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I submit these comments in response to the Commission’s Notice of Inquiry (NOI) on Advancing 

Understanding of Non-Federal Spectrum Usage, a timely and much needed reevaluation of how 

spectrum usage can be measured using recent advancements in tools and methodologies. I am a 

professor in the Department of Electrical Engineering and a member of the Wireless Institute at the 

University of Notre Dame1. I am also the Policy Outreach Director for SpectrumX, the nation’s first 

Spectrum Innovation Center funded by the National Science Foundation (NSF)2. The views expressed 

here are mine and do not necessarily represent those of my affiliated institutions. 

 

(1) Introduction 

While non-federal spectrum is allocated by the Commission for various services, actual utilization and 

occupancy is not currently tracked in a scalable fashion over space and time. As the demands on 

commercial uses of spectrum increase, from satellite, terrestrial mobile, Wi-Fi, public safety and other 

services, it is important to understand how well current non-federal allocations are being utilized in 

different geographies. One cannot control or manage what is not measured: hence, long term spectrum 

planning requires measurements and data on actual spectrum usage beyond mere spectrum allocations. 

However, careful thought needs to be put into how to define spectrum occupancy, what should be 

measured and how, managing the volume of data that will result from measurement campaigns and 

how such measurements can be used in crafting effective spectrum policy. I will present my comments 

on these topics, based on recent research conducted by my group. The above statements also apply to 

federal bands, but my comments will be restricted to spectrum measurements in non-federal bands. 

 
1 https://wireless.nd.edu/ 
2 https://www.spectrumx.org/ 



 

 

(2) Defining Spectrum Occupancy 

The NOI uses the terms “usage”, “utilization” and “occupancy” interchangeably. However, 

depending on the type of service, these terms could have different interpretations. For example, 

broadcast television channels, by the very nature of their services, always “occupy” the band they are 

allocated to since the transmissions are always on, but “utilization” or “usage” (we use these two 

terms interchangeably) should be a function of how many receivers actually tune in to the channel. 

Similarly, cellular base-stations (BSs) always transmit synchronization signals on their licensed 

channels, hence “occupy” the channel, but “usage” and “utilization” should be measured by how 

many users are actually connected on that frequency. On the other hand, public safety applications 

might occupy and utilize their allocations very differently from other services. Differentiating 

between occupancy and utilization requires advanced measurement techniques beyond RF sensing 

that can extract system-specific information for a deeper understanding: e.g., how many resource 

blocks (RBs) are allocated on a particular channel in a cellular network, or how many users are 

connected to a Wi-Fi access point (AP). Fortunately, such parameters can be extracted from many 

commercial wireless systems today using easily available tools, making both occupancy and 

utilization measurements possible without the need for expensive network monitoring equipment. It 

is important to quantify both occupancy and utilization separately: occupancy measurements can be 

used to verify whether systems are being deployed in frequencies that have been allocated to them 

and utilization measurements will indicate how well the allocated frequencies are being used.  

 

(3) How should spectrum be measured?  

Non-federal bands that deploy systems with open physical (PHY) and medium access control (MAC) 

protocols, such as cellular systems and public safety services based on 3GPP specifications and Wi-

Fi based on the IEEE 802.11 family of standards can use methods beyond just RF sensing to 

determine utilization. For example, Wi-Fi beacons transmitted by a particular AP may include 

detailed information about that AP, such as frequency of operation, channel bandwidth, transmit 

power, SSID (service set identifier), BSSID (basic service set identifier), maximum transmit/receive 

rates, channel utilization (percentage of time the channel is sensed to be busy) and number of stations 

connected to the BSSID. A user device that receives this beacon will also calculate the RSSI 

(Receive Signal Strength Indicator), along with GPS and timestamps. These metrics can be easily 

retrieved from Android smartphones, as has been demonstrated by SigCap3. SigCap was recently 

 
3 SigCap: https://people.cs.uchicago.edu/~muhiqbalcr/sigcap/  



 

 

used in a detailed study of 6 GHz performance4 that quantified the distribution and nature of RSSI 

received outdoors from a dense deployment of low-power-indoor (LPI) Wi-Fi 6E APs deployed in 6 

GHz. Such an analysis provides deeper insights into utilization and occupancy than can be obtained 

just by RF sensing: the tools to perform these in-depth measurements and analyses are easily 

available today. 

