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Comments of Professor Monisha Ghosh, University of Notre Dame 
 
I respectfully submit these comments in response to the Commission’s Report And Order And Further 

Notice Of Proposed Rulemaking And Notice Of Proposed Rulemaking And Order in the above-

mentioned dockets. 

 

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 alone and do not necessarily represent those of my affiliated institutions. 

 

My comments address the issues posed in the Further Notice Of Proposed Rulemaking in WT Docket 

No. 20-443, specifically paragraphs 52 – 53 requesting input on low-power, indoor-only, unlicensed 

use of the 12.2 – 12.7 GHz band.  

 
(1) Lessons learned from low-power-indoor (LPI) use in the unlicensed 6 GHz band 

As LPI use in the 6 GHz proliferates via increasing Wi-Fi 6E deployments, measurements and analyses 

of the performance under real-world propagation conditions are being conducted to verify that the rules 

 
1 Notre Dame Wireless Institute, https://wireless.nd.edu/  
2 SpectrumX, https://www.spectrumx.org/  



 

 

in the 6 GHz Report and Order3 will indeed protect incumbents from harmful interference. We recently 

submitted an ex-parte notice on our research in unlicensed LPI use of 6 GHz, conducted at the 

University of Michigan which has the world’s largest deployment of approximately 16,000 Wi-Fi 6E 

LPI access points (APs) operating in 6 GHz in over 225 buildings4. Our extensive measurements and 

analyses of outdoor signal strength resulting from this Wi-Fi 6E deployment demonstrates that the 

operational parameters chosen by the Commission: power spectral density (PSD) of 5 dBm/MHz and 

an assumption of building entry loss (BEL) of 20 dB will result in an extremely low probability of 

harmful interference to incumbent, fixed 6 GHz links. We demonstrate, via measurements in a 

deployed network, that corner-cases of high outdoor signal strength do occur, but with extremely low 

probability and do not pose a risk of harmful interference to incumbents. Our statistical analyses reveal 

that signals from only a very small percentage, ~5%, of APs deployed indoors are measurable outdoors 

at a signal level above -94 dBm/20 MHz, thus substantially reducing the effect of aggregate 

interference from a large number of APs. Similar results have been more recently obtained from our 

research into measurements conducted at the University of Notre Dame. As far as we are aware, no 

interference events have been reported by incumbents from these real-world, dense, unlicensed LPI 

deployments in 6 GHz. 

 

(2) Extending the LPI model to 12 GHz 

Given the success of LPI in the unlicensed but shared 6 GHz band, it is a natural extension to consider 

the same model for 12.2 - 12.7 GHz. However, since the primary incumbent in this band, satellite 

downlink, has different characteristics compared to the fixed, highly directional point-to-point links in 

6 GHz, and BEL is also likely larger at this higher frequency, further research and analysis is needed 

to select the appropriate PSD to minimize the probability of harmful interference in 12.2 - 12.7 GHz. 

Our research on outdoor/indoor propagation in 5G mmWave5 demonstrated that the signal did not 

propagate through low-E glass windows at 28 GHz, suggesting that BEL at 12 GHz is most likely 

higher than the median value of 20 dB assumed for 6 GHz. Furthermore, there will be spatial separation 

between the directional satellite receiver (pointed skywards) and unlicensed LPI in 12.2 - 12.7 GHz, 

 
3 6 GHz Report and Order, https://www.fcc.gov/ecfs/document/0424167164769/5  
4 Ex-parte submission on 6 GHz measurements to FCC OET Docket 18-295, Unlicensed Use of the 6 GHz Band, July 
21, 2023, https://www.fcc.gov/ecfs/document/107211592305290/1  
5 M. I. Rochman, V. Sathya and M. Ghosh, "Outdoor-to-Indoor Performance Analysis of a Commercial Deployment 
of 5G mmWave," 2022 IEEE Future Networks World Forum (FNWF), Montreal, QC, Canada, 2022, pp. 519-525, doi: 
10.1109/FNWF55208.2022.00097. 



