Evaluation of Indoor/Outdoor Sharing in the Unlicensed 6 GHz Band

Seda Dogan-Tushal, Armed Tushal, M.lgbal Rochman?, Hossein Nasiril, Joshua Roy Palathinkall, Mike Atkins? and Monisha Ghosh?

UNIVERSITY OF 1 . . . . .
Department of Electrical Engineering, University of Notre Dame, IN, USA,
NOTRE DAME g JINECTNG /

2Office of Information Technology, University of Notre Dame, IN, USA.

SF’ECTRUI\:’I/\

Meth OdOI Ogy 100 Mo. of unique BSS51Ds outdoors 100 MNo. of unique B55IDs outdoors
INTRODUCTI ON - — ~ . A0 4 U-Mil-5 - U-mli-7 RO 4 LE-P =5 - - U-NII-+ Y-Ni-8
5935 6425 6525 6875 7125 <. = § :: § :: =
. . MHz MHz  MHz MHz MHz. v o
» The Federal Communications - ; RN e o
Commission (FCC) has — 1 : T N i e e PP R SIS S S S U S S IR R
allocated the 6 GHZ band . LPI:SchfHHz, e ! Primary Scanning Ch. No. Primary Scanning Ch. No.
(5925 - 7.125 GHZ) for isP:zE.dB-ﬂHz,maxERPaSlBI: sp : @ @

. g ' ' ' ! ' MNo. of unique BSSIDs indoors near windows 100 No. of unique BS5IDs indoors near windows
unIICe nsed7 Shared uSe In the ' VLP:-{’d-IBINnHIz,MElRP""dB'“ T i n - U-Nit-B BO A kel L5 N U-NIE- 7 U-nil-8
US D s';'tﬁ:ke !‘Lﬂ:::f Fix_ed, Sa‘lelli_te i Fi_xed, (a) Outdoor walking camfaaign (b) Outdoor ﬁxed-location campaign (f:) Indoor walking campaign § = f: § o 4 = f"’

Uplink  Bas, TR inDownlink - Satelite, BAS Fig.4: Measurement campaigns at Notre Dame stadium. < o
Fig.1: Spectrum bands in 6 GHz. » Outdoor Measurements: Walking measurements were conducted in the L e S i i S s S o S S s e i
I . . . . . bOV\II USIn hones e UI ed \Nlth SI Ca , as ShOWﬂ In FI . 4 a). Primar S:;n;In\ C;. ;o.x T Primar S:Xanzlnx C;. ':o-x T
> Standard Power (SP) Wi-Fi 6E in the U.S. is just beginning to be 9p quipp g-ap g. 4(a) Y ° Y ?
. - H b b
deployed OUtdoorS In the 6 GHZ band under the ContrOI Of an AUtomated > The SpeCtrum analyzer’ VVIth an antenna deSIgned for 4_ 8 GHZ, Was Mo. of unlque‘:BS)SIDs indoor interiors No. of unigue LS)SHJS indoor interiors
Frequency Coordination (AFC) system to protect incumbents, while low- placed on the balcony of the 9th floor of Duncan Student Center, as shown N o
power-indoor (LPI) usage has been steadily increasing over the past 2 in Fig. 4(b). £ o ¢ BB
years [1]. _ _ > Indoor Measurements: Due to restricted access, indoor walking .
> In this paper, we present the first comprehensive measurements and measurements were conducted using SigCap phones, in floors 7 - 9 of o O S U
analyses of a SP Wi-Fi 6E deployment at the University of Notre Dame’s Corbett and floors 1, 2, 7 - 9 of Duncan. Primary Scanning Ch. No.

football stadium, with 902 access points (APs) and a seating capacity of
80,000, coexisting with LPI deployments in adjacent buildings.

(c) (c)

RESULTS & DISCUSSIONS Fig.8: No of unique BSSIDs on gameday and post-game-day for outdoors(Out), indoors

o _ _ near windows (INW) and indoor interior (l1).
1- Wi-Fi usage in the stadium:

Main Contributions:
3- Aggregate interference on the primary channel:

