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Abstract — This paper presents S*, an efficient wideband spec-
trum sensing system that can detect the real-time occupancy
of bands in large spectrum. S samples the wireless spectrum
below the Nyquist rate using cheap, commodity, low power
analog-to-digital converters (ADCs). In contrast to existing
sub-Nyquist sampling techniques, which can only work for
sparsely occupied spectrum, S can operate correctly even
in dense spectrum. This makes it ideal for practical environ-
ments with dense spectrum occupancy, which is where spec-
trum sensing is most useful. To do so, S* leverages MEMS
acoustic resonators that enable spike-train like filters in the
RF frequency domain. These filters sparsify the spectrum
while at the same time allow S to monitor a small fraction of
bandwidth in every band.

We introduce a new structured sparse recovery algorithm
that enables S to accurately detect the occupancy of mul-
tiple bands across a wide spectrum. We use our fabricated
chip-scale MEMS spike-train filter to build a prototype of
an §3 spectrum sensor using low power off-the-shelf compo-
nents. Results from a testbed of 19 radios show that $> can
accurately detect the channel occupancies over a 418 MHz
spectrum while sampling 8.5x below the Nyquist rate even
if the spectrum is densely occupied.

1 Introduction

The past decade has witnessed significant changes in the wire-
less spectrum as the FCC (Federal Communications Com-
mittee) has repurposed many frequency bands for dynamic
spectrum sharing. This includes the 6 GHz band, released in
April 2020, to be shared between Wi-Fi 6E and the incumbent
users in this band like microwave backhaul [14]. Another
example is the 3.5 GHz Citizens Broadband Radio Service
(CBRS) band, which was recently approved for commercial
deployments in September 2019. To leverage the CBRS band,
unlicensed devices must sense a 200 MHz spectrum and avoid
causing interference to primary and licensed users like mili-
tary radars [13]. Of course, an earlier and more well-known
example of spectrum sharing is the TV White Spaces which
were released in 2010 [15]. Moreover, there are lots of oppor-
tunities for spectrum sharing in the millimeter-wave frequen-
cies. In particular, the FCC released 14 GHz of unlicensed
spectrum in the 60 GHz band that can be shared among Wi-Fi
and IoT technologies [16]. These changes have been driven
by the ever-increasing demand for wireless connectivity and
aim to exploit previously underutilized frequency bands to

accommodate new unlicensed applications and achieve highly
efficient usage of the spectrum.

Efficient and truly dynamic spectrum sharing, however,
requires unlicensed devices to sense wideband spectrum (hun-
dreds of MHz to GHz) in real-time to spot and access mo-
mentarily idle channels. Unfortunately, real-time wideband
spectrum sensing is challenging since it requires high-speed
analog-to-digital converters (ADCs) that can sample the sig-
nal at the Nyquist sampling rate. Such high-speed ADCs are
expensive, have low bit resolution, and can consume several
watts of power [4, 12, 19,34, 58].! To avoid using high-speed
ADCs, today’s systems sequentially scan the spectrum, moni-
toring each narrow band for a short period of time [11,47]. As
a result, they cannot continuously sense all bands in real-time
and can easily miss highly dynamic and fleeting signals such
as radar waveforms in the CBRS band [53].

Past work has proposed using compressive sensing or
sparse Fourier transforms to sense wideband spectrum with-
out sampling at the Nyquist rate [21,27,31,41]. However,
these approaches inherently rely on the assumption that the
frequency spectrum is sparsely occupied. Hence, they only
work in the case of underutilized spectrum where at most 5%
to 10% of the frequency bands are occupied [21,58]. The goal
of dynamic spectrum sharing, however, is to efficiently utilize
the spectrum. Hence, wideband spectrum sensing must work
even in a densely occupied spectrum in order to scale usage
to many users and achieve high utilization.

In this paper, we introduce S> (Spectrum Sensing Spike-
train), an efficient low power spectrum sensing system that
can monitor the real-time occupancy of multiple frequency
bands in a wide spectrum. S samples the wireless spectrum
below the Nyquist sampling rate using cheap, commodity,
low power ADCs but does not assume that the spectrum is
sparsely occupied. A key enabler of 3 is the use of MEMS
(mirco-electro-mechanical-system) acoustic resonators that
can create a spike-train like filter in frequency as shown in
Fig 1. The MEMS filter processes the signal in the acoustic
domain using carefully designed piezoelectric resonators with
an assortment of equally spaced resonance frequencies. The
resonators will pass the signals in these resonance frequencies
and filter out the rest before converting the signal back to the
RF domain. This creates an RF filter with very narrow, sharp,
and periodic passbands across a wideband spectrum.

The spike-train filter enables $> to sample the spectrum in

n fact, the power consumption of spectrum sensors is dictated by the
ADC sampling rate as shown in [58]. Hence, we can significantly improve
the energy efficiency by reducing the sampling rate.



















































