSD deployment

insights NASCTN SEA

Bl R Tool Set

o Sensor architecture
= Development evolution/version
o Characterization & calibration

Data Products
= Edge Compute Products Simulation
= Sensor data publication framework e Calibrated
= Example analyses Sensor Systems
e Data Products

* Modeling &

.
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Modeling - Informed Site Selection Methodology

Objectives

» Utilize modeling as a tool to help informing site selections for
NASCTN SEA sensors to measure emissions in the CBRS band

» Estimate aggregate emissions from CBSDs to protection points
and candidate SEA sensor locations

* DPA inactive (emissions from neighbor list CBSD grants)
* DPA active (emissions from keep list CBSD grants)

Approach

* Leverage obfuscated full activity dump (FAD) data provided by
industry to NTIA ITS

* Adapt Wireless Innovation Forum (WInnForum) reference DPA
move list algorithm

* Consider recent proposed relaxation of DPA changes (CBRS 2.0)

8 dB EIRP reduction (duty cycle and network loading factor)

P.2108 median clutter loss applied to CBSDs with £ 6 m AGL

ITM median path loss without Monte Carlo simulation

Smaller DPA neighborhoods

» NASCTN

National Advanced Spectrum
d Communications Test Network
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Modeling Block Diagram

Compute “Lists” based on Reference

Obfuscated FAD
Data
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Example — East-1 Move List & Keep List

DPA Eastl
CBRS 1.0 CBRS 2.0 B Move list (CBRS 1.0)  mmm Move list (CBRS 2.0)
r y B% - 10000 1 Keep list (CBRS 1.0) Keep list (CBRS 2.0)
B654
B316
8000 - 7718

6000 ~

4000 1

Number of CBSD grants

2000 ~

|

' "‘CaETiBfIléiéﬁborhood: 368 km

Channel number

» Randomized CBSD deployment generated from 2024-07-01 obfuscated FAD data
» With CBRS 2.0 implementation:

= CBSD neighbor list sizes have decreased due to smaller neighborhoods
= CBSD move list sizes have also decreased due to EIRP reduction, clutter, ITM median loss
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Example — East-1 Aggregate Emission Calculation
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Example — Hampton University Sensor Location Calculation

3 NAS

National Advancea e won
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N
. Y
» Correlate modeling results and sensor measurements at Hampton { Sensor Measurements :
University (HU) : —
1 I 1
= Utilize 2024-07-01 obfuscated FAD data I 15 . : ! I
o : DPA likelyinactive | :
° Extract sensor measurements on 2024-07-01 (from midnight to 7:00 AM UTC : during ¢apture i
I
before CPAS starts) ' :
. 1 | 1
« Understand the offset between modeling results and measurements : !
. . . . . . 1 I
= Provide insights into key technical challenges and assumptions with the : :
current modeling ' g & :
______________________________________________________________________ 1 - 1

1 odelin esults | 4 ; ““max peak pfo’
: CBRS 1.0 g CBRS 2.0 : i U ‘mean rms pfp’ :
1
. P! Date: 2024-07-01 I
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1 E 39 | -39 = oy = I
B E I A I IR A A A A = ] v 7 i = !
1 € . < S ] S e | o 62 61 2 | | T | ¥ 1 | E o :
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1 E £ I 5 I
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MID
Date: 2024-07-01

Sensor Measurements

» Correlate modeling results and sensor measurements at
USS Midway Museum, San Diego, CA
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RF Horizon Modeling Tool

RF Horizon Coverage Visualization

» Estimate NASCTN sensor’s detection area of CBSDs to inform site selection

» Leverage WInnForum’s approach for computing ESC’s “whisper zone”

» Adjust parameter configurations suitable for NASCTN sensor design and deployment

Colonial Beach Lexington Park

Pocomoke:

nnnnnnnnnn

.))) Il X >

= ~In-DPA
National Advanced Spectrum -
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Modeling Uncertainties and Concerns

Technical chaIIenges and assumptions Deviated from real FAD data (CBSD location, height, maxEIRP, channel
/ occupancy, etc.)
Derived CBSD deployment from quarterly obfuscated

T (PPAP PIRefpErgEidie mIee(s) <» [ adiths @lisiar meet / SAS implementation variations of reference DPA move list algorithm (?)

