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Abstract

Cellular-connected drones can provide beyond line-of sight control (BVLOS), low latency, real time communication, robust security, and
wide range coverage. Cellular-connected drones have several key potential applications in enhanced LTE and 5G networks. The objec-
tive of the study is to evaluate field measurement data collected during drone flights in the KT Long-Term Evolution (LTE) networks in
Seoul and Jeju, Korea. The multicopter drones are developed with LTE modem and LTE test smart phone for field measurements. The
radio network quality between drones and LTE base transceiver stations (BTS) is evaluated by measuring downlink metrics such as the
serving cell RSRP, RSRQ, SINR, modulation types of downlink, the downlink and uplink throughputs, and LTE PUSCH Tx Power on
reference signal. In the existing LTE networks, field measurements show that there is no problem in C&C of BVLOS operations in the
flight height up to 150m but the data rate requirements for video transmission does not meet at high flight altitudes.
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1. Introduction

Drones are often guided by remote controls by human pilots or
they fly autonomously accordingto the predefined paths [1].
Drones are originally built for military purposes, but now the
commercial drones market is rapidly growing. Drones are used in
several fields such as photography and filming, infrastructure
inspections and monitoring, precision agriculture, package deliv-
ery and disaster-relief applications, surveillance and monitoring,
telecommunications, delivery of medical supplies, and rescue
operations [2]. Drones have become important solutions consid-
ered among big retailers for deliveries. Amazon plans to use
commercial drones to deliver goods [3]. Google’s Project Wing
tests a food delivery system for 30 minute delivery at Virginia
Tech [4].

Current regulations in most countries limit drone operations and
the operating ranges are termed either VLOS (visual line-of-sight)
or BVLOS (beyond VLOS) operations between drones and their
pilots. The distance controlled by the RF system is very short as
the drone must be controlled within the visible range. Drones can-
not fly higher than 150 meters (492 feet) when flying in VLOS
operations according to South Korea drone laws. South Korea will
allow drones to fly at night and deliver packages up to 5.5 km to
support the fast-growing drone industry when pilots meet safety
requirements. Advanced drones consist of camera, WiFi including
high gain directional antenna, and LTE (Long-Term Evolution)
modem. Development in flight control algorithms, machine vision,
and onboard processing power will further enable these drones to
take decisions themselves rather than relying on humans with less
maneuvering expertise. Drones should also be equipped with an
anti-collision system and a global positioning system transmitter
that helps track their locations in case of crashes. Drones should

also be equipped with an infrared camera and FPV (first-person
view) devices. FPV is used as an essential device to provide the
long-range mission of industrial drones. BVLOS operations will
be allowed for extended flight range using a reliable C2 (com-
mand and control) link to the drone. Cellular networks are an at-
tractive solution to provide the C2 connectivity.

The existing LTE networks can support VLOS as well as BVLOS
operations of low altitude drones. The distinct features of various
drones such as the maximum operational altitude, flying distance
and coverage, data rate, QoS for drones can be considered in the
future cellular networks. LTE with down tilted BTS's antenna
optimizes the terrestrial coverage of the ground users in the cellu-
lar networks. Therefore, the quality of radio communication net-
works between drones and BTSs (base transceiver stations) is
considerably different from that observed by the ground level. The
air-to-ground propagation channel model for drones can be mod-
eled as the free-space propagation model [5][6] at high flight
heights. Enhanced LTE support for aerial vehicles in the 3GPP
technical report [7][8] includes the radio propagation channel
model and coverage and capacity provided by cellular networks to
UAV's connectivity. The report shows that 5G (fifth generation)
networks will provide more efficient connectivity for wide-scale
drone deployments. Cellular-connected drones will be the most
important use cases in 5G mobile networks [9][10]. In this paper,
the downlink performance between BTS and drones is evaluated
to provide BVLOS operations of low altitude drones.

