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Abstract—The introduction of new types of frequency spec-
trum in 6G technology facilitates the convergence of conventional
mobile communications and radar functions. Thus, the mobile
network itself becomes a versatile sensor system. This enables
mobile network operators to offer a sensing service in addition
to conventional data and telephony services. The potential ben-
efits are expected to accrue to various stakeholders, including
individuals, the environment, and society in general. The paper
discusses technological development, possible integration, and use
cases, as well as future development areas.

Index Terms—Sensing-aaS, JCAS, 6G

I. INTRODUCTION

The advent of 6G technology brings with it a number of
exciting opportunities that go beyond the traditional goals
of higher data rates, better network coverage, and greater
reliability. In addition to these benefits, researchers are ex-
ploring the potential for 6G to have positive impacts on
people, the environment, and society as a whole [1]. This
paper examines how 6G is being developed to achieve these
goals, with a particular focus on the use of new spectra
that were previously only available for radar services. By
combining communications and radar in what is known as
Joint Communication and Sensing (JCAS) [2], new services
can be integrated to enable applications such as local weather
radar and soil moisture measurements for agriculture. The
public sector can also benefit from large-scale situational
awareness, such as police and rescue operations. In addition,
6G technology could be used to record vital signs in hospitals
or nursing homes, allowing healthcare workers to provide
better care to patients. This paper highlights the potential of
6G technology and how it can be used to address some of the
most pressing challenges facing society today.

This paper first reviews the state of research, existing
technologies capable of transforming a mobile network into
a sensing network, and then explains the approach of Sensing
as a Service (Sensing–aaS) in mobile networks. Finally, the
current technological challenges are addressed and a look into
the near future based on current research activities is presented.
The paper concludes with a summary of the key findings and

contributions and outlines the significance of Sensing–aaS in
enabling next-generation mobile services.

II. RELATED WORK

The term "XaaS" has emerged in the field of computer
science and cloud computing to refer to a wide range of
services that can be provided to users, including software,
hardware, platform, infrastructure, data, and more [3]. The
corresponding terms have become well-known and widely
used in the technology industry, with many companies offering
various Everything as a Service (XaaS) services to their
clients.

The market of XaaS has grown significantly in recent years,
and its convergence with the Internet of Things (IoT) has
opened up new business models. Perera et al. mention in
[4] the Sensing–aaS model as a new service paradigm in
the context of IoT. The Sensing–aaS model is built upon
established models such as Infrastructure as a Service (IaaS),
Platform as a Service (PaaS), and Software as a Service (SaaS)
from XaaS, and it provides sensor data from IoT as a service.

While IoT encompasses all physical objects that provide
useful data and information, including mobile phones, it is
essential to examine the potential of mobile phone sensing.
Lane et al. conducted a survey that identifies two crucial
aspects of mobile phone sensing: sensing and sharing mobile
phone data [5]. While several obstacles must be overcome,
mobile phone sensing has the potential to provide micro- and
macroscopic views of cities, communities, and individuals.
They conclude that this approach can improve society’s overall
functioning by offering valuable insights through continuous
data collection and analysis.

Furthermore, in the field of leveraging the sensing capabili-
ties of mobile phones, several studies including Mizouni et al.
[6], Zhang et al. [7], and Sheng et al. [8] explore conceptual
system designs. These studies investigate various approaches
for enabling network operators to access the data gathered
by the internal sensors of mobile phones, with the aim of
facilitating the dissemination of this data to interested parties,
including specific users, communities, and network nodes.
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While cloud services and IoT operators are actively involved
in providing sensor data, it is not yet a priority in mobile
communications. To the best of the authors’ knowledge, that
is the current limited scope of Sensing–aaS in the context
of mobile communications. Despite the potential of the 6G
vision, which promises new frequency ranges and the capa-
bilities of JCAS functionalities, the full sensing potential of
mobile communications is yet to be explored.

III. JCAS, WIFI, AND RADAR FINDINGS TO ENABLE
SENSING–AAS IN MOBILE NETWORKS

This section presents enabling sensing concepts based on
JCAS, WiFi and radar that can be leveraged to establish a
feasible Sensing–aaS data source in mobile networks.

A. JCAS

Research on JCAS already provides several sensing ca-
pabilities that could be used by mobile networks to offer
Sensing–aaS as additional service.

The signal strength of mobile networks can be a reliable
method for monitoring vegetation status in a given area [9].
The study shows that signal strength can be utilized to identify
the presence of vegetation within a specific region and provide
a relative estimation of vegetation density and water content.