WinnForum's reference DPA move list algorithm

Inaccurate aggregate emission calculation due to:

* Unknown CBSD’s actual transmit power, on/off state, antenna spatial
Aggregate emission model for sensor pattern and orientation, etc.)

Inaccurate path loss calculation

WinnForum’s reference aggregate interference check

Set of 2-D receive antenna patterns/gains

Incoherent transmissions of CBSDs

Projected noise floor of sensor Sensor measurement may be dominated by a single nearby CBSD in
frequency at a given time

The calculated power is a protection criteria and not an expected
measured power

» NASCTN

National Advanced Spectrum

and Communications Test Network 10 September 2024 — DRAFT — PRE-DECISIONAL



Site Selection

10 September 2024 — DRAFT — PRE-DECISIONAL



Regions of Interest

[<]
- : ]
R . ‘ Omni Antenna B i \
NORTH /\/
| NEW Panel Antenna |
MONTANA / BRUNSWICK: l
Boénan  Silgos MINNESOTA . HEES A
45, Minneapolis 5. A
i ° P Ottawa-<— fw MAINE \
SOUTH WISCONSIN | : NOV
s DAKOTA AH33 VERMONT
i - oronto i
& OREGON Boise . - § MICHIGAN
2 o= IDAHO 1 0(—/ HAMPSHIF
i b % WYOMING : / . NEW YORK . | o X7 B
Y R y 1 -
! oA Chicago / - MASSACHUS
/ NEBRASKA Omvaha ~ PCT AR Preselector
7 Salt Lake City oy SENNSYLVANIA Neonork
/ g V4 ~ ) }
2 @ 3 \ ILLINGYY A NDIANA OHIO Philadelphia
NEVADA
v : 1 P’ penvid’ United States Kansas City indianapel 8 aigginati R OND
Sacramento { UTAH e oRAD0 2 St. Louis brals | ) Lo T G
o ) ¢ Y KANSAS MISSOURI N augcinial Washi
n Francisco & 4 - N\
oSan Jose ', by KENTUCKY, : hcw (f\ ‘
oA R ’
CALIFORNIA Las \{)egas, Nashville ‘ \® ’
LA Vs h
A NORTH
Albuquerole OKLAHOMA Merphis TENNESSEE LA \ Y
© o - o ~ ’
| | ARKANSAS  Charlotte
gaiAmgeles
o ARIZONA NEW MEXICO Atlanta SOUTH
V4 %@ A o MISSISSIPRI 2 CARGUINS
47N Phoenix Dallas AuRBAMAY (o
' g Bermu
Tucson 0,
\ ¥ 3 Ciudad Judrez TEXSS )
&~ @ ALIFORNIA Jackso
== SONORA Houston LOUISIANAO o
San Antonio
CHIHUAHUAL ) 2 New Orlean”
Orlana
) : °
%3 Ve COAHUILA oTampa
'% | FLORIDA
3,
%, NUEVO LEON 2
s 2R Gulf of “Hf Deployecj
BAJA
CALIEORNIAISUR RGP URANGO Monteg.rey Mexico The
Vg . TAMAULIPZ.Z Bahamas
©  Mexico -~ Planned
' ®
AN L LI ‘rl i‘i iii

NASCTN

National Advanced Spectrum
and Communications Test Network

10 September 2024 — DRAFT — PRE-DECISIONAL



Deployment Methodology

‘Chesapeake Bay Bridgeiliunnel
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Deployment Methodology

‘Chesapeake Bay Bridgeiliunnel
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Deployment Methodology (cont.)