 

 

which will also probably be directional but very likely to not be in the main lobe of the incumbent 

receiver. With these operational considerations, it is likely that the PSD for LPI use in 12.2 - 12.7 GHz 

could be higher than the 5 dBm/MHz limit in 6 GHz. Unlicensed LPI also coexists well with fixed 

links in 6 GHz and should the existing fixed allocations in 12.2 - 12.7 GHz be expanded to permit two 

way, fixed point-to-multipoint fixed broadband access, unlicensed LPI in 12.2 - 12.7 GHz will coexist 

with such links as well, thus further enhancing the utility of this band. 

 

(3) Robust detection of indoor/outdoor environments 

A drawback of creating transmission rules specifically for indoor environments is that there does not 

exist a robust means of identifying device environments. Hence, in the 6 GHz proceeding, certain rules 

were adopted to prevent APs from being installed outdoors: APs could not have weatherized enclosures 

or be battery powered, and antennas had to be integrated. These restrictions can often limit applicability 

as noted in the recent ex-parte submission by Extreme Networks6 requesting a waiver for LPI 6 GHz 

APs that are installed in indoor stadiums, but need to be weatherized to withstand customer behavior, 

e.g., spilling liquids on APs installed near seating areas. We encourage the Commission to investigate 

automatic methods based on AI/ML to determine whether a device is indoors or outdoors, such as the 

work reported in the paper “ML-Based Classification of Device Environment Using Wi-Fi and Cellular 

Signal Measurements” where we show that one can robustly classify the environment a device is in by 

combining the signal strength and other features from  various commonly available RF interfaces on 

smartphones today: GPS, Wi-Fi in 2.4, 5 and 6 GHz, and cellular in low, mid and high bands7. The 

signal strength and number of networks seen at a device depend on whether the device is indoors or 

outdoors: for example, when indoors, GPS accuracy is lower, Wi-Fi signal strengths are higher and 

cellular signal strengths lower when compared to outdoors. By creating representative datasets of 

indoor and outdoor environments, robust classifiers, using features from multiple frequency bands that 

are easily extracted from devices today, can be built and implemented on end-user devices to 

automatically detect the operational environment. Such approaches can help in creating LPI rules 

without requiring additional constraints on devices, as in 6 GHz. We believe that innovative approaches 

to automatically classifying indoor/outdoor environments should be pursued in bands such as 12.2 - 

12.7 GHz where unlicensed LPI rules are being considered. 

 
6 Extreme Networks LPI waiver request, https://www.fcc.gov/ecfs/document/107211224907036/1  
7 A. Ramamurthy, V. Sathya, M. I. Rochman and M. Ghosh, "ML-Based Classification of Device Environment Using 
Wi-Fi and Cellular Signal Measurements," in IEEE Access, vol. 10, pp. 29461-29472, 2022, doi: 
10.1109/ACCESS.2022.3158056. 



 

 

 

 

(4) Conclusions 

Adopting unlicensed LPI rules for the 12.2 – 12.7 GHz band will substantially increase the utility of 

the band beyond the services deployed there today. As 70 - 80% of consumer data is generated indoors8, 

finding adequate spectrum to increase the throughput of indoor connectivity will be important: the 12.2 

- 12.7 GHz band offers 500 MHz of spectrum that could fill this need via unlicensed LPI use, without 

causing harmful interference to existing incumbents and new point-to-multipoint outdoor, fixed links. 

Research into propagation and channel modeling is required in order to develop appropriate PSD levels 

to reduce the probability of harmful interference: statistical analyses, based on real-world 

measurements where available, should be used instead of worst-case scenarios using fixed interference 

thresholds to determine operational parameters. 

 

Please feel free to reach out with any questions. 

 

Respectfully submitted, 

 

 

Monisha Ghosh 
Professor, Department of Electrical Engineering, 
University of Notre Dame 
202 Cushing Hall 
Notre Dame, IN 46556 
email: mghosh3@nd.edu 
 
August 09, 2023 

 

 

 
 
 
 

 
8 Ericsson, Planning in-building coverage for 5G: from rules of thumb to statistics and AI, 
https://www.ericsson.com/en/reports-and-papers/mobility-report/articles/indoor-outdoor  
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