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We submit the following reply comments to the Second FNPRM1 based on research funded by the 
National Science Foundation (NSF) through grants CNS-2229387 and AST-2132700. 

(1) Reply to Comments from AT&T Services, Inc.2 
 

In its comment, AT&T  Services Inc. states: “AT&T’s statistical modeling has shown that existing 
proposals provide nearly ubiquitous outdoor coverage in even suburban areas and that conclusion has 
been reinforced by not only popular use of LPI devices, but also empirical testing conducted at the 
University of Michigan by Dr. Ghosh.” We respectfully disagree with this assessment of our prior 
measurement work at the University of Michigan3 and the University of Notre Dame4 which were 
presented to the Commission in a prior ex-parte presentation5. Our measurements of real-world 
deployments indicate that while Wi-Fi 6E beacons can be received outdoors, in close proximity to 
buildings where indoor access points (APs) are deployed under low-power-indoor (LPI) rules, that can 
hardly be characterized as “providing nearly ubiquitous outdoor coverage” since the median beacon 
signal strength (RSSI) outdoors ranges between -81 dBm and  -89 dBm over 20 MHz, far below the signal 
level required for Wi-Fi 6E to provide robust connectivity, which is about -70 dBm. It should be noted 
that the measurements were made in extremely dense enterprise environments: ~16,000 APs deployed 
in many buildings on the University of Michigan campus and 70 APs deployed in a single building at the 
University of Notre Dame with at least two Basic Service Set Identifiers (BSSIDs) per AP.  Furthermore, 
we estimated the interference level at the receivers of incumbent fixed microwave links in the vicinity of 
the University of Michigan and estimated an I/N of -66 dB, far below the -6 dB threshold for harmful 
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interference. Clearly, the outdoor signal strength due to a very large number of indoor LPI APs does not 
pose a harmful interference threat in the University of Michigan environment. 

(2) Analysis of maximum RSSI at each timestamp 
 

Our data collection methodology, described in detail in our prior comments6, allows us to collect the 
beacon RSSI from all BSSIDs measured every 5 secs. Previously, we analyzed the RSSI of all the data 
collected, indoors and outdoors, without separating by time. However, in order to determine an 
appropriate enabling signal level for client-to-client (C2C) communications, we need to determine the 
maximum RSSI received at each timestamp, both indoors and outdoors. We present the analysis for 
measurements conducted inside and outside the Office of Information Technology (OIT) building at the 
University of Notre Dame, with 70 Wi-Fi 6E APs and 2 BSSIDs per AP.  

Figure 1 shows the Cumulative Distribution Function (CDF) of maximum RSSI per timestamp, indoors and 
outdoors. From this figure, we see that if an enabling signal level of -80 dBm were chosen, 98.6% of indoor 
devices would be enabled, whereas only 12% of outdoor devices would be enabled. With a threshold of  
-78 dBm, these values are 96.8% and 7% respectively and with a threshold of – 82 dBm, we have 99.4% 
and 20% respectively. We believe that this methodology and analysis, based on real-world measurements, 
can help the Commission in determining the appropriate enabling signal level that reduces the probability 
of interference to incumbents, while permitting indoor devices to transmit in a C2C mode. 

 
Figure 1: CDF of Max RSSI at UND 

Figure 2 shows that the outdoor devices with max RSSI > -80 dBm are very close to the building, and in 
particular are near the front of the building which has double glass doors. Hence, even if outdoor devices 
are enabled for C2C transmission, they will not pose any interference risk due to the proximity to the 
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building: these devices could have been connected to an LPI AP anyway and hence do not pose any 
additional interference risk if they engage in C2C communications. 

 
 

Figure 2: Location of outdoor devices with max RSSI > -80 dbm 

Figure 3 shows the CDF of the number of unique BSSIDs that are above the enabling signal threshold, for 
3 different threshold values of -78 dBm, -80 dBm and -82 dBm, indoors and outdoors. Since this is a dense, 
enterprise deployment, the median numbers indoors are fairly high, viz. 6, 8 and 10 respectively, whereas 
outdoors there are many fewer BSSIDs that are received above the threshold: the 90-percentile number 
is 2 – 4 depending on threshold. This result further indicates that the probability of two outdoor devices 
being enabled at any of these thresholds is quite low. 

  

 

Figure 3: CDF of number of unique BSSIDs above a threshold 



 

 

(3) Alternative means of enabling C2C using Machine Learning (ML) 
 

We suggest an alternative method of enabling C2C operation, which is based on the device determining 
whether it is indoors or outdoors based on the signal strength and number of unique BSSIDs or cellular 
base-stations (determined by Physical Cell ID or PCI) that the device receives on all radio interfaces 
available to it: smartphones, for example, can receive 4G, 5G and Wi-Fi in all bands, in addition to 
estimating GPS accuracy. The enabling signal method relies on received signal strength only in the 6 GHz 
band, whereas the ML approach leverages signals from all frequency bands that the phone is able to 
receive. Our past work7 demonstrated that devices can train fairly simple ML classifier models, like 
Random Forest, to robustly identify location using these radio features with 99% accuracy: the premise 
is that these RF signals create an image, much like a photograph, which is quite different based on 
whether the device is indoors or outdoors. We have collected large datasets of such measurements in 
various indoor and outdoor environments and continue to do so as we refine our models. Our recent 
work, based on new measurements at the University of Notre Dame, uses more advanced neural-
network models with similar accuracy levels. Using innovative methods such as these, perhaps 
combined with an appropriate enabling signal, one can deliver C2C capability reliably under low-power-
indoor (LPI) rules. 

(4) Conclusions 
 

We fully support the Commission’s proposal to permit C2C operation under LPI rules while ensuring 
continued protection of incumbents. Based on our comprehensive (and ongoing) real-world 
measurements of Wi-Fi 6E, we believe that an appropriate enabling signal threshold of -78 dBm to -82 
dBm will protect incumbents from harmful interference while maximizing the utility of C2C operation 
indoors. Further, we propose an alternative method for determining reliably if devices are indoors, which 
could be a stand-alone method or combined with the enabling signal method for added robustness. 

 

Sincerely, 

 

Professor Monisha Ghosh 
Department of Electrical Engineering,  
University of Notre Dame  
202 Cushing Hall  
Notre Dame, IN 46556  
email: mghosh3@nd.edu  
 
April 26, 2024 
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