Another study has demonstrated the potential of wireless
communication to monitor rainfall with high spatial and tem-
poral resolution [10]. The sensitivity of wireless communica-
tion to water is effectively utilized in this work, highlighting
the potential for mobile networks to be used as a tool for
rainfall monitoring.

The potential of using mobile networks and higher fre-
quency bands for predicting fog has been explored [11].
Although the study is limited to simulations, it demonstrates
promising results, and the need for field validation is identified.

B. WiFi

Research on WiFi-based sensing has already demonstrated
several capabilities that could be leveraged to offer sensing
as an additional service in mobile networks. Liu et al. [12]
summarize the state of the art in human activity sensing with
WiFi signals, including applications such as intrusion detec-
tion, room occupancy monitoring, daily activity recognition,
gesture recognition, vital signs monitoring, user identification,
and indoor localization and tracking. These applications have
been demonstrated using commodity devices, highlighting the
potential for WiFi-based sensing in mobile networks.

C. Radar

Radar can be used for structural health monitoring, such
as evaluating structural vibrations of a bridge due to an
earthquake [13]. The study was evaluated not only through
simulations and laboratory tests but also experimentally eval-
uated on a bridge.

Detection of vibrations using radar technology is also possi-
ble in an industrial environment [14]. The velocity profiles of

individual fans can be detected, which allows drawing conclu-
sions about fan speed, rotational imbalances, and degradation
of fan blades.

There is a great overlap of research in the three areas
mentioned. Therefore only radar technology is mentioned
that has several potential sensing capabilities that can be
challenging to implement in mobile networks but illustrate the
vision of this paper.

IV. SENSING AS A SERVICE IN MOBILE NETWORKS

The concept of Sensing–aaS enables mobile networks to
sense and collect data about the physical environment and
share this data with other devices or services. The ability
of mobile networks to sense and collect data opens up new
possibilities for a wide range of applications. This section
explores the key aspects of Sensing–aaS in mobile networks.

A. Framework of Sensing–aaS in mobile networks

The framework of Sensing–aaS in mobile networks consists
of three layers:

• Sensing Layer: This Layer is responsible for capturing
data from the physical environment. There are two main
options for implementing this layer. The first is the
communication–centric JCAS approach. This approach
involves incorporating radio/radar sensing functions into
a primary communication system or integrating radar into
communication. The second option is a more complex
and development-intensive approach, which involves a
joint design for communication and sensing. This ap-
proach considers the design and optimization of the signal
waveform, system, and network architecture to fulfill the
desired applications. In other words, it involves develop-
ing a system that is optimized for both communication
and sensing. This joint design approach can be more
challenging to implement, but it can lead to improved
performance for sensing applications [2].

• Processing Layer: This layer consists of the edge com-
puting infrastructure, which processes and analyzes the
collected data. The edge computing infrastructure is re-
sponsible for running machine learning algorithms and
other analytical tools according to the employed sensing
concepts.

• Application Layer: This layer consists of the appli-
cations that use the data collected by the sensors and
processed by the edge computing infrastructure. This
is very dependent on the usage of the system like the
processing layer.

B. Benefits of Sensing–aaS in mobile networks

Sensing–aaS is a type of network where the sensors are
not required to collect data and provide information. Here are
three benefits of Sensing–aaS in mobile networks:

• Cost-effective: Sensing–aaS can be more cost-effective
than traditional sensor networks because it eliminates the
need for expensive sensor hardware and installation. This



can be particularly beneficial in large-scale deployments
where the cost of sensors can quickly add up.

• Increased scalability: Because Sensing–aaS does not
rely on physical sensors, it can be more scalable than
traditional sensor networks. It leverages existing infras-
tructure and devices, such as mobile phones and access
points, that are already deployed in large quantities and
widely distributed, making it ideal for applications de-
scribed in section IV-E.

• Improved flexibility: Sensing–aaS can be more flexible
than traditional sensor networks because it allows for
more dynamic and adaptive data collection. With the use
of advanced algorithms, Sensing–aaS can analyze data on
top of communication to extract valuable insights without
the need for dedicated sensors. This can enable more
efficient and effective decision making.

C. Edge computing and its role in enabling Sensing–aaS

Edge computing plays a crucial role in enabling
Sensing–aaS in mobile networks. By processing and analyzing
data at the edge of the network, according to the applied sens-
ing concept, edge computing can provide real-time insights
and reduce the latency and bandwidth requirements of trans-
mitting data to the cloud. Edge computing can also improve
the reliability and security of Sensing–aaS by providing local
storage and processing capabilities.

