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Abstract—The next generation of mobile networks will bring
an appetite for reliable communication, which enables emerging
critical-communication services. In this paper, we present network
sharing between operators as a way to provide increased reliability
while using the already existing mobile network infrastructure.
Our results indicate that network sharing significantly improves
network performance during periods of connectivity shortfalls,
benefiting the design of reliable networks. Our conclusions are
drawn from a real-world dataset of signal quality indicators for
three mobile operators in Dublin, Ireland.

I. INTRODUCTION

Mobile networks are now so tightly integrated into our daily
lives that many of us take them for granted, only noticing
their existence in their absence, when outages occur. When
communication is back on track, users are usually happy again
and no major concerns remain. This approach does not cope
well with emerging network use cases and services, for which
reliable and resilient communication is a must [1].

Network reliability usually comes at a cost of additional
network resources made available, such as spectrum, antennas,
or denser network deployment, also bringing additional CAPEX
and OPEX. Designing reliable networks (and developing a
business case that supports their deployment) is one of the next
grand challenges in mobile networking, being an enabler of
critical-communication applications such as factory automation,
public safety, cloud gaming, and many yet-to-be-defined use
cases [2], [3].

A parallel trend is network sharing, where operators share
resources in order to reduce investments while enhancing net-
work performance. This may take different forms such as
infrastructure sharing, where mobile operators share a common
physical infrastructure [4], or multilateral agreements, where
mobile operators provide network services to each other’s users
[5].

Studies have shown how multi-connectivity can help net-
work reliability [6], [7], and in this paper we present a data-
driven study of network sharing, in the form of multi-operator
connectivity, as a way to achieve more reliable networks. Our
study makes use of a real-world dataset of three different LTE
networks deployed in the city of Dublin, for which we have
collected signal strength indicators in a number of test locations
(Fig. 1 shows an example of our traces). We base our analysis
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on the channel capacity offered by different operators, as well as
by multi-connectivity techniques. Unsurprisingly, multi-operator
connectivity, where the user can simultaneously connect to mul-
tiple mobile operators, enhances the performance experienced
by the user. However, our analysis indicates that these gains are
particularly significant during period of connectivity shortfalls,
benefiting services as critical-communication applications the
most.

There are a few studies related to our work. In [8], we
show how network capacity may be increased through network
sharing between operators. This issue has also been studied in
[6], [7], and [9]. The first of those works uses multiple radio
technologies (such as WiFi, 2G, 3G, and 4G) to reduce latency,
while the second achieves the same goal through multi-base
station connectivity. The third is a multipath extension of the
transmission control protocol (TCP) which specifies the use of
multiple network interfaces. Our work differs from others in
primarily two aspects. First, we base our analysis on a real-
world dataset, which, to the best of our knowledge, is unique,
for it comprises performance measurements from three mobile
operators at the same times and locations. Second, we analyse
network sharing in the form of multi-operator connectivity as
a way to support the design of reliable networks, adopting a
performance metric that captures the benefits to the user in
periods of connectivity shortfalls.

The remainder of this paper is organised as follows. In Sec. II
we present our multi-operator connectivity model. In Sec. III we
describe our dataset. Sec. IV presents our data analysis, and the
last section includes our final remarks and conclusions.

II. SYSTEM MODEL

We consider a user moving at a walking pace carrying a
handset with support to N radio frequency (RF) front-ends,
each of which allows connection to a different mobile network
operator (MNO) in parallel. Operators occupy their own licensed
spectrum and therefore their transmissions do not interfere with
each other. In this work, we focus on the downlink communi-
cation.

We assess the system’s performance based on a figure of merit
7 = f(I',t), which we define as a measure of the capacity of
the effective communication channel(s) in use by the mobile.
The figure of merit is shown in Eq. (1). It is a function of
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Fig. 1.
Dublin. Color legend: @ < —10dB, —10dB < < 0dB, and 0dB < @.

~i = (7P, 7%, ..., 7F), a time series vector of signal-to-noise ratio
(SNR) measurements from mobile operator ¢. Uppercase I' =
(1,725 ---»7YN) 18 a tuple of vectors, each corresponding to an
RF interface.

f(I't) = B x logy(1+ G(T', )) (bps) (1

where G(.) is the effective SNR either from a connection to
a single operator or after combining the N wireless interfaces
together (we compare several different alternatives), and B is the
channel bandwidth in Hz. We assume all operators use channels
of the same bandwidth.
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Fig. 2. Example of multi-operator connectivity with three operators: MNO 0,
1, and 2.

We analyse three different multi-operator connectivity tech-
niques in the form of diversity combining schemes [10]. An
overall example is depicted in Fig. 2. In all cases, the same infor-
mation is transmitted by all networks. Each combining algorithm
merges the redundant information from multiple operators into
a single output data stream as follows:

1) Selection Combining (SC): In SC, the output is selected
from the wireless interface of highest SNR over the N in-

Signal-to-noise ratio traces of an operator for locations (from left-to-right, top-to-bottom): (a) North Dublin, (b) Guinness Storehouse, and (c) South

terfaces available, while others are discarded. The effective
SNR G(.) is given by:

G(T,t) = maz{~f, Vi e N}. )

2) Equal-Gain Combining (EGC): In EGC, the output signal
is a coherent summation of all input signals. If we assume
that all N communication channels are subject to the same
white Gaussian noise, we can write G(.) as follows [11]:
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3) Maximal-Ratio Combining (MRC): In MRC, the output
signal is a weighted coherent summation of all input signals
according to their respective SNR. Also assuming the same

white Gaussian noise for all interfaces, we obtain [12]:
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For all cases above, 7} is the SNR of operator i at time ¢, and
N represents the number of RF interfaces available.

III. OUR DATA

We have conducted walk tests and collected measurements
from three mobile operators in Dublin, Ireland. The resulting
data includes performance metrics such as reference signal re-
ceived power (RSRP), reference signal received quality (RSRQ),
and SNR. These measurements were collected using G-MoN,
a freeware passive observation application [13]. For a fair
comparison, we used three LTE handsets (one per operator)
of the same model and brand. The use of G-MoN involved
activating the application to record data to a script file. It is
worth mentioning that there were no alterations to G-MoN’s
default settings. During the walk tests, the phones were encased
in a frame in a backpack to keep them at a similar orientation