 

Similarly, our research on cellular systems using SigCap along with other smartphone-based tools 

such as QualiPoc5 have provided deep insights into, for example, CBRS and C-band deployments 

and potential for interference6. QualiPoc provides detailed information on channel aggregation, 

beamforming modes, RB allocation, RSRP (Reference Signal Received Power), RSRQ (Reference 

Signal Received Quality), BLER (Block Error rate) etc. which allows an in-depth analysis of 

utilization that is not possible with RF sensing. Other sensing devices, for example thinkRF7 and 

PRiSM8 can also be used to extract detailed information: our current research into spectrum 

utilization is using these tools as well. Some speedtest apps, such as the FCC Speedtest App, also 

extract limited information about the network beyond RF sensing. 

 

An added benefit of system specific measurements is the ability to perform propagation and clutter 

analysis in real-world environments. Since smartphone-based tools provide Physical Cell ID (PCI) 

information of cellular base-stations along with RSSI measured at the user device, with sufficient 

data, one can build realistic models even in mmWave channels9 without requiring expensive channel 

sounding equipment. 

 

Clearly, such tools cannot be applied to sense spectrum bands where proprietary systems are 

deployed. This is the case for many proprietary satellite systems, for example. Further, such tools 

(e.g., QualiPoc and PRiSM) may be more expensive than RF sensing and hence cannot be widely 

 
4 S. Dogan-Tusha, M. I. Rochman, A. Tusha, H. Nasiri, J. Helzerman and M. Ghosh, “Evaluating the interference 
potential in 6 GHz: an extensive measurement campaign of a dense indoor Wi-Fi 6E network,” accepted to ACM 
WiNTECH 2023, October 6, 2023, https://arxiv.org/pdf/2307.00235.pdf  
5 QualiPoc, QualiPoc Android  
6 M. I. Rochman, V. Sathya, M. Ghosh, B. Payne and M. Yavuz, “A Measurement Study of the Impact of Adjacent 
Channel Interference between C-band and CBRS,” PIMRC 2023, https://arxiv.org/pdf/2304.07690.pdf  
7 thinkRF, https://thinkrf.com/  
8 PRiSM, https://epiqsolutions.com/rf-sensing/prism/  
9 A. Narayanan, M. I. Rochman, A. Hassan, B. S. Firmansyah, V. Sathya, M. Ghosh, F. Qian and Z.-L. Zhang, “A 
comparative measurement study of commercial 5G mmWave deployments,” Infocom 2022. 
 



 

 

deployed. Low-cost RF sensors such as RadioHound10 permit wider deployment and general-purpose 

spectrum measurements based on signal strength but cannot deliver detailed network information. 

Hence, judicious sensing architectures that employ all of the different measurement devices available 

today are required for sensing non-federal spectrum bands. Sensing tools and methodologies will also 

need to be band specific to account for service type deployed in the band. 

 

(4) Sensing architectures 

As described above, there are a variety of different ways that non-federal spectrum bands can be 

measured. Some of the tools available today are deployed as fixed sensors whereas others can be 

mobile. The advantage of a fixed sensor node, such as thinkRF, is that spectrum can be monitored 

24/7, allowing longitudinal analyses in time, but the measurement will only apply for a small area 

where the sensor is located. Fixed sensor networks are similar in that they will only be able to sense 

the local environment. Fixed approaches may not work, for example, in understanding how CBRS 

spectrum is being used since CBRS being a low-power system can only be sensed in the area where 

it is deployed. On the other hand, mobile sensors, such as the smartphone apps described above, 

allow spectrum to be monitored over a wider area with just a few devices: a phone can even be 

mounted on a drone to take aerial signal measurements as was done in our 6 GHz studies. Our recent 

research into CBRS deployments in and around South Bend, using a few smartphones with SigCap, 

speedtest apps, QualiPoc and PRiSM, revealed fairly intensive use of the spectrum, both by private 

wireless operators and a major cellular provider. While the Spectrum Access System (SAS) can also 

provide this data, it is not openly available, and furthermore, cannot be used easily to identify 

potential interference. The recent NTIA report on CBRS11 while comprehensive in the analysis of 

numbers of CBSDs authorized, needs to be enhanced with actual spectrum utilization measurements 

in order to build a complete picture of how spectrum sharing in the CBRS band is evolving so that 

the lessons learnt can be applied appropriately to other bands being considered for sharing in the 

future. This can only be done by targeted measurements such as described above. 

 

However, in order to collect longitudinal data, such measurement campaigns need to be conducted 

periodically, which incurs cost. This approach is similar to drive tests conducted occasionally by 

 
10 RadioHound, https://wireless.nd.edu/research/radiohound-a-low-cost-spectrum-sensor-2/  
11 D, Boulware, A Romaniello, R. L. Dorch and M. G. Cotton, “An Analysis of Aggregate CBRS SAS Data from 
April 2021 to January 2023”, NTIA Technical Report TR-23-567,  
 



 

 

cellular operators, but with the tools available today can also be conducted by university researchers. 