D. Privacy considerations of Sensing–aaS in mobile networks

Sensing–aaS in mobile networks can raise concerns about
privacy, as information is collected across public domains
and is obtained through communications infrastructure used
by mobile users. To address these concerns, it is essential
to implement appropriate privacy measures at the edge, to
differentiate the individuals data from the application data.
Additionally, it is essential to obtain societal consent and
provide transparency about how the data will be used and
shared.

E. Use cases and applications of Sensing–aaS in various
areas

Sensing–aaS can have a big impact across various areas with
a wide range of use cases and applications. Admittedly, there
are use cases and applications that can be tackled through
the utilization of IoT. However, it is important to note, as
discussed in IV-B, that Sensing–aaS also brings its own distinct
advantages. Here are some examples for Sensing–aaS use
cases and applications:

• Healthcare: Sensing–aaS can be used in care for vul-
nerable people to monitor the activity levels of seniors,
detect falls, and track vital signs. Similarly, it can be
used to monitor the safety of children and track their
activities. In hospitals, Sensing–aaS can be used to mon-
itor the vital signs of patients, such as heart rate and
breathing frequency, and alert medical staff in case of
any abnormalities.

• Agriculture: Sensing–aaS can be used to map and
monitor fields and forecast yields. By collecting data
Sensing–aaS can provide insights of crops and help
farmers make data-driven decisions about irrigation and
fertilization.

• Public Sector: Sensing–aaS can be used to observe
public areas in emergency situations to provide rescue
workers with information about the condition of victims
or to provide an overview of the emergency situation.
It can also be used for room occupancy monitoring, to
track the number of people in a room or building, e.g. a
stadium or congress hall, and adjust heating and lighting
accordingly. This can help to reduce energy consumption
and improve energy efficiency.

V. CHALLENGES AND FUTURE DIRECTIONS

The advantages and possible areas of application for
Sensing–aaS have already been discussed in the preceding text.
When it comes to the technical challenges, however, they can
be divided into three areas.

• General combination of communication and sensing:
One of the main challenges in combining communication
and sensing/radar systems is bridging the gap between
their different design approaches. Radar systems are
designed for simple hardware implementation, focusing
on waveform utilization. On the other hand, communi-
cation systems aim to maximize information transmis-
sion, resulting in complex signal structures [2]. However,
there are opportunities for example a common waveform
design to merge these systems through communication–
centric, radar–centric, or new joint designs, which require
further exploration.

• Underlying network architecture: Sensing systems are
built for data collection, visualization, and storage, while
communication systems rely on complex network in-
frastructure for connectivity. Integrating sensing into the
communication network, and vice versa, poses a signif-
icant challenge due to the complexity of the network
architecture.

• Development of new radio frequency (RF)–Hardware:
Implementing JCAS systems, whether communication or
sensing–centric, requires specialized hardware, especially
for novel system designs. The challenge lies in merging
radar and communication domains, as they have dis-
tinct requirements. For example, radar systems typically
use power amplifiers with high efficiency due to their
low peak-to-average power ratio, while communication
systems need hardware capable of handling complex
waveforms with high peak-to-average power ratios [2].
Combining these requirements presents a significant chal-
lenge.

As part of the »Open6GHub«–Project, an open laboratory is
being set up at the German Research Center for Artificial
Intelligence (DFKI) in Kaiserslautern for further research in
these three areas. With suitable research hardware this labo-
ratory offers a flexible and versatile platform for accurately



emulating wireless propagation environments across various
contexts, which help to advance the development of JCAS
applications. The laboratory not only grants DFKI scientists
the opportunity to evaluate their ideas but also functions as
an inclusive hub, welcoming collaborators from academia and
industry alike.

VI. CONCLUSION

The convergence of mobile communications and radar func-
tions through the introduction of new frequency spectrum and
JCAS in 6G technology provides a unique opportunity to
transform the mobile network into a versatile sensor system.
This enables mobile network operators to offer Sensing–aaS
that has the potential to benefit various stakeholders, such
as individuals, the environment, and society at large. With
possible integration and use cases, the approach discussed in
this paper presents exciting opportunities for future develop-
ment. As the field of mobile network technology continues to
evolve, the possibilities for the use of Sensing–aaS are only
expected to grow. It is clear that there is great potential for
this technology to make a positive impact on the world.
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