
Modern technology utilizes the Radio Frequency (RF) portion of  the 
electromagnetic spectrum. Cellular phone technology is a prominent 
example of  RF technology in everyday life. Cell phones use third 
generation wireless signals (3G) or fourth generation wireless signals (4G) 
to provide service to its users through high-powered cell towers. Users send 
and receive RF signals through these cell towers. Fifth generation wireless 
signals (5G) use small cell stations in addition to cell towers. The use of  
smaller cell stations reduces signal traffic and latencies. The U.S. Federal 
Communications Commission has auctioned spectrum from 0.6 to 42 GHz 
for 5G applications, compared to 4G which typically operates below 3 
GHz. Signals that are 5G must overcome propagation issues as its higher 
frequencies attenuate more than 4G signals over the same distance.

Capabilities of  5G technology include live video calling, faster data rates, 
lower latencies, and more coverage. The U.S. Army is interested in assessing 
5G technology for military applications. One potential application is the 
control and command of  Small Unmanned Aircraft Systems (SUAS) (U.S. 
Army, 2020). The small 5G cell sizes and the smaller antenna technology 
associated with millimeter wave (mmWave) frequencies may be an enabler 
for SUAS. The purpose of  this project was to investigate the feasibility of  
using 5G communications to control SUAS for Army use.
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Materials and Methods
The project assessed the feasibility of using 5G communications to 

control SUAS by modelling 5G RF propagation in flatland and suburban 
environments. Parameters used in modeling were frequency range, weight, 
antenna gain, and input power (Table 1). Three frequency bands associated 
with 5G that were investigated: Low Band (LB) from 0.6–0.7 GHz, Mid 
Band (MB) from 3.3–4.0 GHz, and mmWave band from 24–28 GHz 
(Rouse, 2020). Free space modeling was performed using Friis’ free space 
equation (Figure 1) in Microsoft Excel to calculate the propagation loss (L) 
due to RF signals travelling across space (Seybold, 2005).

The industrial modelling tool CloudRF (Figure 2) was utilized to 
estimate RF propagations in real world locations since the Excel 
calculations assumes a flatland environment. CloudRF allows access to 
models such as the irregular terrain model (ITM) and P.529 model. 
Propagations of the SUAS to the base station (BS) and propagations of the 
BS to the SUAS were modelled. A signal to noise ratio (SNR) was 
calculated after modelling. A noise value must be determined in order to 
calculate a SNR. The noise is then subtracted from the sum of the 
propagation loss and the antenna gain (Figure 3). Using industry standards, 
a SNR above 12 dBm is considered a stable connection. Additional U.S. 
Army pre-set parameters, beyond SNR, were considered to determine the 
feasibility of using 5G antenna (Table 2).

Materials and Methods (cont.)

Conclusions
The purpose of this project was to investigate the feasibility of using 5G 

communications to control SUAS for Army use. Results from modelling 
show that the SUAS listed can operate at desired capacity in ideal 
conditions only. This limited application of 5G technology controlling 
SUAS is due to the parameters of the antennae. MRR and LRR were able 
to propagate in LB and MB, but not in mmWave. SBS and SRR contain no 
feasibility in LB and MB due to their inability to carry larger antenna. SRR 
requirements can be met by a mmWave system operating in ideal 
conditions. Future studies could consider RF propagation in environments 
not addressed in this project, such as forests or mountain ranges. 
Additionally, future studies could research into better antenna for SUAS.
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Results (cont.)Introduction

Results
SNR to distance graphs were produced for each of the six modelling 

environments. Graph 1 was made using the data produced by the suburban 
free space model in CloudRF. The ranges of propagation were determined 
using the SNR threshold of 12 dBm. Three binary tables were created, one 
each for SUAS size, weight, and expected performance of the 5G network. 
These tables were multiplied to produce a final binary table (Table 3) to 
determine the feasibility of using 5G antenna across Army SUAS types and 
environments, where 1 represents feasibility , and 0 represents no viability.

Figure 1 (above): Friis’ free 
space equation. G is the 
antenna gain of  the 
transmitting (T) and 
receiving (R) antenna, λ is 
wavelength, and d is distance 
traveled.
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Table 2 (left): Compiled 
information from the U.S. Army 
Requirements document 
outlining the specifications for 
four different SUAS categories, 
each with different parameters 
and purposes of  deployment 
(U.S. Army, 2020).

Table 1 (above): Parameters used in modeling.

SUAS Parameters 

SUAS Weight (lbs) Range (km)

Long Range Recon (LRR) 15 10

Medium Range Recon (MRR) 4.5 10

Short Range Recon (SRR) 3 3

Soldier Borne Sensor (SBS) < 0.375 1

RF Band LB MB mmWave
SUAS SBS SRR MRR LRR SBS SRR MRR LRR SBS SRR MRR LRR

SUBURBAN Free 
Space 0 0 1 1 0 0 1 1 0 1 0 0

SUBURBAN ITM 0 0 0 0 0 0 0 0 0 0 0 0
SUBURAN P. 529 0 0 0 0 0 0 0 0

FLAT FREE 
SPACE 0 0 1 1 0 0 1 1 0 1 0 0

FLAT ITM 0 0 0 0 0 0 0 0 0 0 0 0
FLAT P. 529 0 0 1 1 0 0 1 1

Table 3 (above): Results of  the project, obtained through binary multiplication. Green 
represents feasibility and red represents no viability for use. The P.529 model is invalid 
for mmWave due to its high frequency range. 

Figure 2 (left): CloudRF screenshot of  the SUAS-BS 
propagation of  the MB spectrum using the free space 
equation. Modelling was performed in a suburban 
environment (Aberdeen Proving Ground). Free space 
modelling in CloudRF matched the results from the 
Excel calculations.

Graph 1 (left): 
Data produced 
from CloudRF 
using the free 
space model. 
The black line 
represents the 
12 dBm SNR 
feasibility 
threshold.
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Figure 3 (above): SNR equation. Using industry standard 
conditions, the noise (N) calculates to be 94 dBm. 
Antenna gain (P0) was obtained from the antenna directly, 
and propagation loss (L) was found through modelling.

0

10

20

30

40

50

0 2 4 6 8 10 12

SN
R 

(d
Bm

)

Distance (kilometers)

SNR of  a SUAS-BS propagation in a suburban 
environment 

LB LOW LB HI MB LOW
MB HI mmWave LOW mmWave HI
SNR Floor

Modeling Parameters

Spectrum Freq. range 
(GHz)

Weight 
(lbs)

Antenna Gain 
(dBi)

Input Power 
(Watt)

LB 0.6 – 0.7 2.2 5.5 50
MB 3.3 – 4.0 2.425 12 50

mmWave 24 – 28 0.057 20 3


