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ABSTRACT

KEYWORDS

Low-Power Wide Area Networks (LPWANs) are an emerging wireless platform which can support battery-powered devices lasting
10-years while communicating at low data-rates to gateways several
kilometers away. Not all such devices will experience the promised
10 year battery life despite the high density of LPWAN gateways
expected in cities. Transmission from devices located deep within
buildings or in remote neighborhoods will suffer severe attenuation
forcing the use of slow data-rates to reach even the closest gateway,
thus resulting in battery drain.
This paper presents Charm, a system that enhances both the
battery life of client devices and the coverage of LPWANs in large
urban deployments. Charm allows multiple LoRaWAN gateways
to pool their received signals in the cloud, coherently combining
them to detect weak signals that are not decodable at any individual
gateway. Through a novel hardware and software design at the
gateway, Charm carefully detects which chunks of the received
signal need to be sent to the cloud, thereby saving uplink bandwidth.
We present a scalable solution to decoding weak transmissions at
city-scale by identifying the set of gateways whose signals need
to be coherently combined over time. In evaluations over a test
network and from simulations using traces from a large LoRaWAN
deployment in Pittsburgh, Pennsylvania, Charm demonstrates a
gain of up to 3× in range and 4× in client battery-life.

LPWAN, sensor networks, coherent combining, diversity

CCS CONCEPTS
• Computer systems organization → Sensor networks; • Hardware → Sensor applications and deployments; • Networks
→ Wireless access points, base stations and infrastructure;
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INTRODUCTION

Low Power Wide Area Networks (LPWANs) are increasingly seen
as an attractive communication platform for city-scale Internetof-Things (IoT) deployments. They offer the ability to wirelessly
connect energy-constrained devices to gateways over distances of
many kilometers. LPWANs also have power and cost advantages
over alternatives like cellular networks, particularly in deploy-once,
low maintenance and low throughput sensing applications.
While LPWANs are far from pervasive, the capabilities of networks like LoRaWAN [20, 25], SigFox [11] and Ingenu’s RPMA [16]
have attracted investment and have spawned early deployments.
These technologies operate on the unlicensed ISM spectrum, allowing businesses and consumers alike to deploy their own devices and
gateways. With Comcast recently announcing integration of LPWAN radios into future set-top boxes in the U.S. [30], LPWANs are
likely to grow rapidly. Given that each LPWAN gateway promises
a range of up to ten kilometers [20], major cities are likely to see a
fast-paced expansion in LPWAN coverage.
Despite the expected rise in density of LPWAN gateways, not all
devices will experience the promised 10 year battery life. Devices
located in urban spaces deep inside buildings or in remote neighborhoods will experience severe drain in battery as their signals are
highly attenuated even at the closest base station. Some of these
devices, such as those in basements or tunnels, may not be in communication range of any gateway at all. Unlike cellular networks,
LPWANs are largely user-deployed and unplanned, meaning that

