
Cooperative Dynamic Spectrum Access for

Large-Scale Networks using Directional Antennas

Irfan Tamim∗, Carlos E. Caicedo Bastidas†, Igor Kadota‡, Gil Zussman∗
∗Columbia University, USA †Syracuse University, USA ‡Northwestern University, USA

∗{it2304, gil.zussman}@columbia.edu †ccaicedo@syr.edu
‡kadota@northwestern.edu

Abstract—The management of RF spectrum resources between
heterogeneous RF devices has become more challenging with the
advent of 5G, 6G and the desire to enable more spectrum sharing
interactions in different bands. Most of the research on Dynamic
Spectrum Access (DSA) algorithms considers non-cooperative
scenarios with RF devices using omnidirectional antennas. In
this paper, we study the effects of antenna directionality on
cooperative DSA. Specifically, we develop a custom simulator for
large-scale DSA networks that leverages IEEE 1900.5.2 Spectrum
Consumption Models (SCMs) to enable coordination and com-
putation of aggregate interference to deconflict spectrum use in
large scale scenarios. SCMs offer a mechanism for RF devices
to describe the characteristics of their use of spectrum and their
needs in terms of interference protection. We create SCMs for
RF systems with directional antennas based on measurements
from a directional mmWave antenna and from the operational
characteristics defined by the European Telecommunications
Standards Institute (ETSI). We leverage these SCMs to perform
a comparative analysis of spectrum use efficiency in cooperative
DSA networks with up-to 300 links of transmitter-receiver RF
devices using omnidirectional antennas vs similar networks using
directional antennas with different half-power beam widths. The
simulation results show the benefits to spectrum use efficiency
that can be achieved with directional antennas and how large-
scale DSA methods can be studied and designed with the use
of SCMs that incorporate detailed characteristics of directional
antennas.

Index Terms—Dynamic Spectrum Access, spectrum sharing,
Spectrum Consumption Models, wireless networks, 5G, mmWave

I. INTRODUCTION

Dynamic Spectrum Access (DSA) is key to enabling the

efficient use of the Radio Frequency (RF) spectrum required

by emerging and future applications [1]. The goal of DSA

is to mitigate harmful interference and foster harmonious

coexistence among heterogeneous devices. Most of the re-

search on DSA mechanisms considers non-cooperative DSA

networks with RF devices using omnidirectional antennas (see

survey [2]). Motivated by the requirements for spectrum shar-

ing and agility of next generation networks, including 5G/6G,

and by recent IEEE standardization efforts on DSA [3], we

focus on cooperative DSA networks with RF devices using

directional antennas. In cooperative DSA, RF devices share

information that allows them to find a configuration (e.g.,

frequency and power) for spectrum use that achieves no (or a

low incidence of) harmful interference to any of the devices.

In previous work we developed, simulated, and prototyped a

collaborative DSA mechanism based on IEEE 1900.5.2 Spec-

trum Consumption Models (SCM) [4], [5]. SCMs provide: (i)

a standardized mechanism for RF devices to declare how they

intend to use the spectrum (in the case of transmitters) or their

needs in terms of spectrum protection (in the case of receivers

and passive devices); and (ii) a computational method to

arbitrate compatibility (i.e., non-interfering co-existence) [3].

In particular, we developed a DSA algorithm that leverages the

SCMs of RF devices cooperating to share spectrum in order to

determine the frequency and power characteristics of spectrum

assignments to deconflict the use of spectrum among them. A

key limitation of our prior work and that of many other DSA

mechanisms in the literature, is that they assume that all RF

devices use idealized omnidirectional antennas.

Different methods and applications for performing DSA

with directional antennas have been investigated in the litera-

ture. The work in [6] proposed using directional antennas in

Unmanned Aerial Vehicles (UAVs) operating in the 5.7GHz

band. New spectrum sharing methods were discussed to reduce

resource collisions and the benefits of using directional anten-

nas were analyzed. The work in [7] proposes DSA techniques

focused primarily on maximizing the sum-rate performance

for primary and secondary spectrum users which is achieved

by optimizing several constraints and achieving reductions

on interference by using directional antennas instead of om-

nidirectional ones. The network performance goals for 5G

and beyond are considered in [2] including how DSA along

with directional and smart antennas will contribute to the

management of interference.

In this paper, we study a cooperative DSA mechanism

for networks with RF devices that have directional anten-

nas. Our main contributions include: (i) creation and use

of SCMs based on a real-world directional antenna pattern;

(ii) modification and optimization of our large-scale DSA

simulation platform [5] to incorporate directional antennas

and account for their effects on the computation of aggregate

interference; and (iii) an analysis of the effects of antenna

directionality on spectrum sharing in large-scale scenarios.

