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Path Loss Measurement for Air-to-Ground Channels
in Unlicensed Bands with Obstacles
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ABSTRACT

In this paper, we conduct field measurement using a drone to examine the path loss variation of
air-to-ground (A2G) channels with obstacles in unlicensed bands. For A2G channel measurement, a commercial
WiFi router is attached to the drone, and several ground receivers with wireless local area network (LAN)
cards are placed in a line-of-sight position, behind an obstacle, inside a vehicle, and on a car trunk. The path
loss is measured using WiFi beacon signals in 2.4 GHz and 5 GHz unlicensed bands. To examine the effect
of the drone body on the signal transmission of the WiFi router, the radiation pattern is measured using the
router attached to the drone. Also, we measure the path loss by changing the elevation angle and ground
distance, and analyze the effect of obstacles on the path loss. Through the measurement campaign, the A2G

channel parameters are derived considering the elevation angle, the ground distance, and the obstacles.
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Fig. 1. A2G channel measurement setup (Drone test site
at Korea Aerospace University).

4 (e =

o.

21 B 7Y

FANE =2 A Fog A e EE
AElt), =28 gQlasloleE AN, 7]Al FAI
3440g, Z|o| o] 5 3 4000g ©™, 7|4 Z7]& 7=
42.7cm x = 42.5cm x #=°] 31.7cm °|ch Foig T
A# 2F$-E1+E 4G LTE YV ESHZE &2 ARE-slA]
Wi-Fi 4 A9 235 55418k, 24 GHz ¥ 5
GHz t9-& A|dghe) FA# 2h9es $41 459
AL 2 AlRRS FAstelal =2 255 91 AKE

E 1. o0 A ehee A
Table 1. pemflcatlons for the mobile Wi-Fi router
Standard LTE Rel9 Cat4 FDD
LTE
Frequency band FD LTE: B3, B8
Standard IEEER02.11a/b/g/n
WiFi Frequency band 2.4GHz, 5GHz
Antenna ITX/IRX
configuration
Rated voltage 3.8V
Power
Battery capacity 2,450mAh
Size
X X
[Weight 110.6mm x 62.6mm X 8.6mm / 78g
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Table 2. Spemﬁcatmn for various wireless LAN cards

Laptop Laptop

Laptop External
Type o Built-in | Built-in
P Built-in 1 2 1 LAN card
Measure- .
LOS1/LOS2/ Behind All
ment . On the car| ..
. Inside car obstacles | positions
Location

Band | 2.4/5 GHz |2.4/5 GHz|2.4/5 GHz|2.4/5 GHz
Standard | Wi-Fi 5 | Wi-Fi 6 | Wi-Fi 6 | Wi-Fi 5
Max. rate| 1.73Gbps | 2.4Gbps | 2.4Gbps | 433 Mbps
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Fig. 4. Mobile Wi-Fi router for open space experiments.
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Fig. b. Placement of Wi-Fi transmitter and receivers.
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Fig. 6. Measurement setup for radiation pattern of mobile
Wi-Fi router.
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Fig. 9. Radiation pattern of the mobile Wi-Fi router
attached at the drone in 2.4 GHz band.
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Fig. 10. Radiation pattern of the mobile Wi-Fi router
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Fig. 17. Placement of Wi-Fi receivers for path loss
measurement according to the ground distance and altitude.
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Fig. 20. Path loss comparison between built-in and
external LAN cards when the altitude is 10 m in 2.4 GHz
band.
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Fig. 22. Path loss comparison between measurement and
prediction according to the distance between the transmitter
and receivers when built-in LAN cards are used in 2.4
GHz band.
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Table 4. Parameters for the path loss prediction model in
air-to-ground channels.

Path loss | Path loss
. RMSD
Type Location | exponent | constant (B)
() ()]
LOS (front) 2.16 51.8 2.09
24 GHZ | on the car| 3.8 32.1 531
h=10 m
Built-in | Blockage 3.33 425 12.10
Inside car 1.69 55.1 3.64
LOS (front)| 2.37 46.8 2.35
24 GHz | o the car| 3.8 202 2.99
h=20 m
Built-in | Blockage 4.35 242 9.44
Inside car 1.98 48.8 1.37
LOS (front) 2.09 57.4 1.60
5GHz | on the car| 2.02 55.7 2.64
h=10 m
Builtin | Blockage 3.41 47.1 11.36
Inside car 1.59 62.5 4.13
LOS (front) 2.33 52.8 1.73
5 GHz {0 the car | 2.64 46.2 2.05
h=20 m
Built-in | Blockage 4.30 324 10.06
Inside car 1.72 61.9 1.59
LOS (front)| 2.32 478 5.63
24 GHz | o the car| 3.17 2.5 7.09
h=10 m
External Blockage 3.50 39.1 12.1
Inside car 1.94 49.3 8.08
LOS (front) 2.30 45.9 5.04
24 GHz | on the car | 3.4 28.7 7.36
h=20 m
External Blockage 4.17 255 16.2
Inside car 2.71 36.0 8.20
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