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Our 5G Future:
INn the Fast Lane with
Numerical Simulation

The latest simulation tools seek to enable the design of next-generation wireless

communication systems.

G and the Internet of Things (IoT) are among the

hottest topics being discussed in the RF and micro-

wave industry. Everyday activities and technologi-

cal advancements depend more than ever on reli-
able and fast data communication. Designers are now faced
with their biggest challenges, having been tasked with bring-
ing real-time data usage and availability to the next level. This
requires access to the best design tools, along with significant
advances in signal processing, device-centered communica-
tions, and evolving technical standards.

FROM 4G LTETO 5G
It's expected that 5G will need to utilize higher-frequency
spectrums in the millimeter-wave range
when deploying active electronically
scanned arrays (AESAs), which enables
multi-beam multiplexing and mas-
sive multiple-input, multiple-output
(MIMO) technologies (Fig. 1). Research-
ers working on the frontlines of forging
this ultra-fast and high-bandwidth suc-
cessor to 4G LTE are relying on mod-
eling and simulation tools to optimize
product development and test cycles.
Simulation
throughout the design cycle by allow-

supports  designers
ing them to virtually evaluate several
design ideas and implement physical
prototypes based on the most promis-
ing concepts. Another advantage lies in
the possibility of investigating different

measure and test several scenarios—including extreme tem-
perature variation, structural deformation, and chemical reac-
tions—without damaging a prototype.

The goal of simulation specialists is to mimic the real world
as closely as possible, so that the prototype is based on numer-
ical results that achieve the expected performance in fewer
design and test iterations.

DESIGNERS JOIN FORCES WITH SIMULATION
SPECIALISTS THROUGH APPS

In preparation for the 5G rollout, designers are working
through a number of obstacles, including frequency choices,
propagation, reliability, battery life, and interference. Each of

1. An isotropic radiation pattern was preferred before the 5G era (top). Antennas that generate

boundary conditions. In this case, simu- a higher gain (directivity) radiation pattern are required for 5G millimeter-wave communica-

lation allows an engineer to efficiently tions to compensate for the path loss in free space (bottom).
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these challenges is represented by a unique blend of
physics that require a simulation specialist in that spe-
cific area—one who is equipped with the right tools to
set up the underlying mathematical model properly.
The symbiosis between designers and simulation spe-
cialists needs to be perfect in order to deliver the right
product at the right time.

Simulation experts are typically the only ones who
can safely provide the input data needed to get a use-
ful output from a model. They therefore have to be in-
volved in the iteration process every time there is a new
request or change to be made in the device being simu-
lated. Additionally, results or outputs are often present-
ed in an environment only familiar to the specialist, so
distributing the information to their colleagues often
requires a meeting to present an explanation and inter-
pretation of the results.

But what if simulation specialists could easily build
simulation apps (i.e., wrap an intuitive interactive user
interface around a complex mathematical model)?
What if users without any previous experience using
simulation software could run apps specifically de-
signed for them?

Simulation apps make it possible for simulation spe-
cialists to efficiently and effectively support the design-
ers relentlessly working on the next breakthrough in
the ultra-competitive landscape of wireless communi-
cation. Supplied with the right tools, designers working
on 5G implementation can freely collaborate and com-
plement their skills with those of their colleagues and
collaborators who specialize in physics and numerical
analysis.

WHAT SIMULATION APPS CAN DO FORWIRELESS
COMMUNICATION DESIGN

Let’s take the example of AESAs, or phase antenna
arrays. They have become popular for military use in
radar and satellite applications and are now occupying
a conspicuous position for commercial purposes due to
the growing needs of higher data rates in communica-
tion devices. The size of a simple component can easily
exceed tens of wavelengths, making its numerical analy-
sis very memory-intensive.

As a result, models take a very long time even when
approximated values would be sufficient to evaluate a
proof-of-concept design. Fast prototyping would help
reveal performance tendencies and determine design
parameters quickly.

Fig. 2 shows a simulation of a 4-x-2 phased mi-
crostrip patch antenna array which can steer the beam
toward the desired direction. This example is signifi-
cantly more memory-intensive and will take a longer

2. This figure shows a 4-x-2 phased microstrip patch antenna modeled using
COMSOL Multiphysics software. The top plot shows the logarithmic electric
field norm on the patch and the 3D far-field radiation pattern. The lower plot
depicts the logarithmic electric field norm on the feed line planes.

3. This figure shows a single patch antenna. The logarithmic electric field norm
on the patch, mesh, and 3D far-field radiation pattern are visualized.
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4. The user interface of the Slot-Coupled Microstrip Patch Antenna
Array Synthesizer simulation app was built using the Application
Builder tool in COMSOL Multiphysics.

time to compute than a single microstrip patch antenna (Fig.
3). Simulation results shown in Fig. 3 are based on a full fi-
nite-element method (FEM) model of a single slot-coupled
microstrip patch antenna built on low-temperature co-fired-
ceramic (LTCC) layers, initially operating at 30 GHz.

Can we use the analysis of a single antenna to describe the
behavior of the entire array? COMSOL Multiphysics software
allows simulation specialists to perform an accurate simula-
tion of a single microstrip patch antenna. They then take into
account user inputs such as array size, arithmetic phase pro-
gression, and angular resolution to describe (for example) the
3D far-field of the entire array.

COMSOL (www.comsol.com) makes it easy for specialists
to couple physics interfaces already available with equations

or algorithms needed to model a specific application. In this
case, the two-dimensional antenna array factor has been im-
plemented to include the translational phase shifts and array
element weighting coeflicients needed to determine the radia-
tion pattern of the entire array.

Can we present such a model to designers in a user friendly
way? Simulation specialists are now provided with an intuitive
workflow to create custom user interfaces based on their mul-
tiphysics simulation model. An app built for simulating the
aforementioned antenna array is shown in Fig. 4.

This app allows the designer to change the physical size of
the single microstrip patch antenna, the thickness and mate-
rial properties of each layer, and any other relevant parameters
determined by the simulation specialist. In this particular ex-
ample, the simulation specialist has included an interactive
user experience by indicating whether the chosen design pa-
rameters are appropriate or not by comparing the computed
S-parameter (S11) value to the pass/fail target criterion.

This app also includes a results report and documentation
that concisely explains how the app is working. This last fea-
ture can be used in a variety of practical ways, from building
reports to stakeholders and management, to use as a training
tool for new hires in the company. Apps can also be easily de-
ployed to colleagues and collaborators through a local instal-
lation of the COMSOL Server product, which allows autho-
rized users to access apps through COMSOL Client or a major
web browser.

We have a lot of work ahead of us before 5G is unveiled to
the public. When designers are equipped with the right set of
tools, they can freely collaborate with colleagues throughout
their organization and beyond. Working cross-departmentally
will be key to competing and succeeding in the 5G race.
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