Omni Pattern

Directional Pattern

J-atalina Island

West 14

» NASCT

National Advanced Spectrum
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Current and Planned Deployments
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.>> N Asl * One sensor will remain in Boulder, CO to both serve as a “non-DPA” baseline sensor as well as a local development sensor to test future software fixes before pushing to remote sensors.
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Current and Planned Deployments

N T N N T

Opetong]  Ponel e e Norfolk, VA 36.91552 -76.32245 48.5 m AMSL omni
Terminal (NIT)

Hampton University Tower

Operational o Hampton, VA 37.02578 -76.34120 65.5 m AMSL Omni N/A
ﬁgfgﬁ‘iesa” o ::? d”gde#uihne;a(%‘;a;% B3Y  Chesapeake Bay, VA  37.0460938 -76.0628427 Planned Omni iidT‘EgDPa”e'
ﬁif;ﬁ‘iega” ” ?‘gg;\ﬁfgfta“o” Oceana, i cinia Beach, VA  36.825105 -76.0295619 Planned Omni N/A
Operational (Ul\jtcgfizgg:;’"d TowerSite ¢ 2lina, CA 33.3795615 -118.4164147 4.5 m AGL omni ii;i?g.spﬂzzl
Operational  USMC Camp Pendleton ~ DoMC Camp 33.2824683 -117.3891615 6.4 m AGL Omni N/A

Pendleton, CA
USS Midway Museum

Operational . San Diego, CA 32.7139892 -117.175255 50 m AGL Omni TBD
(Midway)
Awaitin National Park Service, 15 dee Panel
g Cabrillo National San Diego, CA 32.6777734 -117.2440221 Planned Omni g
Approval . Az: TBD
Monument (Cabrillo)
. Green Mountain Mesa, 90 deg sector
Operational (GMM) Boulder, CO 39.9918 -105.2745 1783.4 m AMSL AZ: 12 deg N/A
| 1 sensor in reserve, up to 2 additional builds

» NASCTN
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Calibrated Sensor System — Iterative Design and Deployment

Motivation:

Insights into the CBRS ecosystem behavior at a representative location to inform Test

v
Plans

v" Demonstrate the operating of remote sensing nodes that perform autonomous,
calibrated, measurements with quantified levels of uncertainty over time

v

Trial edge compute data products on real world signals, and...
*»* Evolve CBRS ecosystem understanding with simulation and measured data. (ongoing)

Development workflow

Prototype Rev 1 Prototype Rev 2 Prototype Rev 3 Sensor 1 Sensor 2
e Lab based e Controlled Field e |n situ collects e Always-On DPA e Coastal DPA
Testing e 1x CO, 2x VA
|___complete operational &
'>)> NASCTN in deployment

National Advanced Spectrum
and Communications Test Network 10 September 2024 — DRAFT — PRE-DECISIONAL
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Technical Highlights

o Professional design and integration through MITRE — Bedford Laboratories

o Traceable to NIST Calibrated and referenced to NIST’s thermal noise radiometer
(https://www.nist.gov/programs-projects/thermal-noise-metrology)

o Authority To Operate network through NTIA / ITS

o Leverages NTIA’s reference implementation of the Spectrum Characterization and Occupancy
Sensing (SCOS) sensor standard. (IEEE 802.15.22.3)

o On-the-fly calibration through NIST traceable on-board RF thermal noise reference

o Portable lab to field uncertainty characterization methodology demonstrated and in
preparation for publication

o Deployed sensor investigation and monitoring through NASA Langley

» NASCTN
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SEA Sensor Systems — at a Glance

All-Outdoor System

NN
|

\
Panel Antenna /{“

Split System

Omni Antenna

-

1’]
selector

|

» NASCTN

National Advanced Spectrum
and Communications Test Network

Frequency Range

Gain

Input-Referred
Noise Power

RF System

Input 1 dB
Compression Point
(w/ CW Stimulus)
Type

Gain

Polarization

Vertical 3 dB
Beamwidth

Antenna

3530 - 3710 MHz

31.5dB

-98 dBm/10 MHz

-48 dBm

Omni (360°) Panel (15°)
9 dBi 20 dBi
Vertical Vertical
11° 14°

10 September 2024 — DRAFT — PRE-DECISIONAL

Channel 8
(3620 — 3630 MHz)

