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Abstract—The risk of mid-air collisions between flying drones
has to be minimized to the greatest possible extent as it endangers
people in the air and on the ground especially when being
integrated into dense urban airspace. For a safe and efficient
operation drones will need to exchange information in a robust
and reliable manner and one essential part will be direct Drone-
to-Drone (D2D) communications. Especially, for dense drone
scenarios in urban environments a communication system must
cope with the specific underlying channel propagation conditions.
In previous works, in order to characterize the propagation
effects between two moving drones in urban environments,
we performed a channel sounding measurement campaign and
presented an approach to localize the origin of the measured
multipath components (MPCs) for a three-dimensional layout.
In this work, we apply this approach on our measured flight
scenarios in three different environments in order to identify the
MPCs by assigning them to real-world objects. Furthermore, we
describe first characteristics for them and show that the measured
urban scenario consists of different kinds of components that
must be considered in a future D2D channel model.

Index Terms—unmanned aerial vehicle, air-to-air, propagation,
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I. INTRODUCTION

The current, worldwide developments and plans for Urban
Air Mobility (UAM) will lead to a highly frequented, urban
airspace with automated or autonomously flying drones. The
traffic management of the urban air space with unmanned
airborne vehicles will have to be carried out differently than
it is currently handled in civil aviation due to expected high
traffic densities and short reaction times needed in dense urban
environments, which make the remote control of unmanned
aerial vehicles (UAVs) unfeasible. The traffic management
will rather rely on pre-planned, conflict-free trajectories and
their continuous monitoring. The realization of such a concept
may be based on existing communication technologies and
infrastructure such as cellular communications. Under ideal
conditions, this approach seems sufficient at first, but on
closer inspection, weaknesses become visible, such as a lack
of redundancy or a missing higher-level safety net as it is
common in todays civil aviation and ship traffic and already
planned for the future autonomous driving. Therefore, we see
the need to introduce an additional, decentralized and robust
communications concept that enables a reliable information
exchange of position data and trajectories directly between

UAVs in order to avoid collisions between all urban airspace
users. To the best of our knowledge, there is currently no
commercial communication system available that addresses
the future requirements for the safe and efficient informa-
tion exchange between flying vehicles while considering the
specific and challenging signal propagation characteristics in
urban environments. Therefore, we conducted a wideband
channel measurement campaign in order to measure the D2D
propagation conditions in an urban scenario with small sized
hexacopters and presented a novel measurement setup that
overcomes limitations resulting from size, weight and power
constraints [1], [2]. Furthermore, we discussed two different
approaches in order to identify the MPC sources and showed
that it is feasible to localize them by a joint delay and Doppler
frequency parameter estimation that is transformed into the
3D domain and intersected with 3D geometry data of the
environment [3].

In this paper we apply the localization approach on measure-
ments for three different environments with several different
flight paths and identify the MPC sources by assigning them
to the real-world objects that most probably caused them and
evaluate the characteristics of them. The results will be used
for a specific geometrical based stochastic channel model
(GSCM) for D2D propagation in urban scenarios and will
help to increase robustness in the development of a D2D
communications system.

II. MEASUREMENT CAMPAIGN

We performed the world-wide first wideband channel sound-
ing measurement campaign with two small hexacopters at
C-Band in an urban scenario for D2D propagation at our
site in Oberpfaffenhofen, Germany. In order to measure as
much as possible different propagation effects we choose three
different environments with different flight trajectories and
planned critical scenarios in which two communicating drones
are not always in line of sight (LOS) to each other and are on
a collision course. The scenarios are described in more detail
in [2], but the all trajectories in the three environments can be
seen in Fig. 1, Fig. 2 and Fig. 3.

A. Measurement Environment

Environment A provides relative tall buildings around 20 m
height standing close together with an urban canyon. Fig. 1