An example of such a research project is Broadband MAP US12, where students at various member 

institutions in SpectrumX collect measurements using SigCap and FCC Speedtest to analyze 

utilization of cellular and unlicensed frequencies. Such projects have the added benefit of engaging 

young students in the process of collecting and analyzing spectrum data. 

 

True “crowdsourcing” where anyone can use the apps or purpose-built sensors to collect and submit 

spectrum data is also a possibility, but care has to be taken to maintain privacy of the individual(s) 

submitting such data. This may limit the usefulness of the data. Hence in our research we have 

focused on purposeful data collections using mobile devices, where the routes traversed to collect 

data do not divulge personal details of the data collector. With the availability of smartphone-based 

tools, such data gathering can be carried out at a community level as well. 

 

(5) Data considerations 

No matter how spectrum data is collected, maintaining and curating datasets requires an investment 

in data infrastructure, developing formats and meta-data that add to the value of the measurements. 

Many of the apps mentioned above store data in JSON, which is easily converted to csv file formats 

for analysis. Data collected from standardized systems usually follow the specifications of the 

system, e.g., RSRP, RSRQ, RSSI for cellular systems and RSSI for Wi-Fi. Along with timestamps 

and GPS coordinates, these standardized metrics offer a uniform way to collect spectrum 

measurements. Data visualization and analysis of such data can be done by tools such as ArcGIS. 

 

(6) Field Monitoring Pilot system 

There have been multiple past and ongoing efforts in pilots for spectrum monitoring. In 2021, the 

FCC conducted a pilot with the US Postal Service (USPS) where smartphones with SigCap and 

speedtest apps along with RadioHound sensors were mounted in USPS vehicles and automatically 

collected data on cellular and Wi-Fi systems during regular postal delivery routes13. This pilot 

concept was also implemented by the city of South Bend in 2022 – 2023, where phones running 

 
12 Broadband MAP US, https://www.spectrumx.org/  
13 Report to the Committee on Commerce, Science and Transportation of the Senate and the Committee on energy 
and Commerce of the House of Representatives, https://www.fcc.gov/sites/default/files/report-congress-usps-
broadband-data-collection-feasibility-05242021.pdf  



 

 

SigCap and FCC Speedtest were deployed in city garbage trucks and coverage maps generated14. The 

data from the phones in the garbage trucks, along with other measurements captured by students at 

the University of Notre Dame was recently used to create a coverage map of Wi-Fi 6E shown below. 

It should be noted that collecting these measurements using phones mounted in garbage trucks with 

apps that continually gathered data, did not require an extensive deployment of sensors and 

demonstrates that with easily available tools and simple methodologies, one can generate meaningful 

coverage results quickly and accurately. 

 
In addition to RSSI, the data mapped above also contains information on how many unique BSSIDs 

were measured, what channel frequencies and bandwidths were being used etc. For cellular, detailed 

information on channels used, PCI, RSRP, RSRQ etc. were collected. We recommend that the FCC 

build on its own pilot program with the USPS and develop a targeted pilot system for monitoring 

which can leverage some of these approaches as a proof of concept that can be then used for wider 

deployment. All data collected through such pilots should be made available openly to the 

community. 

 

(7) Conclusions 

Monitoring of spectrum bands is crucial to developing an understanding of how spectrum is actually 

being utilized today. This will inform future spectrum policy that seeks to increase utilization, not 

just occupancy, perhaps by sharing between different services. We recommend that the FCC 

investigate methods that go beyond RF sensing for those bands and systems, such as cellular and Wi-

 
14 South Bend Mobile Data Project, 
https://southbend.maps.arcgis.com/apps/instant/portfolio/index.html?appid=035e803261924a98ad5030df1f1ad3eb  



 

 

Fi, where tools and devices exist to extract detailed signal information beyond signal strength, 

combined with RF sensing in bands where signal structure is unknown. While the NOI focused on 

non-federal bands, it is also essential that federal bands be measured15 since sharing often involves 

federal systems such as radar and passive systems. As the FCC seeks to create more opportunities for 

new applications, current allocations and usage need to be studied in greater detail in all bands. 

 

Regards, 

 

 

Monisha Ghosh 
Professor, Department of Electrical Engineering,  
University of Notre Dame 
202 Cushing Hall,  
Notre Dame, IN 46556 
email: mghosh3@nd.edu 
 
October 03, 2023 
 

 
15 Comments of Professor Monisha Ghosh, NTIA National Spectrum Strategy, 
https://www.ntia.doc.gov/sites/default/files/publications/ghosh.pdf  

mailto:mghosh3@nd.edu

