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Background and Project Objectives
“The NRQZ Modernization Effort seeks to improve 
emergency and broadband telecommunications 
while protecting and enhancing Federal facility 
operations in the National Radio Quiet Zone (NRQZ). 
NRQZ Modernization Effort conducts initial 
investigation of medium-term (5 years) and long-
term (10-30 years) topics.”

• Current Telecommunications Assessment  

• Needs Assessment  

• Courses of Action (COAs)   

• Quantitative Analysis of COAs  

• Collaborate with and Review ‘Project 1’
  (Focused on Public Safety Land Mobile Radio Modernization)

NSF Contract Awarded: 9/16/2024 – Completion 5/16/2026
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Observations and Conclusions
NRQZ Environment and Conditions

• The NRQZ Region has unique Telecommunications Challenges but is not obviously more 
disadvantaged than other economically/geographically comparable Areas in the US

• Current Emissions Regulations and Limits are becoming insufficient to protect operations as facilities 
technologies have advanced over the decades

• Emergency Services Voice/LMR Connectivity is an Immediate Priority

• Mobile Broadband is increasingly imperative for personal, commercial and safety needs

Telecommunications Sufficiency:  Broadband Consumption Patterns and Demands are Plateauing - this 

implies that Infrastructure Investment has a Longer Viability 

Fundamental Courses of Action (COAs) for Modernization of the NRQZ

1. Mobile Broadband (Society, Industry, Public Safety…)

2. Fixed Broadband (Home, Enterprise, Education, Government…)

3. Emergency Communications/Critical Infrastructure Broadband Communications (> LMR)
Conclusion: Immediate Focus should be (Terrestrial) Mobile Broadband for personal, commercial and 

safety needs.  Significant improvement is possible with long term viability. Geographic and Economic factors 

are the fundamental constraint on telecommunications modernization.
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Current Telecommunications 
Assessment
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Prevailing Consumer Expectations of Fixed 
Broadband Capacity

Broadband as Defined by the FCC (March 23, 2024)
oFixed services: 100 megabits per second (Mbps) for downloads and 20 Mbps for 

uploads

oMobile services: 35 Mbps for downloads and 3 Mbps for uploads is referenced

oSchools / Community Anchor Sites: 1 gigabit per second (Gbps) for downloads per 
1,000 students and staff

oReplaces 2015 FCC universal broadband standard of 25Mbps / 3Mbps 
(downlink/uplink)*

oThe FCC set a long-term goal of 1 Gbps downstream and 500 Mbps upstream for fixed 
broadband.
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Prevailing Consumer Expectations of 
Mobile Broadband
• Penetration*
oAs of 2024, the smartphone penetration rate in the United States is over 96%, and there are 

more than 310 million smartphone users in the country (Population of ~335M).
oThis is one of the highest smartphone penetration rates in the world.

• Demographics**:
o99% of people in the 18–29 and 30–49 age groups own a cell phone, and 97% of those use 

a smartphone.
oFor people in the 50–64 age group, 98% own a cell phone, but only 89% use a smartphone.
oFor people 65 and older, 94% own a cell phone, but only 76% use a smartphone
oThere doesn't seem to be a strong relationship between income and smartphone access.

• Observation:  The mobile broadband internet is fundamental to our 
modern way of life (commerce, communication, education, 
expression, health services, information...)
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* Source: Smartphones’ Increasing Internet Penetration Has Fueled The 
Demand, Market.us News

**Source: Statista



But: Growth of Mobile Broadband Data Usage has 

Plateaued and is Declining Asymptotically toward 0-10%
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• Mobile Broadband is following a comparable 
maturation / saturation curve as fixed 
broadband 

• 5G is still largely a solution in search of a 
problem, which begs an even larger question 
for 6G.

CEE = Central and Eastern Europe, DVAP = Developed Asia–Pacific, EMAP = Emerging Asia–Pacific, LATAM = Latin America, MENA = 
Middle East and North Africa, NA = North America, SSA = Sub-Saharan Africa, WE = Western Europe
Figure 4-2 : Global mobile data growth rates (including FWA): Source: Analysys Mason

Source: The End of Telecoms History – How We Reached the Point of Having All that We Need, Dennis 
Roberson, William Webb, 2025, ISBN-13: 9798285473848



Public Safety Workflow 
Safety / Efficiency / Efficacy

10

• Geo-Location (person / vehicle) is an obvious requirement but cannot be met by LMR directly  
– FCC has been driving mobile carriers to ever increasing accuracy in x, y, and z dimensions).