RSA Settings:
Preamp: Enabled
Reference level: -25
dBm

Input attenuator: 0 dB

Additional channels on
either edge of CBRS

Additional dynamic
range settings to adjust
noise and overload
levels

GMM sensor variation
90° Sector

Gain: 17 dBi

Pol: +,- 45° Slant Pol
Vert: 6°



SEA Sensor Software

agnostic

Api V1 Root

SCOS sensor API root

GET /ap

HTTP 200 OK

Allow: GET, OPTIONS
Content-Type: application/jsor
Vary: Accept

SCOS Sensor

* Universal API for a sensor that is hardware

* Decouple the hardware from the software
e Standardized to IEEE 802.15.22.3

» NASCTN

National Advanced Spectrum
and Communications Test Network

SigMF Metadata

* Common metadata for data outputs from sensors

“global” : {

“core:datatype” : "rf32_le",
“core:sample_rate" : 2.87,
"core:description”

“core:extension:

{

“ntia-algoritha” : "v1.0.8",
“ntia-sensor” : "v1.0.0",
"ntia-environment® : "v1.0.0",
“ntia-location” : "v1.0.0

}

“ntia-sensor:sensor” : {

"id" : "192.168.1.53",
pec” @ {

"id" : 5

"model” : "bassethound",
"version® : "v1.0.0",
“description” : **

h

“antenna" : {
"antenna_spec” : {

“model” : "ARA BSB-26",

adar data captured off the coast of San Francisco”,

Aggregate data across multiple projects and efforts
Single “ingester” for all datasets

ntia-algorithm describes the measurement performed (detectors, algorithms, etc)
ntia-core adds generally useful metadata fields

ntia-diagnostics provides metadata to describe system diagnostic information.
ntia-emitter gives information about the emitter being measured

ntia-environment gives information about the environment around a sensor or
emitter

ntia-nasctn-sea provides metadata used within NASCTN Sharing Ecosystem
Assessment project.

ntia-scos provides metadata for the NTIA Spectrum Characterization and
Occupancy Sensing (SCOS) implementation

ntia-sensor defines hardware components and settings

ntia-waveform provides metadata to describe measured or transmitted waveforms

10 September 2024 — DRAFT — PRE-DECISIONAL



https://github.com/NTIA/scos-sensor
https://github.com/sigmf/SigMF
https://github.com/NTIA/sigmf-ns-ntia

SEA Sensor Split System Block Diagram
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SEA Sensor Filter Upgrade
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SEA Sensor — Fully Outdoor Block Diagram
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SEA Sensor System

SEA Sensor Outdoor SPU

{7

Q Calibration
! Source

‘ b — ) ) ,""v‘._ "
j d A Power Circuitry

LTE Preselector
SPU Antenna
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SEA Sensor Calibration

Calibration Gains

On-Board Calibration Ranges

20 A

Gain (dB)

_10 -

0 dB Attenuation
2 dB Attenuation
4 dB Attenuation
6 dB Attenuation
8 dB Attenuation
10 dB Attenuation
12 dB Attenuation
14 dB Attenuation
16 dB Attenuation
18 dB Attenuation
20 dB Attenuation
22 dB Attenuation
24 dB Attenuation
26 dB Attenuation
28 dB Attenuation
30 dB Attenuation

—
3500

» NASCTN

National Advanced Spectrum

S
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Noise Figures (dB)

Calibration Noise Figures
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20 dB Attenuation
22 dB Attenuation
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—
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—
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Data Products: Data at the Edge

Goal: Compute a compressed stream of key
measurements from field waveforms in real time

o Summary power statistics
= Structure/distributions in time/frequency

These are “building blocks” - downstream
aggregation and analysis will digest into

intermediate data products for each of the major
tasks

» NASCTN

National Advanced Spectrum
and Communications Test Network
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Sensor Data Products

