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BACKGROUND OBJECTIVE

As a primary driving force of the water cycle, rainfall To address challenges 1n precipitation estimation at low OPPORTUNITIES
impacts virtually every terrestrial process and ecosystem. frequencies, we will simultaneously measure rainfall and Commercial 5G mmWave home internet is already
Pre01p1tat10n 1S a h1gh1_y dynamlc_: process In both space cellu.la_r 31gna1 a.ttenuatlon at 39 GHz to .estlmate available in select locations across the U.S. and will only
and time, and conve_ntlonal prec1p1tat10}1 measurement prec_:lpltatlon using data from commercial cellular user continue to become more prevalent. As the technology
methods such as rain gauges and satellites struggle to equipment. spreads, it will create the opportunity to leverage these
accurately estimate precipitation fields on the ground [1} -TE Bandt% ffr <<( lill )>> redundant UEs  Slgnals within neighborhoods to make precipitation
A Radar W ceﬁa[;r:enceltsvnori il /1/-\‘/1/\/\/\ for measurement ~ Measurement networks even more dense than those made
11000+ m elevation N Vulnerability to LTE Band n260 (39 GHz) J % with CMLs. Additionally: as these frequencies ale only
blind spot Radar ground clutter for connection to UE 8 RG for validation beginning to be used for commercial purposes, we
Expensive < | THEORY anticipate that there will eventually be use-cases for
Deployment/ — Rain Gauge —mied viable deployment sites . . L opportunistic sensing that we have not yet envisioned.
Maintanance (RG) |<0.1 RG/km? typical density Attenuation-based estimates of precipitation are generally

— done using the relationship described in ITU-R Rec P.838-1
Rain-rate retrieval from Commercial Microwave Links [4] . While this equation describes an exponential T
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(CMLs) used in cellular network backhaul has emerged as  relationship, a is about 0.85 for 39 GHz, so the relationship ﬁﬂ< I > I SN
a solution for low-elevation precipitation measurements,  petween rain rate and attenuation is nearly linear. This is o

as depicted below in the figure from [2]. However, data in contrast to previous studies in the 4-7 GHz range where

availability issues hinder widespread adoption (2] a = 1.4. Further, as k increases monotonically with
% frequency, the relationship is stronger at higher PATH FORWARD
— Satelhite . - = o .
frequencies. Function of frequency and antenna We will work towards 5§ mmWave precipitation
n———— — characteristics measurement networks in two phases: individual link
. © o i Specific Attenuation ( dB/km) Y (X'/ characterization and analysis of how to network these
ncident wave Received wave . . . . . .
__ O Q o © \‘Y k R links to produce high-resolution precipitation data.
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scattering mulCSCul)\pug mpn and so on l)x;x‘;:(t.;::;:.tl Rain rate one 5G UE and base station - -
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radar ﬁ::(l’). _ .
ﬁ” The data from cellular user equipment are low resolution, Phase2: Simulate aggregate data
Link Iength L (tens of meters to tens of Kilometers) = generally l'epOl'tEd W].th ].dB dlSCIEtlzathn ThlS ].S lal‘gel‘ ‘ prOdUCt from many oG UE links
Researchers have begun to investigate using signals from  than the fluctuations in signal strength we expect to see =% o |
. : : : : - - Station
cellular user equipment (UE), i.e. mobile phones, to over the length of a typical FR2 5G link. 0o

estimate rain rate at LTE frequencies and below [3]. These
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