• Smartphone Penetration in Public Safety
• From one poll, 77% of respondents indicated that their police agencies provide 

smartphones (to all or above a certain level in the staff).
• The majority of public safety personnel, about 88%, use smartphones on a daily basis.

• Increasing penetration of digital workflow applications and quantified benefits (rendered on 
mobile digital platforms:  smartphones, tablets, MDTs)
o Digital field interview notebook
o Mobile Computer Aided Dispatch
o Mobile citations/reports, etc.
o QR-Code scan/verify (e.g., IDs, Insurance, Vehicular Registrations, etc.)
o Situational Awareness (e.g., Incident Management Applications such as Dragonware)



Public Safety Workflow 
Safety / Efficiency / Efficacy
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• Increasing penetration of edge data collection / analytics
o First Responder Biometrics
o Automated License Plate Recognition (Vehicular, Deployed Readers, etc.)
o Mobile Video (Vehicular, Personal, Fixed, Drone, etc.)
o Biometrics (Fingerprint, Facial Recognition, DNA identification)
o EMS telemetry (e.g., EKG)
o Fleet management

• Autonomous Vehicles (UAVs)
o The Global Public Safety Drone Market Size was valued at USD 1.1 Billion in 2023 and is 

estimated to reach USD 2.0 Billion by 2028, growing at a CAGR of 13%. The US is the largest 
Market - Approx 50%

Source: Public Safety Drone Market by Type (Rotary Wing, Fixed Wing, Hybrid), Platform (Micro, Small), Application (Police Operations & Investigations, Firefighting & Disaster Management, Border 
Management, Others), Mode of operation, and Region - Global Forecast to 2028, Public Safety Drone Market, June 2023



Emergency Response Components
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0-1

Event Occurs

911 Call Initiated

Source: Statewide Ambulance Coverage of a Mixed Region of Urban, Rural and Frontier under Travel Time Catchment Areas; EunSu Lee, Melanie 
McDonald, Erin O’Neill and William Montgomery; International Journal of Environmental Research and Public Health, March 2021.

A Function of Access to 
Communication Services
(Primarily Mobile) with 
Geolocation

>70% of calls (likely much more) are 
mobile originated. 85% of US 
population is NG911 enabled



Population Trends
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Source: Our World In Data

NRQZ

GBO



Emerging Telecommunications Tools to 
Support Modernization

14Source: Our World in Data

• LEO Satellite services afford viable solutions for Fixed
• Broadband, some Mobile Broadband applications and 

Direct to Cell
• Also pose new emissions challenges to the NRQZ
• Efficacy (e.g., terrain, foliage, in-building) limitations

Source: Starlink

https://ourworldindata.org/grapher/yearly-number-of-objects-launched-into-outer-space


Spectrum Needs Assessment
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NRQZ Emission Limits
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• Emission limits are stringent requiring increasingly RF clarity

• Advances in receiver technologies make even the current limits increasingly challenging

• Green Bank Telescope spectrum sensitivity covers a wide range (100 MHz to 116 GHz) and varies 
temporally



Co-Existence
• Selective spectrum band filtering is possible but is not a generalizable solution (loss and cost)

• NRAO works with emitters to manage co-existence (e.g., Starlink)

• GBO supports a collaborative scheduling facility that would allow coordination

• Some GBO applications are particularly challenging (e.g., CHIME at 600-800MHz 24x7)
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Recommended COAs for 
Modernization
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Approach to Modernization: 
Recommended Courses of Action

• Fixed Broadband (Home, Enterprise, Education, Government)
• Prioritize areas closest to Federal Facilities and Community Anchor BSLs

• Conclusions: WVa BEAD proposal makes significant improvements 
(remaining BSLs diminishing returns; LEO Satellite candidates)

• Mobile Broadband (Society, Industry, Public Safety)
• Develop Simulation Methodology and Tools

• Mobile Terrestrial Infrastructure / Monte-Carlo Mobiles and User Terminals

• Direct to Cell (D2C) Satellite Downlink

• Assess Infrastructure Test Case of ‘~Unconstrained’ (reasonable best case) Coverage 
(infrastructure and mobile/UE emissions)