IQ Data

Y

Power Spectral Density (PSD)
175 x 12 Samples

Power Spem} Density (dBm/Hz)

IIR Filtering

Y

NASCTN SEA

Edge Compute Algorithm
Overview - Single Channel

Prototype v0.2

Time Domain Power Statistics
800 Samples

—100

—1104

— Maximum 75th Percentile — 99.9th Percentile

~—Mean 90th Percentile - 99.99th Percentile

— Median 95th Percentile < Mean System Noise
25th Percentile — 99th Percentile

Lo
w n
o o
1 1

~1404

—160

3540 3560 3580 3600 3620 3640 3660 3680 3700

Time Domain Power Summary
Statistics
4 Samples

Amplitude Probability
Distribution (APD)
Variable number of samples,
approximately 250

Periodic Frame Power (PFP)
3360 Samples

Single Channel Data Result

3530 MHz — 3710 MHz measured in 10 MHz

channels with 4-second dwell times

Frequency (MHz)
Channel Power APD, Selected Channels [Sensor 02: Norfolk, VA] [03-12-24 08:03 UTC]
—3540-3550 MHz
40 —3580-3590 MHz
—_ —3640-3650 MHz
g —3700-3710 MHz
= =60+
E
ma e
—100+
;
G 120
—140+ T T T T T T T T 1T T T T T
0.0001 01 1 5 10 20 30 40 50 60 70 80 90 95 98 9r
Percent Exceeding Ordinate
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Channel Power (dBm/10MHz)

Channel Power (dBm/10MHzZ)

Power Spectral Density, 3530-3710 MHz [FFT ENBW 301.6 kHz] [Sensor 02: Norfolk, VA] [03-12-24 08:03 UTC]

Channel Power vs. Time, 3580-3590 MHz [Sensor 02: Norfolk, VA] [03-12-24 08:03 UTC]

~70

—90 4

x IV ITTRTIVIVIIY

aowmmmmwwmﬁwwmﬁw

1— Peak Detect
1—RMS Detect
—100-] <Mean System Noise
T T T T T T
0.0 0.5 15 20 2.5 3.0 35 4.0
Capture time elapsed (s)
Cyclostationary Channel Power, 3580-3590 MHz [Sensor 02: Norfolk, VA] [03-12-24 08:03 UTC]
—60
—70 (\MAAN\N\AJ\/\M
0 AAW“’\W
-90
— Mean Power: Capture Mean
~100 Mean Power; Extrema
1 ~—Peak Power: Capture Mean
] Peak Power: Extrema
T T T T
0 2 4 6 8 10

Time Elapsed Each Reference Frame (ms)



Sensor Data Publication Framework

The edge data products are

The edge data products are validated to ensure the data is
collected to the central SCOS of publishable quality and
manager suitable for further analysis

SCOS Data Data
Manager Wrangling Validation

The edge data products and

The data is published
Intermediate data products in a medium that is
are constructed based on accessible to the
analysis of edge data products  public

Data Data
Fusion Analysis

associated metadata are
Data is collected and formed stored in a database accessible
into the edge data products to the team

The edge data products are
investigated across sensors
along with other data streams

» NASCTN

* Data publication follows the NASCTN review process, where every contributing agency of the
National Advanced Spectrum

and Communications Test Network
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project has the opportunity review the technical report, code, and associated data.




Example Analyses — Day Plots

Overload

mean rms pfp (dBm/10MHz)
5 -80 =7,

HU_prod
Date: 2024-07-05
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= Local dynamics
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\

R = « Sensor-by-sensor and location-by-
= location
3 \_

1l
e 1 181

T T T T T T T T T
3540 3560 3580 3600 3620 3640 3660 3680 3700
Frequency (MHz)

3> NASCTN

National Advanced Spectrum
and Communications Test Network

3540

T T
3560 3580

T T T
3600 3620 3640
Frequency (MHz)

T
3660

T
3680

17'00

3540

T T T T T T T T T — T T T T T
3560 3580 3600 3620 3640 3660 3680 3700 3540 3560 3580 3600 3620 3640 3660 3680 3700
Frequency (MHz) Frequency (MHz)