We compare different wireless network topologies in which

devices have omnidirectional antennas, directional antennas,

or a mix. We also consider directional antennas with different

half-power beam widths. The simulation results show that

in networks with up to 300 pairs of RF devices, the use

of directional antennas can reduce the number of frequency

channels required to achieve spectrum compatibility by > 70%





ETSI ETSI ETSI ETSI
Type of Horn Horn Class 1 Class 2 Class 3 Class 4
Antenna (Real) (RPE) (RPE) (RPE) (RPE) (RPE)

ID Hr He C1 C2 C3 C4

HPBW 10
◦

12
◦

15
◦

12.5
◦

7.6
◦

5
◦

TABLE I: Half Power Beam Width (HPBW), in degrees, of

the antennas used in the simulations.

patterns. Omni-directional patterns were obtained from mea-

surements using Software-Defined Radios described in our

prior work [4], [5]. Directional patterns were generated from

two sources: (i) Anechoic chamber measurements of the

radiation patterns of a horn antenna with a 10◦ Half Power

Beam Width (HPBW) and 24 dBi gain used in a mmWave

measurement campaign on the NSF PAWR COSMOS testbed

as reported in [9] and [10]. The 2-D azimuth and elevation

radiation patterns of the antenna were used to produce a total

of 30, 000 azimuth angle, elevation angle, and gain triplets

that provide a 3D description of the antenna pattern which was

incorporated into the power map construct of the SCMs of the

devices that use that antenna. (ii) Antenna radiation patterns

based on the Radiation Pattern Envelope (RPE) definitions

of the ETSI EN 302 217-4 standard for fixed radio systems

operating between 24 GHz to 30 GHz [11]. Four ETSI RPE

classes are defined in the standard and each one has a different

HPBW. We also generated an RPE for the real Horn antenna

and added it to the set of antenna patterns. Table I summarizes

the characteristics of the antennas that we incorporated into

different directional SCMs.

To facilitate comparisons among the antennas and to study

the effects of directionality, all transmitter and receiver devices

will be assumed to be at the same height making the azimuth

plane at a zero degree elevation the most active/influential in

the dispersal and/or reception of energy for transmitter and

receiver antennas respectively. Figure 2 shows the measured

azimuth and elevation radiation patterns for our real Horn

antenna (for more details see [10, Fig. 1]) and the Horn RPE

that we generated. Figure 3 shows the azimuth plane radiation

patterns for the ETSI Class 1 to Class 4 antennas (C1 to C4)

and compares them with the pattern of the real Horn antenna.

Fig. 2: Real Horn antenna (green) and its RPE (Blue). (a)

Azimuth pattern. (b) Elevation pattern.

B. DSA Simulator for Large-Scale Networks

In this section, we describe the DSA simulator and the

Spectrum Deconfliction (SD) algorithm that processes the

SCMs from transmitter-receiver pairs in the network aiming

Fig. 3: ETSI RPE in blue and Horn antenna in green. (a) Class

1. (b) Class 2. (c) Class 3. (d) Class 4.

to find frequency and transmission power settings that achieve

spectrum use compatibility.

The DSA simulator assumes that transmitter (Tx) and

receiver (Rx) pairs join the simulated network scenario se-

quentially, i.e., one at a time. When a new Tx-Rx pair joins,

the SD algorithm (proposed in [5]) processes the SCMs of

the new and existing RF devices to perform a Compatibility

Test (CT). The CT verifies whether an initial proposed central

frequency fc and transmit power level P for the new Tx-Rx

pair are compatible with the devices already in operation in

the network. To that end, the CT verifies: (i) if the new Tx can

reach the new Rx; (ii) if the aggregate interference experienced

by the new Rx from the operations of the Tx devices already

present in the scenario is below its interference tolerance

(given by its underlay mask); and (iii) if the contribution of

the new Tx to the aggregate interference value seen in every

other receiver does not exceed their tolerance. In case the CT

is negative because the new Tx causes too much interference to

existing receivers, the SD algorithm evaluates if a reduction of

the new Tx’s power level by an amount that does not exceed

a predefined power adjustment threshold (e.g., 3 dB) could

result in a positive CT. If the CT is positive, the proposed

operational parameters (fc and P ) are recorded in the SCMs

of the new Tx and Rx and they are allowed to start operation.

Otherwise, if the CT is negative even after a tentative power

adjustment, a new frequency channel for the Tx-Rx pair to use

is proposed, (e.g., move the center frequency to fc + 1MHz),

and the CT computation starts over again.

A key limitation of the SD algorithm and the corresponding

DSA simulator developed in [5] is that their CT computa-

tions assumed that all devices used omnidirectional antennas,

leveraging the pattern’s radial symmetry to eliminate concerns

about antenna orientation from the computations of aggregate

interference. In contrast, the directional SCMs which are the








