Comment on “Unlicensed Use of the 6 GHz Band; and Expanding Flexible Use in Mid-Band
Spectrum Between 3.7 and 24 GHZ”

Professor Monisha Ghosh, University of Notre Dame
Dr. Seda Tusha, University of Notre Dame
Dr. Armed Tusha, University of Notre Dame
Hossein Nasiri, University of Notre Dame
Muhammad Rochman, University of Chicago
Professor Prashant Krishnamurthy, University of Pittsburgh

We submit the following information to the Second FNPRM?, specifically addressing Paragraphs 187 — 194
on Client-to-Client (C2C) communications. Our responses are based on research funded by the National
Science Foundation (NSF) through the SpectrumX? and SWIFT® programs.

(1) Background

C2C communications may be enabled under the 6 GHz low-power-indoor (LPI) environment when client
devices establish a direct communication link between each other, bypassing the indoor access point (AP),
based on the received signal strength of an “enabling signal” transmitted by an AP. Such a mode can
improve Wi-Fi 6E performance, for example, reducing latency between client devices by avoiding the extra
hop in transmissions via the AP. However, the threshold at which the enabling signal should be received
is crucial: if set too low, it might enable outdoor clients to communicate with each other at LPI levels thus
potentially increasing the probability of interference to incumbents, and if set too high it may preclude
indoor clients from communicating with each other and thus reduce the efficacy of this mode. As Wi-Fi
6E usage increases, measurements from real-world deployments can provide much-needed data to guide
the process of determining an appropriate signal level. Our past research based on extensive
measurements conducted at the University of Michigan* and the University of Notre Dame® focused on
quantifying the interference potential of LPI APs to fixed microwave links and were presented to the
Commission in a prior ex-parte presentation®. In this response we present new analyses and
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measurements specifically related to C2C communications. We hope these results are useful to the
Commission in its deliberations.

(2) Summary of measurement methodology

All data presented in this response was collected using Android smartphones running SigCap’ as explained
in detail in prior publications. We used Pixel 6 and Samsung Galaxy S22+ phones for the data collection.
SigCap is an Android app, developed by the authors, that passively collects time and location parameters
from the GPS signal, and wireless signal data (both cellular and Wi-Fi) through Android APls, without
requiring root access. The measurements and analyses reported utilized the following Wi-Fi parameters
that were collected every 5 secs: Basic Service Set Identifier (BSSID), Received Signal Strength Indicator
(RSSI), frequency of operation, channel bandwidth and additional parameters which are optionally
transmitted in the beacon frames, namely, transmitted signal power and technology, number of stations
connected to each BSSID and channel utilization (percentage of time that the BSSID sensed the channel
to be busy). It should be noted that the RSSI is measured on the Wi-Fi beacon only which is 20 MHz wide
and all the information above is reported for all BSSIDs that the phone receives even if it is not connected
to any of them. This allows one to very easily collect detailed information on all 6 GHz channels being used
by Wi-Fi 6E in a given location.

(3) Analysis of outdoor signal strength at the University of Michigan

Extensive measurements were made in 2023 at the University of Michigan (UMich) where > 16,000 Wi-Fi
6E APs operating under the 6 GHz LPI rules are deployed indoors in the many university buildings. Using
the methodology described above, outdoor measurements were made while driving, walking and using a
drone in the campus area shown in Figure 1 below, where each green pin represents a building with Wi-
Fi 6E deployed. While the enabling signal proposed for C2C does not have to be the existing Wi-Fi beacon,
analysis of the beacon RSSI over 20 MHz offers insight into outdoor RSSI levels actually observed in a
realistic setting. Figure 2 summarizes the Cumulative Distribution Function (CDF) of the beacon RSSI
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Figure 1: University of Michigan Wi-F 6E deployment Figure 2: CDF of RSSI while driving and walking
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measured in the areas shown in Figure 1 while driving and walking. Since much of the university campus
area offers only pedestrian access, there are fewer measurements made while driving as compared to
walking, and, in general, the driving measurements were taken further away from the buildings resulting
in lower median RSSI values being observed: - 84 dBm while driving and -81 dBm while walking.

(4) Analysis of outdoor and indoor signal strength at the University of Notre Dame

The University of Notre Dame (UND) has begun upgrading the Wi-Fi infrastructure and we are conducting
extensive measurements in and around one building with 70 LPl Wi-Fi 6E APs each with two BSSIDs, both
outdoors and indoors, to quantify Wi-Fi 6E behavior. While this deployment is not as extensive as the one
at the University of Michigan, a single-building deployment allows us to focus on characterizing specific
differences between indoor and outdoor signal strength. The measurements at UND were made only
while walking.

Figure 3 shows the area around the building and Figure 4 shows the CDFs of the measured outdoor RSSI
for (i) when the device was connected to a BSSID and (ii) RSSI from all received BSSIDs. As expected, the
median RSSI is higher (-79.5 dBm) when the phone is connected compared to the RSSI received from all
available BSSIDs (-89 dBm). It should be noted that there are only a handful of samples (~1%) where the
device could maintain a connection with an indoor AP/BSSID. Comparing with the walking results in Figure
2 at UMich, we see that the overall outdoor median RSSI at UND for unconnected devices is lower (-89
dBm versus — 81 dBm): this is because there is only one building at UND with Wi-Fi 6E whereas most of
the outdoor areas measured at UMich had many surrounding buildings with Wi-Fi 6E deployments.

Figure 5 shows the area inside the building where measurements were conducted and Figure 6 shows the
CDFs of the RSSI when the device was connected to an AP and when the device was not connected to an
AP. Again, as expected, the former has a higher median value (-72 dBm) compared to the latter (-81 dBm).
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Figure 3: Measurement area around OIT building at UND Figure 4: CDFs of Outdoor RSSI at UND
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(5) Summary

C2C operation can substantially enhance the performance of LPI Wi-Fi 6E and other indoor unlicensed
devices and we support the Commission’s proposal to permit C2C operation under LPI rules while ensuring
continued protection of incumbents. We hope that our ongoing measurements of real-world, dense, Wi-
Fi 6E deployments offer the necessary data to inform the setting of appropriate levels for the enabling
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signal and mechanisms for specifying the operation of enabling signals.

Sincerely,

Professor Monisha Ghosh
Department of Electrical Engineering,
University of Notre Dame

202 Cushing Hall

Notre Dame, IN 46556

email: mghosh3@nd.edu

March 27, 2024
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