> Afirst of its kind detailed data set of indoor and outdoor measurements of 201 Game day, S Ghz, =26.00) Ol e /
0.8 1 —— Game-day, z, SP, (X=27. - i same-day, Mean powers over 100 kHz hurkets
SP a.nd LPI APS. w 064 ~7" Sost-g:mi-ja(;l (::Z.(()?::;(?;) g 0.6 ,':r" a @ ) =% INCumEEnt : > I o
. ] ] 3 . ==- Post-game-day, 6 GHz, SP, (x=27.00) O 04 ‘1‘ : G::Z :y SG:; ):4::41 , E en > AFC S Ste ms dO not
> Comparison of 6 GHz usage and 5 GHz usage when the stadium is at full - _ 02| fi o rosssmedar5 o 1329 3 eauire y A Gareqate
. R — s === Post-game-day, 6 GHz, 5P, (x=14.12) ¥ g
CapaCIty \Nlth 80’000 attendees 0'00 5 10 15 20 2'5_ 30 Dhuro 20 40g 60 80 100 E g: Primary Channel - q gg g
_ _ o Tremit Fower (Gam) Channel Utilization (%) o interference taken into
» Detailed analyses of coexistence of outdoor SP with indoor LPI under N ® 100550 20 1500 8 29 2510 710 V0 T ep Fa 1500 50m Phge 513 Thn 1ga O consideration: a
different conditions: fully occupied stadium and empty stadium. 10 1o Bucket Conter Frequency tHH significantly higher
» Spectrum analyzer measurements quantifying the increase in aggregate > i Sl ,, M{a} _— aggregate interference
. ) . ) w 0. i f Y o7 v : I S ) e Post-game-day, Mean power aver O kHie buckets
interference when the stadium is at full capacity. 8. s g IR e I B measured on game-day:
=== Post-game-day, 5 GHz, (x=-49.00) 0.2 —=—- Post-game-day, 5 GHz m &0 R .
z:; PSS Pos:—:ame—da:.sGHz, SP, (#=-62.00) . -t pasr-game-da:.aGHz. SP T . 10 dB h|gher in mean
DEPLOYMENT & METHODOLOGY = Resiaem TP s O " | J e nanne, power compared to post-
o T e - — ® ) -0 ame-day.
I TR — \ AN S Fig. 5: 5 GHz vs. 6 GHz SP outdoors on game-day and post-game-day. a0 oot o0 ot oo e o Tme Thes To (o8 o3 Taod G Tana 1> J y
N o e = . . X { - N Bucket Center Freguency (MHz)
) g 100 Qutdoors - (b) o
2- Coexistence of outdoor SP £ o0 Fig. 9: Spectrum analyzer captures on Wi-Fi Channel 167
and indoor LPI deployments: S €0 (6745 - 6825 MHz), with incumbent on 6740 - 6770 MHz.
o 100.00%
g 40 715.71%
o =i 8 20 _
x - 2 0.8 4 = Game-day, LPI, fJE=21~ 00) E 0 : CON CL U S I ON
(a) Stadium bowl. (b) APs mounted on a handrail. w 067 __ :z:::::::j ::221? 00001] Game-day Post-game-day
w 15, 3=

Fig. 2: Measurement locations. Fig. 3: Wi-Fi 6E deployment at ND stadium. Y o] I Fig. 6: Wi-Fi band preference of > To the best of the authors’ knowledge, this is the first such measurement

0.2 the connected measurement . S
00 campaign conducted on a real-world Wi-Fi 6E deployment.

: : : : : : ! : hones.
» Deployment overview: The ND stadium consists of an open bowl area and O L tewer iy © P
ransmit Power (dBm Gameday » Our 6 GHz capable measurement phones were always connected to 6 GHz

three adjacent buildings anchored to the south, east, and west sides: —40 : ) : : .
O’Neill Hall, Corbett Family Hall, and Duncan Student Center respectively. —0 during game-day since only 14% of the clients had this capability and

Detailed measurement were made outdoors in the bowl and indoors in % é % é hence were likely on 5 GHz.
o0l T ! » Our measurements indicate that frequencies used with high power

Corbett and Duncan. Soaff | B W
. . . . 024 "I === Post-game-day, SP, (x=14 13) —100 + i + i F i 1 H H -
> Both buildings have nine floors, of which floors 1 — 6 are attached to the sod i - postaamedny. b i-275) gp-OutpaNW 5P outy \WW 1 outdoors may be unavailable forLP1 use indoors, especially near windows.

bowl with concrete walls separating them, while floors 7 - 9 rise above the ° D s Getization oy » Finally, while the AFC does not consider aggregate interference while
bowl with large windows overlooking the stadium. © calculating allowed power, our spectrum analyzer measurements indicate a

RSSI (dBm)
L
00~
o o o

(a) Post-gameday . . . .
TABLE I: Measurement tools and devices. TABLE II: Description of measurement environments. Y E :gg_ ; _ rise of about 10 dB in aggregate S|gnal strength durlng game-day.
| App./Tool | Features | Devices | Environment | Description 08 L 60y % 4 REFERENCES
BSSID, Tx power, # Out (Stadium Bowl) The open area of the stadium bowl, "8"”'6' Coredoy 5F E :;g: | % % 1 S. Dogan-Tusha, M. I. Rochman, A. Tusha, H. Nasiri, J. Helzerman, and M. Ghosh, “Evaluating the
of connected clients, 3 % Google P8, with SP deployments 04 Game day, LPI W gl = ! interference potential in 6 GHz: An extensive measurement campaign of a dense indoor Wi-Fi 6E
SigCap utﬁﬁgﬁi’;"yégg?“‘gés 2 x Samsung S22, 11 (Indoor Interior) Floors 1 - 2, Duncan Student Cen- 0.2 Aok o _100E=, | | , , network,” in Proceedings of the 17th ACM Workshop on Wireless Network Testbeds, Experimental
Tx and Rx link-speeds I x Samsung 524 L";w‘;“g‘cfﬁgiﬁ;";ﬁfjnﬁ“ d no win- et : - - — SP_ou"-‘g.P-\N\N SP‘\LP\—OU\":P\_\NW o\ Evaluation & Characterization, ser. WiNTECH 23, 2023, p. 56-63.
when connected ‘ INW (Indoors near Windows) | Floors 7 - 9, Duncan Student Cen- STA Count ACKNOWLEDGEMENTS
Spectrum power FiLl;FEfy;;[%lge] :z; ﬁgdlgfrbmniaf;'s'ywl?fgl’uff;é (b) ® This work is supported by aresearch grant from the Department of Energy (DOE) Office of the Cybersecurity,
SA captured over 100 kHz ; & . . Energy Security, and Emergency Response (CESER), in collaboration with Idaho National Lab (INL), and NSF
. N9951A Handheld double-pane low-E windows and - - - - ! ! !
bins A laas oo o tho st ool Fig.7: 6 GHz SP vs. LPI on game-day and post-game-day. grants CNS-2229387, CNS-2346413 and AST-2132700.