• Analyze D2C implications (tool for modernization vs. threat to Federal Facilities)

• Estimate costs and engaged Mobile Service Providers to Improve Estimates and 
Identify Constraint Mitigations (Ongoing)

• Conclusions: Significant Mobile Terrestrial Improvement is technically 
possible; D2C is a significant risk to NRQZ stakeholders and offers little near 
/ medium term modernization utility 
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• Emergency Communications / Critical Infrastructure Communications

• Conclusions: LMR coverage improvements are imperative supplemented by Mobile Broadband (Priority 
Service on Carrier Model); Augment with mobile/deployable satellite broadband



Analysis of Modernization 
COAs
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Fixed and Mobile Satellite Emissions
• Uplink D2C analysis via Monte-Carlo analysis of user devices/terminals

• Downlink analysis implications are highly dependent upon band and uplink 
sensitivity is dependent on earth terminal antenna directivity 
(Lower/Cellular D2C bands are problematic, Higher satellite bands are 
more manageable).

21
Downlink Emissions Uplink Emissions



Satellite Communications Analysis

22

• Satellite Broadband (e.g., Starlink) – Manageable 
• Downlink (high spectral bands) - controllable / smaller in 

footprint

• Satellite terminals (fixed and mobile) have highly directional 
antennas so create insignificant unintended uplink emissions

• Highly susceptible to foliage, terrain (sky arc) so fixed 
placement has limitations / mobile performance impaired in the 
NRQZ

• D2C in the NRQZ – Problematic?
• Physics of Lower Frequency Terrestrial Bands

• UE’s Operating at high/maximum (200mW) power (non-
directional) = could be an issue as far away as 50km

• In the Near Term, incremental capability will be low compared to 
‘cost’ but may improve over the life of the study interval
• Performance limited: Texting, Low-speed Telemetry, etc. 

• Coverage limited:  In-building/vehicle, Foliage, Terrain, etc.

• Utility for Emergency Situations (911 calling, Emergency 
Beacons, Incident Response...)? Sustained Operation would be 
disruptive to Federal Stakeholders for limited utility for the 
foreseeable future

1900 MHz PCS Band 



NRQZ Terrestrial Mobile Coverage
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AT&T Verizon T-Mobile 4G Coverage
5G Coverage

• Practical/Usable coverage for most applications is less than depicted (i.e., 

threshold for usable signal strength is low).

Source: whistleout.com (April-2025)



Mobile Terrestrial Broadband Improvement Analysis – 
Approach
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• Analysis Capabilities 

• Terrestrial Infrastructure Simulation Methodology and 

Tools using ITM / Terrain Path Loss Modeling and 

Aggregation of  Transmission Power

• Monte-Carlo Mobile Simulation Methodology for mobile 

devices (UEs) – Aggregation of Transmission Power.

• Assessed Infrastructure Test Case of 

‘~Unconstrained’ (reasonable best case) Coverage

• Assumed sites can be optimally placed and configured 

(e.g., disabled sectors, directional antennas, etc.

• Centered Around GBO Considering Infrastructure and 

Mobile/UE Emission Aggregation

• Select Frequency Bands and RF Operation 

Assumptions (600 MHz since it has higher propagation)

• Estimated costs and engaged Mobile Service 

Providers to Improve Estimates and Identify 

Constraint Mitigations (Ongoing)

• Assessed Mobile (UE) Contribution across many 

likely operational locations (roadways)

Hypothetical Depiction



Mobile Terrestrial Broadband Improvement 
Analysis
Infrastructure Results
• Compared with open/published service provider coverage claims, installing 42 

medium power base stations at optimized sites would add an area covered of 

~2,100 sq km or ~810 sq miles.

• Further Optimization is possible with low-power sites and/or better site tuning

• Cost Estimates (ongoing with service providers)
• CAPEX:  $300K - $1.5M per site

• OPEX: $37.5K per year

• Key Variables:  Greenfield Site Logistics: Access, Power, Fiber, Clearances, Tower/Civil 
Construction

• Service Provider Engagement:

• Generally (increasingly) limited by business ROI (not unique to NRQZ)

• They have ‘thought about’ this challenge - our results/assumptions align

• Published/Open Coverage Claims are Optimistic

• Funding Key Issue

• Constraint Identification / Remediation

• Collaborative Scheduling (GBO)

• One Carrier suggested Investigating Different Coverage Options (e.g., DAS)
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Mobile Terrestrial Broadband Improvement Analysis
Cellular Mobile (UE) 
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• Aggregate of mobile devices operating 

along the major roads within 160x160 km 

box centered at the GBO (50 and 95 

percent quantile levels) .