10 September 2024 — DRAFT — PRE-DECISIONAL



R R R RRRERRRRRRRRRRRRRRR A

Example Analyses — Longitudinal Trends

All Channels, All Sensors from 2023-06-30 to 2023-11-04

_30 - Sensor Data i E s
=== Noise Floor =301 2 o
—~ —40 1 i | 5 0.020
5 E -
2 501 S _50 - b Y
5 =Sl O I I N ’( _______________ 0.015
2 _60 TN S0 SESTRG TREAGRS MR S SRR RSl It
= g o~
2 -70- s -70- e i3 0.010
5 s E
g 2 8011 =
- | - B & 0.005
-90 -90 -~ Vo
" R
~100 . |
; . : , ; ; , -100 1 . : s . ' 0.000
-110 -100 -9 -80 -70  -60  -50 -110 -100 -90 -80 -70 -60 -50
Median of Mean Power (dBm) Median of Mean Power (dBm)
Longitudinal looks at the ecosystem across time, frequency, and location ]
» NASCTN
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Example Analyses — LTE/Cellular Resource Assignments

( Proof of concept

= Mapping TDD Resource Assignments to SEA
Sensor Periodic Frame Power data

= Correlation to TDD Config 2, Special Subframe
Config 7

= |nvestigate trends in PDSCH, TDD DL / UL
activity

~

J

» NASCTN

Time >
LTE Resource Grid for TDD: 10 MHz for Antenna Port 1 out of 4 Antennas and Normal Cyclic Prefix
0 1
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-
= PHICH
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TDD Uplink
Guard Period

Resource Grid Tool Credit: dhagle.in/LTE
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Example Analyses — Mapping of Resource Element Mask to
Measurements

Correlation to LTE Control Channel Resource Element Utilization

Individual Traces Whole Day

Frequency: 3615.0 MHz
PFP rms detect, mean traces PFP aligned to REs usin;
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Suspected Event Corroboration Across Sensors
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Suspected Event Inspection
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State of Current Efforts

A. Sensor Systems

a

Prototype systems upgraded to production units

m]

Sensor Data is informing Data Analysis & Data Methods

Development Norfolk International Hampton
Green Mountain Mesa Terminal University Tower

a

Software — maintenance & minor revisions:
- To date improved sensor stability and reliability
(latest round of updates points to >95%)

m]

Hardware
* Weatherized outdoor system
* Dual antenna provisions for select sites

* Upgraded RF frontend selectivity and performance

* Possibility to revise further based on upcoming cellular

deployments in lower adjacent band 39.99180 N, 105.27452 W,  36.91552 N, 76.32245 W, 37.02578 N, -76.34120 W,
5851 ft +,- 5 ft ASL 159 ft +,- 5 ft ASL 231 ft +,- 5 ft ASL

[m]

System verification checks
* Periodic tests identified and automation underway
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State of Current Efforts

B. Sensor Deployments
6 fielded & operational / 3 to be deployed / 1 in reserve with 2 additional builds
East 1: 2 sites deployed, 2 sites awaiting deployment
West 13/14: 3 sites deployed, 1 site remaining authorization
Green Mountain Mesa: 1 site deployed
Additional site opportunities under consideration

C. Modeling

= Incorporating methods and industry provided data to inform site selections - completed
= |Industry provided data under investigation for corroborating sensor measurements — major focus

[m]

D. DataIngestion
= Prototype database repository — being trialed
= Automated data validation and translation from SigMF to database repository — major focus

E. Data Analysis
= Establish methods in formalized timeseries analysis — major focus
= Cross correlation across sensors — being trialed

F.  Data Publication Plan
NASCTN has formalized process for publication

[m]
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Thank You
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Contact Us

nasctn@nist.gov

NASCTN Program:
o https://www.nist.gov/ctl/nasctn

Updates on the Project:

o https://www.nist.gov/programs-
projects/cbrs-sharing-ecosystem-assessment
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