2. LTE Network Quality for LTE Drones

2.1. LTE Radio Network Quality Parameters

Requirements for aerial vehicles agreed in 3GPP as follows: (1)
data types are command and control (C&C) and application data
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including video (streaming), images, other sensor data, etc., (2)
heights target is up to 300m above ground level, (3) speeds target
horizontal speeds is up to 160 km/h, (4) latency is less than 50ms
(one way from evolved NodeBs to UAV), (5) data rates of C&C
are 60~100 kbps for uplink and downlink and application data is
up to 50 Mbps for UL (6) C&C reliability of PER (packet error
rate) is as low as 10°°.

In an LTE network, the UE (user equipment) measures downlink

metrics on reference signal such as the RSRP (reference signal
received power) and RSRQ (reference signal received quality) to
select the serving cell and handoff. SINR (signal to interference-
plus-noise ratio), RSSI (received signal strength indicator) are
measured to estimate of the signal quality at the UE. RSRQ and
SINR are key metrics for LTE systems. UE measures SINR on
each RB that can be defined as the ratio of the signal power to the
summation of the average interference power from the other cells
and the background noise. CQI (channel quality indicator) indi-
cates the highest modulation and the code rate to show the com-
munication channel quality of LTE. UE converts SINR to CQI and
reports it to eNodeB. The CQI value ranges from 1 to 15 (15: the
best channel quality, 1: the poorest channel quality, 0: out of
range).
RSRP and RSRQ are key measurement parameters indicating the
received power level and the received signal quality level, respec-
tively. RSRP is the average power of REs (resource elements) that
carry CSRSs (cell specific reference signals) and RSSI measures
all the power including all interference and noise over the entire
bandwidth. The reporting range of RSRP is defined from -140
dBm to -44 dBm. RSRQ includes the effect of interference from
neighbor cells and is calculated from the RSRP and RSSI as fol-
lows:

RSRQ=(N*RSRP)/RSSI @

where N is the amount of RBs (resource blocks) which depends on
the channel bandwidth. The reporting range of RSRQ is defined
from -19.5 dB to -3 dB. The RSRQ measurement provides addi-
tional information to make a reliable handover or cell re-selection
decision.
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Fig. 1: The multicopter drone developed for filed measurements of LTE
radionetwork quality

2.1. Field Measurements of LTE Radio Network Quality

In LTE networks, the BTS's antennas are down-tilted to optimize
the terrestrial coverage and to provide good service for terrestrial
UEs. We investigate the quality of the link between BS and UAV-
UEs to provide BVLOS operations of low altitude drones. We
perform field measurements of the KT LTE radio network of
20MHz bandwidth in 1.8GHz band in urban and suburban areas in
Seoul and Jeju, Korea, respectively. We use the KT radio field

measurement and analysis tool of VoiceSniper™ and the LG LTE
test phone. We use the developed multicopter with a LTE modem
and the LG LTE smart phone as shown in Fig. 1. We perform
drone flights in the predetermined route to measure LTE network
quality according to drone flight altitude. The field measurements
were carried out for heights up to a legally permitted maximum
altitude of 150m in increments of 30m. We also perform the field
measurements using android app on the LTE Samsung smart
phone and DJI Phantom 4Pro.
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Fig. 2: The distributions of the serving cell RSRP and RSRQ data accord-
ing to flight altitudes

Figure 2 shows the distributions of the serving cell RSRP and
RSRQ data. RSRP is a measurement parameter indicating the
received power level in an LTE network. Field measurements
show that the received power level is getting worse as flight alti-
tude increases. The average RSRP data are -72.30, -80.64, -79.42,
-82.12, -85.45 dBm at the heights of 30, 60, 90, 120, 150 m, re-
spectively. RSRQ is a measurement parameter indicating the re-
ceived signal quality level. The radio propagation channel model
can be represented as free-space propagation model at higher
drone heights. The interference power from neighbor cells is in-
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creased as the number of neighbor cells observed is increased at
higher drone heights. Therefore, the download interference power
from neighbor cells degrades the downlink performance between
BTS and drones at higher drone heights. Field measurements
show that the cell selection/reselection and handover frequently
occurs at higher altitude. The average RSRQ data are -12.56, -
13.71, -12.55, -14.24, -16.35 dB at the heights of 30, 60, 90, 120,
150 m, respectively.