• Small number of locations out of 300 

selected demonstrated excess power flux 

density at the GBO (consistent with 

where infrastructure emissions would 

cause issues).



Recommendations
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Recommendations
• Prioritize Terrestrial Mobile Broadband Modernization

• Highest leverage for addressing personal, commercial, emergency services and safety telecommunications 
needs while remaining technically compatible with federal facility protection requirements.

• Leverage established engagement activity with Mobile Service Providers
• Requires federal investment mechanisms, public-private partnership frameworks, regulatory accommodations 

to offset economic challenges (commercial collaboration)
• Prioritized access should be included for emergency services.

• Leverage the improvement afforded by the BEAD initiative for fixed broadband service
•  Supplant where feasible with LEO-based fixed broadband solutions.

• Investigate mobile satellite broadband for Public Safety and Critical Infrastructure 
• Applicable to vehicles as well as temporary deployments
• Provide alternative connectivity for broadband and LMR voice services.
• Initial conclusion: Limited utility for mission critical services based on Project 1 measurements in the NRQZ

• Develop and Leverage Comprehensive Interference Management Frameworks
• Establish dynamic coordination mechanisms between federal facility operators and satellite system operators 

to identify and mitigate interference risks.
• Extend the same coordination concepts (e.g., collaborative scheduling framework) to terrestrial mobile 

broadband systems.
• Extend NRQZ Existing Regulatory Frameworks for Autonomous Systems

• Emissions from autonomous systems including drones and autonomous vehicles operating in the NRQZ region.
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End
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Next Steps and Future Project Extension 
Options (1 of 2)

• Infrastructure Design / Development
• Continue collaboration with mobile service providers for systematic assessment of terrestrial mobile broadband deployment 

opportunities, identifying specific sites and infrastructure requirements for network expansion.
• Conduct field measurements, possibly leveraging ASM2, to align simulations/plans with actual performance.
• Conduct additional simulations using other assumptions (mobile placement, base station emission characteristics, etc.)

• Economic Analysis: Develop detailed business case analyses for specific modernization projects, 
identifying optimal combinations of federal investment, private sector participation, and regulatory 
incentives.

• Transfer/Support Modeling/Simulation Methodology with NSF/NRAO: Provide RAA analysis terrain-
based simulation methodology (multi-emitter, mobile/infrastructure, mobility, etc.) for NRAO ongoing 
use.

• Technology Monitoring: Establish ongoing monitoring of emerging/changing telecommunications 
technologies, applications, regulations and usage patterns to assess their potential interference 
implications for federal facility operations.

• Emergency Services: Extended analysis of emerging use cases and solution identification for 
evolving emergency services (broadband) communications requirements.

32



Next Steps and Future Project 
Extension Options (2 of 2)

• Coordination: Develop detailed dynamic coordination protocols and facilities with satellite and terrestrial 
operators to manage interference risks while enabling beneficial services where compatible with federal 
operations.

• Federal Facility Assessment: Conduct periodic reassessment of federal facility operational 
requirements and electromagnetic protection needs as technologies evolve. Adopt more comprehensive 
tools for analysis of interference conditions in the NRQZ.

• Expanded Analysis: Enhancing the depth of our analysis coverage of other counties within the NRQZ 
beyond the counties that have the most stringent interference concerns (Pocahontas and Pendleton WV).

• Objective Technology Impact Analyses: Conduct analysis of potential emerging interference sources to 
quantify mission impacts.  If needed, develop mitigation strategies through collaboration across the 
affected parties (Likely initial case is D2D/D2C including usage models beyond mobile telephony such as 
IoT, aircraft).

• Focused Analysis on Satellite Communications
• Objectively quantify the levels of benefit and modernization impact for NRQZ stakeholders (ongoing)
• Ongoing assessment of potential NRQZ facility impacts vs. mitigation approaches (filters, etc.)
• Assessment of other space-based interference impacts (international satellite providers, military, etc.)
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