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Abstract—Bluetooth Low Energy (BLE) is a widely-used lowpower wireless standard in the Internet of Things (IoT) domain.
This standard provides a set of advertisement channels, which
are primarily used for device discovery, connection initiation,
and information broadcast. Beacon transmission over these advertisement channels is the enabler of applications such as indoor
positioning, product advertisement, and medical monitoring.
Meanwhile, the performance and accuracy of these applications
highly depend on the characteristics of communication over
advertisement channels. Unfortunately, the existing literature
does not offer an extensive characterization of these channels
under various operational conditions. In this paper, we address
this research gap through conducting extensive experiments in
four different environments. We study the effect of environment
and interference on noise floor and signal propagation, and we
present a model for noise floor and extract the parameters of lognormal path loss model. The proposed models, in particular, can
be directly used in simulation tools for modeling BLE wireless
channels as well as applications such as indoor positioning.
Index Terms—Bluetooth Low Energy (BLE), Log-Normal Shadowing Model (LNSM), multi-path fading, Bluetooth beacon,
channel modeling, simulation.

I. I NTRODUCTION
As the Internet of Things (IoT) strives to connect every
object to the Internet [1], a variety of wireless technologies
are involved to obtain this goal. To fulfill the requirements of
IoT, an applicable technology must be low-power, available,
inexpensive, reliable, and provide mechanisms to support
coexistence. To this end, Bluetooth Low Energy (BLE) is
a widely-adopted standard that satisfies the aforementioned
requirements.
Introducing iBeacon by Apple in 2013 [2] expanded the
application domain of BLE through adding advertisement and
localization capability. Nowadays, Indoor Positioning System
(IPS) is one of the major applications of BLE. It is reported
that 75% of top US retailers have already deployed beacons
in their facilities, and 84% of international airports will be
using BLE beacons by 2019 [3]. Commercial products like
StickNFind [4], TrackR [5] and Estimote [6] exploit BLE
beacons. These products offer various types of services such as
patient monitoring, navigation in shopping malls, broadcasting
information in train stations or museums, and finding lost
items. In 2016, the global market for indoor positioning service
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was $5.22 billion and it is expected to grow up to $40.99
billion by 2022, with an annual growth rate of 42.0% [7].
Although various wireless channel models exist for Bluetooth classic [8], 802.11 [9]–[12] and 802.15.4 [13], [14]
standards, the wireless channel of BLE has not been investigated thoroughly as it is a relatively new standard. In
particular, the models proposed for Bluetooth classic are not
applicable to BLE because of the differences in their physical
layer implementation. For example, the channel bandwidth and
modulation used by BLE and Bluetooth classic are different.
As BLE is particularly suitable for IoT applications, its wireless channel characterization is important due to two reasons:
First, applications such as IPS perform range estimation based
on the signal strength received from beacon sources. Second,
the accuracy of the wireless channel model used by simulation
tools directly affects the performance of protocols developed.
In this paper, we focus on the characterization of BLE
Advertisement Channels (ADV_CHs) and propose models for
various environments. Specifically, the contribution of this
paper is three-fold: First, this research is the first experimental
evaluation of BLE’s ADV_CHs in various environments considering a variety of influential factors, including interference,
environmental size, and the existence of obstacles and reflective objects. Second, we study the effect of 802.11 interference
on the stability of noise floor perceived by BLE devices on
the three advertisement channels. Third, the obtained results
are used to extract the parameters of Log-Normal Shadowing
Model (LNSM) under various conditions. We also highlight
the shortcomings of LNSM and identify areas of future research. The proposed models enable the research community
to integrate accurate channel models of BLE’s ADV_CHs in
various applications (such as IPS) and simulation tools to
achieve realistic performance evaluations.
The remainder of this paper is organized as follows. A brief
overview of BLE’s physical layer is presented in Section II.
In Section III, the methodology of research including LNSM,
noise floor definition, experimental setup, and experimental
parameters, are explained. Section IV presents and analyzes
the obtained results. Section V elaborates the background of
the research on BLE ADV_CHs. Finally, we conclude the
paper in Section VI.