Figure 3 shows the distribution of the serving cell SINR and mod-
ulation types such as 64QAM, 16QAM, and QPSK. SINR of the
received signal quality metric is converted to CQI and downlink
modulation type is determined. Field measurements show that
SINR also degrades as the flight altitude increases as that of
RSRQ due to downlink interference from non-serving cells. The
average SINR is 6.11, 3.35, 4.28, 1.22, -1.68 dB at the heights of
30, 60, 90, 120, 150 m, respectively. Figure 3(b) shows that the
percentage of 64 QAM is 26.34, 16.58, 27.87, 18.98, 8.98 % at the
heights of 30, 60, 90, 120, 150 m, respectively. At height of 150 m,
the percentage of 64QAM, 16QAM, and QPSK is 58.25, 32.54,
8.93 %, respectively. Field measurements show that the percent-
age of 64 QAM is decreased as the flight altitude increases.
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Fig. 3: The distributions of the serving cell SINR data and modulation
types according to flight altitudes.

We measure throughputs of the downlink and uplink with file
downloading and uploading. Figure 4 shows average data rate of
uplink relative to flight altitudes. The average data rate of down-
link is 53.70, 43.93, 49.76, 36.08, 28.14 Mbps at the heights of 30,
60, 90, 120, 150 m, respectively. From the field measurement
results, we can see that the uplink data rate sometimes occurs be-
low 30Mbps when the heights of the drone are over 120m. The
existing LTE systems do not meet the data rate requirements for
video transmission at high flight altitudes. The average data rate of
uplink is the range of 18~19Mbps regardless of the height of the
drones. There is no problem in transmitting C&C data of the re-
quirement of 60~100 kbps on the uplink in the flight height up to
150m.
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Fig. 4: The distributions of the serving downlink data rate according to
flight altitudes.
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Fig. 5: The LTE PUSCH TX Power according to flight altitudes

We measure the PUSCH (Physical Uplink Shared Channel) Tx
(transmit) power relative to flight altitudes as shown in Fig. 5. The
average values of the LTE PUSCH Tx Power are 4.47, 12.61, 6.92,
11.90, 14.63 dBm at the heights of 30, 60, 90, 120, 150 m, respec-
tively.



International Journal of Engineering & Technology

57

3. Conclusion

The existing LTE networks can support BVLOS operations of low
altitude drones. Enhanced LTE and 5G networks can support the
reliable command and control (C&C) as well as the reliable appli-
cation data including video (streaming), images, other sensor data,
etc. Enhanced LTE and 5G networks can provide heights target up
to 300m and data rates for C&C up to 60~100 kbps and applica-
tion data up to 50 Mbps for UL. The objective of the study is to
evaluate the radio network quality between drones and LTE BTS
by measuring downlink metrics such as the serving cell RSRP,
RSRQ, SINR on reference signal. The modulation types of down-
link, CQI, PCls (physical cell identifiers), the downlink and uplink
data rate, and LTE PUSCH Tx Power are also measured to to
evaluate the radio network quality. Field measurements show that
the radio network quality degrades at the heights higher than 120m
as the effect of substantial interference from neighbor cells. The
numbers of observed neighbor cells are increased as the radio path
clearance at the higher flight heights. Field measurements show
that there is no problem in C&C of BVLOS operations in the ex-
isting LTE networks in the flight height up to 150m but the data
rate requirements for video transmission does not meet at high
flight altitudes. In enhanced LTE and 5G networks, interference
cancellation and beam forming antenna techniques can be used for
cellular-connected drones.
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